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MD6602 (Mixed Signal MCU)

1. Product Overview

1.1 Features

1.1.1 Analog Sub System

e High Speed 10bit SAR ADC

2 Units (Independent)

12 Inputs/unit

Conversion Speed: 4MSPS

(4MSPS includes Sampling Time)
Simultaneous Sampling

Sequence Conversion

Configurable Conversion Triggers
Configurable Result Offset

Dual sample-hold mode(CHO and CH1)

YV V

VVVVYVY

e High Precision 12bit SAR ADC

1 Unit

12 inputs

Conversion Speed: IMSPS
Sequence Conversion
Configurable Conversion Triggers
Configurable Result Offset

VVVYVYVY

e High Precision 10bit DAC
» 4 Units
» Update Rate: 0.1MSPS
» Configurable Update Triggers

e High Speed Analog Comparator
» 6 Units
» Response Time: 20ns
> Digital Hazard Filter
» Configurable Event Generation

e Operational Amplifier (OPAMP)
> 4 Units
» Standalone or Unity, Selectable

e \/oltage Reference
» Generate 1.2V

e Temperature Sensor
» Measures Junction Temperature
» Read from Internal ADC

e Analog Inter-Connection Network
» Configurable Inter-Connections among In/Out
Signals of Analog Modules and External Pins

1.1.2 Digital Sub System
Pipelined 8bit CPU

>
>
>
>

8051 Compatible Instructions
Pipeline with 3-5 stages
50MHz, 1cycle/8bit-instruction
256bytes Internal RAM

1-wire On-Chip-Debug Interface

VVVVYVYYVY

R/W to all Internal Resources
Go / Step / Stop

PC Break / Data Access Break
Reset

FLASH Program / Erase

FLASH Memory

>
>
>

32KB
Feeds 8bit Instruction in 1cyc
Protection Supported

Internal RAM

>

1KB

Tiny DSP

VVYVY VVVYVY

YVVYVYYVY

2 Units (Independent)

16bit Fixed Point

Sequence Programmable

Up to 64step Instruction /Data Memory(shared by
two DSPs)

16 Data Registers + 8 Constant value Registers
36-bit Accumulator

Instructions: Multiply, Division, MAC,
Barrel-Shift, Move, Jump, MMX(saturation) and
Load-Data from memory

Hardware Divider Supported

Event Synchronized Sequence

Configurable Event Generation

Example: 3P2Z IIR Filter->10 cycle

High Resolution PWM

VVVY VVVVY

8-outputs (4-pairs for Hi/Lo Sides)

4 x 16bit Counters for each pair

Counters can be Synchronized

PWM Resolution: 1ns

Configurable PWM Duty (0%-100%) and Carrier
Frequency in every PWM cycle

Configurable Non-Overlap Time

Counter Modes: Up and Up/Down

Phase Shift Mode Supported

Re-Trigger Operations by Internal /external Events
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e PWM Output Controller(POC) e UART
» Turn off(Hi-z) PWM output by selected event » 1 Unit
» Turn on by CPU » Dedicated Baud Rate Generator
» Turn on by PWM CMP_MAX/MIN event(Auto
release) e GPIO .
» Digital & Analog Multiplexed
e Direct SFR Access Controller(DSAC) » Pull-Up or Pull-Down MOS
» Direct Data Transfer between Peripheral Registers » Configurable as Interrupt Sources
(SFR: Special Function Register)
» 16 channels e Interrupt C_ontroller
» Selectable Transfer Trigger Event > Upto 32 interrupt vectors -
> Configurable transfer addressing mode » Two level programmable interrupt priority
> 8 or 16bit tran_sfe_r mode e Watch Dog Timer (WDT)
» SFR access priority: DSAC > CPU > 8-bit counter
e RAM interface(RAMIF) > Resetor Interrupt
> Provides data transfer from SFR peripherals to e Low Voltage Detector (LVD)

1KB RAM. > Generate LVD interrupt

» Provides ring buffer interface
» RAM access Priority: RAMIF > CPU Reset Control

> External Reset
e Comparator Lookup Table(CMPLUT) > Internal Power On Reset (POR)

» Source: six comparators > Brown out Reset
» Two 6input — loutput LUT
» Available for POC event

Clock Control

> Available for Pin output(LUTO0/1) > External XTAL Oscillator
o > Internal Ring Oscillator (IRC)
e 16bit Timers » PLL
> 4 Units > Sleep/Stand-by mode
> 16bit Counter
» Compare Match generates Event e External Power Supply Voltage
> synchronization with PWM » 3.3V for each DVCC and AVCC
> Counter clear by external pin input event > Internal Core Voltage Regulator
> Input capture/ Compare match output e Package
i ésggferﬁgé’:t'”g mode > QFN-40 (6x6mm, P0.5)
» LQFP-64(10x10mm, P0.5)
e SPI

» 1 Unit, Master/Slave
» 3-wires (Clock, MOSI, MISO)
» Dedicated Baud Rate Generator

e [2C (SMBUS)
» 1 Unit, Master/Slave
» Dedicated Baud Rate Generator
» SMBUS Compatible 1/O Buffer
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1.2 Description

The LSI is a MCU (Micro Controller Unit) with Rich and Powerful Analog Elements such as High Speed 10bit ADC,
High Precision 12bit ADC, 10bit DAC, High Speed Comparators, and Operational Amplifiers. These analog blocks can
be connected via inter-connection-network to configure the LSI as a user-defined mixed signal device. Moreover, this
LSI integrates not only CPU but also Dedicated Tiny DSP separated from CPU, High-Resolution PWM, and Automatic
Data Transfer Scheme in one chip, which realize Self-Running Feedback Control System without CPU. In such system,
CPU can engage in other tasks such as intelligent controls, communications, system watches, error detections and
non-linear controls, etc. and then, the LSI will provide you high performance control system

13 App“catlon Analog Infernal Connection
e Digital DC-DC Power Supply OPAMP SARADC
e Digital AC-DC Power Supply
e Digital Assist Power Supply Comparator DAC
e LED Lighting Control 5 —
. o
e LED Signage = VREF Tj Sensor °
e Wireless Charger £ c
e MPPT Solar Controller — L1 §
e Inverter for Solar Battery % =
e Inverter for Motor Control o | LCPUB8051 Tiny DSP 5
e E-Bike, E-Assist Bicycle o 5 o
e EV Charger % | | DSAC o | PWM o
o
=
=]
FLASH E Timers
=4
=
RAM g SPI/ UART/ 12C
INTC /WDT / SYSC POR/ LVD/ PLL/OSC

Figure 1-1 MD6602 Internal Functions

1.4 Ordering Information

Part # FLASH/RAM Vce Package Note
MD6602FNV 32KB/1KB 3.3V QFN-40 Tray
MD6602FNVL 32KB/1KB 3.3V QFN-40 Tape & Reel
MD6602FPV 32KB/1KB 3.3V LQFP-64 Tray
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Block Diagram
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Figure 2-1 LSI Block Diagram
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3. Pin Description

3.1 Pin Arrangement

:] GPI1017/PWM3L/RXDB/SIB/TIOA2A

I :] GPIO16/PWM3H/TXDB/SOB/TIOA2A

w
5
.
dZ 3,8 8 & 8
o 9 8 g 8 ¢ 2 28 ¢ ¢ ¢ o g
8 z 238328 3 %X K8 & & & & 3
48
GPIO40/TIOA2B [: 49 32 :] GPIO15/PWM2L/SCLB/SCKB/TIOB3A
GPI041/TI0B2B [ | | ] GPIO14/PWM2HISDAB/CLKMONB/SS_NB/TIOAZA
pvss || | ] ePlo13PwmLL
epioazmic2iLuTo || | ] GPlo12/PWMIH
GPI043/TI0A3B [ | | ] ePio1vPwmoL
GPI044/TI0B3B | | | ] cPio1o/PwMoH
GPIO20/ANEXO || | ] pvee
GPI021/ANEXL || | ] ovss
GPIO22/ANEX2 [_| | ] ePioo7RxDC/TIOBL
GPI023/ANEX3 || | ] ePioosTxpCrTIoA
GPI024/ANEX4 || | ] ePioosiscLcrTico
GPIO25/ANEXS || | ] GPIO04/SDACICLKMONC
GPIO26/ANEXS || | ] GPIO03/RXDA/SIAITIOBO
GPI027/ANEX7 || | ] GPIO02/TXDA/SOAITIOAD
GPIO30/ANEXS || | ] ePioouscLASCKA
GPIO31/ANEX9 || 64 Top View 17| ] GPIO0O/SDAA/SS_NA/CLKMONA
o 16
[} — o — (3] o < n © ~ e} o [} o (%)) -
2 8§ X X ¥ X £ x X 2 2 L oy a5
<z fgiLs gLy ooy
T £ % 2 % 231 % 7 3% < 8
8 8 3 8 8% 5
°© 9 o o 9 9 <
o o o o o o o
O] ] U] O] o O g_

Figure 3-1 Pin Arrangement for LQFP-64
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GPIO17/PWM3L/RXDB/SIB/TIOB2A
GPI016/PWM3H/TXDB/SOB/TIOA2A

w
3
-
4o o 8' z 23
288 9 ¢ ¢ g R
o & 2 a b & % Kk
ORI N S O U0 B L N N B Y ¥
GPIO20/ANEXO | 31| 120 | GPIO15/PWM2L/SCLB/SCKB/TIOB3A
GPIO2L/ANEXL | | 41DVSS i 1| GPIO14/PWM2H/SDAB/CLKMONB/SS_NB/TIOA3A
GPIO22/ANEX2 | | ! Exposed Die Paddle i 1| ePIO13/PWMLL
L::‘ i onlyin QFN Package H -
GPIO23/ANEX3 [ | ! i L..| GPIOL2/PWMIH
GPIO24IANEXS || | t 1| ePlo11/PWMOL
GPIO2S/ANEXS | | ! i 1| cplolo/PwMOH
GPIO26/ANEXS | | | ! 1| GPIOO3/RXDAISIAITIOBO
oploaTaNEXT || | i L__.| GPIOO2ITXDA/SOAITIOAD
GPIO30ANEXE ||| { 1| opioouscLaiscka
oy Trmmmmeemeesssmmemmmeesseeeeeeeeeeed T ] GPIODO/SDAA/SS_NAICLKMONA
epoguaNexe [0 ey
@ [, b ol
o - N o < n
2 3% %% x5 8 8
z > 4oy v b 2 2 >
< <z 2% 2 g ¢ K
3§ ®» I 8 ¢ 5
8§ 88 8 ¢ ¢
o o [+ % o o a
G &6 6 6 ¢ ©

Figure 3-2 Pin Arrangement for QFN-40 (QFN-41)

3.2 Signal Description

S g
£ ] € z 5 s
= § g § % £ g E
£ 18| ¢ £ e |5 g =25 B |3
Digital 27 26, 40 DvCC - - Digital 3.3V
Power 45
Supply 26,41 15,25 DVSS - - Digital 0V
35,44
51
25 43 DVCC_CORE - - Digital Power for Internal
Logic (Connect Capacitor.)
Analog 2 2 AVCC1 - - Analog 3.3V
Power 10 14 AVCC2 - - Analog 3.3V
Suply | g 113 AVSS ; - | Analogov
System 28 46 MODE IN - Chip Mode (Fixed to 0) Yes LVTTL
29 47 IRES IN U Reset Input Yes LVTTL
osc 24 42 XTALIN IN - XTAL Input
23 41 XTALOUT (o] - XTAL Output
Debug 30 48 DBG 110 U 1-wire Debug Port (open drain) Yes LVTTL 4mA
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s 2
£ = z
a m 2 S < 5
2 g % 5 § % £ £ ﬁ é
5 51 2 5 2 |2 8 | z|8| 3 =
Serial/ n 17 GPIODO/SDAA! GPIO or SDA (od) o
TMR CLKMONA/SS_NA/ o1 v CLKMON or SS_N(SPI) e | Ye LvTTL A
12 18 GPIO01/SCLA/SCKA 110 U GPIO or SCL (od) or SCK(SPI) Yes Yes LVTTL 4mA
13 19 GPI002/TXDA/SOA/TIOAD 110 U GPIO or TXD or SO(SPI) or TIOA0 Yes Yes LVTTL 4mA
14 20 GPIO03/RXDA/SIA/TIOBO 110 u GPI0 or RXD or SI(SPI) or TIOBO Yes Yes LVTTL 4mA
- 21 GPI1004/SDAC/CLKMONC 110 u GPIO or SDA(od) or CLKMON Yes Yes LVTTL 4mA
- 22 GPI005/SCLC/TICO 110 u GPI0 or SCL(od) or TICO Yes Yes LVTTL 4mA
- 23 GPI006/TXDC/TIOAL 110 u GPIO or TXD or TIOAL Yes Yes LVTTL 4mA
- 24 GPI007/RXDC/TIOB1 110 u GPIO or RXD or TIOB1 Yes Yes LVTTL 4mA
PWM/ 15 27 GP1010/PWMOH 110 D GPI0 or PWMOH Yes Yes LVTTL 16mA
Seriall 16 28 GPIOL1/PWMOL 110 | D | GPIOor PWMOL Yes | Yes LVTTL 16mA
TMR 17 29 GPI1012/PWM1H 110 D GPI0O or PWM1H Yes Yes LVTTL 16mA
18 30 GPI1013/PWM1L 110 D GPIO or PWM1L Yes Yes LVTTL 16mA
19 31 GP1014/PWM2H/SDAB/ 110 D GPIO or PWM2H or SDA(od) or | Yes Yes LVTTL 16mA
CLKMONB/SS_NB/TIOA3A CLKMON or SS_N or TIOA3
20 32 GPI1015/PWM2L/SCLB/SCKB/ 110 D GPI10 or PWM2L or SCL(od) or Yes Yes LVTTL 16mA
TIOB3A SCK or TIOB3
21 33 GPIO16/PWM3H/TXDB/ 110 D | GPIO or PWM3H or TXD or SO(SPI) | Yes | Yes LVTTL 16mA
SOB/TIOA2A or TIOA2
22 34 GPIO17/PWM3L/RXDB/ 110 D GPIO or PWM3L or RXD or SI(SPI) or Yes Yes LVTTL 16mA
SIB/TIOB2A TIOB2
Analog 31 55 GPIO20/ANEX0 110 U GPIO or Analog External 0 Yes LVTTL 4mA
32 56 GPIO21/ANEX1 110 U GPIO or Analog External 1 Yes LVTTL 4mA
33 57 GP1022/ ANEX2 1/0 U GPIO or Analog External 2 Yes LVTTL 4mA
34 58 GP1023/ ANEX3 1/0 U GPIO or Analog External 3 Yes LVTTL 4mA
35 59 GP1024/ ANEX4 1/0 U GPIO or Analog External 4 Yes LVTTL 4mA
36 60 GP1025/ ANEX5 1/0 U GPIO or Analog External 5 Yes LVTTL 4mA
37 61 GP1026/ ANEX6 1/0 U GPIO or Analog External 6 Yes LVTTL 4mA
38 62 GP1027/ ANEX7 1/0 U GPIO or Analog External 7 Yes LVTTL 4mA
39 63 GPIO30/ANEX8 1/0 U GPIO or Analog External 8 Yes LVTTL 4mA
40 64 GPIO31/ANEX9 1/0 U GPIO or Analog External 9 Yes LVTTL 4mA
3 3 GP1032/ ANEX10 1/0 U GPIO or Analog External 10 Yes LVTTL 4mA
4 4 GPI033/ ANEX11 1/0 U GPIO or Analog External 11 Yes LVTTL 4mA
5 5 GP1034/ ANEX12 1/0 U GPIO or Analog External 12 Yes LVTTL 4mA
6 6 GP1035/ ANEX13 1/0 U GPIO or Analog External 13 Yes LVTTL 4mA
7 7 GP1036/ ANEX14 110 U GPIO or Analog External 14 Yes LVTTL 4mA
8 8 GP1037/ ANEX15 110 U GPIO or Analog External 15 Yes LVTTL 4mA
TMR - 49 GPIO40/TIOA2B 110 U GPIO or TIOA2B Yes Yes LVTTL 4mA
- 50 GPI1041/TIOB2B 110 U GPIO or TIOB2B Yes Yes LVTTL 4mA
- 52 GPI042/TIC2/LUTO 110 U GPIO or TIC2 or LUTO Yes Yes LVTTL 4mA
- 53 GPIO43/TIOA3B 110 U GPIO or TIOA3 Yes Yes LVTTL 4mA
- 54 GP1044/TIOB3B 110 U GPIO or TIOB3 Yes Yes LVTTL 4mA
- 16 GPIO45/TIC3/LUT1 110 U GPIO or TIC3 0or LUT1 Yes Yes LVTTL 4mA
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.|

s 2

£ ] € z 5 -

g o g § £ £ £ E

8 15| & £ o |5 i sz 5| 5 |3

GPIO - 36 GPI1050 1/0 D GPIO Yes Yes LVTTL 16mA

- 37 GPIO51 110 D GPIO Yes Yes LVTTL 16mA

- 38 GPI1052 110 D GPIO Yes Yes LVTTL 16mA

- 39 GPIO53 110 D GPIO Yes Yes LVTTL 16mA
Analog - 9 ANEX16 110 - Analog External 16

- 10 ANEX17 110 - Analog External 17

- 11 ANEX18 110 - Analog External 18

- 12 ANEX19 110 - Analog External 19
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4. Reset System and Low Voltage Detector (LVD)

41 Overview

Block diagram of Reset System and Low \Voltage Detector (LVD) are shown in Figure 4-1. Internal POR (Power on
Reset) watches external power supply DVDD and it asserts reset signal when DVDD is low. The POR output is
stretched by digital delay, and it is ored with external reset signal /RES to make the whole chip in reset state.

Several modules can generate reset signal and there are priorities among them as shown in Figure 4-1.

Note that the 1-wire OCD (On-Chip-Debugger) generates two kinds of reset, one is whole chip reset, and the other is
CPU reset.

Low Voltage Detector watches the DVCC and it sets detect LVD flag once DVCC becomes lower than the threshold.
If any, LVD flag can generate interrupt.

SYsC
DvcC 3.3V LvD DETLV_N Interrupt
3.3V » (Low Voltage p| LVD >
Detector) Flag
A
SYsC
POR P .
(Power on Reset) | | g.:?;ilh N ggge | WDT ﬁ:gSC
DETPOR_N
A l—l
PULLUP MOS
p RST_N Lsl
N > CPU I
RES - V

Figure 4-1 Reset System and Low Voltage Detector (LVD)

Vdet

VporH

Vporl

Idigital stretch

| digital sirelch

DETPOR_N

: : L : : :
SV S— T B S S

LVD Flag (\)Sﬂﬂ“’@’e

Figure 4-2 Power On Reset and Low Voltage Detection
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Table 4-1 Reset Sources and Each Effect

Reset Source | OCD is... WDT is... LVD flag is... SYSC is... Others are...
IRES Initialized Initialized Initialized Initialized Initialized
POR Initialized Initialized Initialized Initialized Initialized
WDT Not-Initialized Not-Initialized Not-Initialized Initialized Initialized
OCD | Not-Initialized | Initialized Initialized Initialized Initialized
(whole chip)
och Not-Initialized | Not-Initialized | Not-Initialized | Not-Initialized | Initialized
(CPU reset)
4.2 Register Description
Table 4-2 List of Resister
Symbol Name Address il
value
LVDCTRL LVD Control OxFF90 0x00
4.2.1 Detect low power-supply voltage
Register LVDCTRL LVD Control Address OxFF90
Bit Bit Name R/W | Initial Description Note
7 LVDE RIW |0 LVD Enable
0: LVD Disable
1: LVD Enable
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 LVDIE RIW |0 LVD Interrupt Enable
0: LVD Interrupt Disable
1: LVD Interrupt Enable
3 reserved 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 LVDIF R/C 0 LVD Interrupt Flag
(before mask; independent LVDIE)
Read 0: No Request
Read 1: Interrupt Event Occurred
Write 0: No effect
Write 1: To clear corresponding bit

While LVD flag is set, LVD can not detect low voltage state.
Once LVD flag is cleared, LVD can detect low voltage state after having five clocks wait.
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5. Clock System

5.1 Overview

The clock system of the LSI is shown in Figure 5-1.

After power on reset, base clock comes from IRC (Internal Ring Oscillator: 10MHz). The CPU Program can change
the base clock to external XTAL.

There are 4 types of clock speed in the LSI. CLKFAST(50MHz max) is used for CPU and related resources.
CLKSLOW (25MHz max) is used for peripherals. CLKADC (133MHz max) is used for ADC which requires fine pitch
clock edges. CLKPWM1000 is used for High Resolution PWM.

The 1-wire UART portion of OCD (On Chip Debugger) uses clock of IRC to make constant baud rate.

Basically in default mode, clock for each module is stopped except for CLKCPU. Each clock can be enabled by
setting its gating signal (EN_CLKxxx) by CPU program.

CLKCFG1.CLKMON CLKPWM
CLKMON :I )
w , LKPWM1000
8 External Pin P CLKRUN_FAST ?
! 9 CLKRUN
: Q CLKSRC CLKCFGO.CLKPLL Spow
| Sl j ) CLKCPU CLKAMPO
1 = T
' O glitch less l g CLKFAST
4
_,__[D_ cikosc " 0_—' o (Max S0MH2) ) =
: L DIV CLKDSPO [ CLKAMP1
H a I litch less x /1 x 1/4 p CLKDACO
. switchx 1/2 x 1/8 CLKAMP2
¥ L g r CLKDSP1
i3 | ,
H O
Eq ! g - CLKCMPO
ISR I CLKIRC 4 5 CLKSLOW q
! IRC x ° (Max 25MHz) [ CLKAMP3
! 10MHz 0 X112
i
! 8 o « CLKCMP1 ¢ CLKSCI
! 3] o CLKCFGO.CLKPLL r CLKADCO
: w < g CLKADC
: 9 0 3 (Max 133MHz)
! é [ CLKI2C
1
! 5 CLKCPU glichlessx 1/1  x 1/4 < CLEADCL ¢ i
: < switchx 1/2 x 1/8
i (@]
1
: 8051 CPU CLKSLOW ¢ CLKADC2 ¢ CLKCMP3 !iDci*sPR
| PULLUP MOS < CLKIRC
! .
i
!
. y 1 CLKMIXSFR < CLKSPI
DBG DBGI| , | e 0_~E>_> "tDEi(CMM
ocp oco wer
DBGO UART DBGEN <>tDE§DACSFR _~D2¥0MP5 ‘tD%TIMO
OCD_EN _~D2£0c01w |'tDE£CMPLUT
CLKSRC—L» L5 EN o
WAKEUP COUNTER - CLKDSPMEM
CLKADCO CLKADC1
133 133
SYSC SLEEP_SET™ CLKC |€— CLKFAST
(System Controller) STBY SET—
= (Clock Controller) ¢—CLKSLOW mmmmmmm e .
\
! H
—D ! |
WAKEUP | EN_CLKwx iD7 i
H

Figure 5-1 Clock System
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5.2 Register Description

Table 5-1 List of Resisters

Symbol Name Address Initial value
CLKCFGO Clock Configuration OxFF80 0x00
CLKCFG1 Clock Configuration OxFF81 0x01
MCLKEOQ Module Clock Enable 0 OxFF84 0x00
MCLKE1 Module Clock Enable 1 OxFF85 0x00
MCLKE2 Module Clock Enable 2 OxFF86 0x00
MCLKE3 Module Clock Enable 3 OxFF87 0x00
MCLKE4 Module Clock Enable 4 OxFF88 0x00
AGNDCTRL Analog ground Control OxFF91 0x01
LPCTRL Low Power Control OxFFAOQ 0x00

5.2.1 Clock controller

Register CLKCFGO Clock Configuration Address OxFF80
Bit Bit Name R/W | Initial Description Note
7 PLLERR R 0 PLL1 Error

0: PLL1 is in normal state

1: PLL1 says something error.

6 PLLEN RW |0 PLL1 Enable

0: PLL1 Disable

1: PLL1 Enable

5 CLKPLL RW |0 PLL Clock Select

0: CLKPLL1 and CLKPLL2 are connected to
CLKSRC

1: CLKPLL1 and CLKPLL?2 are connected to
PLL1 output through fix dividers: 1/8 and 1/3.
Note: Even if CLKPLL is 0, the PLL1 runs in

user mode.

4 reserved R 0 Read value is 0. Write only 0.

3 DIV11 RW |0 Main Divider Configuration
00: x1/8

2 DIV10 RIW |0 01 x1/4
10: x1/2
11: x1/1

1 DIVO01 RIW |0 CLKADC Divider Configuration
00: x1/8

0 DIV00 RIW |0 01: x1/4
10: x1/2
11: x1/1

Note:

When PLL disabled, "1" cannot be set in CLKPLL.
DIVXX and CLKPLL can read the present preset value by setting CLKC.

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 5-2
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

Register ‘ CLKCFG1 Clock Configuration Address OxFF81
Bit Bit Name R/W Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
Clock Monitor Select
3 CLKMON RW |0 0: CLKSRC is connected to CLKMON
1: CLKFAST is connected to CLKMON
Clock Source Select
2 CLKSRC R/W 0 0: IRC is connected to PLL
1: OSC is connected to PLL
External XTAL Oscillator Enable
1 OSCE R/W 0 0: OSC Disable
1: OSC Enable
Internal Ring Oscillator Clock Enable
0 IRCE RW |1 0: IRC Disable
1: IRC Enable
Note:

If you try to clear both OSCE and IRCE or select disabled clock source, this register can not change.
In STBY mode, OSC and IRC will stop regardless of the value of the OSCE and IRCE.

In addition, if you want to switch from IRC to OSC or from OSC to IRC, must be set to 2'b11 the CLKCFG[1:0].

Register MCLKEO Module Clock Enable 0 Address OxFF84
Bit | Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 ME TIM RW |0 Module Clock Enable
— 0: Clock Stops
3 | ME_SPI RwW |0 1: Clock Runs
2 ME_I2C RIW |0
1 ME_UART R/W 0
0 ME_GPIO RW |0
Register MCLKE1 Module Clock Enable 1 Address OxFF85
Bit | Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 ME DSP1 RW |0 Module Clock Enable
= 0: Clock Stops
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 ME PWMPLL RIW 0 Module Clock Enable
— 0: Clock Stops
0 ME_PWM RIW |0 1: Clock Runs
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Register MCLKE2 Module Clock Enable 2 Address OxFF86
Bit | Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
CLKADC?2 Enable
6 ME_ADC?2 RW |0 0: Clock Stops
1: Clock Runs
CLKADC1 & CLKADC1_133 Enable
5 ME_ADC1 RW |0 0: Clock Stops
1: Clock Runs
CLKADCO & CLKADCO0_133 Enable
4 ME_ADCO RW |0 0: Clock Stops
1: Clock Runs
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved 0 Read value is 0. Write only 0
Module Clock Enable
0 ME_DAC RW |0 0: Clock Stops
1: Clock Runs
Register MCLKE3 Module Clock Enable 3 Address OxFF87
Bit | Bit Name R/W | Initial Description Note
Module Clock Enable
7 ME_SPR RW |0 0: Clock Stops
1: Clock Runs
6 reserved R 0 Read value is 0. Write only 0.
5 ME_AMP1 R/W 0
4 ME_AMPO RIW |0
3 ME CMP3 RW |0 Module Clock Enable
= 0: Clock Stops
1 ME_CMP1 RIW |0
0 ME_CMPO RIW |0
Register MCLKE4 Module Clock Enable 4 Address OxFF88
Bit | Bit Name R/W | Initial Description Note
Module Clock Enable
7 ME_CMPLUT RIW |0 0: Clock Stops
1: Clock Runs
6 reserved R 0 Read value is 0. Write only 0.
5 ME AMP3 RIW 0 Module Clock Enable
— 0: Clock Stops
4 ME_AMP2 R/W 0 1: CIOCk Runs
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 ME CMP5 RW |0 Module Clock Enable
= 0: Clock Stops
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Note:
There are clocks which are not directly controlled by registers. Table5-2 shows conditions that clocks enable or
disable.
Table 5-2: Clock’s enabler condition and disabler condition
Clock name Enable Condition Disable Conditon
By reset .
CLKCPU Return from SLEEP or STBY mode Being SLEEP or STBY mode
CLKMIXSER Any of CLKCMPn or CLKADCh is AII of CLKCMPn and CLKADCn are
enabled disabled
CLKDACSFR | CLKDAC isenabled CLKDAC is disabled
CLKOCD1W | DBG pin has been once driven “Low”. DBG pin has been never driven “Low”.
CLKDSPMEM | Each of DSPCLKn is enabled Both of DSPCLKn are disabled.

5.2.2 Analog ground control

Register AGNDCTRL analog ground control Address OxFF91
Bit | Bit Name R/W | Initial Description Note
7 reserved R/W |0 Read value is 0. Write only 0.
6 reserved R/W |0 Read value is 0. Write only 0.
5 reserved R/W |0 Read value is 0. Write only 0.
4 reserved RW |0 Read value is 0. Write only 0.
3 reserved RW |0 Read value is 0. Write only 0.
2 reserved RW |0 Read value is 0. Write only 0.
1 reserved RW |0 Read value is 0. Write only 0.
analog ground enable
0 AGNDEN RW |1 1:enable
0 : disable

Note: If you enable DAC, the analog ground is enabled regardless of AGNDCTRL’s value.
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5.2.3 Low Power Controller

Register LPCTRL Low Power Control Address OxFFAQ
Bit | Bit Name R/W | Initial Description Note
7 00:7.01lms
T o o | B2
11:1.28ms
(CLKSRC =10 MH2z)
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved RW |0 Read value is 0. Write only 0.

Disable Wake Up Counter

0: Use Wake Up Counter

2 DISwWC RIW |0 1. Disable Wake Up Counter which makes
immediate wake up.

(This bit should be used only for test.)
Low Power Mode Select

1 LPSEL RIW |0 0: SLEEP (Only CPU Stops)

1: STBY (Entire Chip Stops)

Go to Low Power Mode

0 GOTOLPM W 0 0: Normal Mode(no effect)

1: Low Power Mode

5.3 Clock Initialization Sequence

(1) After power on reset, IRC is enabled and its output IRCOUT is connected through CLKIRC, CLKSRC and
CLKPLL. Note that after power on reset, PLL is not used.

(2) If user wants to use IRC continuously, enable the PLL1. After waiting for PLL1 stable time (by software loop),
change master clock from CLKSRC to CLKPLL.

(8) Or, if user wants to use OSC (external XTAL) instead of IRC, connect CLKOSC to CLKSRC, and enable the
PLL1. After waiting for PLL1 stable time (by software loop), change master clock from CLKSRC to CLKPLL.

5.4 Low Power Mode

(1) There are two modes in Low Power state. One is SLEEP, the other is STBY.

(2) In SLEEP mode, only CPU clock stops. In STBY mode, entire chip clock stops. Even if EN_CLKxxx is set,
corresponding to EN_CLKCLK = ~(SLEEP | STBY) or EN_CLKxxx = ME_xxx & ~STBY

(3) By setting GOTOLPM bit, the LSI enters in Low Power Mode.

(4) Any interrupts from external pins or internal modules can make CPU awake from SLEEP mode.

(5) Only interrupts from external pins can make CPU awake from STBY mode. At that time, to wait for stable clock
oscillation and stable PLL output, internal Wake-Up-Counter is used. Interrupts from external pins immediately
start OSC, IRC and PLL, and the Wake-Up-Counter starts its count-up. Once the counter overflows, system
signal STBY is negated. Wake up period will be less than 10ms .
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5.4.1 SLEEP Mode

In sleep mode, only CPU clock stops. Sequences shifting to and returning from sleep mode are shown in Figure 5-2.
The system instantly returns from sleep mode by occurring event (multiple choice allowed) of interrupt setting in
advance. At that time, CLKC automatically clears GOTOLPM bit of LPCTRL register.

Set event of interrupt
INTENAO/ INTENAT1
INTENA2/INTENA3

Set Mode Select
LPCTRL. LPSEL=0

Set LowPowerMode start
LPCTRL. GOTOLPM=1

A

int_request

clear LPCTRL. GOTOLPM=0

End

Figure 5-2 Sleep Mode Sequence
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542 STBY Mode

In STBY mode, entire chip clock(OSC/IRC/PLL1/PLL2) stops, and clocks are not supplied function blocks.
Sequences shifting to and returning from STBY mode are shown in Figure 5-3Event (multiple choice allowed) of
interrupt by GPIO specified in advance is used for trigger of returning from STBY mode. After interrupt, STBY mode
is remained in term set by LPCTRL.WUPTM to wait for clocks stable time. Then, clock is resumed to supply function
blocks and, CLKC automatically clear LPCTRL.GOTOLPM.

(: START :)

Set event of interrupt
INTENAO reg

Set interrupt by GPIO
set PIE0/1/2/3 reg

Set mode select
LPCTRL. LPSEL=1

Set wakeup counter select
LPCTRL. WUPTM=00/01/10/11

Set LowPowerMode start
LPCTRL. GOTOLPM=1

<&
<

GPIO_int

Start wakeup counter
(output clock disable)

<&
<

Sequence waiting

WakeupCounter for clocks stable time

Overflow

clear LPCTRL. GOTOLPM=0 _/

|
(: END j)

Figure 5-3 STBY Mode Sequence
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55 Anexample way to configure Clock Settings after Power On

Power ON
(AVCC,DVCC) set divider configuration
CLKCFGO.DIV**
wait for

reset sequence end

<ormr >

Y

verify divider configuration?

CLKCFGO.DIv**

Clock Change End

| CLKCFG1.0SCE =1 |

| wait for OSC stable time |

| CLKCFG1.CLKSRC =1 |

| CLKCFGO.PLLEN=1 |

| wait for PLL stable time |

| CLKCFGO.CLKPLL =1 |
l¢

Figure 5-4 A example way to configure Clock Settings after Power On
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5.6 Limitation of Clock System

5.6.1 Limitation of Low Power Mode

Once 1-wire OCD has accessed the system, the system can not enter Low power Mode.
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6. 8051 CPU Subsystem

6.1 Introduction

The UL8051 is a CPU core with Intel MCS-51 (8051 family) compatible ISA (Instruction Set Architecture).

Note that the UL8051 is actually compatible with 8052 type core, we call it UL8051.

The UL8051 has some enhanced features compared to original 8052. The UL8051 can execute one byte instruction in
only 1 cycle by its pipelined micro architecture and 4-byte pre-fetch operation.

The ULB8051 also has the flexible on-chip debugger with simple 1-wire interface which can prevent from increasing
pin counts.

6.2 Overview
Table 6-1 shows brief specification of UL8051.

Table 6-1 Feature of UL8051

No. Item Description Note

1 Instruction Set MCS-51 (8052) Compatible

2 Execution Cycle 1cycle/1byte-fetch (1T Core).

3 Pipeline Yes

4 Instruction Bus 8bit Width (XPROG Bus)

5 Data Bus 8bit Width (XDATA Bus)

6 SFR Bus 8bit Width with Bit Write Strobe

7 Interrupt Maximum 32 Interrupt sources

8 On Chip Debugger Full debugging features with simple 1-wire
interface
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6.3 System Configuration around CPU

An example of system configuration around CPU is shown in Figure 6-1.

(1) XPROG-BUS: A dedicated bus to fetch instructions from internal ROM, which has 8bit width. Total address
space size is 64KB on XPROG-BUS. The data flow on XPROG-BUS is only “READ” direction. To read internal
ROM as data, you should use MOVC instruction.

(2) XDATA-BUS: A dedicated bus to read/write on-chip RAM and other peripheral registers, which has 8bit width.

Total address space size is 64KB on XDATA-BUS. To access on-chip RAM and peripherals, you should use
MOV X instruction.

(3) SFR-BUS: A dedicated bus to read/write SFR (Special Function Register), which has 8bit width. Total address

space size is 128bytes on SFR-BUS. To access SFR on SFR-BUS, you should use instructions with Direct
Addressing.

(4) IRAM-BUS: A dedicated bus to connect internal RAM.

SFR-Bus (8bits)
System | cLk,RES ULBO51 < >
Control 11
XPROG-Bus
8bits) = .
INTREQ | 2 FLASH Peripherals
INTVEC S ROM in
Interrupt
IRQS—>— ControFI)Ier INTACR O SFR Area
:INTRET 256B 1R1W RAM
N—/] IRAM RAM Peripherals
In In
IRAM
Lwiire . -Bus (8bits) XData Area XData Area
serial XX
ﬁ‘)};?face XDATA-Bus (8bits) j[ j[
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. _____________________________________________________________________________________________________________________________|
6.4 Memory Map
System Address Maps is shown in Figure 6-2.

(1) Internal Data Memory of 8052 architecture is divided into 3 blocks.

(2) Internal Data Memory (1): Address space is 0x00-0x7F (128bytes). It includes CPU registers (4bank, 32bytes),
Bit Address Area (16bytes) and General IRAM_1 (80bytes).

(3) Internal Data Memory (2): Address space is 0x80-OxFF (128bytes). To access here, you should use Indirect
Address Mode. It includes General IRAM_2 (128bytes).

(4) Internal Data Memory (3): Address space is 0x80-OxFF (128bytes). To access here, you should use Direct
Address Mode. It includes Special Function Registers (SFR). Most resources in SFR are connected on SFR-Bus.
In the SFR area, each byte on address 0xX0 (X=8-F) can be accessed by instructions with bit addressing.

(5) Program Memory Space: Dedicated instruction memory space. Address space is 0x0000-OxFFFF. Typically,
FLASH ROM is assigned from bottom address. The devices in this space are connected on XPROG-Bus. Use
MOVC instruction to read the space as data.

(6) Data Memory Space: Dedicated data memory space. Address space is 0x0000-0xFFFF. The devices in this space
are connected on XDATA-Bus. Use MOV X instruction to access in the space.

(7) Peripheral Registers: Note that peripheral registers in the LSI are assigned in both SFR area and Data Memory
Space.
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(XPROG Bus) (XDATA Bus)
0x00|_BANKQ - RO = R7 0x0000 RAM 1KB 0x0000
BANK1 - RO — R7 * notel
RANK? - R0 — R7 OxO3FF
Ox18|-BANKR3 - RO — R7
0x20| Bit Address Area
0x30| General IRAM_1
(80bytes)
FLASH 32KB (Reserved)
Ox7H
0x80| General IRAM_2 o | SFR
(128bytes) 2| (128bytes)
S
x
To access here, & | Toaccess
Use Indirect g | here,
Addressing mode. j Use Direct
¢ | Addressing OX7FFF 0x8000
3 RAM 1KB
< mode. (Reserved) )
OxFH @ Ox83FF
0x9000
(IRAM I/F) (SFR Bus) X FLASH
mirror area of
O0X93FF 0x0000-0x03ff
OxA000! (Reserved)
CPU Resource FLASH
Information Block (Reserved)
0x00-0x1F : Registers O0xA3FH 1KB
0x20-0x2F : Bit Access Area
0x81: SP
0x82: DPL
0x83: DPH
0xDO0 : PSW (Bit Accessible)
. . Reserved
O0XEO : ACC (Bit Accessible) ( ) OxE800
0xFO0: B (Bit Accessible)
Peripherals
6KB
OXFFFH OXFFFF

Figure 6-2 System Address Map

*Notel RAM areas from 0x0000 and 0x8000 are shadow memory and identical to each other.
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6.5 Register Description

6.5.1 Remap Control (REMAP)

Register ‘ REMAP Remap Control Address OxFFCO
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 REMAP RIW |0 Remap Control
0: Normal
1: Remapped

If REMAP is set to 1,the data of the internal RAM are copied on FLASH memory area from 0x0000 to OxX03FF(1kB).
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Instruction Code Map

6.6

Table 6-2 Instruction Code Map

L v ‘uy Vv Mo v waup| v v e tppe | vdae L
AOW AOW Aow| a0 XAOW TIvOV | XAOW

oLLL uy v INCR 30241 'Y v Ho v L14ppe | dA® 'V oLLL
AOW AOW AW | w0 XAOW anry | xaow

oLt o uy Mo 'Y 124 'p v 0 ug | ripee | 100ap oL
ZNrQ aHOX onea | va | awss | awas | vwov | dod

oLl uy v "D Y wapy| v 0 ug | rwepe | 100ap oLl
HOX HOX Hox | davms | w10 | wio | awev | Hsnd

i |94 ‘eyep# ‘uy 194 ‘elep# ‘14D 24Py | 194V o] Hq L1dppe | 39/ °0 Lot
aNro EI awro | aneo | ado | a0 | vov | v

o101 108.1p Uy 100.1p ‘1D @©olox0| av | uida | wao | ripee | w0 ool
AOW AOW yags) | nw ont | now | awrv | o

1001 uy v WD 'V yoeup 'y | eeps v [a+ve 'v| oma | 1pee |4 uida 0oL
ans ans ans | ans | onow | aow | 1vov | Aow

0001 uy 308.1p 1D 39941p spap | av |asvev| wao | e | e 0001
AOW AOW row | na | onow | v | awev | awes

110 eyeps ‘uy e1ep# D erepy p [ ereps v | darve | a0 | rpepe | e 1o
AOW AOW Aw | aow | awe | wo | vov | zne

o110 uy v Mo 'V 100up 'y | ereps ‘v | # 00up | v 200up | yrappe | e o1
Tux X x| x| owx | x| awey | oze

1010 uy v D 'V 100 v | exeps 'y | # w0up | v w00up | 1rppe | 1o 1010
INY INY w | v | v | o | vov | one

0010 uy v Mo 'V 100.p v | ereps 'y | # 00up | v 200up | 1appe | 1o 0010
0 40 mo | wo | wo | wo | awev | or
e Mo 'V weupy | eepg v [ v Lppe | jea g

H100 oaav oaay oaav | oaav | omw | M | wov | enr +100
uy v Mo 'V eup 'y | erepz v | v Lppe | o4 ug

0100 aav aav aav | aav T 1331wy | oar 0100

1000 uy 4D 1081p v v orppe | Liappe | 11 g 1000
03a 03a o3a | o3a | owy | Twor | mvov | osr
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6.6.1 Notes on Instruction Spec

(1) Operation of Undefined Instruction (0xa5)
This code (0xab) acts as "Software Break : SBRK 0x0103". The Functionality is almost similar to LCALL
0x0103 (call fixed address), but the return address (PC written to stack) is the address of itself (where 0xa5 code

is placed).

(2) Operation of division by zero in DIV AB
If B=0, result of A(Quotient) is 255 and B(Remainder) is initial value of A, and OV is set.

(3) Stack Pointer
The initial value of Stack Pointer (SP) is 0x07, so please ensure NOT TO OVERLAP stack area with CPU

resource area to be used in your program, such as RO-R7 (bank0-bank3), Bit Addressable Area, and other internal
RAM area to be used.
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6.6.2 CPU Instruction Execution Cycle

Conditional Jump:

(Taken) / (Not Taken)

Conditional Jump:

(Taken) / (Not Taken)

Mne UL8051 |Origina Mne UL8051 |Origina

OPCODE monic Operand Cycle 1 Cycle OPCODE monic Operand Cycle 1 Cycle
2aal0001 |aaaaaaaa ACALL |addrll 4 24 1000011m [dddddddd MOV direct, @Rm 2 24
00100100 fiiiiiiii ADD A, #imm 2 12 10001nnn [dddddddd MOV direct, Rn 2 24
00100101 [dddddddd ADD A, direct 3 12 10010000 |iiiiiiii|iiiiiiidi MOV DPTR, #immlé6 3 24
0010011m ADD A, @Rm 2 12 10010010 [bbbbbbbb MOV bit, C 3 24
00101nnn ADD A, Rn 1 12 10100010 [bbbbbbbb MOV C, bit 3 12
00110100 [iiiiiiii ADDC |A, #imm 2 12 1010011m dddddddd MOV @Rm, direct 3 24
00110101 |dddddddd ADDC [A, direct 3 12 10101nnn [dddddddd MOV Rn, direct 3 24
0011011m ADDC |A, @GRm 2 12 11100101 [dddddddd MOV A, direct 3 12
00111lnnn ADDC |A, Rn 1 12 1110011m MOV A, @Rm 2 12
aaal0001 |aaaaaaaa AJMP addrll 3 24 11101nnn MOV A, Rn 1 12
01010010 [dddddddd ANL direct, A 3 12 11110101 |dddddddd MOV direct, A 2 12
01010011 [dddddddd [iiiiiiii |[ANL direct, #imm 3 24 1111011m MOV @Rm, A 1 12
01010100 [iiiiiiii ANL A, #imm 2 12 11111lnnn MOV Rn, A 1 12
01010101 |dddddddd ANL A, direct 3 12 10000011 MOVC |A, QA+PC 4 24
0101011m ANL A, GRm 2 12 10010011 MOVC |A, QA+DPTR 4 24
01011lnnn ANL A, Rn 1 12 11100000 MOVX |A, @DPTR 3 24
10000010 [bbbbbbbb ANL C, bit 3 24 1110001m MOVX |A, @GRm 3 24
10110000 [bbbbbbbb ANL C, /bit 3 24 11110000 MOVX |@DPTR, A 1 24
10110100 |iiiiiiii |rrrrrrrr |[CINE |A, #imm, rel 4/4 24/24 1111001m MOVX |@Rm, A 1 24
10110101 |dddddddd |rrrrrrrr [CINE |A, direct, rel |5/5 24/24 10100100 MUL AB 1 48
1011011m rrrrrrrr [CINE |[@QRm, #imm, rel |[4/4 24/24 00000000 NOP 1 12
10111lnnn |[iiiiiiii |rrrrrrrr [CINE |Rn, #imm, rel 4/4 24/24 01000010 |dddddddd ORL direct, A 3 12
11000010 [bbbbbbbb CLR bit 3 12 01000011 [dddddddd [iiiiiiii [ORL direct, #imm 3 24
11000011 CLR C 1 12 01000100 [iiiiiiii ORL A, #imm 2 12
11100100 CLR A 1 12 01000101 [dddddddd ORL A, direct 3 12
10110010 [bbbbbbbb CPL bit 3 12 0100011m ORL A, @Rm 2 12
10110011 CPL C 1 12 01001nnn ORL A, Rn 1 12
11110100 CPL A 1 12 01110010 [bbbbbbbb ORL C, bit 3 24
11010100 DA A 1 12 10100000 [bbbbbbbb ORL C, /bit 3 24
00010100 DEC A 1 12 11010000 [dddddddd POP direct 2 24
00010101 [dddddddd DEC direct 3 12 11000000 |dddddddd PUSH |direct 3 24
0001011m DEC @Rm 2 12 00100010 RET 5 24
00011lnnn DEC Rn 1 12 00110010 RETI 5 24
10000100 DIV AB 10 48 00100011 RL A 1 12
11010101 [dddddddd |rrrrrrrr |DIJNZ |direct, rel 5/5 24/24 00110011 RLC A 1 12
1101lnnn |rrrrrrrr DJNZ |Rn, rel 3/3 24/24 00000011 RR A 1 12
00000100 INC A 1 12 00010011 RRC A 1 12

00000101 [dddddddd INC direct 3 12 10100101 SBRK |0x0103 4 Undef.
0000011m INC @Rm 2 12 11010010 |bbbbbbbb SETB |bit 3 12
00001nnn INC Rn 1 12 11010011 SETB |C 1 12
10100011 INC DPTR 1 24 10000000 |rrrrrrrr SJMP |[rel 3 24
00100000 [bbbbbbbb |rrrrrrrr [JB bit, rel 5/5 24/24 10010100 [iiiiiiii SUBB |A, #imm 2 12
00010000 [bbbbbbbb [rrrrrrrr |[JBC bit, rel 5/5 24/24 10010101 [dddddddd SUBB |A, direct 3 12
01000000 |rrrrrrrr Jc rel 3/2 24/24 1001011m SUBB |A, @Rm 2 12
01110011 JMP @A+DPTR 3 24 10011nnn SUBB |A, Rn 1 12
00110000 [bbbbbbbb [rrrrrrrr |JNB bit, rel 5/5 24/24 11000100 SWAP |A 1 12
01010000 |rrrrrrrr JNC rel 3/2 24/24 11000101 [dddddddd XCH A, direct 3 12
01110000 |rrrrrrrr JNZ rel 3/2 24/24 1100011m XCH A, @Rm 2 12
01100000 |rrrrrrrr JZ rel 3/2 24/24 11001nnn XCH A, Rn 1 12
00010010 |aaaaaaaa |aaaaaaaa |[LCALL |addrlé 4 24 1101011m XCHD |A, @Rm 2 12
00000010 |aaaaaaaa |aaaaaaaa |LIMP addrlé 4 24 01100010 [dddddddd XRL direct, A 3 12
01110100 fiiiiiiii MOV A, #imm 2 12 01100011 [dddddddd [iiiiiiii [XRL direct, #imm 3 24
01110101 [dddddddd [iiiiiiii [MOV direct, #imm 3 24 01100100 [iiiiiiii XRL A, #imm 2 12
0111011m[iiiiiiii MOV @Rm, #imm 2 12 01100101 [dddddddd XRL A, direct 3 12
0111lnnn |iiiiiiii MOV Rn, #imm 2 12 0110011m XRL A, @Rm 2 12
10000101 |ddd (src) |ddd (dst) |[MOV dir(dst), dir(src)|3 24 01101nnn XRL A, Rn 1 12

Notel: The FLASH access speed is 25MHz (2-cycle access) whereas CPU speed is 50MHz. To absorb this difference,
the LSI has following implementations: (1) CPU Program Bus width = 8bits, (2) Internal FLASH Memory Bus
Width = 32bits, (3) Small cache logic between CPU and FLASH. Therefore, it can keep Instruction Feeding
Speed from FLASH up to lbyte/lcycle (@50MHz) if contiguous instructions are being executed. But, once
branch has happened, the FLASH access should be restarted using 2-cycle access. So please note that there

might be additional 2cycles in the case of branch/jump is taken.
It takes 2cycles to access RAM and Peripheral Registers connected to XDATA-BUS. Therefore, MOVX

Note2:

instruction takes additional 1cycle.
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7. Register Mapping

7.1 Peripherals on XDATA-Bus

Table 7-1 Peripherals on XDATA-Bus

Address
Module

Start End
CMPLUT EC80 ECFF
RAMIF EDO0 ED7F
CMP4 ED80 EDFF
CMP5 EEO0 EE7F
EE80 EEFF

OPAMP2 EFO00 EF7F
OPAMP3 EF80 EFFF
ADCO F000 FO7F
ADC1 F080 FOFF
ADC2 F100 F17F
F180 F1FF

DAC F200 F27F
F280 F2FF

F300 F37F

CMPO F380 F3FF
CMP1 F400 FATF
CMP2 F480 FAFF
CMP3 F500 F57F
F580 F5FF

OPAMPO F600 F67F
OPAMP1 F680 F6FF
F700 F77F

DSPO F780 F7FF
DSP1 F800 F87F
DSAC F880 F8FF
PWM F900 FOFF
TIMER FA00 FATF
FA80 FAFF
FB00 FB7F
SPI FB80 FBFF
12C FC00 FC7F
UART FC80 FCFF
FDO0 FD7F
POC FD80 FDFF
GPIO FEOO FE7F
WDT FE80 FEFF
FLC FFOO0 FF7F
SYSC FF80 FFFF

Details of register address should refer to each section.
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7.2

Peripherals on SFR-Bus

In addition to CPU system registers, the peripheral registers which should be accessed frequently are mapped to SFR
area. CPU can read/write a SFR in 1-cycle. PSW, ACC and B register are bit-addressable registers. The unmapped
address (gray color) must not be accessed.

Table 7-2 Peripherals on SFR-Bus

80 PIF4 SP DPL DPH
88 ADL/HBO | ADL/HB1 | ADL/HB2 SPR4
MIXDA2 | MIXDA3 MIXDAL | MIXDAO
9 | PDRO SPRO SPR5
L/H L/H L/H L/H
98 | PDR1 | ADL/HOO | ADL/HO1 | ADL/H02 | INTMST CMI1 SPR6 SPR7
A0 | PDR4 | ADL/H10 | ADL/H11 | ADL/H12 | INTENAO | INTENAL | INTENA2 | INTENA3
A8 | PDR5 | ADL/H20 | ADL/H21 | ADL/H22 | INTLVLO | INTLVLL | INTLVL2 | INTLVL3
BO | PDR2 | ADL/H30 | ADL/H31 | ADL/H32 | INTCFGO | INTCFG1 | INTCFG2 | INTCFG3
B8 PIF5 ADL/H40 | ADL/H41 | ADL/H42 | INTFLGO | INTFLG1 | INTFLG2 | INTFLG3
DSPO DSPO DSPO DSPO
CO | PDR3 | ADL/H50 | ADL/H51 | ADL/H52
ROLMH | RLLH | R2ZL/H | R3_LH
DSPO DSPO DSPO DSPO
cs PIFO ADL/H60 | ADL/H61 | ADL/H62
R4 LM | R5LIH | R6L/H | R7_LH
DSP1 DSP1 DSP1 DSP1
DO PSW | ADL/H70 | ADL/H71 | ADL/H72
ROLMH | RLLH | R2ZL/H | R3 LM
DSP1 DSP1 DSP1 DSP1
D8 PIF1 ADL/H80 | ADL/H81 | ADL/H82
R4LH | RS L/H | R6_L/H | R7_LH
BUF_ A0 | BUF BO | BUF_CO | BUF_DO
EO ACC | ADL/H90 | ADL/H91 | ADL/H92 = - - n
_L/H LM LM _L/H
BUF_Al | BUF B1 | BUF.C1 | BUF. D1
E8 PIF2 | ADL/HAO | ADL/HA1 | ADL/HA2 - - - -
_L/H LM LM _L/H
BUF_A2 | BUF B2 | BUF_C2 | BUF_ D2
FO B ADT ADI CMI n - - n
_LH _LH _LH _L/H
BUF_ A3 | BUF B3 | BUF_C3 | BUF D3
F8 PIF3 SPR1 SPR2 SPR3 = - - -
_LH _LH _LH _L/H

]
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Table 7-3 Peripherals on SFR Bus (Only DSAC accesses)

TCMPAO | TCMPBO | TBUFAO | TBUFBO

00 07
L/H L/H L/H L/H
o8 TCMPAL | TCMPBL | TBUFAL | TBUFBL | _
L/H L/H L/H L/H
0 TCMPA2 | TCMPB2 | TBUFA2 | TBUFB2 | _
L/H L/H L/H L/H
5 TCMPA3 | TCMPB3 | TBUFA3 | TBUFB3 | _
L/H L/H L/H L/H
20
L — ] 27
—] __———_____—_ J—
70 77
RAMWR
78 L 7F

CPU cannot access SFRs assigned in 0x00-0x7F. These registers are shown in Table 7-3. You can access these
registers by DSAC. Detail of DSAC is shown in Section 11.

16bit SFRs in DSP, 10bit ADC, 12bit ADC, DAC and PWM consist of Lower byte and Higher byte. They are mapped
in one address. The first access of 16bit SFR is operated as Lower byte access, the second access is operated as Higher
byte access. These twice access have to be done sequentially.

CPU cannot satisfy above 16bit access rule. The following three item is the possibilities of illegal 16 bit SFR access
operation.

(1) Both the main routine and the interrupt routine(low level or high level) access the same module SFR.
(2) Both the low level interrupt routine and the high level interrupt routine access the same module SFR.
(3) OCD access 16bit SFR when CPU runs.

To avoid condition 1 and 2, you should be disable INTC(INTMST=0) before accessing 16 1bit SFR and you should
be enable INTC(INTMST=1) again after finishing 16bit SFR access.

The condition 3 cannot avoid in this LSI. When you access 16bit SFRs by OCD, you must stop CPU at before/after
accessing 16-bit SFRs. Break function is recommended for stopping CPU.
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7.3  Scratch Pad Register

Scratch Pad Registers are used for temporary storage of preliminary data. There are eight Scratch Pad Registers,
SPRO ~ SPR7, which are mapped SFR area.
Also DSAC can access these Scratch Pad Registers. Information of these registers is shown in Table 7-4.

Table 7-4 Scratch Pad Register

Reqgister SPRO Scratch Pad Register 0 Address 0x91
Reqgister SPR1 Scratch Pad Register 1 Address O0xF9
Register SPR2 Scratch Pad Register 2 Address OxFA
Register SPR3 Scratch Pad Register 3 Address OxFB
Register SPR4 Scratch Pad Register 4 Address Ox8F
Register SPR5 Scratch Pad Register 5 Address 0x94
Register SPR6 Scratch Pad Register 6 Address 0x9E
Register SPR7 Scratch Pad Register 7 Address Ox9F
Bit Bit Name R/W Initial Description Note
7 SPR_7 RIW |0 The Register is used for temporary storage of

5 SPR_6 AW o preliminary data.

5 SPR_5 RIW |0

4 SPR_4 RW |0

3 SPR_3 RIW |0

2 SPR_2 RIW |0

1 SPR_1 RIW |0

0 SPR_0 RIW |0
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8. GPIO

This LSI has the General Purpose 1/O(GPIO) function with all function pins. Each pin function can be selected
independently. If the function is GPIO, the signal direction can be selected independently, too. Each pin has Pull Up
(PUP) or Pull-Down(PDN) and can be independently ON/OFF by software. If the direction of the signal pin is output,
the pull up or pull down is forcibly OFF regardless of pull up/down register(PPU/PPD).

8.1 GPIO Structure

Pins Topology + Spec Signals Signal Level (power)

DvCC
% 3.3V

always ON 4{? PUP

/RES in DVCC(3.3V)
DVCC
3.3V
n —z
. — always ON
Schmitt
DvCC
3.3V
. in DVCC (3.3V)
in /4
MODE {—L always ON
Schmitt
Pins Topology + Spec Signals Signal Level (power)
DVCC 3.3V
od DVCC_CORE(1.8V)
DBG
GPIO00 B pp DVCC_CORE(1.8V)
: pp p T
GPI007 i M oen DVCC_CORE(1.8V)
GPI040 5V Tolerant
: od ‘ i DVCC_CORE(1.8V)
GP1045
12C Spec
oen =SMBUS
DVCC 3.3V
€T

. 5V Tolerant
| L/s
GPIO10 [s] ‘ #I od DVCC_CORE(1.8V)
: PDN
Gpio17 PP LYs] % pp DVCC_CORE(1.8V)

GPIO50
: s ‘ oen DVCC_CORE(1.8V)
GPIO53
12C Spec [ DVCC_CORE(1.8V)
=SMBUS
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Pins Topology + Spec Signals Signal Level (power)
AVCC 3.3V
od DVCC_CORE(1.8V)
pp L/s % -
L pp DVCC_CORE(1.8V)
GPI020 e —{Us] | oror
: s I oen DVCC_CORE(1.8V)
GPI027 :
GPIO30 cmos i DVCC_CORE(1.8V)
: P e DVCC_CORE(1.8V)
GPI037 od L/s A 3
aio AVCC (3.3V)
oen L/s
aio
ANEX16 AVCC
: aio 3.3V aio AVCC (3.3V)
ANEX19
pvcc3.3y  XTALIN
ei
XTALIN i DVCC_CORE(1.8V)
XTALOUT

XTALOUT

DVCC_CORE(1.8V)

MD6602-DSE Rev.1.0
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8.2 Register Description

Each bit may not have corresponding physical pin. In the case the bit is reserved and its read value is always 0 and

write value should be always 0.

Table 8-1 GPIO Registers

Symbol Name Address | initial value
PFSO Pin Function Select for GPIO0 OxFEOOQ 0x00
PFS1 Pin Function Select for GPIO1 OxFEO1 0x00
PFS2 Pin Function Select for GP102 OxFEO2 0x00
PFS3 Pin Function Select for GPIO3 OxFEO3 0x00
PDDO Pin Data Direction for GP100 OxFEO4 0x00
PDD1 Pin Data Direction for GP101 OxFEOQ5 0x00
PDD2 Pin Data Direction for GP102 OXFEOQ6 0x00
PDD3 Pin Data Direction for GP103 OxFEQ7 0x00
PPUO Pin Pull Up Control for GP100 OxFEO8 OxFF
PPU2 Pin Pull Up Control for GP102 OXFEOA OxFF
PPU3 Pin Pull Up Control for GP103 OxFEOB OxFF
PPD1 Pin Pull Down Control for GP101 OXFEOD OxFF
PIEO Pin Interrupt Enable for GP100 OXFE10 0x00
PIE1 Pin Interrupt Enable for GP101 OxFE11 0x00
PIE2 Pin Interrupt Enable for GP102 OXFE12 0x00
PIE3 Pin Interrupt Enable for GP103 OXFE13 0x00
PISO Pin Interrupt Sense for GP100 OXFE14 0x00
PIS1 Pin Interrupt Sense for GPIO1 OXFE15 0x00
P1S2 Pin Interrupt Sense for GP102 OxFE16 0x00
PIS3 Pin Interrupt Sense for GP103 OxFE17 0x00
PILO Pin Interrupt Level for GP100 OxFE18 0x00
PIL1 Pin Interrupt Level for GP101 OxFE19 0x00
PIL2 Pin Interrupt Level for GP102 OXFE1A 0x00
PIL3 Pin Interrupt Level for GP103 OXFE1B 0x00
PIBO Pin Interrupt Both Edge for GP10O0 OXFE1C 0x00
PIB1 Pin Interrupt Both Edge for GP101 OXFE1D 0x00
PIB2 Pin Interrupt Both Edge for GP102 OXFE1E 0x00
PIB3 Pin Interrupt Both Edge for GP103 OXFE1F 0x00
PEADCO ADC Event Select from GPIO0 OxFE20 0x00
PEADC1 ADC Event Select from GP101 OxFE21 0x00
PEADC?2 ADC Event Select from GP102 OxFE22 0x00
PEADC3 ADC Event Select from GP103 OXFE23 0x00
PEPWMO PWM Event Select from GP100 OXFE24 0x00
PEPWM1 PWM Event Select from GP101 OXFE25 0x00
PEPWM2 PWM Event Select from GP102 OXFE26 0x00
PEPWM3 PWM Event Select from GPIO3 OXFE27 0x00
PEMETHOD PWM Event Gathering Method OxFE28 0x00
PFSHO Pin Function Select H for GPIO0 OXFE29 0x00
PFSE1 Pin Function Extend Select for GP1O1 OXFE2A 0x00
PFS4 Pin Function Select for GP104 OxFE40 0x00
PFS5 Pin Function Select for GP105 OxFE41 0x00
PDD4 Pin Data Direction for GP104 OxFE44 0x00
PDD5 Pin Data Direction for GP105 OXFE45 0x00
PPU4 Pin Pull Up Control for GPIO4 OxXFE48 Ox3F
PPD5 Pin Pull Down Control for GPIO5 OxFEAD OxOF
PIE4 Pin Interrupt Enable for GP104 OXFE50 0x00
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Symbol Name Address | initial value
PIES Pin Interrupt Enable for GP105 OxFE51 0x00
PIS4 Pin Interrupt Sense for GP104 OxFE54 0x00
PIS5 Pin Interrupt Sense for GP105 OXFES55 0x00
PIL4 Pin Interrupt Level for GP104 OXFE58 0x00
PIL5 Pin Interrupt Level for GP105 OxFE59 0x00
PIB4 Pin Interrupt Both Edge for GP104 OXFES5C 0x00
PIB5 Pin Interrupt Both Edge for GPIO5 OXFE5D 0x00
PEADC4 ADC Event Select from GP104 OxFEGO 0x00
PEADC5 ADC Event Select from GP105 OxFE61 0x00
PEPWM4 PWM Event Select from GP104 OxFEG4 0x00
PEPWM5 PWM Event Select from GP105 OxFEG5 0x00
PEMETHOD1 PWM Event Gathering Method 1 OXFE68 0x00
SIS Serial input select Register OxFE70 0x00
12CIS 12C input select Register OXFE71 0x00
TMRIS TMR input select Register OXFE72 0x00

Table 8-2 GPIO SFRs

initial

Symbol Name Address value
PDRO Pin Data for GPIOO0 0x90 0x00
PDR1 Pin Data for GPIO1 0x98 0x00
PDR2 Pin Data for GP102 0xB0O 0x00
PDR3 Pin Data for GPIO3 0xCO0 0x00
PDR4 Pin Data for GP104 0xAO0 0x00
PDR5 Pin Data for GPIO5 0xA8 0x00
PIFO Pin Interrupt Flag for GP100 0xC8 0x00
PIF1 Pin Interrupt Flag for GP101 0xD8 0x00
PIF2 Pin Interrupt Flag for GP102 OxE8 0x00
PIF3 Pin Interrupt Flag for GP103 OxF8 0x00
PIF4 Pin Interrupt Flag for GPIO4 0x80 0x00
PIF5 Pin Interrupt Flag for GP1O5 0xB8 0x00

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 8-4
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

8.2.1 Pin Function Select for GP100 (PFSO0)

Register PFSO Pin Function Select for GP1O0 Address OXFEO00
Bit Bit Name R/W | Initial Description Note
7 PE31 RW |0 Function Select for GP1003 _
00: GP1003, RXD, SI(SPI), TIOBO input
6 PF30 RIW |0 01: TIOBO output
10: (Reserved, Do not select.)
11: (Reserved, Do not select.)
PE21 RW |0 Function Select for GP1002
00: GPIO02, TIOAO input
4 PF20 RW |0 01: TXD
10: SO(SPI)
11: TIOAO output
3 PF11 RW |0 Function Select for GPIO01
00: GP1001
2 PF10 RIW | 0 01: SCL (open drain)
10: SCK(SPI)
11: (Reserved, Do not select.)
1 PFO1 RW |0 Function Select for GP1000
00: GP1000, SS_N(SPI)
0 PF0OO0 RIW | 0 01: SDA (open drain)
10: CLKMON
11: (Reserved, Do not select.)

Signal direction of the pin depends on selected functionality.

8.2.2 Pin Function Select H for GP100 (PFSHO)

Register PFSHO Pin Function Select H for GP100 Address OxFE29
Bit Bit Name R/W | Initial Description Note
7 PF71 RW |0 Function Select for GP1O07
PET0 00: GP1007, RXD, TIOB1 input
6 RIW 10 01: TIOB1 output

10: (Reserved, Do not select.)
11: (Reserved, Do not select.)

5 PF61 RW |o Function Select for GP1O06
PE6O 00: GP1006, TIOAL input
4 RIW 10 01: TXD

10: (Reserved, Do not select.)
11: TIOA1 output

3 PF51 RW |0 Function Select for GPIO05
PFS0 00: GPIOOS5, TICO
2 RIW |0 01: SCL (open drain)

10: (Reserved, Do not select.)
11: (Reserved, Do not select.)

1 PF41 RW |0 Function Select for GP1004
PE0 00: GP1004
0 RIW 10 01: SDA (open drain)
10: CLKMON

11: (Reserved, Do not select.)
Signal direction of the pin depends on selected functionality.
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8.2.3 Pin Function Select for GPI1O1 (PFS1)

Register PFS1 Pin Function Select for GP1O1 Address OxFEO1
Bit Bit Name R/W | Initial Description Note
7 PF7 RW |0 Function Select for GP1017

0: GPIO17, RXD, SI(SPI), TIOB2 input

1: Other Function

If Other function is selected, signal direction
of the pin depends on selected functionality by
PFSEL.

6 PF6 RIW |0 Function Select for GP1016

0: GPIO16, TIOA2 input

1: Other Function

If Other function is selected, signal direction
of the pin depends on selected functionality by
PFSE1.

5 PF5 RW |0 Function Select for GP1015

0: GPIO15, TIOB3 input

1: Other Function

If Other function is selected, signal direction
of the pin depends on selected functionality by
PFSE1.

4 PF4 RW |0 Function Select for GP1014

0: GPIO14, SS_N, TIOA3 input

1: Other Function

If Other function is selected, signal direction
of the pin depends on selected functionality by
PFSEL.

3 PF3 RW |0 Function Select for GP1013

0: GP1013

1: PWMI1L

2 PF2 RW |0 Function Select for GP1012

0: GPIO12

1: PWM1H

1 PF1 RW |0 Function Select for GP1O11

0: GPIO11

1: PWMOL

0 PFO RW |0 Function Select for GP1010

0: GP1010

1: PWMOH

Signal direction of the pin depends on selected functionality.

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 8-6
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

8.24 Pin Function Extend Select Select for GP101 (PFSEL)

Register PFSE1 Pin Function Extend Select for GPIO1 Address OXFE2A
Bit Bit Name R/W | Initial Description Note
7 PF71 RIW |0 Function Select for GP1017
PE70 00: PWM3L
6 RW 10 01: TIOB2 output
10: (Reserved, Do not select.)
11: (Reserved, Do not select.)
5 PF61 RIW |0 Function Select for GP1016
00: PWM3H
4 | PF6O RW |0 0L: TXD
10: SO(SPI)
11: TIOAZ2 output
3 PF51 RW |0 Function Select for GP10O15
PFE0 00: PWM2L
2 RIW | 0 01: SCL (open drain)
10: SCK(SPI)
11: TIOB3 output
1 PF41 RW |0 Function Select for GP1014
PEA0 00: PWM2H
0 RIW 10 01: SDA (open drain)
10: CLKMON
11: TIOA3 output

Signal direction of the pin depends on selected functionality.

8.25 Pin Function Select for GP1On (PFSn) (n=2-3)

Register PFS2 Pin Function Select for GP102 Address OxFEO02
Register PFS3 Pin Function Select for GP103 Address OxFEO3
Bit Bit Name R/W | Initial Description Note

7 PE7 RIW |0 Function Select for GP102,3

6 PF6 RW |0 0: GPIO

5 PF5 R/W 0 1: Other Function

4 PF4 RIW | 0 If Other function is selected, signal direction

3 PF3 RW |0 of the pin depends on selected functionality.

2 PF2 RIW |0

1 PF1 RIW |0

0 PFO RIW |0
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8.2.6 Pin Function Select for GP104 (PFS4)

Register PFS4 Pin Function Select for GP104 Address OxFE40
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only Ob.
6 Reserved R 0 Read Value is 0. Write only Ob.
5 PF5 RW |0 Function Select for GP1045
0: GP1045, TIC3
1: CMP1
4 PF4 RIW |0 Function Select for GP1044

0: GP1044, TIOB3 input

1: TIOB3 output

3 PF3 RIW |0 Function Select for GP1043
0: GP1043, TIOAS input

1: TIOA3 output

2 PF2 RW |0 Function Select for GP1042
0: GPI1042, TIC2 input
1: CMPO

1 PF1 RIW |0 Function Select for GP1041

0: GPI0O41, TIOB2 input

1: TIOB2 output

0 PFO RW |0 Function Select for GP1040
0: GP1040, TIOAZ input

1: TIOA2 output

8.2.7 Pin Function Select for GP105 (PFS5)

Register PFS5 Pin Function Select for GP105 Address OxFE41
Bit Bit Name R/W | Initial Description Note

7 Reserved 0 Read Value is 0. Write only 0b.

6 Reserved R 0 Read Value is 0. Write only 0b.

5 Reserved R 0 Read Value is 0. Write only 0b.

4 Reserved 0 Read Value is 0. Write only Ob.

3 PF3 RW |0 Function Select for GP105

2 PF2 RW |0 0: GPIO

L PFL RW |0 Eoerej'[e:/://fi?e 1 to this bit.

0 PFO RW |0
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8.2.8 Pin Data Direction for GP1On (PDDn) (n=0-3)

Register PDDO Pin Data Direction for GP100 Address OxFEO04
Register PDD1 Pin Data Direction for GPIO1 Address OxFEO5
Register PDD2 Pin Data Direction for GP102 Address OxFEO06
Register PDD3 Pin Data Direction for GPIO3 Address OXFEQ7
Bit Bit Name R/W | Initial Description Note
7 DD7 RW |0 Pin Data Direction Select

0: Input
5 DD5 RIW |0 . -

Each bit makes sense when the pin is selected
4 DD4 RIW |0 as GPIO.
3 DD3 RIW |0
2 DD2 RIW |0
1 DD1 RIW |0
0 DDO RIW |0

8.2.9 Pin Data Direction for GP104 (PDD4)

Register PDD4 Pin Data Direction for GP104 Address OxFE44
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only 0b.
6 Reserved R 0 Read Value is 0. Write only 0b.
5 DD5 RW |0 Pin Data Direction Select
0: Input
3 DD3 RIW |0 . -
Each bit makes sense when the pin is selected
2 DD2 RIW |0 as GPIO.
1 DD1 R/W 0
0 DDO RIW |0
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8.2.10  Pin Data Direction for GP104 (PDD5)

Register PDD5 Pin Data Direction for GP105 Address OxFE45
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only Ob.
6 Reserved 0 Read Value is 0. Write only Ob.
5 DD5 RIW |0 Read Value is 0. Write only Ob.
4 DD4 RW |0 Read Value is 0. Write only Ob.
3 DD3 RW |0 Pin Data Direction Select
0: Input
2 DD2 R/W 0 1: Output
1 DD1 RW |0 ) o
Each bit makes sense when the pin is selected
0 DDO RIW |0 as GPIO.

8.2.11  Pin Data for GPIOn (PDRn) (n=0-3)

Reqgister PDRO Pin Data for GP100 Address 0x90
Reqgister PDR1 Pin Data for GP101 Address 0x98
Reqgister PDR2 Pin Data for GP102 Address 0xB0O
Reqgister PDR3 Pin Data for GP103 Address 0xCO0
Bit Bit Name R/W | Initial Description Note

PD7 RIW Pin Data
Read 0: The pin state is in low level
PD6 R/W

Read 1: The pin state is in high level.
PD5 R/W Write 0: If the pin is GPIO output, the pin
level will be low.
PD4 RIW Write 1: If the pin is GPIO output, the pin
PD3 RIW
PD2 RIW

level will be high.
PD1 R/W

If the pin is GPIO input or another digital
function, read value shows external pin level,
and write value has no effect.

If the pin is GPIO output, write value will be
output level of the pin and read value shows
external pin level (not written value if external
signal contention happens, for instance).

O (R, MW lOO|O |
O ol o/lojlo|lo|o|o

PDO R/W

If the pin is in analog function, read value is
always zero, and write value has no effect.

Note that write value is stored to internal
register, so when pin function or pin direction
are changed, output pin level might be
affected by the register value.
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8.2.12  Pin Data for GP104 (PDR4)

Reqgister PDR4 Pin Data for GP104 Address 0xAO0
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only Ob.
6 Reserved R 0 Read Value is 0. Write only Ob.
5 PD5 RW |0 PinData »
Read 0: The pin state is in low level
4 PD4 RIW |0 Read 1: The pin state is in high level.
3 PD3 RW |0 Write 0: If the pin is GPIO output, the pin
level will be low.
2 PD2 RIW | 0 Write 1: If the pin is GPIO output, the pin
1 PD1 RW |0 level will be high.
0 PDO RW |0 If the pin is GPIO input or another digital

function, read value shows external pin level,
and write value has no effect.

If the pin is GP1O output, write value will be
output level of the pin and read value shows
external pin level (not written value if external
signal contention happens, for instance).

If the pin is in analog function, read value is
always zero, and write value has no effect.

Note that write value is stored to internal
register, so when pin function or pin direction
are changed, output pin level might be
affected by the register value.
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8.2.13  Pin Data for GP10O5 (PDR5)

Register PDR5 Pin Data for GPIO5 Address 0xA8
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only Ob.
6 Reserved 0 Read Value is 0. Write only Ob.
5 Reserved R 0 Read Value is 0. Write only Ob.
4 Reserved R 0 Read Value is 0. Write only Ob.
3 PD3 RIW |0 PinData o
Read 0: The pin state is in low level
2 PD2 RIW |0 Read 1: The pin state is in high level.
1 PD1 RW |0 Write 0: If the pin is GPIO output, the pin
level will be low.
0 PDO RIW |0 Write 1: If the pin is GPIO output, the pin

level will be high.

If the pin is GPIO input or another digital
function, read value shows external pin level,
and write value has no effect.

If the pin is GPI1O output, write value will be
output level of the pin and read value shows
external pin level (not written value if external
signal contention happens, for instance).

If the pin is in analog function, read value is
always zero, and write value has no effect.

Note that write value is stored to internal
register, so when pin function or pin direction
are changed, output pin level might be
affected by the register value.

8.2.14  Pin Pull Up Control for GPI1On (PPUn) (n=0,2,3)

Register PPUO Pin Pull Up Control for GPIOO0 Address OxFEO08
Register PPU2 Pin Pull Up Control for GP102 Address OXFEOA
Register PPU3 Pin Pull Up Control for GPIO3 Address OxFEOB
Bit Bit Name R/W | Initial Description Note
7 PPU7 RW |1 Pin Pull Up Enab_le
0: Pull Up MOS is OFF
6 PPU6 RW |1 1: Pull Up MOS is ON
5 PPU5 RW |1 If the pin function is analog, this bit will be
ignored.
4 PPU4 R/W 1
3 PPU3 RIW |1
2 PPU2 R/W 1
1 PPU1 RIW |1
0 PPUO RIW |1
. _____________________________________________________________________________________________________________________________|
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8.2.15  Pin Pull Up Control for GP104 (PPU4)

Register PPU4 Pin Pull Up Control for GP104 Address OXFE48
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only Ob.
6 Reserved 0 Read Value is 0. Write only Ob.
5 PPU5 RW |1 Pin Pull Up Enable
0: Pull Up MOS is OFF
4 PPU4 RIW |1 1: Pull Up MOS is ON
3 PPU3 RW |1 If the pin function is analog, this bit will be
ignored.
2 PPU2 R/W 1
1 PPU1 R/W 1
0 PPUO RIW |1

8.2.16  Pin Pull Down Control for GPIO1 (PPD1)

Register PPD1 Pin Pull Down Control for GPIO1 Address OxFEOD
Bit Bit Name R/W | Initial Description Note
7 PPD7 RW |1 Pin Pull Down Enable
0: Pull Down MOS is OFF
6 PPD6 RW |1 1: Pull Down MOS is ON
5 PPD5 R/W 1
4 PPD4 R/W 1
3 PPD3 R/W 1
2 PPD2 R/W 1
1 PPD1 RW |1
0 PPDO RW |1

8.2.17  Pin Pull Down Control for GP1O5 (PPD5)

Register PPD5 Pin Pull Down Control for GPIO5 Address OXFE4D
Bit Bit Name R/W | Initial Description Note
7 Reserved 0 Read Value is 0. Write only Ob.
6 Reserved 0 Read Value is 0. Write only Ob.
5 Reserved 0 Read Value is 0. Write only Ob.
4 Reserved 0 Read Value is 0. Write only Ob.
3 PPD3 RW |1 Pin Pull Down Enable
0: Pull Down MOS is OFF
2 PPD2 RW |1 1: Pull Down MOS is ON
1 PPD1 R/W 1
0 PPDO R/W 1
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8.2.18  Pin Interrupt Enable for GPIOn (PIEn) (n=0-3)
Register PIEO Pin Interrupt Enable for GPIO0 Address OxFE10
Register PIE1 Pin Interrupt Enable for GP101 Address OxFE11
Register PIE2 Pin Interrupt Enable for GP102 Address OxFE12
Register PIE3 Pin Interrupt Enable for GPIO3 Address OxFE13
Bit Bit Name R/W | Initial Description Note
7 PIE7 RW |0 Pin Interrupt Enable
0: Disable
6 PIE6 RW |0 1: Enable
> PIES Rw |0 If the pin function is analog, this bit will be
4 PIE4 RW |0 ignorgd. If the pin function_ is digita_l, this bit _is
3 PIE3 RW o ggiﬁ::gﬁ_ regardless of pin function or pin
2 PIE2 RIW |0 This means PWM toggle can make interrupts.
1 PIE1 RIW |0
0 PIEO RIW |0
8.2.19  Pin Interrupt Enable for GP104 (PIE4)
Register PIE4 Pin Interrupt Enable for GP104 Address OxFE50
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only 0b.
6 Reserved R 0 Read Value is 0. Write only 0b.
5 PIE5 RW |0 Pin Interrupt Enable
0: Disable
4 PIE4 RIW |0 1: Enable
3 PIE3 R/W 0
2 PIE2 R/W 0
1 PIE1 R/W 0
0 PIEO R/W 0
8.2.20  Pin Interrupt Enable for GPIO5 (PIES)
Register PIES Pin Interrupt Enable for GPIO5 Address OxFE51
Bit Bit Name R/W | Initial Description Note
7 Reserved 0 Read Value is 0. Write only Ob.
6 Reserved 0 Read Value is 0. Write only Ob.
5 Reserved 0 Read Value is 0. Write only Ob.
4 Reserved 0 Read Value is 0. Write only Ob.
3 PIE3 RW |0 Pin Interrupt Enable
MLE RW [0 |1 Eranle
1 PIE1 R/W 0
0 PIEO RIW |0
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8.2.21  Pin Interrupt Flag for GP1On (PIFn) (n=0-3)

Register PIFO Pin Interrupt Flag for GP100 Address 0xC8
Reqgister PIF1 Pin Interrupt Flag for GPIO1 Address 0xD8
Reqgister PIF2 Pin Interrupt Flag for GP102 Address OxE8
Reqgister PIF3 Pin Interrupt Flag for GPIO3 Address OxF8
Bit Bit Name R/W | Initial Description Note
7 PIF7 R/C 0 Pin Interrupt F_Iag

(before mask; independent PIEX)
6 PIF6 RIC |0 Read 0: No Request
5 PIF5 R/C 0 Rea}d 1: Interrupt Event Occurred

Write 0: No effect
4 PIF4 RIC |0 Write 1: To clear corresponding bit
3 PIF3 R/C 0
2 PIF2 R/C 0
1 PIF1 R/C 0
0 PIFO R/C 0

8.2.22  Pin Interrupt Flag for GP104 (PIF4)

Register PIF4 Pin Interrupt Flag for GP104 Address 0x80
Bit Bit Name R/W Initial Description Note
7 Reserved R 0 Read Value is 0. Write only 0b.
6 Reserved R 0 Read Value is 0. Write only 0b.
5 PIE5 R/C 0 Pin Interrupt Flag
(before mask; independent PIEX)
4 PIF4 RIC |0 Read 0: No Request
3 PIF3 R/C 0 Read 1: Interrupt Event Occurred
Write 0: No effect
2 PIF2 RIC |0 Write 1: To clear corresponding bit
1 PIF1 R/IC 0
0 PIFO R/C 0

8.2.23  Pin Interrupt Flag for GPIO5 (PIF5)

Register PIF5 Pin Interrupt Flag for GP105 Address 0xB8
Bit Bit Name R/W | Initial Description Note
7 Reserved 0 Read Value is 0. Write only Ob.
6 Reserved 0 Read Value is 0. Write only Ob.
5 Reserved 0 Read Value is 0. Write only Ob.
4 Reserved 0 Read Value is 0. Write only Ob.
3 PIF3 R/C 0 Pin Interrupt Flag
(before mask; independent PIEX)
2 PIF2 RIC 0 Read 0: No Request
1 PIF1 R/C 0 Read 1: Interrupt Event Occurred
Write 0: No effect
0 PIFO RIC |0 Write 1: To clear corresponding bit
. _____________________________________________________________________________________________________________________________|
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8.2.24  Pin Interrupt Sense for GPIOn (P1Sn) (n=0-3)

Register PISO Pin Interrupt Sense for GP100 Address OxFE14
Register PIS1 Pin Interrupt Sense for GPIO1 Address OxFE15
Register P1S2 Pin Interrupt Sense for GPIO2 Address OxFE16
Register PIS3 Pin Interrupt Sense for GP103 Address OxFE17
Bit Bit Name R/W | Initial Description Note

7 PIS7 RIW |0 Pin Interrupt Sense Select

6 PIS6 RW |0 ? Ez\éi'

> PISS Rw |0 Implementation of edge sense is analog delay

4 PIS4 RW |0 type (with some proper noise filter) to realize

3 PIS3 RW |0 wake-up function.

2 PIS2 RIW |0

1 PIS1 RIW |0

0 PISO RIW |0

8.2.25  Pin Interrupt Sense for GP104 (P1S4)

Register P1S4 Pin Interrupt Sense for GP104 Address OxFE54
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only 0b.
6 Reserved R 0 Read Value is 0. Write only 0b.
5 PIS5 R/W 0 Pin Interrupt Sense Select
0: Level
4 P1S4 RIW |0 1: Edge
3 PIS3 RW |0 Implementation of edge sense is analog delay
2 PIS2 RIW |0 type (with some proper noise filter) to realize
1 PIS1 RW |0 wake-up function.
0 PISO RIW |0
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8.2.26  Pin Interrupt Sense for GP105 (PIS5)

Register PIS5 Pin Interrupt Sense for GP105 Address OXFE55
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only Ob.
6 Reserved R 0 Read Value is 0. Write only Ob.
5 Reserved 0 Read Value is 0. Write only Ob.
4 Reserved R 0 Read Value is 0. Write only Ob.
3 PIS3 RW |0 Pin Interrupt Sense Select
0: Level
! PIst RW |0 Implementation of edge sense is analog delay
type (with some proper noise filter) to realize
0 PISO RIW |0 wake-up function.

8.2.27  Pin Interrupt Level for GPIOn (PILn) (n=0-3)

Register PILO Pin Interrupt Level for GPIOO0 Address OxFE18
Register PIL1 Pin Interrupt Level for GPIO1 Address OxFE19
Register PIL2 Pin Interrupt Level for GP102 Address OXFE1A
Register PIL3 Pin Interrupt Level for GPIO3 Address OxFE1B
Bit Bit Name R/W | Initial Description Note
7 PIL7 RW |0 Pin Interrupt Level Select

0: Level-Low, Edge-Falling
6 PIL6 RIW |0 1: Level-High, Edge-Rising
> PILS RIW |0 If edge sense is selected, PIBx has the higher
4 PIL4 RIW |0 priority in the configuration.
3 PIL3 RIW |0
2 PIL2 R/W 0
1 PIL1 R/W 0
0 PILO R/W 0
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8.2.28  Pin Interrupt Level for GP104 (PIL4)

Register PIL4 Pin Interrupt Level for GP10O4 Address OXFE58
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only Ob.
6 Reserved R 0 Read Value is 0. Write only Ob.
5 PIL5 RW |0 Pin Interrupt Level Select
0: Level-Low, Edge-Falling
4 PIL4 RIW | 0 1: Level-High, Edge-Rising
3 PIL3 RIW |0 If edge sense is selected, PIBx has the higher
2 PIL2 RIW |0 priority in the configuration.
1 PIL1 RW |0
0 PILO RW |0

8.2.29  Pin Interrupt Level for GPIO5 (PIL5)

Register PIL5 Pin Interrupt Level for GPIO5 Address OXFE59
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only 0b.
6 Reserved 0 Read Value is 0. Write only 0b.
5 Reserved R 0 Read Value is 0. Write only 0b.
4 Reserved R 0 Read Value is 0. Write only 0b.
3 PIL3 RW |0 Pin Interrupt Level Select
0: Level-Low, Edge-Falling
2 PIL2 RIW | 0 1: Level-High, Edge-Rising
! PILL RW |0 If edge sense is selected, PIBx has the higher
0 PILO RW |0 priority in the configuration.
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8.2.30  Pin Interrupt Both Edge for GP1On (PIBn) (n=0-3)

Register PIBO Pin Interrupt Both Edge for GPIOO0 Address OxFE1C
Register PIB1 Pin Interrupt Both Edge for GP101 Address OXFE1D
Register PIB2 Pin Interrupt Both Edge for GP102 Address OXFE1E
Register PIB3 Pin Interrupt Both Edge for GPIO3 Address OXFE1F
Bit Bit Name R/W | Initial Description Note
7 PIB7 RW |0 Pin Interrupt Both Edge Select

0: Falling edge or Rising edge according to
6 PIB6 RIW |0 PILx setting.
5 PIB5 RW |0 1: Both Edge regardless of PILx setting.
4 PIB4 RIW | 0 Each bit is effective only when edge sense is
3 PIB3 R/W 0 selected.
2 PIB2 RIW |0
1 PIB1 RIW |0
0 PIBO RIW |0

8.2.31  Pin Interrupt Both Edge for GP104 (P1B4)

Register PIB4 Pin Interrupt Both Edge for GP10O4 Address OXFE5C
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only 0b.
6 Reserved R 0 Read Value is 0. Write only Ob.
5 PIB5 R/W 0 Pin Interrupt Both Edge Select
0: Falling edge or Rising edge according to
4 PIB4 RwW |0 PILx setting.
3 PIB3 RW |0 1: Both Edge regardless of PILx setting.
2 PIB2 RIW | 0 Each bit is effective only when edge sense is
1 |PIBL RW |0 selected.
0 PIBO R/W 0

8.2.32  Pin Interrupt Both Edge for GP10O5 (PIB5)

Register PIB5 Pin Interrupt Both Edge for GPIO5 Address OXFESD
Bit Bit Name R/W | Initial Description Note
7 Reserved 0 Read Value is 0. Write only Ob.
6 Reserved 0 Read Value is 0. Write only Ob.
5 Reserved 0 Read Value is 0. Write only Ob.
4 Reserved 0 Read Value is 0. Write only Ob.
3 PIB3 RW |0 Pin Interrupt Both Edge Select
0: Falling edge or Rising edge according to
2 PIB2 RIW |0 PILXx setting.
1 PIB1 RW |0 1: Both Edge regardless of PILx setting.
0 PIBO RW |0 Each bit is effective only when edge sense is
selected.
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8.2.33  ADC Event Select from GPI1On (PEADCn) (n=0-3)

Register PEADCO ADC Event Select from GPIO0 Address OxFE20
Register PEADC1 ADC Event Select from GP101 Address OxFE21
Register PEADC?2 ADC Event Select from GP102 Address OxFE22
Register PEADC3 ADC Event Select from GPIO3 Address OxFE23
Bit Bit Name R/W | Initial Description Note
l EVTADC7 | RW 10 ADC Event Select
6 EVTADC6 |R/W |0 ) _ )

0: An input signal is not used as an event for
5 EVTADC5 |R/W |0 ADC.
4 EVTADC4 | RW |0 XDén input signal is used as an event for
3 EVTADC3 |RW |0 '
2 EVTADC3 R/W 0 Selected GP|O signals, EVTADC[7ZO]. are

set “1”, will be ORed, or ANDed according to
1 EVTADC1 |RW |0 PEMETHOD Register, and this will be sent to
0 EVTADCO RW |0 all ADC as the start trigger.

8.2.34  ADC Event Select from GP104 (PEADCA4)

Register PEADC4 ADC Event Select from GP104 Address OxFEGB0
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only 0b.
6 Reserved R 0 Read Value is 0. Write only 0b.
5 EVTADC5S R/W 0 ADC Event Select
4 EVTADC4 | RIW |0 0: An input signal is not used as an event for
3 EVTADC3 |RW |0 ADC. o
1: An input signal is used as an event for
2 EVTADC3 | R/W |0 ADC.
1 EVTADC1 R/W 0 .
Selected GPIO signals, EVTADC[5:0] are
set “1”, will be ORed, or ANDed according to
0 EVTADCO | RW |0 PEMETHOD Register, and this will be sent to
all ADC as the start trigger.
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8.2.35  ADC Event Select from GPIO5 (PEADCY5)

Register PEADC5 ADC Event Select from GP1O5 Address OXFE61
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only Ob.
6 Reserved R 0 Read Value is 0. Write only Ob.
5 Reserved 0 Read Value is 0. Write only Ob.
4 Reserved R 0 Read Value is 0. Write only Ob.
3 EVTADC3 RW |0 ADC Event Select
2 EVTADC3 | RW |0 0: An input signal is not used as an event for
1 EVTADCL |RW |0 ADC. S
1: An input signal is used as an event for
ADC.
0 EVTADCO |RW |0 Selected GPIO signals, EVTADC[3:0] are
set “1”, will be ORed, or ANDed according to
PEMETHOD Register, and this will be sent to
all ADC as the start trigger.

8.2.36 PWM Event Select from GPI1On (PEPWMnN) (n=0-3)

Register PEPWMO PWM Event Select from GPIO0 Address OxFE24
Register PEPWM1 PWM Event Select from GP101 Address OxFE25
Register PEPWM2 PWM Event Select from GP102 Address OxFE26
Register PEPWM3 PWM Event Select from GP103 Address OxFE27
Bit Bit Name R/W | Initial Description Note
l EVTPWM7 RIW 10 PWM Event Select
6 EVTPWM6 R/W 0

0: An input signal is not used as an event for
5 EVTPWM5 R/W 0 PWM.
4 EVTPWM4 RW |0 1: An input signal is used as an event for

PWM.
3 EVTPWM3 R/W 0
2 EVTPWM?2 RW |0 Selected GPIO signals, EVTPWM[7:0] are

set “1”, will be ORed, or ANDed according to
1 EVIPWML | R/W | 0 PEMETHOD Register, and this will be sent to
0 EVTPWMO RW |0 all PWM blocks for the Re-trigger Operation.
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8.2.37 PWM Event Select from GP104 (PEPWM4)

Register PEPWMA4 PWM Event Select from GP104 Address OxFE64
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only Ob.
6 Reserved R 0 Read Value is 0. Write only Ob.
5 EVTPWMS5 R/W 0 PWM Event Select
4 EVIPWM4 | RW 10 0: An input signal is not used as an event for
3 EVIPWM3 | RW |0 PWM. o
1: An input signal is used as an event for
2 EVTPWM2 RIW |0 PWM.
1 EVTPWM1 R/W 0 .
Selected GPIO signals, EVTPWM[5:0] are
set “1”, will be ORed, or ANDed according to
0 EVIPWMO | R/W | 0 PEMETHOD Register, and this will be sent to
all PWM blocks for the Re-trigger Operation.

8.2.38 PWM Event Select from GPIO5 (PEPWMD5)

Register PEPWM5 PWM Event Select from GP105 Address OxFEB5
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only 0b.
6 Reserved R 0 Read Value is 0. Write only Ob.
5 Reserved 0 Read Value is 0. Write only Ob.
4 Reserved 0 Read Value is 0. Write only Ob.
3 EVTPWM3 R/W 0 PWM Event Select
2 EVIPWM2 | R'W | 0 0: An input signal is not used as an event for
1 EVIPWML |RW |0 PWM. o
1: An input signal is used as an event for
PWM.
0 EVTPWMO RW |0 Selected GPIO signals, EVTPWM[3:0] are
set “1”, will be ORed, or ANDed according to
PEMETHOD Register, and this will be sent to
all PWM blocks for the Re-trigger Operation.
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8.239 PWM Event Gathering Method (PEMETHOD)

Register PEMETHOD | PWM Event Gathering Method Address OxFE28
Bit Bit Name R/W | Initial Description Note
! MPEPWM3 RIW |0 PWM Event Gathering Method
6 MPEPWM?2 R/W 0 0: By ORed
1: By ANDed
> MPEPWM1 |RW |0 Each bit is corresponding to Register
4 MPEPWMO | R/W |0 PEPWMO-3.
3 MPEADC3 RIW |0 ADC Event Gathering Method
2 MPEADC2 RIW |0 0: By ORed
1: By ANDed
! MPEADC1 RW |0 Each bit is corresponding to Register
0 MPEADCO RW |0 PEADCO-3,

8.240 PWM Event Gathering Method 1(PEMETHOD1)

Register PEMETHOD1 | PWM Event Gathering Method 1 Address OxFE68
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only 0b.
6 Reserved R 0 Read Value is 0. Write only Ob.
5 MPEPWM5 R/W 0 PWM Event Gathering Method
0: By ORed
1: By ANDed
4 MPEPWM4 | RIW | 0 Each bit is corresponding to Register
PEPWMO-3.
3 Reserved R 0 Read Value is 0. Write only Ob.
2 Reserved R 0 Read Value is 0. Write only Ob.
1 MPEADCS5 RIW |0 ADC Event Gathering Method
0: By ORed
1: By ANDed
0 MPEADC4 | RIW | 0 Each bit is corresponding to Register
PEADCO-3,
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8.2.41  Serial input select register (SIS)

Register SIS Serial input select register Address OxFE70
Bit Bit Name R/W | Initial Description Note
7 RXDS1 RW |0 gg%;e;gt
RXDS0 01: RXDB
6 RIW |0 10: RXDC
11: (Reserved, Do not select.)
5 SCKS1 RW |0 SCK input (slave mode)select
00: SCKA
SCKS0 0L: SCKB
4 RIW |0 10: (Reserved, Do not select.)
11: (Reserved, Do not select.)
3 sis1 RW |0 Sl select
00: SIA
SIS0 0L: SIB
2 RIW |0 10: (Reserved, Do not select.)
11: (Reserved, Do not select.)
1 SS_NS1 RW |0 gg_s'\'ssel\'ﬁgt
SS_NS0 01: SS_NB
0 RIW |0 10: (Reserved, Do not select.)
11: (Reserved, Do not select.)

8.2.42  12C input select register (12CIS)

Register 12CIS 12C input select Register Address OXFE71
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read Value is 0. Write only Ob.
6 Reserved 0 Read Value is 0. Write only Ob.
5 Reserved R 0 Read Value is 0. Write only Ob.
4 Reserved R 0 Read Value is 0. Write only 0b.
3 SDAS1 RIW |0 SDA select
00: SDAA
01: SDAB
2 SDASO R/W 0 10: SDAC
11: (Reserved, Do not select.)
1 scLs1 RW |0 SCL select
00: SCLA
01: SCLB
0 SCLSO0 RW |0 10: SCLC
11: (Reserved, Do not select.)
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8.243  TMR input select register (TMRIS)

Register TMRIS TMR input select Register Address OXFE72
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read value is 0. Write only 0.
TIOB3 input select
6 TIOB3S RW |0 0: TIOB3A
1: TIOB3B
5 Reserved R 0 Read value is 0. Write only 0.
TIOAS3 input select
4 TIOA3S RIW |0 0: TIOA3A
1: TIOA3B
3 Reserved R 0 Read value is 0. Write only 0.
TIOB2 input select
2 TIOB2S R/W 0 0: TIOB2A
1: TIOB2B
1 Reserved R 0 Read value is 0. Write only 0.
TIOAZ input select
0 TIOA2S RW |0 0: TIOA2A
1: TIOA2B

8.3 Limitations

8.3.1 Pin selection of serial interface

To meet SPI AC characteristics, you must use SIA and SOA if SCKA is used. And, you have to use SIB and SOB if
SCKB is used. We do not support AC characteristics if you select the SPI interface except the above.

If you use UART, the same suffix of UART interface, RXDA and TXDA, or RXDB and TXDB should be used.

If you use 12C, the same suffix of 12C interface, SCLA and SDAA, or SCLB and SDB should be used.

8.3.2 Reading the PDRXx register after writing

If PDRX register is read after writing to PDRX register, two or more wait cycles are needed between read and write
instruction. The following is the example of PDRXx register operation.

mov PDR1, #0xaa ; Writing to PDR1
nop ; Wait cycle

nop ; Wait cycle

mov a, PDR1 ; Reading from PDR1

8.3.3 Pin function setting for GP1014, GP1015, GP1016 or GPIO17

To select GP1014, GPIO15, GPIO16 or GPIO17 function, you should do the pin function setting with following
sequence:
(1) Set PFSE1 register to select PWM, Communication interface(12C or UART) or TMR. If you select GP1O function,
you don't need PFSE1 setting.
(2) Set PFS1 register to select GPIO or the function selected by PFSE1 register.
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9. Event Connections in the LSI

MD6602

Figure 9-1 Internal Event Connection in MCU
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10. Interrupt Controller

10.1 Overview

The interrupt controller (INTC) responds to interrupt signals from peripheral modules to convey interrupt requests to

the CPU.
Table 10-1 lists the specifications of the interrupt controller, and Figure 10-1 shows a block diagram of the interrupt
controller.
Table 10-1 Feature of INTC
Item Description
Number of Sources 32 (int00 - int31)
Low level / falling edge
Interrupt detection Edge detection or level detection is determined for each source of connected
peripheral modules.
Interrupt Enable Interrupt enable of each channel can be set.
Interrupt priority Two level priorities (“High” or “Low”) will be selectable.
Vector address Each Vector address is allocated to corresponding interrupt source.

Interrupt by GP10O should refer to section 8.

— Interrupt Controller

_ Interrupt Detection -

[INTENA | [INTLVL |

|

v A

~
int00_n Priority interfupt request
: .| Detection  level
int31_n = Low level or JINTFLG judgment vectdr address
- Falling edge

]
INTFLG clear interpupt acknowledge

[Note]

INTME : Interrupt Master Enable signal
INTENA : Interrupt Enable register
INTLVL : Interrupt Level register
INTCFG : Interrupt Config. register
INTFLG : Interrupt Flag register

Figure 10-1 Block Diagram of the interrupt controller
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10.2 Interrupt Vectors

There are 32 interrupt sources. Table 10-2 provides a summary of all interrupt sources which have vector No and
vector address.

For SDCC (Small Device C Compiler), interrupt handlers (interrupt service routine: ISR) should be defined as
follows.

void some_isr(void) _ interrupt (5) _ using (3)

{

}

The keyword __interrupt (5) means this ISR is corresponding to interrupt vector No.5. The keyword __using (3)
means this ISR uses register bank No.3.
In SDCC, if you follow above manner, the vector table is automatically generated.

Table 10-2 Interrupt Vectors

Vector Vector Interrupt Source De_fal_JIt Note
No. Address Priority
0 0x0003 GPIOO HIGHER
1 0x000b GPIO1 |
2 0x0013 GPIO2 |
3 0x001b GPIO3 |
4 0x0023 LVD Interrupt + GPIO4 |
5 0x002b WDT Interrupt + GP105 |
6 0x0033 Comparator O Interrupt |
7 0x003b Comparator 1 Interrupt |
8 0x0043 Comparator 2 + 4interrupt |
9 0x004b Comparator 3 + Sinterrupt |
10 0x0053 ADCO Interrupt |
11 0x005b ADC1 Interrupt |
12 0x0063 ADC?2 Interrupt |
13 0x006b PWMO Interrupt O |
14 0x0073 PWMO Interrupt 1 |
15 0x007b PWM1Interrupt O |
16 0x0083 PWMlInterrupt 1 |
17 0x008b PWMz2Interrupt 0 |
18 0x0093 PWM2Interrupt 1 |
19 0x009b PWMs3lInterrupt 0 |
20 0x00a3 PWMa3lnterrupt 1 |
21 0x00ab Timer0 Interrupt |
22 0a00b3 Timer1 Interrupt |
23 0x00bb TinyDSPO Interrupt |
24 0x00c3 TinyDSP1 Interrupt |
25 0x00cb SPI Rx Interrupt |
26 0x00d3 SPI Tx + Timer2 Interrupt |
27 0x00db 12C Tx/Rx Interrupt |
28 0x00e3 Reserved |
29 0x00eb UART Tx/Rx Interrupt |
30 0x00f3 Reserved |
31 0x00fb FLASH + Timer3 + RAMIF Interrupt LOWER

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 10-2
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

10.3 Register Description
All of the registers in INTC are shown in the Table 10-3

Table 10-3 List of Registers

SYMBOL Name address Initial value
INTMST Interrupt Master Control 0x9C 0x00
INTENAO Interrupt Enable 0 0xA4 0x00
INTENAL Interrupt Enable 1 0xA5 0x00
INTENA2 Interrupt Enable 2 0xA6 0x00
INTENAS3 Interrupt Enable 3 OxA7 0x00
INTLVLO Interrupt Level 0 OxAC 0x00
INTLVL1 Interrupt Level 1 0xAD 0x00
INTLVL2 Interrupt Level 2 OXAE 0x00
INTLVL3 Interrupt Level 3 OxAF 0x00
INTCFGO Interrupt Config 0 0xB4 0x00
INTCFG1 Interrupt Config 1 0xB5 0x00
INTCFG2 Interrupt Config 2 0xB6 0x00
INTCFG3 Interrupt Config 3 0xB7 0x00
INTFLGO Interrupt Flag 0 0xBC 0x00
INTFLG1 Interrupt Flag 1 0xBD 0x00
INTFLG2 Interrupt Flag 2 0xBE 0x00
INTFLG3 Interrupt Flag 3 OxBF 0x00

*The registers are on the region of SFR. The data of them are not to be transferred by DSAC.

10.3.1 INTMST

Register INTMST Interrupt Master Control Address 0x9C

Bit Bit Name R/W Initial Description Note
High Priority Interrupt Flag

7 HIP R 0 0 : High priority interrupt handler is not running.

1 : High priority interrupt handler is running.

Low Priority Interrupt Flag
0 : Low priority interrupt handler is not running.

6 LIP R 0 1 : Low priority interrupt handler is running or
suspending.

5 reserved R 0 Read value is 0. Write only 0.

4 reserved R 0 Read value is 0. Write only 0.

3 reserved R 0 Read value is 0. Write only 0.

2 reserved R 0 Read value is 0. Write only 0.

1 reserved R 0 Read value is 0. Write only 0.

Interrupt Master Enable
0 INTME R/W 0 0: Disable all Interrupts
1: Permit enabled Interrupts
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10.3.2 INTENA

Register INTENAO Interrupt Enable 0 Address 0xA4
Reqgister INTENAL Interrupt Enable 1 Address 0xA5
Reqgister INTENA2 Interrupt Enable 2 Address 0xA6
Reqgister INTENA3 Interrupt Enable 3 Address OxAT7
Bit Bit Name R/W Initial Description Note
7 INTE7 R/W 0 Each Interrupt Enable

0: Disable Corresponding Interrupt
6 INTEG RIW 0 1: Enable Corresponding Interrupt
5 INTES RIW 0 L .

INTEy bit in INTENAX register corresponds to
4 INTE4 RIW 0 Interrupt whose vector No. is (y + X * 8)
3 INTE3 RIW 0
2 INTE2 RIW 0
1 INTE1 R/IW 0
0 INTEO RIW 0

10.3.3 INTLVL

Register INTLVLO Interrupt Level 0 Address 0xAC
Register INTLVL1 Interrupt Level 1 Address 0xAD
Register INTLVL2 Interrupt Level 2 Address OXAE
Register INTLVL3 Interrupt Level 3 Address OxAF
Bit Bit Name R/W Initial Description Note
7 INTL7 R/W 0 Each Interrupt  Priority Level

0: The Interrupt is Low Priority Level
6 INTL6 RIW |0 1: The Interrupt is High Priority Level
5 INTL5 R/W 0 L .

INTLy bit in INTLVLX register corresponds to
4 INTLA RIW 0 Interrupt whose vector No. is (y + X * 8)
3 INTL3 R/W 0
2 INTL2 R/W 0
1 INTL1 R/W 0
0 INTLO R/W 0

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 10-4
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

10.3.4 INTCFG

Register INTCFGO Interrupt Config 0 Address 0xB4
Reqgister INTCFG1 Interrupt Config 1 Address 0xB5
Reqgister INTCFG2 Interrupt Config 2 Address 0xB6
Reqgister INTCFG3 Interrupt Config 3 Address 0xB7
Bit Bit Name R/W Initial Description Note
7 INTS7 R/W 0 Each Interrupt Sensitivity

0: Low level sensitivity
6 INTS6 RIW 0 1: Falling Edge sensitivity
5 INTS5 R/IW 0 o .

INTSy bit in INTCFGx register corresponds to
4 INTS4 RIW 0 Interrupt whose vector No. is (y + X * 8)
3 INTS3 R/W 0
2 INTS2 R/W 0
1 INTS1 R/W 0
0 INTSO R/W 0

10.3.5 INTFLG

Register INTFLGO Interrupt Flag 0 Address 0xBC
Register INTFLG1 Interrupt Flag 1 Address 0xBD
Register INTFLG2 Interrupt Flag 2 Address OxBE
Register INTFLG3 Interrupt Flag 3 Address OxBF
Bit Bit Name R/W Initial Description Note
7 INTE7 R/W 0 Each Interrupt Flag

0: No interrupt
6 INTF6 RIW |0 1: Interrupt receipt
5 INTF5 R/W 0 L .

INTFy bit in INTFLGx register corresponds to
4 INTF4 RIW 0 Interrupt whose vector No. is (y + X * 8)
3 INTE3 R/W 0 Cleared by write “1”
2 INTF2 R/W 0
1 INTF1 R/W 0
0 INTFO RIW 0
In edge sensitivity mode(INTCFGx.INTSy=1), INTFy is cleared automatically when the corresponding interrupt is

accepted.
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10.4 Operation

10.4.1 Initial setting

In order to issue the interrupt request which is base on each interrupt source, it is necessary to do the initial setting
as shown in Figure 10-2.

e Setting INTLVLX.INTLy bit is for determination of each interrupt priority level.

e FEach interrupt can take two priority levels, “High” or “Low”, and these priority levels are selectable for setting
INTLVLX.INTLy bit. Detail description is mentioned in 10.4.3.

e Setting INTCFGX.INTSy bit is for determination of each interrupt Sensitivity.

e Each interrupt can take two sensitivity, “Low level” or “Falling edge”, and these sensitivities are selectable for
setting INTCFGX.INTSy bit.

e INTENAX.INTEY bit can enable the corresponding interrupt source.

e INTMST.INTME bit can permit the enabled interrupt to issue the request for CPU

( start )

Set INTLVLx. INTLy

|

Set INTCFGx. INTSy

|

Set INTENAx. INTEy

INTMST. INTME=1

( Setting End )

Figure 10-2 Flowchart of INTC initial setting

10.4.2 Interrupt flag

Interrupt flag (INTFLG register) indicates,the detected interrupt.source depend on setting INTENAX.INTEy.

There are two kinds of sensitivity to detect interrupt. One is Low level sensitivity, another is Failling edge sensitivity.

These sensitivities are selectable for setting INTCFGX.INTSy bit.

In case of the failing edge sensitivity, INTFLGX.INTFy bit will be held up to clear by writing “1”

In case of the low level sensitivity, INTFLGX.INTFy bit is indicating the corresponding interrupt source, and it will
not be held if interrupt source change the level

10.4.3 Interrupt level

Each interrupt can take two priority levels, “High” or “Low”. Only high level interrupt will be accepted when CPU is
handling low level interrupt. While CPU is handling high level interrupt, no interrupt can be accepted. When same level
interrupts are occurred simultaneously, lower vector number interrupt will be accepted. Interrupts which are not
accepted by CPU should be holding until the service routine finish.

In each interrupt handler, software should clear corresponding peripheral flags. The above is shown in Figure 10-3.

Note: It is impossible to generate new interrupt signals at such time as below.
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e When executing RETI instruction.
e The time before receiving acknowledgement of CPU after issuing the interrupt request, and doing it.

INTACK INTACK
Low Level High Level
Interrupt Interrupt(1)

INTACK
High Level
Interrupt(2)

Figure 10-3 Diagram of INTC state transition

RETI

By executing RETI instruction at end of interrupt routine, it is cleared that INTMST.HIP/LIP bits corresponding to
priority of this routine.

Detecting interrupt

INTMST. INTME==1

INTMST. HIP=1

INTMST. LIP=1

(_ Ignoring interrupt )
( Accepting interrupt )

Figure 10-4 Flowchart of INTC accepting interrupt

Decisions of Figure 10-4 are processed by hardware.
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10.4.4 Interrupt of external pins

All GPIO can be used external interrupt pin in accord with GPIO register settings. Signals of interrupt by GPIO are
ORed. The signals ORed is input on INTC after it is converted. Logic diagram of interrupt by GPIO is shown in Figure
10-5. Wave form diagram of generating interrupt by GPIO is shown in Figure 10-6. Vector addresses of each GPIO
refer to Table 10-2. Details information of external interrupt by GPIO is described in section.8.

1 or under 1 cycle of CLKGPIO [
i PN

1 - N Detecting level P

E &_ Noise Edge PIFm. PIFn :EE Interrupt by GPIOm

E GP10mn Cancel ler detector : . I

: PIEM. PIEN b o

1 i ntom_n
H Clear PIF S Detecting edge E " -
5 CLKRUN_FAST PI1Sm.PISn f : f

(max 50MHz)

Figure 10-5 Logic diagram of interrupt by GPIO

GPI0Omn

CLKRUN_FAST

Output Noise Canceler

Output Edge Detector

FLAG holding Edge

Level sensitivity

edge sensitivity

interrupt by GPIO

gy B

intOm_n |
Figure 10-6 Wave form diagram of interrupt by GPIO
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11. Direct SFR Access Controller (DSAC)

11.1 Overview

DSAC can transfer data directly between two SFRs without using the CPU. This function can be applied only to the
SFRs for peripheral and eliminate the data-transfer time drastically.

Note: DSAC can’t access the SFRs related to CPU and INTC. If DSAC tries to read these SFRs, the data will be

unknown, and if DSAC tries to write these SFRs, there will be no effect on operation. DSAC Block diagram is shown in
Figure 11-1 and features are shown in Table 11-1.

<E0S SFR Bus(CPU)(8bit)
M [
LJ

XBus I/F(dsa_xbif) |

CH1 CH2| [ CH3 || CH4 | [CH5| | CH6 | | CH7| [ CH8 | | CH9 | |CH10| [CH11| |CH12| [CH13| |CH14| [CH15
CNTA/B CNTA/B
SRC SRC
DST DST

g
-4

Event triggers
For chg-15

Event triggers
For ch0-7

I

| Requestor }1——«
o
2
3

End_ || Requestor

Reg
End

Arbiter  [CH[15:0]

Control

DMA CORE
(dsa_core)

K

N

SFR Bus(for Peripheral)(16bit)

Figure 11-1 DSAC Block Diagram
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Table 11-1 Feature of DSAC

Item

Description

Number of channels

16 channels

Request source

Max 32. select by a register

data size

1byte / 1word data transmitted at a time
selected by a register

The number of data transmission

Transmitting data once/twice /4 times/ 8times per an event.

Selected by a register

Address mode

fixed/increment/increment by 8
Source/Destination mode can be set independently.

Channel priority

CHO>CH1>...>CH14 > CH15

SFR Bus access
Priority

CPU < DSAC

Transfer mode

Cycle steal

11.2 Event

DSAC is activated by Trigger events which are shown in Table 11-2 or Table 11-3. CHO-7 are activated by Trigger
events shown in Table 11-2. CH8-15 are activated by Trigger events shown in Table 11-3. The Trigger events activating
DSAC are selected with the DSACNTARN registers.

Table 11-2 DSAC Events for CHO-7

Event No. Event Source Trigger Event Note
0 Comparator 0 Toggled specified Polarity

1 Comparator 1 Toggled specified Polarity

2 Comparator 2 Toggled specified Polarity

3 Comparator 3 Toggled specified Polarity

4 ADC Unit0 The register is updated by conversion
5 ADC Unitl The register is updated by conversion
6 ADC Unit2 The register is updated by conversion
7 PWMO Event0 Corresponding Event happens

8 PWMO Eventl Corresponding Event happens

9 PWM1 Event0 Corresponding Event happens

10 PWM1 Eventl Corresponding Event happens

11 PWM2 Event0 Corresponding Event happens

12 PWM2 Eventl Corresponding Event happens

13 PWM3 Event0 Corresponding Event happens

14 PWM3 Eventl Corresponding Event happens

15 TMRO Event A Corresponding Event happens

16 TMRO Event B Corresponding Event happens
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Event No. Event Source Trigger Event Note

17 TMR1 Event A Corresponding Event happens

18 TMR1 Event B Corresponding Event happens

19 TinyDSPO Event 0 Corresponding Event happens

20 TinyDSPO Event 1 Corresponding Event happens

21 TinyDSP1 Event 0 Corresponding Event happens

22 TinyDSP1 Event 1 Corresponding Event happens

23 reserved

24 reserved

25 reserved

26 reserved

27 TMR2 Event A Corresponding Event happens

28 TMR2 Event B Corresponding Event happens

29 TMR3 Event A Corresponding Event happens

30 TMRS3 Event B Corresponding Event happens

31 CPU Trigger Only CPU Trigger activates the channel
Table 11-3 DSAC Events for CH8-15

Event No. Event Source Trigger Event Note

0 Comparator 0 Toggled specified Polarity

1 Comparator 1 Toggled specified Polarity

2 Comparator 2 Toggled specified Polarity

3 Comparator 3 Toggled specified Polarity

4 ADC Unit0 The register is updated by conversion

5 ADC Unitl The register is updated by conversion

6 ADC Unit2 The register is updated by conversion

7 PWMO Event0 Corresponding Event happens

8 PWMO Eventl Corresponding Event happens

9 PWM1 Event0 Corresponding Event happens

10 PWM1 Eventl Corresponding Event happens

11 PWM2 Event0 Corresponding Event happens

12 PWM2 Eventl Corresponding Event happens

13 PWM3 Event0 Corresponding Event happens

14 PWM3 Eventl Corresponding Event happens

15 TMRO Event A Corresponding Event happens

16 TMRO Event B Corresponding Event happens

17 TMR1 Event A Corresponding Event happens

MD6602-DSE Rev.1.0
Aug.11, 2015

Downloaded from AFFOW.Com.

SANKEN ELECTRIC CO.,LTD.
http://www.sanken-ele.co.jp/en/

11-3


http://www.arrow.com

MD6602

Event No. Event Source Trigger Event Note
18 TMR1 Event B Corresponding Event happens

19 TinyDSPO Event 0 Corresponding Event happens

20 TinyDSPO Event 1 Corresponding Event happens

21 TinyDSP1 Event 0 Corresponding Event happens

22 TinyDSP1 Event 1 Corresponding Event happens

23 Comparator 4 Toggled specified polarity

24 Comparator 5 Toggled specified polarity

25 Reserved

26 Reserved

27 TMR2 Event A Corresponding Event happens

28 TMR2 Event B Corresponding Event happens

29 TMR3 Event A Corresponding Event happens

30 TMRS3 Event B Corresponding Event happens

31 CPU Trigger Only CPU Trigger activates the channel

11.3 Register Description

Table 11-4 XDATA-Bus registers

Symbol Name Address Initial value
DSACNTAO DSA Control A Channel 0 0xF880 0x00
DSACNTBO DSA Control B Channel 0 OxF881 0x00
DSASRCO DSA Source Address Channel 0 OxF882 0x80
DSADSTO DSA Destination Address Channel 0 OxF883 0x80
DSACNTAL DSA Control A Channel 1 0xF884 0x00
DSACNTB1 DSA Control B Channel 1 0xF885 0x00
DSASRC1 DSA Source Address Channel 1 OxF886 0x80
DSADST1 DSA Destination Address Channel 1 OxF887 0x80
DSACNTA2 DSA Control A Channel 2 OxF888 0x00
DSACNTB?2 DSA Control B Channel 2 0xF889 0x00
DSASRC2 DSA Source Address Channel 2 OxF88A 0x80
DSADST?2 DSA Destination Address Channel 2 OxF88B 0x80
DSACNTA3 DSA Control A Channel 3 OxF88C 0x00
DSACNTB3 DSA Control B Channel 3 0xF88D 0x00
DSASRC3 DSA Source Address Channel 3 OxF88E 0x80
DSADST3 DSA Destination Address Channel 3 OxF88F 0x80
DSACNTA4 DSA Control A Channel 4 0xF890 0x00
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Symbol Name Address Initial value
DSACNTB4 DSA Control B Channel 4 0xF891 0x00
DSASRC4 DSA Source Address Channel 4 0xF892 0x80
DSADST4 DSA Destination Address Channel 4 0xF893 0x80
DSACNTAS DSA Control A Channel 5 0xF894 0x00
DSACNTB5 DSA Control B Channel 5 0xF895 0x00
DSASRC5 DSA Source Address Channel 5 0xF896 0x80
DSADST5 DSA Destination Address Channel 5 OxF897 0x80
DSACNTAG DSA Control A Channel 6 0xF898 0x00
DSACNTB6 DSA Control B Channel 6 0xF899 0x00
DSASRC6 DSA Source Address Channel 6 OxF89A 0x80
DSADST6 DSA Destination Address Channel 6 OxF89B 0x80
DSACNTA7 DSA Control A Channel 7 0xF89C 0x00
DSACNTB7 DSA Control B Channel 7 0xF89D 0x00
DSASRC7 DSA Source Address Channel 7 OxF89E 0x80
DSADST7 DSA Destination Address Channel 7 OxF89F 0x80
DSACNTAS DSA Control A Channel 8 OxF8AO0 0x00
DSACNTBS DSA Control B Channel 8 OxF8A1 0x00
DSASRC8 DSA Source Address Channel 8 OxF8A2 0x80
DSADSTS DSA Destination Address Channel 8 OxF8A3 0x80
DSACNTA9 DSA Control A Channel 9 OxF8A4 0x00
DSACNTB9 DSA Control B Channel 9 OxF8AS5 0x00
DSASRC9 DSA Source Address Channel 9 OxF8A6 0x80
DSADST9 DSA Destination Address Channel 9 OxF8A7 0x80
DSACNTALO DSA Control A Channel 10 OxF8A8 0x00
DSACNTB10 DSA Control B Channel 10 OxF8A9 0x00
DSASRCI10 DSA Source Address Channel 10 OxF8AA 0x80
DSADST10 DSA Destination Address Channel 10 OxF8AB 0x80
DSACNTA11 DSA Control A Channel 11 OxF8AC 0x00
DSACNTB11 DSA Control B Channel 11 OxF8AD 0x00
DSASRC11 DSA Source Address Channel 11 OxF8AE 0x80
DSADST11 DSA Destination Address Channel 11 OxF8AF 0x80
DSACNTAIL2 DSA Control A Channel 12 0xF888 0x00
DSACNTB12 DSA Control B Channel 12 0xF889 0x00
DSASRC12 DSA Source Address Channel 12 OxF88A 0x80
DSADST12 DSA Destination Address Channel 12 OxF88B 0x80
DSACNTA13 DSA Control A Channel 13 0xF88C 0x00
DSACNTBI13 DSA Control B Channel 13 0xF88D 0x00
DSASRC13 DSA Source Address Channel 13 OxF88E 0x80
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Symbol Name Address Initial value
DSADST13 DSA Destination Address Channel 13 OxF88F 0x80
SACNTA14 DSA Control A Channel 14 0xF890 0x00
DSACNTB14 DSA Control B Channel 14 0xF891 0x00
DSASRC14 DSA Source Address Channel 14 0xF892 0x80
DSADST14 DSA Destination Address Channel 14 0xF893 0x80
DSACNTAIL5 DSA Control A Channel 15 0xF894 0x00
DSACNTB15 DSA Control B Channel 15 0xF895 0x00
DSASRCI15 DSA Source Address Channel 15 0xF896 0x80
DSADST15 DSA Destination Address Channel 15 OxF897 0x80
DSATRGO DSA Activation Trigger for ch0-7 OxF8FO 0x00
DSATRG1 DSA Activation Trigger for ch8-15 OxF8F1 0x00
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11.3.1 DSAC Control A Register (DSACNTAnN)

al

Reqgister DSACNTAO DSA Control A Channel 0 Address 0xF880

Reqgister DSACNTAL DSA Control A Channel 1 Address 0xF884

Reqgister DSACNTA2 DSA Control A Channel 2 Address 0xF888

Reqgister DSACNTA3 DSA Control A Channel 3 Address 0xF88C
Reqgister DSACNTA4 DSA Control A Channel 4 Address 0xF890

Register DSACNTAS DSA Control A Channel 5 Address 0xF894

Register DSACNTA®6 DSA Control A Channel 6 Address 0xF898

Register DSACNTA7 DSA Control A Channel 7 Address 0xF89C
Register DSACNTAS8 DSA Control A Channel 8 Address 0xF8A0
Register DSACNTA9 DSA Control A Channel 9 Address OxF8A4
Register DSACNTAL0 | DSA Control A Channel 10 Address 0xF8A8
Reqgister DSACNTALl1l | DSA Control A Channel 11 Address OxF8AC
Reqgister DSACNTA12 | DSA Control A Channel 12 Address 0xF8BO
Reqgister DSACNTAL3 | DSA Control A Channel 13 Address 0xF8B4
Reqgister DSACNTA14 | DSA Control A Channel 14 Address 0xF8B8
Reqgister DSACNTAL5 | DSA Control A Channel 15 Address 0xF8BC
Bit Bit Name R/W it Description Note

DSACHE R/W

DSA Channel Enable
0 0: Disable
1: Enable

DSATB1 R/W

DSA Transfer Bytes

per an event.

00: once
01: twice
10: 4 times

These bits decide how many times CHn transmits

5 DSATBO RW |0 11: 8 times
Data size is decided by
DSACNTBN.DSAWDACS.

DSA Channel Trigger
00000: Link to Event No.0
00001: Link to Event No.1

DSAEV4 R/W
DSAEV3 R/W
DSAEV2 R/W
DSAEV1 R/W
DSAEV0 R/W

11111: Link to Event No.31
You should not select reserved setting.

Ok, | N Wb
oO|lo|lo|oOo| o
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11.3.2 DSAC Control B Register (DSACNTBnN)

Register DSACNTBO DSA Control B Channel 0 Address 0xF881
Register DSACNTB1 DSA Control B Channel 1 Address 0xF885
Register DSACNTB2 DSA Control B Channel 2 Address 0xF889
Register DSACNTB3 DSA Control B Channel 3 Address 0xF88D
Register DSACNTB4 DSA Control B Channel 4 Address 0xF891
Register DSACNTB5 DSA Control B Channel 5 Address 0xF895
Register DSACNTB6 DSA Control B Channel 6 Address 0xF899
Register DSACNTB7 DSA Control B Channel 7 Address 0xF89D
Register DSACNTBS8 DSA Control B Channel 8 Address O0xF8A1
Register DSACNTB9 DSA Control B Channel 9 Address O0xF8A5
Register DSACNTB10 | DSA Control B Channel 10 Address 0xF8A9
Register DSACNTB11 | DSA Control B Channel 11 Address OXF8AD
Register DSACNTB12 | DSA Control B Channel 12 Address 0xF8B1
Register DSACNTB13 | DSA Control B Channel 13 Address 0xF8B5
Register DSACNTB14 | DSA Control B Channel 14 Address 0xF8B9
Register DSACNTB15 | DSA Control B Channel 15 Address 0xF8BD

Bit | Bit Name R/W | Initial | Description Note

Word data access

This bit decides the amount of data transmitted
at a time.

0:1byte(8-bit)

1:1word(16bit)

7 DSAWDACS | R/W |0

6 reserved R 0 Read value is 0. Write only 0
5 reserved R 0 Read value is 0. Write only 0
4 reserved R 0 Read value is 0. Write only 0

Destination Address increment mode

Only when DSADSTC = 1, setting becomes
3 | DSTINCMD |RW |0 effective.
0: Destination address increases by 1.

1: Destination address increases by 8.

Source Address increment mode

Only when DSASRCC = 1, setting becomes
effective.

2 SRCINCMD RIW |0

0: Source address increases by 1.
1: Source address increases by 8.
Destination Address Control

0: Address stays at same value.

1: Increment according to
DSACNTBN.DSTINCMD setting
Source Address Control

0: Address stays at same value.

1: Increment according to
DSACNTBN.SRCINCMD setting

1 DSADSTC R/W |0

0 DSASRCC R/W |0
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11.3.3 DSAC Source address Register (DSASRCn)

Register DSASRCO DSA Source Address Channel 0 Address 0xF882
Register DSASRC1 DSA Source Address Channel 1 Address 0xF886
Register DSASRC2 DSA Source Address Channel 2 Address OxF88A
Register DSASRC3 DSA Source Address Channel 3 Address OXF88E
Register DSASRC4 DSA Source Address Channel 4 Address 0xF892
Register DSASRC5 DSA Source Address Channel 5 Address 0xF896
Register DSASRC6 DSA Source Address Channel 6 Address OXF89A
Register DSASRC7 DSA Source Address Channel 7 Address 0xF89D
Register DSASRC8 DSA Source Address Channel 8 Address OxF8A2
Register DSASRC9 DSA Source Address Channel 9 Address OxF8A6
Register DSASRC10 DSA Source Address Channel 10 Address OXF8AA
Register DSASRC11 DSA Source Address Channel 11 Address OxF8AE
Register DSASRC12 DSA Source Address Channel 12 Address 0xF8B2
Register DSASRC13 DSA Source Address Channel 13 Address 0xF8B6
Register DSASRC14 DSA Source Address Channel 14 Address OxF8BA
Register DSASRC15 DSA Source Address Channel 15 Address OxF8BE
Bit Bit Name R/W | Initial | Description Note

7 DSASAT7 R/W 1

6 DSASAG6 RW |0

5 DSASA5 RIW |0

4 DSASA4 RIW 10 SFR Source Address

3 DSASA3 RW |0

2 DSASA2 RIW |0

1 DSASAl RIW |0

0 DSASAQ RIW |0
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11.3.4 DSAC Destination address Register (DSADSTNn)

Register DSADSTO DSA Destination Address Channel 0 Address 0xF883

Register DSADST1 DSA Destination Address Channel 1 Address 0xF887

Register DSADST2 DSA Destination Address Channel 2 Address 0xF88B
Register DSADST3 DSA Destination Address Channel 3 Address OxF88F

Register DSADST4 DSA Destination Address Channel 4 Address 0xF893

Register DSADST5 DSA Destination Address Channel 5 Address 0xF897

Register DSADST6 DSA Destination Address Channel 6 Address 0xF89B
Register DSADST7? DSA Destination Address Channel 7 Address OxF89F

Register DSADST8 DSA Destination Address Channel 8 Address OxF8A3
Register DSADST9 DSA Destination Address Channel 9 Address OXF8A7
Register DSADST10 DSA Destination Address Channel 10 Address OxF8AB
Register DSADST11 DSA Destination Address Channel 11 Address OXF8AF
Register DSADST12 DSA Destination Address Channel 12 Address 0xF8B3
Register DSADST13 DSA Destination Address Channel 13 Address 0xF8B7
Register DSADST14 DSA Destination Address Channel 14 Address 0xF8BB
Register DSADST15 DSA Destination Address Channel 15 Address OxF8BF
Bit Bit Name R/W | Initial | Description Note

7 DSADATY R/W 1

6 DSADAG RIW |0

5 DSADAS5S RIW |0

4 DSADA4 | RW | 0 SFR Destination Address

3 DSADA3 R/W 0

2 DSADA2 R/W 0

1 DSADAl R/W 0

0 DSADAO R/W 0
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11.3.5 DSAC Trigger Register (DSATRGmM)

Register | DSATRGO DSA Trigger for CHO-7 | Address | 0xF8FO
Bit Bit Name R/W | Initial | Description Note
7 TRGCH7 RIW |0 CH?7’s trigger for CPU

Read 0:IDLE

Read 1l:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch7 by CPU

6 TRGCH6 R/W |0 CH6’s trigger for CPU

Read O:IDLE

Read 1:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch6 by CPU

5 TRGCH5 RIW |0 CHS5’s trigger for CPU

Read 0:IDLE

Read 1l:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch5 by CPU

4 TRGCH4 R/W |0 CH4’s trigger for CPU

Read 0:IDLE

Read 1:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch4 by CPU

3 TRGCH3 RIW |0 CH3’s trigger for CPU

Read O:IDLE

Read 1:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch3 by CPU

2 TRGCH2 RIW |0 CH2’s trigger for CPU

Read 0:IDLE

Read 1l:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch2 by CPU

1 TRGCH1 R/W |0 CH1’s trigger for CPU

Read O0:IDLE

Read 1:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate chl by CPU

0 TRGCHO RIW |0 CHO’s trigger for CPU

Read 0:IDLE

Read 1l:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate chO by CPU
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Register | DSATRG1 DSA Trigger for CH8-15 | Address | OxF8F1
Bit Bit Name R/W | Initial | Description Note
7 TRGCH15 RIW |0 CH15’s trigger for CPU

Read 0:IDLE

Read 1:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch15 by CPU

6 TRGCH14 RW |0 CH14’s trigger for CPU

Read 0:IDLE

Read 1l:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch14 by CPU

5 TRGCH13 R/W |0 CH13’s trigger for CPU

Read 0:IDLE

Read 1:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch13 by CPU

4 TRGCH12 RIW |0 CH12’s trigger for CPU

Read 0:IDLE

Read 1:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch12 by CPU

3 TRGCH11 R/W |0 CH11’s trigger for CPU

Read 0:IDLE

Read 1:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate chll by CPU

2 TRGCH10 RIW |0 CHI10’s trigger for CPU

Read 0:IDLE

Read 1:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch10 by CPU

1 TRGCH9 RIW |0 CHO9’s trigger for CPU

Read 0:IDLE

Read 1l:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch9 by CPU

0 TRGCHS RIW |0 CHB’s trigger for CPU

Read O0:IDLE

Read 1:transferring or waiting end of other
channel’s transferring

Write 0: No effect

Write 1: activate ch8 by CPU
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11.4 Operation

The DSAC is activated by Trigger events which are shown in Table 11-2 or Table 11-3. The trigger event to activate
the DSAC is selected with the DSACNTAnN registers. The DSAC has 16-channels, and each channel is linked to one of
the Trigger events. Trigger events for CHO-7 partially differ from events for CH8-15. Trigger events for CHO-7 are
shown in Table 11-2, and Trigger events for CH8-15 are shown in Table 11-3. When one of the channels detects the
Trigger event, transfer operation will start based on corresponding bits among DSAEV0 toDSAEV4 in the DSACNTAN
register.

DSAC is also activated by CPU’s writing 1 on DSATRGmM.TRGCHn. Whichever trigger is selected, you can activate
DSAC by CPU Trigger.

Regarding the priority of DSAC, lower No. channel is higher than larger No. channel. If plural channels are initiated
at same time, lower No. channel should be activated and higher No. channel will wait for until lower No. channel
completes the transfer operation. During one channel is transferring the data, even next Trigger event which linked to
same channel is occurred, the next Trigger event will be ignored. Detailed information shows Figure 11-2.

1lcyc = 50 MHz Events occur at the same time.
— ¥ lgnore Event for CHO Since CHO'’s priority is higher than CH1’s,
Event for CHO _/‘ ‘7 CHO's transfer start.
— Wait end of CHO’s transferring /
Event for CH1
CHO operation < idle X transfer X idle X transfer X idle >
CH1 ati > B B 3
operation < idle X wait transfer X wait transfer X |dle>
HO’s transfer end, CH1’s transfer start CHO's transfer end, CH1’s transfer start
P Wait end of CH1’s transfer

Event for CHO

K lgnore Event for CH1 At the end of transfer, event accepts.

Event for CH1

CH1's transfer end, CHO’s transfer start

CHO operation < idle X wait X/ transfer X transfer idle >

CH1 operation < idle X transfer X idle X wait transfer X idle )

<

CHO’s transfer end, CH1’s transfer start

Figure 11-2 Event trigger priority

Each channel operation is configured by registers, such as source SFR address in DSASRCn, destination SFR address
in DSADSTNn, the number of data transmission (from once, twice , 4 times or 8 times) in DSACNTAnN, and Address
mode ( fix, increment by 1 or increment by 8) in DSACNTBnN.

Even if you select address increment mode to transfer multiple times, either source or destination address will be
increased, but DSASRCn and DSADSTnN register’s values will not be changed. Increment by 8 is particularly
convenient for reading ADC’s conversion data.

Please note that DSAC has the higher priority than CPU when SFR access from CPU and DSAC collides. In this
collision case, CPU should wait for finish of DSAC’s SFR access, but there is no wait cycle in the DSAC’s SFR access
cycle. Detailed information is shown in Figure 11-3.
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1 cycle = 50MHz

(psac readfpsac witef cPU riw

o a— once twice 4 times
Event
DSACNTBN.DSADSTC =0, DSACN[Bn.DSASRCC=0, DSTINCMD =x, SRCINCMD=x
SFR Bus ( )\ src /( dst src ) dst src ) dst ) src ) dst )
DSACNTBN.DSADSTC = 1, DSACNTBn.DSASRCC=1, DSTINCMD =0, SRCINCMD=0
SFR Bus ( X src X dst src+l X dst+1 Src+2 X dst+2 X src+3 X dst +3 )
DSACNTBN.DSADSTC =0, DSACN[Bn.DSASRCC=1, DSTINCMD=0, SRCINCMD=0
SFR Bus ( X src X dst src+l X dst src+2 X dst X Src+3 X dst >
DSACNTBN.DSADSTC = 1, DSACNTBn.DSASRCC=0, DSTINCMD=0, SRCINCMD=0
SFR Bus ( X src X dst src X dst+1 src X dst+2 X src X dst+3 >
DSACNTBN.DSADSTC = 1, DSACNTBn.DSASRCC=1, DSTINCMD=1, SRCINCMD=1
SFRBus ( X sic X st Y'src+0x08 X dst+0x08 X src+0x10 X dst+0x10 X src+0x18 X dst+0x18 )
4times transmission
accepted
Event ignored
SFR Bus ( X src X dst src+l X dst src+2 X dst X src+3 dest | Src X dst X src+l )
v v
The last writing transfer The next transfer start
4times transmission
Event
SFRBus ( cpu ¥ sic X dst sc N dstrr X sic X dstr2 X sic Y dswa X cpu X cpu X cpu )

DSAC access has the higher priority than CPU access. In DSAC access, CPU access waits.

Figure 11-3 Example of transfer operation

Figure 11-4 shows SFR BUS structure. From CPU point of view, the SFR bus width is always 8bits, thus CPU
accesses 8bits SFR register directly. And as for 16bits SFR registers, such as PWM, DSP, ADC and DAC, their LSB
side and MSB side, which are assigned in same address, should be accessed sequentially, LSB 1%, and MSB 2™,

From DSAC point of view, the SFR bus width is extended to 16bits and the operations are shown below.

CASEL: DSAC transfer size is 8bits (DSACNTBn.DSAWDACS = 0), and target SFR register width is 8bits:
DSAC uses only lower side of SFR bus.

CASE2: DSAC transfer size is 8bits (DSACNTBn.DSAWDACS = 0), and target SFR register width is 16bits:

DSAC uses only lower side of SFR, and the access scheme should be same as CPU’s, that is, LSB side and MSB
side of 16bits SFR register, which are assigned in same address, should be accessed sequentially without address
increment, LSB 1%, and MSB 2™, as shown in Table 11-5, utilizing internal buffer registers.

CASE3: DSAC transfer size is 16bits (DSACNTBn.DSAWDACS = 1), and target SFR register width is 8bits:

This case should not be used, but if you use this case, the operation is almost same as CASE1. When DSAC reads
8bits SFR register with 16bits transfer size, lower side of read data stored in DSAC is actual read data, but higher side
becomes 0x00. When DSAC writes to 8bits SFR register with 16bits transfer size, lower side of “to be written” data
stored in DSAC is actually written to the 8bits SFR register, but higher side is not used.

CASE4: DSAC transfer size is 16bits (DSACNTBN.DSAWDACS = 1), and target SFR register width is 16bits:
DSAC uses both lower side and higher side of SFR bus to transfer 16bits data.
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DSAC 8bit CPU
o CPU reads/writes via only LSB of SFR BUS
o =2
(] _ MSB of SFR BUS:8bit _ SER BUS
LSB of SFR BUS:8bit 16bit width
2| |32 g |3g gl |~
lbyte I/F ‘ ‘ 1 word I/F
bit register ‘ 16bit register ‘
Peripheral(8 bit register) Peripheral(16bit register)
Figure 11-4 Structure of SFR BUS
Table 11-5 Access to 16-bit register assigned in SFR Bus
1byte transmission (DSAWDACS=0) 1 word transmission (DSAWDACS=1)
DSAC |
1
2nd access | DSAC |
MSB_BUFFER
- 1st access
/Y
read 1st access
MSB LSB
- / ;
1 word register
hd 1 word register g
DSAC | DSAC
1st access
v
| LSB_BUFFER |
write 2nd access l 2nd access
MSB LSB
. ) 1 word register
v
1 word register
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11.5 Initialization sequence

Figure 11-5 shows the initialization sequence.

Set DSASRC 1) (1) Set source start address
Set DSADST 2

(2)Set destination start address

Set DSACNTB.DSAWDACS ®3) (3) Set transfer mode(1byte/1word),
Set DSACNTB.DSADSTC Set source address mode(Fix/Increment),
Set DSACNTB.DSASRCC Set destination address mode(Fix/Increment)

(4) Select unit of increment for source address (1 or 8),

| Set DSACNTB.DSTINCMD | @)
Select unit of increment for destination address (1 or 8)

Set DSACNTB.SRCINCMD

Set DSACNTA.DSATB[1:0] (5) (5) Select transfer trigger event

Set DSACNTA.DSAEV[4:0] Set number of times for transfer

| DSACNTA.DSACHE=1 | (6) (6) Enable DSAC( Wait for start trigger)
End

Figure 11-5 Initialization sequence

11.6 Limitation of DSAC

11.6.1 Disabling DSAC

CHn is disabled by writing DSACNTAN.DSACHE bit to 0. CHn is disabled after corresponding channel transmit is
completed. If CHn has an unexecuted transfer request, the request is accepted and the transfer is occurred. When the
transfer is finished, CHn is disabled. The request, which reaches after writing DSACNTAn.DSACHE bit to 0, is
ignored.

11.6.2 Limitation in case when DSAC transfer data size is 8bits.

DSAC can’t transfer the data correctly when the following three conditions are satisfied at the same time.
e DSAC transfer data size is 8bits
e Both the source address and the destination address are asigned to the same module.

e Ether source register width or destination register width is 16bits.
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12. FLASH Memory Control

12.1 Overview

The LSI has FLASH memory to store program and data. The FLASH can be erased or written via 1-wire debugger
interface.
Also some protection levels are supported not to be stolen application program and data.

Table 12-1 Feature of FLC

Item Description
Flash Main block Size : 32KB(8Kword x 32bit)
memory (Program) Page size: 32pages

Row size: 8rows/page
Word size: 32words/row = 128bytes
Information Size : 1KB(256word x 32bit)
block Page size: 1pages
Row size: 8rows/page
Word size: 32words/row = 128bytes
Program fetch Fetch data width : 32bit
Instruction Buffer: 32bit x 2line.
Data Buffer: 32bit x 1 line
Access mode : Fast clock mode(2cyc) /
Slow clock mode(1cyc)
Prefetch : occur when reading 4n+2 or 4n+3 address
(Fast clock mode)
occur when reading 4n+3 address
(Slow clock mode)
Only Instruction buffer has prefetch function.

Flash programming Mode : 8 modes
Programming : info/main row programming mode
Erase : main page/mass erase mode
Read : info/main read mode

Protecting Release : Changing protect level

Security Level: Levell/Level2

Security code length: 32bit

Flash security The security level can change using “protect release mode”.
management Avoid flash read after fetching program from RAM in Level2
Avoid flash read from OCD in Level2.

The security codes store the info block of flash memory.
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N
Program/Erase
Protect Level Control
—\ Protect Level
K / Control Release Protecting
FNTIME
., FMPAGE 32
2|, s FMRON ™
< « FMCOL
é K § FMCTRL
FMEXE 32
Flash Memory
FMROW
32KB(Main)
FMRPDO-3 1KB(Info)
Instruction Fetch
—\ Control
32
L FMRMOD '\
N l/
o]
s S § 5 Control _/T
g S g Select
2 §% ||S
Q ge ]
EY T
i ¢ ||°
g g Low Power control signal
~

Figure 12-1 Block Diagram of FLC
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12.2 Flash memory mat structure

The flash memory of the LSI is structured by 32K byte Main block and 1K byte information block. Main block is
divided by 32 in the page of the 1K byte unit.

Information block is used for writing the protect code. The structure is shown on Figure 12-2.

Both Main and Information block are mapped in CPU Instruction area. Main block is located in 0x0000-0x7FFF.
Information block is located in OxA000-OxA3FF. In protect level 1, CPU can read ROW4-7 of Information
block(0xA200-0xA3FF). In protect level2, CPU can read ROW5-7 of Information block(0xA280-0xA3FF). In protect 1
or 2, CPU can not read ROW read ROW0-3(0xA000-0xA1FF). ROW4-7 of Information block can be programmed by
flash information block program mode in protect level 1.

Main block Information block
4 0x0000 0xA000 T ROW 0
ROW 1
PAGEO | | PAGEQ* . RO 2
R ROW 3
OxA3FF
0x0400 \ \. 4Byte column
< N >
D TN o[1] RrRows4 TJ30]31
PAGE1 128Byte ROW 5
\ ROW 6
X ROW 7
32Pages H
. ‘I protect code
0x7800 4Byte column
>
PAGE30 .-To]1] rowo [30]31
il ROW 1
4 ROW 2
0x7€00 ROW 3
ROW 4 * :Access to the area of ROW0,1,2,3,
PAG E3l ROW 5 4(ROW1-31) in PAGEO is prohibited.
ROW 6
YOx7FFF ROW 7
128Byte

Figure 12-2 Flash memory mat structure
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. _____________________________________________________________________________________________________________________________|
12.3 Register Description
Table 12-2 shows the registers in FLC.

Table 12-2 List of Registers

SYMBOL Name Address Initial value
FMTIME Flash Memory Control Time register O0xFF00 Ox0F
FMPAGE Flash Memory Page address register OxFF01 0x00
FMROW Flash Memory Row address register OxFF02 0x00
FMCOL Flash Memory Column address register OxFF03 0x00
FMCTRL Flash Memory Control register OxFF04 0x00
FMEXE Flash Memory Program execute register OxFF05 0x00
FMRPDO Flash Memory Row Program Data0 register OxFF10 0x00
FMRPD1 Flash Memory Row Program Datal register OxFF11 0x00
FMRPD2 Flash Memory Row Program Data2 register OxFF12 0x00
FMRPD3 Flash Memory Row Program Data3 register OxFF13 0x00
FMRMOD Flash Memory Read mode register OxFF20 0x01
FMPCR Flash Program Control Register OxFF23 0x00

1231 FMTIME

Register FMTIME FLASH Memory Control Time Base Address OxFFO00
Bit Bit Name R/W | Initial Description Note
7 TIME? RW |0 FLASH Memory Control Time Base
To make “lus” time tick, set value as shown
6 TIME6 RIW |0 below.
5 TIME5 RW |0 FMTIME =
((Frequency of CLKCPU) *1/ 1076) — 1
4 TIME4 RIW |0
3 TIME3 RW |1 FMTIME register can be written only when
FMEXE=0.
2 TIME2 RW |1
1 TIME1 R/W 1
0 TIMEO R/W 1
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12.3.2 FMPAGE

Register FMPAGE FLASH Memory PAGE Address Address OxFF01
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved 0 Read value is 0. Write only 0.
4 PAGE4 R/W 0 FLASH Memory PAGE Address
Specify PAGE Address in the Module.
3 PAGE3 RIW |0 This PAGE address specifies target page
2 PAGE?2 RW |0 position to be programmed or erased.
FMPAGE register can be written only when
1 PAGE1 RIW |0 FMEXE=0.
0 PAGEO RIW |0
12.3.3 FMROW
Register FMROW FLASH Memory ROW Address Address OxFF02
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 ROW2 RIW |0 FLASH Memory ROW Address
Specify ROW Address in a Page.
1 ROW1 RIW |0 This ROW address specifies target ROW
0 ROWO RW |0 position to be programmed.
FMROW register can be written only when
FMEXE=0.

In protect level 1, ROW?2 bit should be set to 1'b1. If ROW?2 bit is 1'b0 in protect level 1, the flash operation sequence
is running but the flash operation do not affect the flash memory not to access to the top half of the information block
when accessing information block.
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12.3.4 FMCOL

Register FMCOL FLASH Memory Column Address Address OxFF03
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved 0 Read value is 0. Write only 0.
4 COL4 RW |0 FLASH Memory Column Address
Specify Column Address of each Word in a
3 CcoL3 RIW |0 ROW.
2 COL2 RW |0 This Column address specifies target position
to be programmed in a row.
1 COL1 RW |0 FMCOL is automatically incremented when
0 COLO RW |0 sequential reading(FMEXE=1 and reading
FMRPD3 in read mode), or when the current
writing sequence is finished.
FMCOL register can be written only when
FMEXE=0.
1235 FMCTRL
Register FMCTRL FLASH Memory Control Address OxFF04
Bit Bit Name R/W | Initial Description Note
7 FMIF R/C 0 FLASH Memory Interrupt Flag

Read 0: Operation not finished.

Read 1: Operation finished.

Write 0: No effect

Write 1: Clear this flag.

6 FMIE RIW |0 FLASH Memory Interrupt Enable

0: Disable

1: Enable

(Actual Interrupt Signal = FMIF & FMIE)

Read value is 0. Write only 0.

reserved R

reserved R
FMCMD3 R/W
FMCMD2 R/W

FMCMD1 R/W
FMCMDO R/W

Read value is 0. Write only 0.

FLASH operation mode
0000: Normal operation mode
CPU opecode fetch via CPUX-bus
0100: Main block Read mode
0101: Main block Row programming mode
0110: Main block Page erase mode
0111: Main block Mass erase mode
1000: Information block Read mode
1001: Information block Row program-
ming mode
1111: Protecting release mode
others: prohibited
FMCTRL.FMCMDI[3:0] register can be written only when FMEXE=0.

ORI N W|h~| O
oOlo|o|O|O| O
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According to the difference of the current protect level, there is unacceptable write value of FCMD[3:0]. Table 12-3
shows the acceptable mode according to the current security mode.

Table 12-3 Protect level vs FMCMDJ3:0]

Mode Value Levell Level2
Normal operation mode b'0000 X X
Main block Read mode b'0100 X -
Main block Row programming mode b'0101 X -
Main block Page erase mode b'0110 X -
Main block Mass erase mode b'0111 X -
Information block Read mode b'1000 X -
Information block Row programming mode b'1001 X -
Protecting release mode b'1111 X X
Others others - -
12.3.6 FMEXE
Register FMEXE FLASH Memory program execute Address OxFFO05
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 FMEXE RIW |0 FLASH operation execute
Read 0: FLASH operation is not executed.
Read 1: FLASH operation is executed now
(BUSY).
Write 0: Abort FLASH operation.
Write 1: Start FLASH operation.

FMEXE bit cannot be written when FMCMD[3:0]=4'b0000.
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12.3.7 FMRPDO-3

Register FMRPDO FLASH Row Program Data 0 Address OxFF10
Register FMRPD1 FLASH Row Program Data 1 Address OxFF11
Register FMRPD2 FLASH Row Program Data 2 Address OxFF12
Register FMRPD3 FLASH Row Program Data 3 Address OxFF13
Bit Bit Name R/W | Initial Description Note
7 RPD7 RW |0 FLASH Memory Row Program Data
These registers store word data to be
6 RPD6 RIW | 0 programmed in specified word lane in a row.
5 RPD5 RW |0 FMRPDO corresponds to FLASH read address
4n. Also, FMRPD1->4n+1, FMPRD2->4n+2,
4 RPD4 RW |0 FMPRD3->4n+3.
3 RPD3 RIW |0
2 RPD2 RIW |0
1 RPD1 R/W 0
0 RPDO R/W 0
12.3.8 FMRMOD
Register FMRMOD FLASH Memory Read Mode register Address O0xFF20
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 FAST RW |1 FAST clock read mode
0: Slow clock read mode(1cyc)
1: Fast clock read mode(2cyc)
The written value can be read after the flash
access will be active to idle.
The clock frequency must be changed after
confirming that the read data equals to written
data.
12.3.9 FMPCR
Register FMPCR FLASH Memory Program Control register | Address OxFF23
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
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5 reserved R 0 Read value is 0. Write only 0.

Program wait status

Read 0: Not waiting for next data preparation
Read 1: Waiting for next data preparation
Write 0: No effect.

Writel: To clear this bit.

This bit is automatically cleared when writing
to FMRPD3 register or writing 1 to FMEXE
bit.

4 PWAITS R/C 0

3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved 0 Read value is 0. Write only 0.
0 PWAITIE RIW |0 Program wait interrupt enable

0: Disable
1: Enable interrupt by program wait
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12.4 Operation

12.4.1 Instruction fetch

The Instruction Fetch Controller (IFC) controls instruction fetch from Flash to CPU. IFC has a 4bytes x 2 lines
instruction buffer (IBUF). IFC reads 4bytes instruction code from Flash, then returns 1byte instruction code to CPU and
writes fetched 4bytes instruction code to the instruction buffer. If the instruction buffer has the code that CPU requests
to fetch, IFC returns the instruction code in the instruction buffer without wait states. This mechanism reduces number
of flash access and avoids decreasing CPU performance.

IFC also has constant data buffer (DBUF). DBUF consist of 4bytes x 1line buffer. When CPU reads constant value
from Flash using MOVC instruction, IFC reads 4bytes constant value from FLASH, then returns 1byte value to CPU
and writes fetched 4bytes constant value to the data buffer.

IFC has two flash access modes: Fast clock mode and Slow clock mode. The flash access mode can be selected by
FMRMOD register. In Fast clock mode, IFC accesses to flash memory by two cycles. In Slow clock mode, IFC access
to flash memory by one cycle. When the frequency of CLKFAST is less than 25MHz, Slow clock mode can be used.
When the frequency of CLKFAST is more than 25MHz, Fast clock mode must be used.

IBUF has instruction prefetch mechanism to avoid reducing CPU performance. In Fast clock mode, the prefetch
starts when CPU fetches instruction code from address 4n+2 or 4n+3 (n>=0). In Slow clock mode, the prefetch starts
when CPU fetches it from address 4n+3(n>=0). If the prefetch is successful, CPU can fetch instructions without
prefetch missing penalty. If the prefetch is failed due to JMP instruction, etc, IFC fetches instruction code again from
correct address with prefetch missing penalty. CPU waits for finishing instruction re-fetch.

In protect level2,
(1) The flash cannot be read after CPU fetches the instruction from outside of flash area.

(2) The flash cannot be read after CPU accesses the data located 0x8000-Ox8FFF, 0x9400-0x9FFF or
0xA400-0xFFFF(0x8000-0xFFFF except flash area) using MOVC instruction.

(3) The flash cannot be read for OCD.
12.4.2 Flash programming

12.4.2.1. Mass Erase

The Mass Erase operation erases whole block of the data area. Main block erase mode
(FMCTRL.FMCMD[3:0]=b'0111). After setting FMCTRL register, the Mass erase operation starts when setting
FMEXE.FMEXE=1. During mass erasing, the FMEXE bit stays 1 to inform busy status, and will be cleared zero when
the mass erase is finished. When finished, FMIF flag is set. If FMIE bit is set, interrupt request from FLASH memory is
issued. FMIF should be cleared in the interrupt service routine.

The Main block erase mode operation can be executed in protecting levell.

Figure 12-3 shows mass erase operation sequence.

Set FMCTRL.FMCMD[3:0] ‘ 1) (1) FMCMDI3:0]=4'b0111: Main block mass erase mode.

FMEXE=1

FMIF==1?

Yes
clear FMIF

) (2) If FMIE=1, the interrupt occur when FMIF=1, FMEXE is cleared
automatically by hardware.

(©)] (3) FMIF is cleared by writing 1'b1 to FMIF.

Figure 12-3 Mass erase operation sequence
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12.4.2.2. Page Erase

The Page Erase operation erases a page of the main block. The erasing page can be selected by FMPAGE register.
Main block page erase mode (FMCTRL.FMCMDI[3:0]=b'0110). After setting FMCTRL register, the Page Erase
operation starts when setting FMEXE.FMEXE=1. During page erasing, the FMEXE bit stays 1 to inform busy status,
and will be cleared zero when the page erase is finished. When finished, FMIF flag is set. If FMIE bit is set, interrupt
request from FLASH memory is issued. FMIF should be cleared in the interrupt service routine.

The Main block page erase mode operation can be executed in protecting levell.

Figure 12-4 shows page erase operation sequence.

Set FMCTRL.FMCMDI[3:0] ‘ 1) (1) FMCMD[3:0]=4'b0110: Main block page erase mode.

A

Set FMPAGE

% o)

Yes

(2) If FMIE=1, the interrupt occur when FMIF=1. FMEXE is cleared
automatically by hardware.

clear FMIF

©)] (3) FMIF is cleared by writing 1’01 to FMIF.

No

Last Page?

Figure 12-4 Page erase operation sequence
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12.4.2.3. Row Programming

The Row Programming operation writes program data to the specified address of Info/Main block area. The Row
programming operation has two modes: Info block Row programming mode(FMCTRL.FMCMD[3:0]=b'1001) and
Main block Row programming mode(FMCTRL.FMCMD[3:0]=b'0110). At first FMCTRL register should be set to Row
programming operation mode. After that, to program FLASH, user should specify Page Address(FMPAGE register),
Row Address(FMROW register) and Initial Column Address(FMCOL register) in advance. Then the Row programming
operation becomes ready to start when setting FMEXE.FMEXE=1. The specified column address programming starts
when FMPRD3 is written. The programmed data is the value of FMPRDO to FMPRD3 when FMPRD3 is just written.
During the word is programming, FMEXE bit stays 1 to inform busy status, and will be cleared zero when the word
programming is finished or the current column address programming when FMEXE bit is set to b'0 is finished. When it
is finished, FMIF flag is set. If FMIE bit is set, interrupt request from FLASH memory is issued. FMIF should be
cleared in the interrupt service routine. FMCOL register is incremented by hardware. If user wants to program next
column, prepare the next word data in FMPRDO to FMPRD3 again.

The Info/Main block Row programming mode operation can be executed in protecting levell.

Figure 12-5 shows Page/Mass erase operation sequence.

‘ Set FMCTRL.FMCMDI[3:0] ‘ 1) (1) FMCMDI[3:0]=4'b0101: Main block programming mode, 4'b1001:
>

Information block programming mode.
Set FMPAGE

Set FMROW
Set Initial FMCOL
FMEXE=1

@ (2)Set program data. The program operation starts when FMRPD3
‘ Set FMRPDO ~FMRPD3 ‘ register is written.

‘ Wait for 23us or PWAITS=1 ‘ 3)

(3) The debugger access interval is very wide. Therefore, the debugger
does not have to care the wait time. FMRPDO-2 can be re-written
while programming instead of waiting.

(4) FMEXE is cleared automatically by hardware when the program of
the last column(COL[4:0]=31) in its ROW is finishing.
At this time,software clear should not be applied.

(5) If FMIE=1, the interrupt occur when FMIF=1.

(6) FMIF is cleared by writing 1’b1 to FMIF.

Figure 12-5 Row program operation sequence
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12.4.2.4. Row Data Read

The Row Data read operation reads program data from the specified address of Info/Main block area. The Row Data
read operation has two modes: Info block Row read mode(FMCTRL.FMCMD[3:0]=b"1000) and Main block Row read
mode(FMCTRL.FMCMD[3:0]=b'0100). At first FMCTRL register should be set to Info or Main Row read operation
mode. After that, to read FLASH, user should specify Page Address (FMPAGE register), Row Address(FMROW
register) and Initial Column Address(FMCOL register) in advance. The specified column address reading starts when
setting FMEXE.FMEXE=1 or when FMPRD3 is read. The read data is held FMPRDO to FMPRD3. During the word is
reading, FMEXE bit stays 1 to inform busy status, and will be cleared zero when the word reading is finished or the
current column address reading when FMEXE bit is set to b'0 is finished. When it is finished, FMIF flag is set. If FMIE
bit is set, interrupt request from FLASH memory is issued. FMIF should be cleared in the interrupt service routine.
FMCOL register is incremented by hardware. If user wants to read next lane column, read the next word data in
FMPRDO to FMPRD3 again. In Info block Row read mode, flash page address is always 4'h0, PAGE register is ignored.
Moreover, MSB of flash row address is always 'b0, FMROW.ROW][2] is ignored.

The Info block and Main block Row data read mode operation can be executed only in protecting level 1.

Figure 12-6 show row read operation sequence.

l Set FMCTRL.FMCMDI[3:0] l 1) (1) FMCMDI[3:0]=4’b0100: Main block read mode, 4’b1000: Information
N

block read mode.
Set FMPAGE

Set FMROW
Set Initial FMCOL

2) (2)The read operation starts when writing 1'b1 to FMEXE register.

l Read FMRPDO ~FMRPD3 l 3) (3)Read column data. The read operation for the next column starts
when FMRPD3 register is read.

No
Last coloumn?

(FMEXE=0)

%

Yes

(4) FMEXE is cleared automatically by hardware when the read of the
last column(COL[4:0]=31) in its ROW is finishing.

(5) If FMIE=1, the interrupt occur when FMIF=1.

clear FMIF
(6) FMIF is cleared by writing 1’b1 to FMIF.

Yes
Last Page?
Yes

Figure 12-6 Row read operation sequence
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12.4.2.5. Protecting Release

The Protecting Release operation re-configures the current protecting level. The Protecting Release operation is
selected by FMCTRL.FMCMDI[3:0]=b'1111. FMPRDO to FMPRD3 register are for setting protecting code. The
Protecting Release operation starts when FMEXE.FMEXE bit is set to b'l. When the current protecting level is level2,
the next protecting level will be levell if the value of FMPRDO to FMPRD3 equal to protecting code which flash

memory holds.

Figure 12-7 shows protecting release operation sequence.

Start

’ Set FMRPDO ~FMRPD3 ‘ 1) (1) Set Level protect code.

@ (2) If FMIE=1, the interrupt occur when FMIF=1. FMEXE is cleared
automatically by hardware.

%

Yes

clear EMIE (3) FMIF is cleared by writing 1’b1 to FMIF.

3

Figure 12-7 Protecting release operation sequence

12.5 Flash protecting level control

The Flash protecting level controller (PLC) manages flash program/erase/read rights to save user program from the
attackers. PLC has 2 protecting levels: Levell or Level2.

e Protect Level 1: Inhibit Erase in Information Block Area.
e Protect Level 2: Available only normal operations for user. Note that OCD can not access to Flash. And User can not
access to FLASH after fetching instructions from internal RAM.

Table 12-4 shows the functions which can be executed in each protect level.

Table 12-4 Flash Protect Level

; S
2 s|l=|8|8|8]|°
Protect Level s=| S| 8| s|s|&|=
@ = = = = = 1=
s |le|le|s3|=s|3| 5
S2|E|E|=S|=S|=]|z2
After Program
1 After Mass erase O 10[O0]0]0 O
(Main)
When USER uses 0
2 ocD X x| x| x| x| x
X
After Instruction fetch from RAM

According to protecting release operation, the user can change protect level. For more details, please see 12.4.2.5.

. _____________________________________________________________________________________________________________________________|
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12.6 Limitation of FLC

12.6.1 Going to low power mode

Note that if the LSI goes to low power mode, ten or more NOP instructions must be added after writing to LPCTRL
register.
12.6.2 Row programming time

The Row programming time (during FMEXE=1) must be less than 4ms.

12.6.3 Protect function

Protect function is not guaranteed to operate as it is not tested.
Please use Protect function after evaluating by a user.
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13. TinyDSP

13.1 Overview

TinyDSP is a dedicated processing unit for calculation of digital filter. It is independent of CPU, thus CPU and
TinyDSP can process each operation concurrently. The LSI integrates 2-sets of TinyDSP and they can simultaneously
operate.

TinyDSP is based on 16bit fixed point calculation. User can configure its program sequence using simple instructions
such as Multiply, Division, MAC (Multiply and Accumulate), Barrel-Shift, Move, Jump, min/max saturation etc. Each
TinyDSP unit has 16 x 16bit Data Registers to store input / output data, coefficients and temporary data, 8 x 16bit Data
Register to store constants, and also 1x 36bit Accumulator. The TinyDSP also supports hardware division to improve
system performance.

The calculation sequence is initiated and controlled by writing Data Registers by CPU or DSAC. This scheme is
fully configurable by user. For example, the DSAC can transfer data to TinyDSP by some events occurred in the LSI
such as End of A/D Conversion, so the TinyDSP sequence can be triggered by internal hardware, that is fully
independent of CPU operation.

When TinyDSP finishes its sequence, it can generate event trigger, for example, to the DSAC, and the DSAC can
transfer result data from TinyDSP towards High-Resolution PWM as a PWM duty data. Therefore, in this whole scheme,
all operation can be done without CPU.

Table 13-1 Feature of TinyDSP

Item

Description

Note

Unit Count

2 units / LSI

Operation

16bit Fixed Point

Program Memory

Total 64 steps(shared by both units)

Data Memory

16 x 16bit Data Register + 1 x 36bit Accumulator
8 x16 bit Constant value Register

Instructions

Multiply, Division, MAC, Shift, Move, Jump, min/max
saturation

Hardware Divider

Integrated

Sequence Control

Initiated and Controlled by Internal Events.

Event Output

Configurable Output at any sequence step.

Performance

3Pole-2Zero IIR: 10cycles
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13.2 Block Diagram

Data Bus
(CPU)
Tiny DSP J L
Shared Memory
16b x 64w
Data Bus <::
Interrupts ¢! Registers Control Unit Control Unit
Events
o :>L [—I\| Execution Unit -
(CPUIDSAC) Register > 16 iy
Data Bus N File v lei
(R8-R15) 16b x 16w
(cPU) V] MMX sW
R15
MIN<Rm <MAX \/
R14 oX&6 I
A ) m
Constant 3 2\ > x
value I 4 oll & o
Register RL2 s Signab+32b S 7] =1
= =
16b x 8w . 36b 36b Y % :-| g
_C7_] : Shifter AYU 2| 2 c
5 = =
[ce ] < =
SR 36b+36b S
Data Bus I\ " Rounding aturate calc, Signab+32b %
e [ m—TT =
«Q
C2 R2 (under) 16b [ ACC | )
C1 R1 L I36b A\ @
RO
DSPO DSP1
A4
Data Bus
(CPU)

Figure 13-1 Block Diagram of TinyDSP
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13.3 Resources

(1) RO-R15 (Register File)
Each unit has register file which contains 16 x 16bit general registers Rn. The Rn can be used as coefficient storage
or internal memory (delay element for digital filter). RO-R7 can be accessed via SFR bus (CPU or DSAC), whereas
R8-R15 can be accessed via CPU data bus. DSAC can reach to only R0-R7, so it is recommended that input value
from A/D or output value to PWM duty should be assigned in R0-R7 to enable DSAC transfer.
The Register File is connected to input ports of MUL ,DIV or MMX. Also, Register File receives data from ACC
through Shifter.

(2) ACC (Accumulator)
Each unit has 1 x 36bit accumulator register (ACC) to store internal calculation results. The ACC receives
calculation results from ALU, MUL, or DIV. The ACC can be accessed from CPU data bus. In the calculation in
ACC, overflowed result will be saturated to positive maximum value or negative minimum value.

(3) MUL (Multiplier)
Each unit has 1 multiplier which can basically execute 16bit x 16bit = 32bit. The MUL receives data from R0-R15,
and it outputs result to ALU or ACC.

(4) ALU (Arithmetic and Logical Unit)
Each unit has 1 arithmetic and logical unit ALU which can basically execute addition 36bit + 36bit - 36bit.

(5) Shifter (SFT)
Each unit has 1 shifter which has only right shift capability. The SFT receives 36bit data from ACC, and clips 16bits
from the input, and output the 16bits to RO-R15. In the clipping operation (right shift), overflow might happen. In
the case, saturated result will be generated. Also in the clipping (right shift), the result (LSB) is rounded to nearest.

(6) Divider (DIV)
Each unit has 1 divider which can process Rn(16bit-precision) / Rm(16bit-precision) ->16bit-precision * (1 /
16bit-precision) -> 16bit-precision * 16bit-precision> Acc(32bit-precision). The algorithm is based on
Newton-Raphson Method in which inverse number of Rm is derived first and Rn is multiplied to make final result.
Internally, there is no dedicated hardware for DIV which means the DIV operation is actually processed by using
internal other resources described above such as MUL, ALU, ACC, etc.

(7) MMX
Each unit has 1 MMX unit. The MMX receives data from R0-R15, and saturates source data in Rm to pre-defined
minimum and maximum value, and stores it to same register Rm .

(8) Shared Memory
DSP needs a memory to hold instructions which configures processing sequence. 2DSP core units share one
memory whose size is 16 bit x 64 words. This memory is called Shared memory. Each instruction length is 16 bit.
Shared memory stores 64 step instructions in 2 DSP’s total. Shared memory holds not only instructions but also
constant values for LDR function.

(9) CVR (C0-C7)
Each DSP unit has registers which contain 16 bit x 8 words Constant value register Cn. It can be used in MUL,
MAC, and DIV instructions, if the CVR function is enabled. Details are described in 13.8.1

(10)LDR
R15 register can be used as window to read constant data stored in Shared Memory, if LDR function is enabled.
Details are described in 13.8.2.

13.4 Instructions

Instructions for DSP are shown in Table13-3. User should configure program memory by storing these instructions in
advance. Note that all instructions except MMX have capability for Trigger Wait and Event Output.
13.4.1  Instruction Format

DSP Instruction constitutes it as following field.
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(1) TRIG-WAIT
This TRIG-WAIT field is used for waiting the trigger. Set”1”: Trigger wait, “0”: No trigger wait.

(2) TRIG-WHAT
Trigger selection field which selection selects the DSP register RO-R7 of the trigger sources shown below.

Table 13-2 TRIG-WHAT bit

Register Bit14 Bit13 Bit12
RO 0 0 0
R1 0 0 1
R2 0 1 0
R3 0 1 1
R4 1 0 0
R5 1 0 1
R6 1 1 0
R7 1 1 1
(3) EVENT
The Event output is controlled by setting “1” in this EVENT field. If Event field is “0”, No Event output.
(4) OPCODE
This field shows DSP OPCODE which are eight codes. Detail description is shown at 13.4.2.
(5) FIELD A/B

These two fields are operated fields for Instruction Rn,Rm : RO~R15, #n : The number of the shift bits.
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Table 13-3 Instructions

Instruction Format

DL LSB(bit0) Instruction Operation gxelc
TRIG_ | TRIG_ | EVE | J,-opg |FIELD | FIELD ycie
WAIT | WHAT NT A B
don't If(Rm > MAX) Rmé€MAX;
0 001 0 ololol Rm C‘;re 0x0 MMX | Else if (Rm < MIN) 1
Rm < MIN;
T |WHAT| E don’t | don’t | s NOP | No Operation 1
care care
0 next PC 0x1 JMP | Jump 1
T |wHAT| E |0]o0]1 R15€
1 | LoadAddr | Ox1LDD | SharedMemory[LoadAddr] 1

LDA=LoadAddr + 1
T WHAT E 01110 Rm Rn 0x2 MUL | ACC&RnxRm 1
T WHAT E 0|11 Rm Rn 0x3 MAC [ ACC<ACC+RnxRm 1
T WHAT E 1({0f0 Rm Rn 0x4 DIV | ACC<Rn/Rm 8
T WHAT E 1({0f1 Rm #n Ox5 LSF [ ACC&Rm << #n 1
T WHAT E 1 (10 Rm #n 0x6 RSF | Rm&ACC >>#n 1
T WHAT E 111]1 Rm Rn 0x7 MVC | Chain Move (delay element) 1

Rm&Rm-1€...<Rn+1<Rn

Initial Rm is destroyed.

Rn is kept same value

13.4.2 Instruction Set

(1) ox0
. MMX
The MMX instruction saturates Rm to min and max. If Rm is larger than max, max is stored to Rm of register
file. If Rm is smaller than min, min is stored. MMX has not capability for Trigger Wait and Event Output.
This instruction is distinguished from NOP if both TRIG_WAIT and EVENT are set 0, and TRIG_WHAT is
set 001.
Il. NOP
No operation. Only PC is incremented. This instruction is distinguished from MMX unless both
TRIG_WAIT and EVENT are set 0, and TRIG_WHAT is set 001
(2) ox1
I. JMP
Jump to specified PC position (7bit, but its MSB is ignored). This instruction is executed if bit7 of the code is
set to 0 or LDR function is disabled.
Il. LDD
When the LDD instruction is executed, DSP reads data from Shared memory and stores it to R15. LDD’s
source address is bit6-0 of the code (but its MSB is ignored). This instruction is distinguished from JMP
when bit7 is set 1 and LDR function is enabled. This instruction’s’ detail is described in 13.8.2.
(3) 0x2 MUL

Rn(16bit) and Rm(16bit) are multiplied and the result is stored in lower 32bits of ACC. Higher 4bits of ACC will
be same as signed bit of the multiplied result.

(4) 0x3 MAC
Rn(16bit) and Rm(16bit) are multiplied and the 36bit result (32bit with 4-bit sign extended) is accumulated onto
. _____________________________________________________________________________________________________________________________|
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ACC as 36bit value. In the accumulation (addition), overflow towards positive will be saturated to
0x7_FFFF_FFFF and overflow towards negative will be saturated to 0x8_0000_0000.

(5) 0x4 DIV
First of all, the instruction approximately derives inverse number of Rm(16bit) and internally generate the result as
16bit precision value. Finally, the result (16bit precision) is multiplied by Rn(16bit) and generate 32bit precision
value in ACC. Higher 4bits of ACC will be sign extended field. DIV has two calculation modes. One is normal
mode, and the other is high precision mode. DIV’s calculation mode is configured by DSPCTRL2.HPDIV. High
precision mode improves the precision of results particularly when divisor Rm is large. Both modes take 8 cycles to
execute.
Regarding decimal point, it resides only in programmer’s thought. If its position of source value Rm is supposed
between bit 0 and bit -1 (this means the Rm is integer value), decimal point of inverse number of Rm (1/Rm) is
located between bit 15 (sign bit) and bit14. And if decimal point of Rn is also located between bit0 and bit -1 (it is
integer), final result in ACC has decimal point located between bitl5 and bit14. User can take any 16bit field in
ACC and store it in Register File by using RSF instruction.
Only the DIV is multi-cycle instruction.

(6) 0x5 LSF
Rm is shifted left by n-bits and the value is stored to ACC. The left shifting is implemented by using multiplier
(MUL) in the data path. Higher ACC field will be buried by sign extended value. Lower ACC field will be buried
by zero.

(7) Ox6 RSF
ACC (36bit) is shifted right by n-bits and the value is stored to Register File Rm. This means that RSF instruction
receives 36bit data from ACC, and clips 16bits from the input, and output the 16bits to Rm. In the clipping
operation (right shift), overflow might happen. In the case, saturated result will be generated. Also in the clipping
(right shift), the result (LSB) is rounded to nearest.

(8) Ox7 MVC
The MVC moves data in Register File like as chain-manner to implement delay element for digital filter. Targets of
chain move are contiguous numbered register file. According to instruction field (m and n), Rm receives data from
Rm-1, and Rm-1 receives from Rm-2, and so on. Also Rn+2 receives data from Rn+1, and Rn+1 receives from Rn.
Initial value of Rm will be destroyed. And data in Rn will be kept.
If user specifies m<=n, this instruction will operate as same as NOP.
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13.5 Operation

(1)

In advance, user should configure the TinyDSP as follows

- Set program sequence in Shared Memory.
- Set initial value of R0-R15 and CO-C7. (eg. Coefficients or Delay Elements for digital filter)

)

(3)

(4)

(5)

Enable the DSP by setting DSPE bit in DSPXCTRL register. Initial value of Program Counter (PC) of instruction
sequence can be set by user in advance, but usually program sequence starts from PC=0x0.

DSP instruction sequence starts. But, if TRIG_WAIT flag in instruction is set, the instruction stops before its
execution, and waits for a trigger. The trigger occurs when an Rn (selected from R0-R7 specified by TRIG_ WHAT
field in the instruction) is updated (written a value). Once the trigger is detected, the instruction executes its
operation, and then goes to next PC address.

The triggers for resuming instruction are shown in the description of DSPXTRG register (refer to 13.9). For
example, suppose that an instruction is waiting for updating R3 by CPU or DSAC, which means TRIG_WAIT=1
and TRIG_WHAT=3 in the instruction field as shown in Table 13-2.

If SET_R3 bit in DSPXTRG register is zero(casel), the instruction is suspended before its execution, and once CPU
or DSAC write a new value to R3, SET_R3 bit is automatically set, and the instruction resumes its execution. At
this time, SET_R3 bit is automatically cleared. If SET R3 bit was set when CPU or DSAC updated R3 value before
the instruction (Case2), the instruction resumes its execution at once and SET_R3 bit is cleared.Note that CPU does
not need to access DSPXTRG register during DSP operation, but for debugging capability or for re-initialization,
this register can be accessed by CPU (Read or Write forcibly).

Case 1 time R
INSTR A INSTR B INSTR C INSTR C
suspended
TRIG WAIT=0 TRIG WAIT=0 TRIG_WAIT=1 TRIG_WAIT=1
TRIG_WHAT=x TRIG_WHAT=x TRIG_WHAT=3 TRIG_WHAT=3
SET_R3 bit auto auto
(DSExTRG) set clear
R3 X
updated (written)
by CPU or DSAC
Case 2 time R
INSTR A INSTR B INSTR C INSTR D
TRIG_WAIT=0 TRIG_WAIT=0 TRIG_WAIT=1 TRIG_WAIT=0
TRIG_WHAT=x | | TRIG_.WHAT=x | | 1Rric WHAT=3 TRIG_WHAT=x
SET_R3 bit auto auto
(DSPXTRG) set | clear
R3 X

f

updated (written)
by CPU or DSAC

Figure 13-2 Trigger Operation of Instruction Sequence
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(6) During DSP instruction sequence, its PC reaches last address (0x3F), the PC rewinds to 0x0 and DSP continues
instruction sequence.

(7) Aninstruction with EVENT flag =1 is finished its operation, DSP interrupt flag (DSPIF bit in DSPXCTRL register)
is set to 1. Also internal event pulse is generated toward other modules. If DSPIE bit in DSPXCTRL register is set,
interrupt signal is asserted towards INTC (Interrupt Controller).

(8) If Saturation is occurred during instruction operation, DSP_SA (for ALU) or DSP_SS (for Shifter) in DSPXCTRL
register are set to 1 and inform CPU to such situation. Only the “Occurrence” is informed. Each flag can be cleared
by CPU.

(9) If DSP_DBG bit in DSPxDBG register is set, the DSP unit enters in debug mode. In debug mode, DSP executes
program sequence only step by step. The initiation for step execution is done only by setting DSP_STP bit. Note
that if DSP_DBG and DSP_STP are set at same time, step execution is not processed. The step execution is done
by setting DSP_STP during DSP_DBG=1. Even if the TRIG_WAIT flag in instruction has been set, this step
operation forces to execute the instruction. If PC designates last address, the step operation rewinds PC to 0 and
repeat from first address.

(10) Regarding Register or Storage resources which can be accessed by both CPU/DSAC and DSP itself, if CPU/DSAC
and DSP access same resource at same time (access contention), CPU/DSAC has higher priority than DSP. In the
case, DSP internally stalls its operation.

DSP Registers belong to the Register File are assigned in SFR area(R0-R7) and XBUS area(R8-R15), and their data
width are 16bit. However, pair of Low Side (LSB Side) register and High Side (MSB Side) register for 16bit value are
assigned on SAME address. In order to take the 16bit-write access, 1* writing on the address reaches to Temporary
Register for Low Side and 2" writing reaches to High Side. At this 2" access, Temporary and High Side data are
transferred to both Low Side and High Side registers. In read access, 1 access gets Low Side data to the bus and High
Side data reaches to temporary register, and then 2" read access receives High Side data from temporary register. The
LSB/MSB Side is selected by CPU/DSAC access counter. When CPU reads from R0-15, CPU counter is incremented.
If DSPnRST.CPUACCLA bit is set to 1'b1, Both the CPU SFR BUS access counter and the CPU XBUS access counter
are cleared. After that, the LSB Side can be read by CPU. When DSAC reads from R0-R7 register, DSAC counter is
incremented. If DSPNRST.DSACACCLA bit is set to 1'b1, the DSAC access counter is cleared. After that, the LSB Side
can be read by DSAC. DSAC can directly read/write 16bit data to registers which is assigned in SFR. How to configure
is shown in Section 11.

Regarding the rest of register of each peripheral assigned in XBUS area(DSPPRG*), each Low Side (LSB Side)
register and High Side (MSB Side) register for 16bit value is assigned independent contiguous address. The Low Side is
on lower address, the High Side is on higher address, which follows Little-Endian manner.

Rn Register Rn Register
Rn_L Rn_H Rn_L Rn_H
A A
2nd access 2nd access 1st access 1st access
A4
Temp. for Rn_L Temp. for Rn_H
1st access 2nd access
A 4 A 4
8bit 8bit
Figure 13-3 Rn Register Access
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13.6 Event Outputs
Each TinyDSP can issue 2-event outputs (event0, eventl) towards DSAC.

TinyDSPO Event 0
TinyDSPO Event 1
TinyDSP1 Event 0
TinyDSP1 Event 1

The event output can be controlled by E-field in each instruction code. Following shows how to select from event0 or
eventl.

If E==1 and WHAT != 7, then output Event0.
If E==1 and WHAT == 7, then output Event1.

[Note]
(1) If T==1 in addition to above, still the DSP will wait for writing to R7.
(2) If T==1 and E==1, the instruction will wait for register writing, and after its restart, event output should be output.

(3) If TinyDSPx outputs eventO or eventl, the DSPIF (interrupt) flag in DSPXCTRL register is set.

13.7 Shared Memory

Shared memory has only 64step storage size as shown in Figure 13-4.

MSB (bit15) LSB (bit 0)

Address (PC) Shared Memory to store Instructions (16bit width), or
Coefficient for LDR(16bit width)
(DSPx_PRG_ADDR) | (assigned as register located in CPU data area)

0x0~3F DSPx_PRG_H DSPx_PRG_L

Figure 13-4 Shared Memory

13.8 Function for coefficient

DSP holds coefficients in among R0-15, C0-C7 and Shared memory. The Function of holding coefficnerts in C0-C7 is
called “CVR*, and the one in Shared Memory is called “LDR”.

1381 CVR

While bit field B in instruction code indicates Rn in normal mode, it indicates Cn in CVR mode. To enable CVR
mode, user needs to configure DSPNCTRL2.CNSTSEL bit and DSPNCNSTEN register. Moreover, user can configure
indexing of field B from Rn or Cn. CVR function operates in executing MUL, MAC or DIV instructions.

If DSPNCTRL2.CNSTSEL = 0 and bit field B is 0-7, RO-R7 is selected.

If DSPNCTRL2.CNSTSEL = 0 and bit field B is 8-15, either R8-R15 or C0-C7 is respectively selected according to
8bits DSPNCNSTEN register. For example, if DSPNCNSTEN is 0x01, bit field B with 1000 indexes CO.

If DSPNCTRL2.CNSTSEL =1 and bit field B is 8-15, R8-R15 is selected.

If DSPNCTRL2.CNSTSEL = 1 and bit field B is 0-7, either RO-R7 or CO-C7 is respectively selected according to
8bits DSPNCNSTEN register. For example, if DSPNCNSTEN is 0x01, bit field B with 0000 indexes CO.
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1382 LDR

In LDR mode (DSPNnCTRL2.LDEN =1), MUL, MAC and DIV instructions can refer constant data in Shared Memory.
In this mode, it is recommended to use LDD instruction first to initialize function of LDR.

The LDD instruction loads Shared Memory data at address indicated by LoadAddr field to R15, and also LoadAddr+1
value is loaded in DSPnLDA register.

As for the MUL, MAC and DIV instructions, if the field B of instruction code is 1111 (R15), each instruction uses its
source data stored in R15, After the execution of each instruction, Shared Memory data stored at address indicated by
DSPnLDA is loaded into R15, then DSPnLDA is incremented by one.

Above operations are shown in Figure 13-5 and Figure 13-6.

On LDD executing After LDD executing

DSPnLDA

Incrementby 1
LDD 0x00
Register File LDA points next loading goefficient Register File
Shared RO DataR0 Shared RO DataR0
memory R1 DataR1 memory R1 DataR1
Addr | Data . Addr | Data
0x00 | Data00 . 0x00 /6ata00 —~—
0x01 | Data0l . 0x01 ™| Data01
0x02 | Data02. - 0x02 | Data02
0x03 | Data03 0x03 | Data03
(LoRy | DataR1s pe | pataoo
0x04 | Dataos (LDR) 0x04 | Data0a (LDR)
. N
Ox3E | Data3E O0x3E | Data3E
O0x3F | Data3F Ox3F | Data3F
/ L—

Figure 13-5 Block Diagram for LDD instruction
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On executing After executing

Incrementby 1

DSPnLDA

DSPnLDA

LDA points loading data Register File LDA points next loading coefficight Register File
Shared RO DataR0 Shared RO DataR0
memory R1 DataR1 memory R1 DataR1

Addr Dat}/ . Addr | Data
0x00 ata00 ~— . 0x00 Data9€/ ~—
0x0! Data01 - 0x01 | Dafa0l
0%02 | Data02 - 0x02 |/Data02
processed L
0x03 Data03 —1> 0x03 Data03
RI_]-SR DataR15 RL]-SR Data02

0x04 | Data04 (LDR) 0x04 | Data04 (LDR)
Ox3E | Data3E O0x3E | Data3E
Ox3F | Data3F O0x3F | Data3F

/ L—

Figure 13-6 Block Diagram for LDR function.

13.8.3  Priority between two functions

LDR function has higher priority than CVR priority has. If both LDR and CVR are enabled toward R15 at same time,
only LDR function is operated on R15.

13.9 Example of Application

Implementation of typical digital filer application is shown in Figure 13-7 and Figure 13-8. In Figure 13-8,
application’s example is the same as Figure 13-7, but LDR function is performed only in Figure 13-8.
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Continuous Time U

compensten o IR Instruction
(o) B

R s ) "1 Acc = C x Rin; 0x2 MUL:R[11] x R[1] => ACC

Acc += a3 x Z3; 0x3 MAC:R[7] x R[4] + ACC => ACC
o aation Acc += a2 x Z2; 0x3 MAC:R[6] X R[3] + ACC => ACC
Acc +=al x Z1; 0x3 MAC:R[5] x R[2] + ACC => ACC
Rin = Shift (Acc): |  Ox6 RSF :ACC >> 13 => R[]
Acc += b3 x Z3; 0x3 MAC:R[10] x R[4] + ACC => ACC
Acc +=b2 x 72; 0x3 MAC:R[9] X R[3] + ACC => ACC
Aco +=b1 x Z1; 0x3 MAC:R[8] x R[2] + ACC => ACC
(gl _c 19 2=21; 0x7 MVC:Chain R[4:1]
l Z1 =Rin;
16116232 Rout = Shift (Acc) ; | 0x6 RSF:ACC >> 6 => R[0]

(Q21) IR

Adder %hify
>>13

32+32=>32 | (Q21-Q8)

10step

Note R[7:0]: SFR, R[15:8]: Xbus registers

Acc
(Q21) = Unused 45R[n]/R[m] i> ACC
(leﬁle) (Q15) 5:R[m] << n => ACC
Figure 13-7 Example Application
. _____________________________________________________________________________________________________________________________|
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IR example for LDR

Instruction LDR
0x1 LDD: LDD 0x10 C=>R15
@ 0x2 MUL: R[15] x R[1] => ACC b3=>R15
@I 0x3 MAC: R[15] x R[4] + ACC => ACC b2=>R15
B Osl:aredcmem((););) @I 0x3 MAC : R[15] x R[3] + ACC => ACC bl=>R15
- oiu b3 @ 0x3 MAC: R[15] X R[2] + ACC =>ACC a3 =>R15
; Ezg Ez 013) @I 0x6 RSF: ACC >> 13 =>R[1]
| Toxis| a2 @ 0x3 MAC: R[15] x R[4] + ACC => ACC a2 =>R15
el = @ 0x3 MAC: R[15] x R[3] + ACC => ACC al=>R15
@ 0x3 MAC: R[15] x R[2] + ACC =>ACC
l E 0x7 MVC :Chain R[4:1]
(Q21) IR
Adder @fj (Q8)
32+32=>32 (E?lmZ)
(<;)21/;CC s Ex_out
(Q21-Q15) Q15)
Figure 13-8 Example application (LDR performing)
13.10 Register Description
Table 13-4 XBUS Registers
Symbol Name Address Initial value
DSPOCTRL DSPO Control Register 0xF780 0x00
DSPOEXEC DSPO Execution Register OxF781 0x00
DSPOTRG DSPO Execution Trigger Status OxF782 0x00
DSPORST DSPO Access Counter Clear Register OxF783 0x00
DSPODBG DSPO Debug Register OxF784 0x00
DSPOCTRL2 DSPO Control 2 Register 0OxF785 0x00
DSPOCNSTEN DSP0O CVR enable Register 0xF786 0x00
DSPO R8 L DSPO R8 LSB Side 0xF788 0x00
DSPO R8 H DSP0 R8 MSB Side 0xF788 0x00
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Symbol Name Address Initial value
DSPO_R9_L DSPO R9 LSB Side 0xF789 0x00
DSPO_R9_H DSPO R9 MSB Side 0xF789 0x00
DSPO_R10 L DSPO R10 LSB Side OxF78A 0x00
DSPO_R10 H DSP0 R10 MSB Side OxF78A 0x00
DSPO_R11 L DSPO R11 LSB Side OxF78B 0x00
DSPO_R11 H DSP0O R11 MSB Side OxF78B 0x00
DSPO_R12 L DSP0O R12 LSB Side OxF78C 0x00
DSPO_R12_H DSP0O R12 MSB Side OxF78C 0x00
DSPO_R13 L DSPO R13 LSB Side 0xF78D 0x00
DSPO_R13 H DSP0 R13 MSB Side 0xF78D 0x00
DSPO_R14 L DSP0O R14 LSB Side OxF78E 0x00
DSPO_R14 H DSP0 R14 MSB Side OxF78E 0x00
DSPO_R15_L DSPO R15 LSB Side OxF78F 0x00
DSPO_R15_H DSP0 R15 MSB Side OxF78F 0x00
DSPO_ACC_0 DSPO ACCJ7:0] 0xF790 0x00
DSPO_ACC_1 DSP0O ACCJ15:8] 0xF791 0x00
DSPO_ACC_2 DSP0 ACCJ[23:15] 0xF792 0x00
DSPO_ACC_3 DSP0O ACCJ[31:24] 0xF793 0x00
DSPO_ACC_4 DSP0O ACCJ[36:32] OxF794 0x00
DSP0O_CO_L DSPO0 CO LSB Side OxF798 0x00
DSP0O_CO_H DSPO C0O MSB Side OxF798 0x00
DSPO_C1_L DSPO C1 LSB Side 0xF799 0x00
DSP0O_C1_H DSPO C1 MSB Side 0xF799 0x00
DSP0O_C2_L DSPO C2 LSB Side OxF79A 0x00
DSP0_C2_H DSPO C2 MSB Side OxF79A 0x00
DSP0O_C3_L DSPO C3 LSB Side 0xF79B 0x00
DSP0O_C3_H DSPO C3 MSB Side 0xF79B 0x00
DSP0O_C4_L DSPO0 C4 LSB Side 0xF79C 0x00
DSPO_C4_H DSP0 C4 MSB Side 0xF79C 0x00
DSP0O_C5_L DSPO C5 LSB Side 0xF79D 0x00
DSPO_C5_H DSPO C5 MSB Side 0xF79D 0x00
DSP0O_C6_L DSPO0 C6 LSB Side OXF79E 0x00
DSP0O_C6_H DSPO C6 MSB Side OXF79E 0x00
DSPO_C7_L DSP0 C7 LSB Side OxF79F 0x00
DSPO_C7_H DSPO C7 MSB Side OxF79F 0x00
DSP0_PRG_DATL | DSPO Program Memory LSB Side OxF7A0 0x00
DSP0_PRG_DATH | DSPO Program Memory MSB Side OxF7A1 0x00
DSP0_PRG_ADR DSPO Program Memory Address OxF7A2 0x00
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Symbol Name Address Initial value
DSPOLDA DSPO LDR Load Address Register OxF7A3 0x00
DSPOMAXL DSP0 Maximum Value Register OXF7A8 0x00
DSPOMAXH DSP0 Maximum Value Register OxF7A8 0x00
DSPOMINL DSPO Minimum Value Register OxF7A9 0x00
DSPOMINH DSPO Minimum Value Register OxF7A9 0x00
DSP1CTRL DSP1 Control Register 0xF800 0x00
DSP1EXEC DSP1 Execution Register 0xF801 0x00
DSP1TRG DSP1 Execution Trigger Status 0xF802 0x00
DSP1RST DSP1 Access Counter Clear Register 0xF803 0x00
DSP1DBG DSP1 Debug Register O0xF804 0x00
DSP1CTRL2 DSP1 Control 2 Register 0xF805 0x00
DSP1CNSTEN DSP1 CVR enable Register 0xF806 0x00
DSP1 R8 L DSP1 R8 LSB Side 0xF808 0x00
DSP1 R8 H DSP1 R8 MSB Side 0xF808 0x00
DSP1 R9 L DSP1 R9 LSB Side 0xF809 0x00
DSP1 R9 H DSP1 R9 MSB Side 0xF809 0x00
DSP1 R10 L DSP1 R10 LSB Side OxF80A 0x00
DSP1 R10 H DSP1 R10 MSB Side OxF80A 0x00
DSP1 R11 L DSP1 R11 LSB Side 0xF80B 0x00
DSP1 R11 H DSP1 R11 MSB Side 0xF80B 0x00
DSP1 R12 L DSP1 R12 LSB Side 0xF80C 0x00
DSP1 R12 H DSP1 R12 MSB Side 0xF80C 0x00
DSP1 _R13_L DSP1 R13 LSB Side 0xF80D 0x00
DSP1 R13 H DSP1 R13 MSB Side 0xF80D 0x00
DSP1 R14 L DSP1 R14 LSB Side OxF80E 0x00
DSP1 R14 H DSP1 R14 MSB Side OxF80E 0x00
DSP1 _R15 L DSP1 R15 LSB Side OxF80F 0x00
DSP1 R15 H DSP1 R15 MSB Side OxF80F 0x00
DSP1_ACC 0 DSP1 ACC[7:0] 0xF810 0x00
DSP1_ACC_1 DSP1 ACC[15:8] 0xF811 0x00
DSP1_ACC 2 DSP1 ACC[23:15] 0xF812 0x00
DSP1_ACC 3 DSP1 ACC[31:24] 0xF813 0x00
DSP1_ACC 4 DSP1 ACC[36:32] 0xF814 0x00
DSP1_CO_L DSP1 CO LSB Side 0xF818 0x00
DSP1_CO_H DSP1 CO MSB Side 0xF818 0x00
DSP1 C1 L DSP1 C1 LSB Side 0xF819 0x00
DSP1 C1 H DSP1 C1 MSB Side 0xF819 0x00
DSP1 C2 L DSP1 C2 LSB Side OxF81A 0x00
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Symbol Name Address Initial value
DSP1_C2_H DSP1 C2 MSB Side OxF81A 0x00
DSP1_C3 L DSP1 C3 LSB Side 0xF81B 0x00
DSP1_C3 H DSP1 C3 MSB Side 0xF81B 0x00
DSP1_C4 L DSP1 C4 LSB Side 0xF81C 0x00
DSP1 C4 H DSP1 C4 MSB Side OxF81C 0x00
DSP1 C5 L DSP1 C5 LSB Side 0xF81D 0x00
DSP1 C5 H DSP1 C5 MSB Side 0xF81D 0x00
DSP1 C6 L DSP1 C6 LSB Side OxF81E 0x00
DSP1_C6_H DSP1 C6 MSB Side OXF81E 0x00
DSP1 C7_L DSP1 C7 LSB Side OXF81F 0x00
DSP1_C7_H DSP1 C7 MSB Side OxF81F 0x00
DSP1_PRG_DATL | DSP1 Program Memory LSB Side 0xF820 0x00
DSP1_PRG_DATH | DSP1 Program Memory MSB Side 0xF821 0x00
DSP1 PRG_ADR DSP1 Program Memory Address 0xF822 0x00
DSP1LDA DSP1 LDR Load Address Register 0xF823 0x00
DSP1IMAXL DSP1 Maximum Value Register 0xF828 0x00
DSP1IMAXH DSP1 Maximum Value Register 0xF828 0x00
DSP1IMINL DSP1 Minimum Value Register 0xF829 0x00
DSP1IMINH DSP1 Minimum Value Register 0xF829 0x00
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Table 13-5 SFR

Symbol Name Address Initial value
DSPO_RO_L DSPO RO LSB Side 0xC4 0x00
DSPO_RO_H DSPO RO MSB Side 0xC4 0x00
DSPO_R1 L DSP0O R1 LSB Side 0xC5 0x00
DSPO_R1 H DSP0O R1 MSB Side 0xC5 0x00
DSPO_R2_L DSPO R2 LSB Side 0xC6 0x00
DSPO_R2_H DSP0O R2 MSB Side 0xC6 0x00
DSPO_R3 L DSP0O R3 LSB Side 0xC7 0x00
DSPO_R3 H DSP0 R3 MSB Side 0xC7 0x00
DSPO_R4 L DSP0O R4 LSB Side 0xCC 0x00
DSPO_R4 H DSP0 R4 MSB Side 0xCC 0x00
DSPO_R5 L DSPO R5 LSB Side 0xCD 0x00
DSPO_R5_H DSPO R5 MSB Side 0xCD 0x00
DSPO_R6_L DSPO R6 LSB Side 0xCE 0x00
DSPO_R6_H DSPO R6 MSB Side 0xCE 0x00
DSPO_R7_L DSPO R7 LSB Side OxXCF 0x00
DSPO_R7_H DSPO R7 MSB Side OxXCF 0x00
DSP1_RO_L DSP1 RO LSB Side 0xD4 0x00
DSP1_RO_H DSP1 RO MSB Side 0xD4 0x00
DSP1 R1 L DSP1 R1 LSB Side 0xD5 0x00
DSP1_R1 H DSP1 R1 MSB Side 0xD5 0x00
DSP1 R2 L DSP1 R2 LSB Side 0xD6 0x00
DSP1_R2 H DSP1 R2 MSB Side 0xD6 0x00
DSP1 R3 L DSP1 R3 LSB Side 0xD7 0x00
DSP1_R3 H DSP1 R3 MSB Side 0xD7 0x00
DSP1 R4 L DSP1 R4 LSB Side 0xDC 0x00
DSP1 R4 H DSP1 R4 MSB Side 0xDC 0x00
DSP1 R5 L DSP1 R5 LSB Side 0xDD 0x00
DSP1 R5 H DSP1 R5 MSB Side 0xDD 0x00
DSP1 R6_L DSP1 R6 LSB Side OxDE 0x00
DSP1 _R6_H DSP1 R6 MSB Side OxDE 0x00
DSP1 R7_L DSP1 R7 LSB Side OxDF 0x00
DSP1 _R7_H DSP1 R7 MSB Side OxDF 0x00
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13.10.1 DSPn Control Register (DSPNCTRL) (n=0-1)

: DSPOCTRL DSPO Control Register 0xF780
Register : Address
DSP1CTRL DSP1 Control Register 0xF800
Bit Bit Name R/W | Initial Description Note
7 DSPE RIW |0 Enable DSP
0: Disable DSP
1: Enable DSP

Even if DSP is disabled, all registers can be
accessed, but start condition (event trigger
etc.) for DSP sequence is ignored. Enabled
DSP waits for initiation trigger (writing Rn)

6 DSPIE RW [0 Enable DSP Interrupt

0: Disable DSP Interrupt

1: Enable DSP Interrupt

5 reserved 0 Read value is 0. Write only 0.
4 reserved 0 Read value is 0. Write only 0.
3 reserved 0 Read value is 0. Write only 0.
2 DSP_SS R/C 0 Saturation Detected in Shifter

Read 0: Not detected

Read 1: Detected

Write 0: No effect

Write 1: Clear this flag

1 DSP_SA R/C 0 Saturation Detected in ALU
Read 0: Not detected

Read 1: Detected

Write 0: No effect

Write 1: Clear this flag

0 DSPIF R/C 0 DSP Interrupt Flag (Event Output)
Read 0: No request Before
Read 1: Interrupt Event Occurred mask:
Write 0: No effect independe
Write 1: Clear this flag nt  from

If event condition is met, event output pulse is | DSPIE bit
generated even if DSPIE=0.

13.10.2 DSPn Execution Register (DSPNEXEC) (n=0-1)

DSPOEXEC DSPO Execution Register OxF781
Register Address
DSP1EXEC DSP1 Execution Register 0xF801
Bit Bit Name R/W | Initial Description Note
7 reserved 0 Read value is 0. Write only 0.
6 reserved 0 Read value is 0. Write only 0.
5 DSP_PC5 RIW |0
4 DSP_PC4 RW |0 DSP Program Counter PC (6bit)
3 DSP_PC3 RIW |0 PC designates instruction position to be
executed next. CPU can forcibly change the
2 DSP_PC2 RW |0 PC by writing PC anytime.
1 DSP_PC1 RIW |0
. _____________________________________________________________________________________________________________________________|
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: DSPOEXEC DSPO Execution Register OxF781
Register : : Address
DSP1EXEC DSP1 Execution Register 0xF801
Bit Bit Name R/W | Initial Description Note
0 DSP_PCO RIW |0

13.10.3 DSPn Debug Register (DSPNDBG)

) DSPODBG DSPO Debug Register OxF784
Register : Address
DSP1DBG DSP1 Debug Register 0xF804
Bit Bit Name R/W | Initial Description Note
7 DSP_DBG RIW |0 Debug Mode

0: Normal Mode

1: Debug Mode

In debug mode, DSP executes program
sequence only step by step. The initiation for
step execution is done only by setting
DSP_STP bit.

6 DSP_STP R/S 0 Stop Execution

Read value is always 0.

Write 0: No effect

Write 1. If DSP_DBG=1, execute program
sequence in step by step. Note that if
DSP_DGB and DSP_STP are set at same
time, step execution is not processed. The step
execution is done by setting DSP_STP during
DSP_DBG=1. Even if the TRIG_WAIT flag
in instruction has been set, this step operation
forces to execute its instruction. If PC
designates last address, this step operation
rewinds PC to 0 and repeat from first address.

5-0 reserved R 0 Read value is 0. Write only 0.
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13.10.4 DSPn Rx LSB Side (DSPn_Rx_L) (n=0-1, x=0-7)

DSPO_RO L DSP0 RO LSB Side Address 0xC4
DSPO_R1 L DSP0O R1 LSB Side Address 0xC5
DSPO_R2 L DSP0 R2 LSB Side Address 0xC6
DSPO R3 L DSPO R3 LSB Side Address 0xC7
DSPO_R4 L DSP0 R4 LSB Side Address 0xCC
DSPO R5 L DSPO R5 LSB Side Address 0xCD
DSPO R6 L DSPO R6 LSB Side Address O0xCE
) DSPO_R7_L DSPQ R7 LSB Side Address OxCF

e DSP1 RO_L DSP1 RO LSB Side Address 0xD4
DSP1 R1 L DSP1 R1 LSB Side Address 0xD5
DSP1 R2 L DSP1 R2 LSB Side Address 0xD6
DSP1 R3 L DSP1 R3 LSB Side Address 0xD7
DSP1 R4 L DSP1 R4 LSB Side Address 0xDC
DSP1 R5 L DSP1 R5 LSB Side Address 0xDD
DSP1 R6_L DSP1 R6 LSB Side Address OxDE
DSP1 R7_L DSP1 R7 LSB Side Address OxDF

Bit Bit Name R/W Initial Description Note

7 DSP_REG7 RW |0 DSP Register File Low Side Data

6 DSP_REG6 | RIW | 0 Each RO-R7 is assigned in SFR area.

5 DSP REGS RW |0 This register can access Low Side data of

= each Rn (1% access).

4 DSP REG4 |RW |0

3 DSP REG3 |RW |0

2 DSP_REG2 R/W 0

1 DSP_REG1 R/W 0

0 DSP_REGO |[R/W |0
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13.10.5 DSPn Rx MSB Side (DSPn_Rx_H) (n=0-1,x=0-7)

Register DSPO_RO_H DSP0O RO MSB Side Address 0xC4
Register DSPO R1 H DSP0O R1 MSB Side Address 0xC5
Register DSPO_R2 H DSP0O R2 MSB Side Address 0xC6
Register DSPO_R3 H DSP0O R3 MSB Side Address 0xC7
Register DSPO R4 H DSP0O R4 MSB Side Address 0xCC
Register DSPO_R5 H DSP0O R5 MSB Side Address 0xCD
Register DSPO_R6 H DSP0O R6 MSB Side Address OxCE
Register DSPO_R7_H DSP0O R7 MSB Side Address OxCF
Register DSP1 RO H DSP1 RO MSB Side Address 0xD4
Register DSP1 R1 H DSP1 R1 MSB Side Address 0xD5
Register DSP1 R2 H DSP1 R2 MSB Side Address 0xD6
Register DSP1 R3 H DSP1 R3 MSB Side Address 0xD7
Register DSP1 R4 H DSP1 R4 MSB Side Address 0xDC
Register DSP1 R5 H DSP1 R5 MSB Side Address 0xDD
Register DSP1 R6 H DSP1 R6 MSB Side Address OxDE
Register DSP1 R7 H DSP1 R7 MSB Side Address OxDF
Bit Bit Name R/W Initial Description Note
7 DSP_REG7 RW |0 DSP Register File High Side Data
6 DSP_REG6 | RIW | 0 Each RO-R7 is assigned in SFR area.
5 DSP REGS RW |0 This register can access High Side data of

- each Rn (2" access).
4 DSP REG4 |RW |0
3 DSP REG3 |RW |0
2 DSP_REG2 R/W 0
1 DSP_REG1 R/W 0
0 DSP_REGO |[R/W |0
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13.10.6 DSPn Rx LSB Side (DSPn_Rx_L) (n=0-1,x=8-15)

DSPO_R8 L DSPQ R8 LSB Side Address 0xF788
DSPO_R9 L DSPQ R9 LSB Side Address 0xF789
DSPO_R10_L DSP0 R10 LSB Side Address OXF78A
DSPO_R11 L DSP0O R11 LSB Side Address 0xF78B
DSPO_R12 L DSP0O R12 LSB Side Address 0xF78C
DSPO_R13 L DSP0O R13 LSB Side Address 0xF78D
DSPO_R14 L DSP0O R14 LSB Side Address OXF78E
: DSPO_R15_L DSPO R15 LSB Side Address OxF78F

Register DSP1_R8 L DSP1 R8 LSB Side Address 0xF808
DSP1_R9 L DSP1 R9 LSB Side Address 0xF809
DSP1_R10_L DSP1 R10 LSB Side Address O0xF80A
DSP1 R11_L DSP1 R11 LSB Side Address 0xF80B
DSP1 R12_L DSP1 R12 LSB Side Address 0xF80C
DSP1 R13 L DSP1 R13 LSB Side Address 0xF80D
DSP1 R14 L DSP1 R14 LSB Side Address OxF80E
DSP1_R15_L DSP1 R15 LSB Side Address 0xF80F

Bit Bit Name R/W | Initial Description Note

7 DSP_REG7 RW |o DSP Register File Low Side Data

6 DSP_REG6 | RIW | 0 Each R8-R15 is assigned in XBUS area.

5 DSP_REG5 RW |0 This register can access Low Side data of each

Rn (1% access).

4 DSP REG4 |[RMW |0

3 DSP REG3 |RW |0

2 DSP_REG2 R/W 0

1 DSP_REG1 R/W 0

0 DSP_REGO | R/W |0
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13.10.7 DSPn Rx MSB Side (DSPn_Rx_H) (n=0-1,x=8-15)

Register DSPO_R8_H DSPO R8 MSB Side Address OxF788
DSPO_R9_H DSPO R9 MSB Side Address O0xF789
DSPO_R10_H DSP0 R10 MSB Side Address OxF78A
DSPO_R11 H DSP0 R11 MSB Side Address OxF78B
DSP0_R12_H DSP0 R12 MSB Side Address OxF78C
DSPO_R13 H DSP0 R13 MSB Side Address OxF78D
DSP0_R14 H DSP0O R14 MSB Side Address OxF78E
DSP0_R15_H DSP0O R15 MSB Side Address OxF78F
DSP1_R8_H DSP1 R8 MSB Side Address 0xF808
DSP1_R9_H DSP1 R9 MSB Side Address 0xF809
DSP1_R10_H DSP1 R10 MSB Side Address O0xF80A
DSP1 R11 H DSP1 R11 MSB Side Address 0xF80B
DSP1 R12 H DSP1 R12 MSB Side Address 0xF80C
DSP1 R13 H DSP1 R13 MSB Side Address 0xF80D
DSP1 R14 H DSP1 R14 MSB Side Address 0xF80E
DSP1 R15 H DSP1 R15 MSB Side Address 0XxF80F

Bit Bit Name R/W | Initial Description Note

7 DSP_REG7 RW |0 DSP Register File High Side Data

6 DSP_REG6 | RIW | 0 Each R8-R15 is assigned in XBUS area.

5 DSP_REGS RW |0 This register can access High Side data of

each Rn (2" access).

4 DSP_REG4 R/W 0

3 DSP_REG3 R/W 0

2 DSP_REG2 R/W 0

1 DSP_REG1 R/W 0

0 DSP_REGO R/W 0
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13.10.8 DSPn ACC (DSPn_ACC_x) (n=0-1,x=0-4)

Register DSPO_ACC_0 DSPO ACC[7:0] Address 0xF790
DSPO_ACC_1 DSP0 ACC[15:8] Address O0xF791
DSPO_ACC_2 DSP0 ACCJ23:15] Address O0xF792
DSPO_ACC_3 DSP0 ACCJ31:24] Address 0xF793
DSP0_ACC 4 DSP0O ACCJ36:32] Address 0xF794
DSP1_ACC_0 DSP1 ACCI7:0] Address 0xF810
DSP1_ACC_1 DSP1 ACC[15:8] Address OxF811
DSP1_ACC_2 DSP1 ACCJ23:15] Address OxF812
DSP1_ACC_3 DSP1 ACCJ31:24] Address 0xF813
DSP1_ACC 4 DSP1 ACCJ36:32] Address 0xF814

Bit Bit Name R/W | Initial Description Note

7 DSP_ACC7 RW |0 DSP Accumulator (ACC)

I R O 1 - Y e oo

5 DSP_ACC5 RIW |0 is assigned at independent address (Not

T oA (W [0 | g e ey,

3 DSP_ACC3 RW o Lower bit lane is assigned in lower address.

2 DSP_ACC2 [R/W [0

1 DSP_ACCI [R/W [0

0 DSP_ACCO [R/W [0

13.10.9 DSPn Program Memory LSB/MSB Side (DSPn_PRG_DATL/H) (n=0-1)

Register DSPO_PRG_DATL DSPO Program Memory LSB Side Address | OXF7A0
DSP0_PRG_DATH DSPO Program Memory MSB Side Address OxF7Al
DSP1_PRG_DATL DSP1 Program Memory LSB Side Address 0xF820
DSP1_PRG_DATH DSP1 Program Memory MSB Side Address 0xF821

Bit Bit Name R/W Initial | Description Note

7 DSP PRG D7 R/W 0 DSP Program Memory Data

— (Low Side or High Side)
6 DSP_PRG_D6 | RIW 0 Read/Write operation is performed to the
5 DSP PRG D5 R/W 0 program memory corresponding to

— DSPxPRG_ADR.

4 DSP_PRG_D4 R/W 0

3 DSP_PRG_D3 R/W 0 E.g.) Read operation of bit[7:0] at the

program memory of PC=0x10 :

2 DSP_PRG_D2 R/W 0 Read DSPx_PRG_DATL when

1 DSP PRG DI | RIW 0 DSPx_PRG_ADR = 0x10

0 DSP_PRG_DO | R/W 0
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13.10.10 DSP Shared Memory Address (DSPn_PRG_ADR) (n=0-1)

: DSP0_PRG_ADR DSPO Shared Memory Address Address OXF7A2
Register DSP1_PRG_ADR DSP1 Shared Memory Address Address 0xF822
Bit Bit Name R/W | Initial Description Note
7-6 Reserved R 0 Read value is 0. Write only 0.

5 DSP_PRG_A5 RW |0 DSP Shared Memory Address
Program Memory Address (PC) to access
4 DSP_PRG_A4 RIW | 0 via. DSPX_PRG_DATL/H.
3 DSP_PRG_A3 RW [0
2 DSP_PRG_A2 RW [0
1 DSP_PRG_Al RW [0
0 DSP_PRG_A0 RW [0

13.10.11 DSPn Execution Trigger Status (DSPNnTRG) (n=0-1)

o DSPOTRG DSPO Execution Trigger Status Address O0xF782
egister
DSP1TRG DSP1 Execution Trigger Status Address 0xF802

Bit Bit Name R/W | Initial Description Note
7 SET R7 RW |0 DSP Execution Trigger Status

— Each bit shows corresponding register file
6 SET_R6 RIW | 0 (RO-R7) is written or not.
5 SET R5 RW |0 When CPU or DSAC writes a value to RO-7 at

= DSPXCTRL.DSPE = 1, the corresponding bit
4 SET_R4 RW [0 is automatically set.
3 SET_R3 RW |0
2 SET_R2 RW |0
1 SET_R1 RW |0
0 SET_RO RW |0

DSP instruction whose TRIG_WAIT flag is set temporary stops before its execution and watches SET_RO - SET_R7
according to its trigger selection TRIG_WHAT and if corresponding bit in this register is set (detected update of R0-R7),
the instruction will be executed and go to next sequence. At this time, corresponding SET_Rx is cleared automatically.

Note that the register basically shows only trigger status and CPU does not need to access it. But for debugging
capability or for re-initialization, this register can be accessed by CPU (Read or Write forcibly).
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13.10.12 DSPn Access Counter Clear Register (DSPnRST) (n=0-1)

Register DSPORST DSPO Access Counter Clear Register Address O0xF783
DSP1RST DSP1 Access Counter Clear Register Address 0xF803

Bit Bit Name R/W | Initial Description Note

7 CPUACCLA R/C 0 Clear SFR CPU Access counter and XBUS CPU

access counter.

Read value is 0.

Write 0: No effect

Write 1: Clear Register CPU Access counter.
6 DSACACCLA | R/C 0 Clear RO — R7 DSAC Access Counter

Read value is 0.

Read : No Request

Write 0: No effect

Write 1: Clear Register DSAC Access counter.

5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 reserved R 0 Read value is 0. Write only 0.

13.10.13 DSPn Control 2 Register (DSPNCTRL?2)

S DSPOCTRL2 DSPO Control Register 2 Address 0xF785
egister
’ DSP1CTRL2 DSP1 Control Register 2 Address 0xF805
Bit Bit Name R/W | Initial Description Note
7 HPDIV RIW |0 DIV mode configuration

0 :normal mode

1 : high precision mode
6 Reserved R 0 Read value is 0. Write only 0.
5 Reserved R 0 Read value is 0. Write only 0.
4 Reserved R 0 Read value is 0. Write only 0.
3 Reserved R 0 Read value is 0. Write only 0.
2 Reserved R 0 Read value is 0. Write only 0.

LDR Enable.
1 LDEN RIW |0 0 :LDR function and LDD instruction enable

1 :LDR function and LDD instruction disable

CVR region select.

0 : DSP can read CO-C7 instead of R8-R15 by

CVR
0 CNSTSEL RIW |0 1 : DSP can read CO-C7 instead of RO-R7 by
CVR
To enable CVR function, user needs to configure
DSPnCNSTEN.
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13.10.14 DSPn CVR Enable Register (DSPNCNSTEN)

. DSPOCNSTEN | DSPO CVR enable Address 0xF786
RERE DSP1CNSTEN | DSP1 CVR enable Address 0xF806
Bit Bit Name R/W | Initial Description Note

CVR function enable for C7
7 CNSTENY RIW |0 1 :CVR function for C7 enable

0 :CVR function for C7 disable
CVR function enable for C6
6 CNSTENG6 RW |0 1 : CVR function for C6 enable
0 :CVR function for C6 disable
CVR function enable for C5
5 CNSTEN5 RW |0 1 : CVR function for C5 enable
0 :CVR function for C5 disable
CVR function enable for C4
4 CNSTEN4 RW |0 1 : CVR function for C4 enable
0 :CVR function for C4 disable
CVR function enable for C3
3 CNSTEN3 R/W 0 1 : CVR function for C3 enable
0 :CVR function for C3 disable
CVR function enable for C2
2 CNSTEN2 R/W 0 1 : CVR function for C2 enable
0 :CVR function for C2 disable
CVR function enable for C1
1 CNSTEN1 R/W 0 1 : CVR function for C1 enable
0 :CVR function for C1 disable
CVR function enable for CO
0 CNSTENO RW |0 1 : CVR function for CO enable
0 :CVR function for CO disable
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13.10.15 DSPn Cx LSB Side (DSPn_Cx_L) (n=0-1,x=0-7)

DSPO_CO_L DSPO CO LSB Side Address O0xF798
DSPO_C1 L DSPQ C1 LSB Side Address 0xF799
DSPO_C2 L DSPO C2 LSB Side Address OXF79A
DSPO_C3 L DSPQ C3 LSB Side Address 0xF79B
DSPO _C4 L DSP0 C4 LSB Side Address 0xF79C
DSPO_C5 L DSPOQ C5 LSB Side Address 0xF79D
DSPO_C6_L DSPO0 C6 LSB Side Address OXF79E
DSPO_C7_L DSPO C7 LSB Side Address OXF79F

Register DSP1_CO L DSP1 CO LSB Side Address 0xF818
DSP1 C1 L DSP1 C1 LSB Side Address 0xF819
DSP1 C2 L DSP1 C2 LSB Side Address OXF81A
DSP1 C3 L DSP1 C3 LSB Side Address 0xF81B
DSP1 C4 L DSP1 C4 LSB Side Address 0xF81C
DSP1_C5_L DSP1 C5 LSB Side Address 0xF81D
DSP1_C6_L DSP1 C6 LSB Side Address OxF81E
DSP1_C7_L DSP1 C7 LSB Side Address OxF81F

Bit Bit Name R/W | Initial Description Note

7 DSP_REG7 RW |0 DSP Constant value register Low Side Data

6 DSP_REG6 | RIW | 0 This register can access Low Side data of each

5 DSP_REG5 | RW |0 Cn (1% access).

4 DSP_REG4 R/W 0

3 DSP_REG3 R/W 0

2 DSP_REG2 R/W 0

1 DSP REG1 |RW |0

0 DSP REGO |RW |0
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13.10.16 DSPn Cx LSB Side (DSPn_Cx_L) (n=0-1,x=0-7)

DSPO_CO_H DSPO CO MSB Side Address O0xF798
DSPO_C1 H DSP0O C1 MSB Side Address 0xF799
DSPO_C2_H DSP0O C2 MSB Side Address OXF79A
DSP0O_C3 H DSP0O C3 MSB Side Address 0xF79B
DSPO_C4 H DSP0 C4 MSB Side Address 0xF79C
DSP0_C5_H DSPO C5 MSB Side Address 0xF79D
DSPO_C6 _H DSP0 C6 MSB Side Address OXF79E

Register DSPO_C7_H DSPO C7 MSB Side Address OXF79F
DSP1_CO H DSP1 CO MSB Side Address 0xF818
DSP1 C1 H DSP1 C1 MSB Side Address 0xF819
DSP1 C2 H DSP1 C2 MSB Side Address OXF81A
DSP1 _C3 H DSP1 C3 MSB Side Address 0xF81B
DSP1 _C4 H DSP1 C4 MSB Side Address 0xF81C
DSP1_C5_H DSP1 C5 MSB Side Address 0xF81D
DSP1_C6_H DSP1 C6 MSB Side Address OxF81E
DSP1_C7_H DSP1 C7 MSB Side Address OxF81F

Bit Bit Name R/W | Initial Description Note

7 DSP_REG7 RW |0 DSP Constant value register high Side Data

6 DSP_REG6 | RIW | 0 This register can access High Side data of

5 DSP REGS RW |0 each Cn (2nd access).

4 DSP_REG4 R/W 0

3 DSP_REG3 R/W 0

2 DSP_REG2 R/W 0

1 DSP REG1 |[RMW |0

0 DSP REGO |RW |0

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 13-29
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

13.10.17 DSPn LDR Load Address (DSPnLDA)

: DSPOLDA DSPO LDR Load Address Address OXF7A3
AR DSP1LDA DSP1 LDR Load Address Address 0xF823
Bit Bit Name R/W | Initial Description Note
7-6 reserved R 0 Read value is 0. Write only 0.

5 LDADRS R/W 0
4 LDADR4 R/W 0
3 LDADR3 R/W 0
. OADR2 =W 1o LDR Load address pointer.
1 LDADR1 R/W 0
0 LDADRO R/W 0

13.10.18 DSPn Maximum value LSB Side

_ DSPOMAXL DSP0 MAX LSB Side Address OxF7A8
Register DSP1IMAXL DSP1 MAX LSB Side Address 0xF828
Bit Bit Name R/W | Initial Description Note
7 MAX7 RW |o MMX instruction’s maximum value
6 MAX6 RIW |0 This register can access Low Side data of each
5 MAXGS RW o MAX(1* access).

4 MAX4 R/W 0
3 MAX3 RIW |0
2 MAX2 R/W 0
1 MAX1 R/W 0
0 MAXO0 RIW |0
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13.10.19 DSPn Maximum value MSB Side

_ DSPOMAXH DSP0O MAX MSB Side Address OxF7A8
Register DSP1IMAXH DSP1 MAX MSB Side Address 0xF828
Bit Bit Name R/W | Initial Description Note
7 MAX7 RW |o MMX instruction’s maximum value
6 MAX6 RIW |0 This register can access High Side data of
5 MAX5 RW |0 each MAX(2nd access).

4 MAX4 R/W 0
3 MAX3 RW [0
2 MAX2 R/W 0
1 MAX1 R/W 0
0 MAX0 RW [0

13.10.20 DSPn Minimum value LSB Side

: DSPOMINL DSPO MIN LSB Side Address OxF7A9
Register DSP1MINL DSP1 MIN LSB Side Address 0xF829
Bit Bit Name R/W | Initial Description Note
7 MIN7 RW |o MMX instruction’s minimum value
6 MING RIW |0 This register can access Low Side data of each
5 MINS RW o MIN(1* access).

4 MIN4 R/W 0
3 MIN3 R/W 0
2 MIN2 R/W 0
1 MIN1 R/W 0
0 MINO R/W 0
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13.10.21 DSPn Minimum value MSB Side

_ DSPOMAXH DSPO MIN MSB Side Address OxF7A9
AR DSP1IMAXH DSP1 MIN MSB Side Address 0xF829
Bit Bit Name R/W | Initial Description Note
7 MIN7 RW |o MMX instruction’s maximum value
6 MING RIW |0 This register can access High Side data of
5 MIN5 RW |0 each MIN(2nd access).

4 MIN4 R/W 0
3 MIN3 RW [0
2 MIN2 R/W 0
1 MIN1 R/W 0
0 MINO RW [0

13.11 Caution of operation

13.11.1 DSP_SS asserted in the DIV instruction

In the DIV instruction, DSP_SS is asserted when 0x0001 is specified for Divisor Rm. The reason is that Shifter is
used in calculating inverse of Rm.

13.11.2 Prohibition of rewriting Arguments in executing the DIV instruction

When executing the DIV instruction, you should not rewrite arguments of the DIV instruction. If you rewrite their
arguments in executing, DSP may not be able to calculate the solution as expected. If using the value which written by
CPU or DSAC as argument of DIV instruction directly, we recommend executing the MV C instruction before the DIV
instruction.

13.11.3 MMX instruction’s configuration

When using the MMX instruction, please configure DSPNMAX larger than DSPnMIN. In case DSPnMIN is larger
than DSPnMAX, MMX instruction cannot compare DSPnMAX, DSPnMIN with Rn, correctly.
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14. High-Resolution PWM

14.1 Overview

This module can generate high resolution 8 (4-pairs) PWM signals. Each pair can form non-overlap PWM signals.
Also, phase shift type signal can be generated by proper configuration. This module can accept internal event signals
from other modules and can re-trigger the output signals or counter operations. Also this module can generate interrupts
and internal event pulse according to internal compare match states.

Output PWM resolution is 1ns (min).

14.2 Block Diagram

Counter Block #0 (PWM Channel #0)
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—% Counter Block #3(PWM Channel #3) —’% PWM3H

—’% PWM3L

Figure 14-1 Block Diagram of High-Resolution PWM
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14.3 Resources

The module has maximum 4 counter blocks according to product spec as shown in Figure 14-1.
Each block has following resources.

(1) 16bit Up/Down Counter (CNT)
Maximum frequency of each counter is 1GHz. The plural counters among counter blocks can be synchronized
each other. There are 2 modes in counter operation. One is Up Mode, in which counter is always in up-count
operation and is cleared when CNT matches to CMP_MAX and re-load counter value from CMP_MIN. The
other is Up-Down Mode, in which counter is in up-count operation until it reaches to CMP_MAX and then the
counter enters in down-count operation until it reaches to CMP_MIN, and then the counter re-enters in up-count
operation again.

Note that user can assume counter value not only unsigned but also signed value because of existence of Min and
Max values.

Note:

As for CHO and CHL1, you can specify any value in CMP_MIN and CMP_MAX. Whereas, as for CH2 and CH3,
the lower 3bits of CMP_MIN should be 3’b000 and the lower 3bits of CMP_MAX should be 3’b111. Moreover,
for all channels, distance between CMP_MIN and CMP_MAX should be 8 or more. (i.e. CMP_MAX -
CMP_MIN >= 8)

As aresult, for CHO and CH1, the minimum PWM cycle is 9ns and minimum resolution of PWM cycle is 1ns. As
for CH2 and CH3, the minimum PWM cycle is 16ns and minimum resolution of PWM cycle is 8ns. Note that
minimum resolution of PWM duty (edge position of PWMxL/PWMxH output) is 1ns for all PWM channels.

(2) Compare Register A and B (CMP_A, CMP_B)
These registers control PWMxH/PWMXL signal operation. When counter matches each compare register, output
signal either PWMxH or PWMXL is set or reset according to the configuration. These registers can be changed at
any time if necessary, but it is recommended to change these registers by using buffer mode.

(3) Compare Register C and D (CMP_C, CMP_D)
In PWM Mode 0 & 2, these registers control PWMxH/PWMXL signal operation.
In PWM Mode 1 & 3, these registers are compared with Dead Time counters (DCNTC & DCNTD) in order to
insert Dead Time automatically.

(4) Compare Register Max and Min (CMP_MAX, CMP_MIN)

This register specifies counter cycle and range of counter value. In Up Mode, when counter value matches to
CMP_MAX, the counter re-loads its value from CMP_MIN. In Up-Down Mode, when counter value matches to
CMP_MAX, the counter operation is changed to down count mode from up count, and when counter value
matches to CMP_MIN, the counter operation is changed to up count mode. These registers can be changed at any
time if necessary, but it is recommended to change these registers by using buffer mode.

The operation of CH2 and CH3 is different from that of CHO and CH1. In CH2 and CH3, the least 3bit of
CMP_MAX register is fixed to 3'n111, and the least 3bit of CMP_MIN register is fixed to 3'b000. The PWM
period is multiples of 8.

(5) Buffer Register A, B, C, D, MAX and MIN (BUF_A, BUF_B, BUF_C, BUF_D, BUF_MAX, BUF_MIN)
These registers are prepared for Buffer Mode. At some specified timing, each BUF_xx value is transferred to
CMP_xx. Detail operation is described in later section.
The operation of CH2 and CH3 is different from that of CHO and CH1. In CH2 and CH3, the least 3bit of
BUF_MAX register must be fixed to 3'0111, and the least 3bit of BUF_MIN register must be fixed to 3'0000. The
PWM period is multiples of 8.

(6) 16bit Dead Time Counter (DCNTC, DCNTD)
These counters are prepared to generate automatic dead time period in PWMxH and PWMXL outputs.

Dead time period is set by CMP_C and CMP_D , not DCNTC and DCNTD.
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14.4 Clock Source selection
Figure 14-2 shows the clock source for PWM.

Clock Source A

PWMOiSS. PWMCSS[1:0]
11

CLKSRC PLL2 168z | PreScaler

> PWM CHO Clock
(IRC or 050) g0y | Max 1 - 1/256 |1/256

A 4

PWM1GSS. PWMCSS[1:0]

4

1
PWMCSCO. PWMCCB[3:0] 1
1
: PWM CH1 Clock
—
]
1
1

PWMENBL. PWMBE

________________ PWM2GSS. PAMCSS[1:0]
PWMGSC1. PWMCCG[3:0]

|
|
|
! PHM CH2 Clock
—
|
|
|

PWMENBL. PWMCE

PWMSiSS. PWMCSS[1:0]

PWM CH3 Clock

Figure 14-2 Block Diagram of PWM clock source

There are four clock sources for PWM channels, Clock source A, B, C and D. Each channel must select one of the
clock sources at first. The clock selection sequence is as follows:

(1) Select the input clock for the Clock source A/B/C/D by setting PWMCS0/1.PWMCCx][3:0].
(2) Select Clock source A/B/C/D for each PWM CHn (n=0,1,2,3) by setting PWMxCSS.PWMCSS[1:0],( x=0,1,2,3.)
(3) Enable the clock source by setting PWMENBL.PWMYE (y=A,B,C,D).

Do not read/write PWM registers except clock source selection registers(PWMENBL, PWMCSC0, PWMCSC1 and
PWMXCSS) before doing clock source selection.

When the clock sources want to be changed, PWMENBL.PWMyE must be set to 0 at first. After that, requires idle
state at least 6 COUNT CLOCK CYCLES. Then clock source can be changed by the clock source selection sequence
mentioned above.

The PWM channel counters which selected the same clock source, can start simultaneously(synchronized).
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. _____________________________________________________________________________________________________________________________|
14.5 Operation
Operation modes of High-Resolution PWM are shown in Table 14-1 and simple description is mentioned below

(1) PWM mode has four modes which are mode 0,1,2 and 3

(2) In PWM Mode 0 &1, the registers can be changed by Direct mode writing directly
and Buffer mode via buffer. Mode 2 & 3 can operate at only Buffer mode.

(3) The outline operation of four PWM Modes is as follows.

(i) PWM Mode 0: PWM is generated without using Dead time counter.

(i) PWM Mode 1: PWM is generated inserting Dead time automatically with using Dead time counter (DCNTC
& DCNTD).

(iii) PWM Mode 2: Dead time counter is not used in Phase shift.
(iv) PWM Mode 3: Dead time counter is used in Phase shift.

Ways of decision for next CMP_xx in Buffer Mode are shown in Table 14-2.

Table 14-1 Operation Mode of High-Resolution PWM

Mode Configuration Update Next DCNTC DCNTD Output Level Changes to specified
Timing of CMP_xx Operation Operation value at
CMP_xx Vaule PWMxH PWMXxL
PWM Direct Up When CPU Immediately Stop Stop VHO at (CNT== VLO at (CNT==
Mode Mode Mode writes to. updated by CPU CMP_C) or CMP_A) or
0 VH1at (CNT== | VL1at(CNT==
CMP_B) CMP_D)
Up Stop Stop VHO at VLO at
Down (CNT(UP)== (CNT(UP)==
Mode CMP_C) CMP_A)
VH1 at VL1 at
(CNT(DN)== (CNT(DN)==
CMP_C) CMP_A)
Buffer Up When CNT See Table 14-2 Stop Stop VHO at (CNT== VLO at (CNT==
Mode Mode reaches to CMP_C) or CMP_A) or
CMP_MAX. At VH1 at (CNT== VL1 at (CNT==
this moment, CMP_B) CMP_D)
CNT reloads
CMP_MIN.
Up When count Stop Stop VHO at VLO at
Down direction is (CNT(UP)== (CNT(UP)==
Mode changed. CMP_C) CMP_A)
Selectable from VH1 at VL1 at
both or either. (CNT(DN)== (CNT(DN)==
That is CMP_C) CMP_A)
at
CNT ==CMP_
MAX, or
CNT ==CMP_
MIN.
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Mode Configuration Update Next DCNTC DCNTD Output Level Changes to specified
Timing of CMP_xx Operation Operation value at
CMP_xx Vaule PWMxH PWMxL
PWM Direct Up When CPU Immediately Start at Start at VHO at VLO at (CNT==
Mode Mode Mode writes to. updated by CPU | (CNT==C (CNT==C (DCNTC== CMP_A), or
1 MP_A), MP_B), CMP_C),or VH1 | VL1at
Stop and Stop and at (CNT== (DCNTD==
Auto Clear at Clear at CMP_B). CMP_D).
Dead (DCNTC== | (DCNTD==
Time CMP_C) CMP_D)
Mode Up Start at Start at VHO at VLO at
0 Down (CNT(UP)= | (CNT(DN) | (DCNTC== (CNT(UP)==
Mode =CMP_A), | ==CMP_A) | CMP_C),or VH1 | CMP_A), or
Stop and , at (CNT(DN)== VL1 at
Clear at Stop and CMP_A) (DCNTD==
(DCNTC== | Clear at CMP_D)
CMP_C) (DCNTD==
CMP_D)
Buffer Up When CNT See Table 14-2 Start at Start at VHO at VLO at (CNT==
Mode Mode reaches to (CNT==C (CNT==C (DCNTC== CMP_A), or
CMP_MAX. At MP_A), MP_B), CMP_C),or VH1 | VL1at
this moment, Stop and Stop and at (CNT== (DCNTD==
CNT reloads Clear at Clear at CMP_B). CMP_D).
CMP_MIN. (DCNTC== | (DCNTD==
CMP_C) CMP_D)
Up When count Start at Start at VHO at VLO at
Down direction is (CNT(UP)= | (CNT(DN) (DCNTC== (CNT(UP)==
Mode changed. =CMP_A), ==CMP_A) | CMP_C),or VH1 | CMP_A), or
Selectable from Stop and , at (CNT(DN)== VL1 at
both or either. Clear at Stop and CMP_A) (DCNTD==
That is (DCNTC== | Clear at CMP_D)
at CMP_C) (DCNTD==
CNT =(CMP_ CMP_D)
MAX, or
CNT ==CMP_
MIN.
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Mode Configuration Update Next DCNTC DCNTD Output Level Changes to specified
Timing of CMP_xx Operation Operation value at...
CMP_xx Vaule PWMxH PWMxL
PWM Direct Up When CPU Immediately Start at Start at VHO at (CNT== VLO at
Mode Mode Mode writes to. updated by CPU | (CNT==C (CNT==C CMP_A), or VH1 | (DCNTC==
1 MP_A), MP_B), at (DCNTD== CMP_C), or
Stop and Stop and CMP_D). VL1 at (CNT==
Auto Clear at Clear at CMP_B).
Dead (DCNTC== | (DCNTD==
Time CMP_C) CMP_D)
Mode Up Start at Start at VHO at VLO at
1 Down (CNT(UP)= | (CNT(DN) | (CNT(UP)== (DCNTC==
Mode =CMP_A), | ==CMP_A) | CMP_A),or VH1 | CMP_C), or
Stop and , at (DCNTD== VL1 at
Clear at Stop and CMP_D). (CNT(DN)==
(DCNTC== | Clear at CMP_A)
CMP_C) (DCNTD==
CMP_D)
Buffer Up When CNT See Table 14-2 Start at Start at VHO at (CNT== VLO at
Mode Mode reaches to (CNT==C (CNT==C CMP_A), or VH1 | (DCNTC==
CMP_MAX. At MP_A), MP_B), at (DCNTD== CMP_C), or
this moment, Stop and Stop and CMP_D). VL1 at (CNT==
CNT reloads Clear at Clear at CMP_B).
CMP_MIN. (DCNTC== | (DCNTD==
CMP_C) CMP_D)
Up When count Start at Start at VHO at VLO at
Down direction is (CNT(UP)= | (CNT(DN) (CNT(UP)== (DCNTC==
Mode changed. =CMP_A), ==CMP_A) | CMP_A), or VH1 | CMP_C), or
Selectable from Stop and , at (DCNTD== VL1 at
both or either. Clear at Stop and CMP_D). (CNT(DN)==
That is (DCNTC== | Clear at CMP_A)
at CMP_C) (DCNTD==
CNT ==CMP_ CMP_D)
MAX, or
CNT ==CMP_
MIN.
Mode Configuration Update Next DCNTC DCNTD Output Level Changes to specified
Timing of CMP_xx Operation Operation value at...
CMP_xx Vaule
PWMxH PWMxL
PWM Direct Up Not Available
Mode Mode Mode
2 Up
(Phase Down
Shift) Mode
Buffer Up [CMP_B] at See Table 14-2 Stop Stop VHO at (CNT== VLO at (CNT==
Mode Mode (CNT==CMP_ CMP_C) or CMP_A) or
A) VH1at (CNT== | VL1at(CNT==
[CMP_D] at CMP_B) CMP_D)
(CNT==CMP_
C)
[Others]
When CNT
reaches to
CMP_MAX. At
this moment,
CNT reloads
CMP_MIN.
Up Not Available
Down
Mode
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Mode Configuration Update Next DCNTC DCNTD Output Level Changes to specified
Timing of CMP_xx Operation Operation value at...
CMP_xx Vaule PWMxH PWMxL
PWM Direct Up Not Available
Mode Mode Mode
3 Up
(Phase Down
Shift) Mode
Buffer Up [CMP_B] at See Table 14-2 Start at Start at VHO at VLO at (CNT==
Auto Mode Mode (CNT==CMP_ (CNT==C (CNT==CM | (DCNTC== CMP_A), or
Dead A) MP_A), P_B), CMP_C),or VH1 | VLI at
Time [Others] Stop and Stop and at (CNT== (DCNTD==
Mode When CNT Clear at Clear at CMP_B). CMP_D).
0 reaches to (DCNTC== | (DCNTD==
CMP_MAX. At CMP_C) CMP_D)
this moment,
CNT reloads
CMP_MIN.
Up Not Available
Down
Mode
Mode Configuration Update Next DCNTC DCNTD Output Level Changes to specified
Timing of CMP_xx Operation Operation value at...
CMP_xx Vaule PWMxH PWMxL
PWM Direct Up Not Available
Mode Mode Mode
3 Up
(Phase Down
Shift) Mode
Buffer Up [CMP_B] at See Table 14-2 Start at Start at VHO at (CNT== VLO at
Auto Mode Mode (CNT==CMP_ (CNT==C | (CNT==C | CMP_A), or VH1 | (DCNTC==
Dead A) MP_A), MP_B), at (DCNTD== CMP_C), or
Time [Others] Stop and Stop and CMP_D). VL1 at (CNT==
Mode When CNT Clear at Clear at CMP_B).
1 reaches to (DCNTC== | (DCNTD==
CMP_MAX. At CMP_C) CMP_D)
this moment,
CNT reloads
CMP_MIN.
Up Not Available
Down
Mode

]
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Table 14-2 Decision of next CMP_xx in Buffer Mode for each PWM Mode

EAWM gel\)/(ltp MAX next next next next

ode CMP M. | CMP_A | CMP_B CMP_C CMP_D

0 ggi:mmx BUF_A | BUF_B BUF_C BUF_D

1 ggi:mmx BUF_A | BUF_B BUF_C BUF_D

5 ggi:mﬁ\lx BUF A gl\l/l)P_A+BUF_B BUF G gI\Z/I)P_C+BUF_D
3 SBE:M';?\'X BUF A g'\l")P—AJ“BUF—B BUF C BUF D

Note: In Buffer Mode, user should set BUF_xx registers “3 CPUCLKs + 40 COUNT CLOCK CYCLES” before
update timing of CMP_xx.

Note: As for calculations shown above, if calculated result is out of range over CMP_MAX, do following
adjustment.

(*1) When CMP_B is updated, following calculations are executed.
If (CMP_A+BUF_B) > CMP_MAX,
next CMP_B is (CMP_A+BUF_B)-(CMP_MAX-CMP_MIN) — 1
else
next CMP_B is (CMP_A+BUF_B)

Note that CMP_B is updated just when CNT==CMP_A (at compare match A).

(*2) When CMP_D is updated, following calculations are executed.
If (CMP_C+BUF_D) > CMP_MAX,
next CMP_D is (CMP_C+BUF_D)-( CMP_MAX-CMP_MIN) -1
else
next CMP_D is (CMP_C+BUF_D)

Note that CMP_D is updated just when CNT==CMP_C (at compare match C).
145.1  Direct Mode and Buffer Mode

14.5.1.1. Direct Mode

All CMP_xx registers should be directly updated by CPU. When CPU changes CMP_xx, the value is immediately
used to be compared to CNT, DCNTC or DCNTD. So user should use this mode with deep care. In Direct Mode,
BUF_xx registers have no meanings.

14.5.1.2. Buffer Mode (PWM Mode 0,1)

In Up Mode, when CNT is matched to CMP_MAX and re-load CMP_MIN, all BUF_xx contents are transferred to
corresponding CMP_xx registers.

In Up-Down Mode, either when CNT is matched to CMP_MAX and just enters in down counting operation, or when
CNT is matched to CMP_MIN and just enters in up counting operation, all BUF_xx contents are transferred to
corresponding CMP_xx registers. In this case, there are possible two timings when BUF_xx is moved to CMP_xx, and
user can select one of the two or both.

Usually, user uses Buffer Mode rather than Direct Mode. Even in Buffer Mode, user can directly change CMP_xx
registers and the values are immediately used to be compared to CNT as same as Direct Mode.
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14.5.1.3. Buffer Mode (PWM Mode 2,3)

In PWM Mode 2, when CNT is matched to CMP_MAX and re-load CMP_MIN, ALL BUF_xx except BUF_B and
BUF_D contents are transferred to corresponding CMP_xx registers. When CNT is matched to CMP_A, BUF B
contents are transferred to CMP_A with pre-defined arithmetic operations shown in Table 14-2. When CNT is matched
to CMP_C, BUF_D contents are transferred to CMP_D with pre-defined arithmetic operations shown in Table 14-2.

In PWM Mode 3, when CNT is matched to CMP_MAX and re-load CMP_MIN, ALL BUF_xx except BUF_B
contents are transferred to corresponding CMP_xx registers. When CNT is matched to CMP_A, BUF_B contents are
transferred to CMP_A with pre-defined arithmetic operations shown in Table 14-2.

1452 PWM Mode 0

All PWM output wave timings should be specified by user. This mode can be operated in both Direct Mode and
Buffer Mode without using the Dead Time counter

(1) PWM ModeO + Up Mode
CNT starts counting from its initial value to the CMP_MAX value. After CNT and CMP_MAX are matched, CNT
reloads the CMP_MIN value and starts counting from this value to the CMP_MAX value.

If CNT and CMP_A are matched, PWMNXL is changed to specified level VLO.
If CNT and CMP_C are matched, PWMxH is changed to specified level VHO.
If CNT and CMP_B are matched, PWMxH is changed to specified level VH1.
If CNT and CMP_D are matched, PWMXL is changed to specified level VL1.
Each level VHO, VH1, VLO, VL1 is selected from NOP, Low, High or Toggle.

CNT

CN

A i P oAt CMP_C
i ! AT TT-CMP_A
_____________ : v W71 CMP_MIN
‘ E ! A H E
DeadTime | E
PWMxH : VHO VH1 | : VHO VH1
PWMxL VL0  Dead Time VL1 VLO VL1
e Duy i : In Buffer Mode,

! Values in CMP_xxx are
updated at this timing.

Figure 14-3 PWM Mode0 (Up Mode)

(2) PWM Mode0 + Up-Down Mode
CNT starts Up-counting from its initial value to the CMP_MAX value. When CNT and CMP MAX are matched,
CNT starts Down-counting to the CMP_MIN value. When CNT and CMP_MIN are matched, starts CNT return
Up-counting to the CMP_MAX. CNT restarts Up-counting regardless of count direction when CNT stops by writing
PWMCNTS.PWMCSy = 0.
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If CNT (UP) and CMP_A are matched, PWMXL is changed to specified level VLO.

If CNT (UP) and CMP_C are matched, PWMXxH is changed to specified level VHO.

If CNT (DOWN) and CMP_C are matched, PWMxH is changed to specified level VHL.
If CNT (DOWN) and CMP_A are matched, PWMNXL is changed to specified level VL1.
Each level VHO, VH1, VLO, VL1 is selected from NOP, Low, High or Toggle.

In Up-Down mode and Buffer mode, there are possible two timings when BUF_xx is transffered to CMP_xx, and
user can select one of the two or both.
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CMP_MAX

CMP_MIN

PWMxL VLO VL1 VLO
In Buffer Mode, In Buffer Mode,
Values in CMP_xxx can Values in CMP_xxx can
be updated at this timing. be updated at this timing.
(selectable) (selectable)

Figure 14-4 PWM Mode 0 (Up-Down Mode)

1453 PWM Mode 1 (Auto Dead Time)

Dead Time is automatically measured by using Dead Time counter (DCNTC & DCNTD).
It is necessary to set Dead Time into CMP_C and CMP_D. CMP_C and CMP_D setting method are differenrt from

mode 0. There are two Dead Time Modes by changing PWMxH and PWMXL. These are Auto Dead Time Mode 0 and
Mode 1.

(1) PWM Model + Up Mode + Auto Dead Time Mode 0

CNT starts counting from its initial value to the CMP_MAX value. After CNT and CMP_MAX are matched, CNT
reloads the CMP_MIN value and starts counting from this value to the CMP_MAX value.

If CNT and CMP_A are matched, PWMNXL is changed to specified level VVLO.
DCNTC starts up-counting from “0”.

If DCNTC and CMP_C are matched, PWMxH is changed to specified level VHO.
DCNTC is cleared to “0” and stop.

If CNT and CMP_B are matched, PWMxH is changed to specified level VH1.
DCNTD starts up-counting from “0”".

If DCNTD and CMP_D are matched, PWMXxL is changed to specified level VL1.
DCNTD is cleared to “0” and stop.

In Direct mode, it is necessary to change CMP_XX register in advance of 3CPUCLKs+40count cycles or more.
In Buffer mode, the change of each CMP_XX occurs when CMP reloads the value of CMP_MIN.

Note: During DCNTX is incrementing, if corresponding CMP_A/B (which is start trigger of DCNTX) is happened,
the DCNTX re-starts from 0. And as the result, the dead time is stretched.

Note: If CMP_C=0 or CMP_D=0, corresponding dead time period is 1-counter-cycle.
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(2) PWM Model + Up Mode + Auto Dead Time Mode 1
CNT starts counting from its initial value to the CMP_MAX value. After CNT and CMP_MAX are matched, CNT
reloads the CMP_MIN value and starts counting from this value to the CMP_MAX value.

If CNT and CMP_A are matched, PWMxH is changed to specified level VHO.
DCNTC starts up-counting from “0”.

If DCNTC and CMP_C are matched, PWMXL is changed to specified level VLO.DCNTC is cleared to “0” and stop.
If CNT and CMP_B are matched, PWMXxL is changed to specified level VL1.DCNTD starts up-counting from “0”.

If DCNTD and CMP_D are matched, PWMxH is changed to specified level VH1.
DCNTD is cleared to “0” and stop.

Each level VHO, VH1, VLO, VL1 is selected from NOP, Low, High or Toggle.
In Direct mode, it is necessary to change CMP_XX register in advance of 3SCPUCLKSs+40count cycles or more.

Note: During DCNTX is incrementing, if corresponding CMP_A/B (which is start trigger of DCNTX) is happened,
the DCNTX re-starts from 0. And as the result, the dead time is stretched.

Note: If CMP_C=0 or CMP_D=0, corresponding dead time period is 1-counter-cycle.

CMP_MAX - ccccorooaee CMP_MAX ..

CNT

CMP_MIN

0 CMP_D 0
DCNTD ;
0 0 '
pwwmxr  Dead timay VHO vH | Dead } e vHL |
PWMxL VLo Dead Time ‘—’ v VLO Dead Time !7_1
] ] . i ! T ] Auto Dead Time
| Duty H ' E ' Duty E ! Mode 0
In Buffer Mode,
Values in CMP_xxx are
updated at this timing.
VHO ! P vHd : Povi
: : ! VHL ; : ! X
Dead Tjme . 1 Dead Time | | I_
PWMxH — ' r—” ;
vt ' VL ;
PWMM : 1 VLo Dead Time  —— Auto Dead Time
: ' ' ' : ' 1 | Mode1
: | Duty : ; : : Duty ; g J
Figure 14-5 PWM Model + Up Mode
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(3) PWM Model + Up-Down Mode + Auto Dead Time Mode 0
CNT starts Up-counting from its initial value to the CMP_MAX value. When CNT and CMP MAX are matched,
CNT starts Down-counting to the CMP_MIN value. When CNT and CMP_MIN are matched, starts CNT return
Up-counting to the CMP_MAX. CNT restarts Up-counting regardless of count direction when CNT stops by

writing PWMCNTS.PWMCSy = 0.

If CNT (UP) and CMP_A are matched, PWMXL is changed to specified level VLO.
DCNTC starts up-counting from “0

If DCNTC and CMP_C are matched, PWMxH is changed to specified level VHO.
DCNTC is cleared to “0” and stop.

If CNT (DN) and CMP_A are matched, PWMxH is changed to specified level VHL.
DCNTD starts up-counting from “0”.

If DCNTD and CMP_D are matched, PWMXL is changed to specified level VLL1.
DCNTD is cleared to “0” and stop.

Each level VHO, VH1, VLO, VL1 is selected from NOP, Low, High or Toggle.

In Direct mode, it is necessary to change CMP_XX register in advance of 3SCPUCLKSs+40count cycles or more.

In Buffer mode, all BUF_xx contents are transferred to corresponding CMP_xx registers with pre-defined arithmetic
operations shown in Table 14-2. In this case, there are possible two timings when BUF_xx is moved to CMP_xXx,
and user can select one of the two or both.

Note: During DCNTX is incrementing, if corresponding CMP_A (which is start trigger of DCNTX) is happened, the
DCNTXx re-starts from 0. And as the result, the dead time is stretched.

Note: If CMP_C=0 or CMP_D=0, corresponding dead time period is 1-counter-cycle.

(4) PWM Model + Up-Down Mode + Auto Dead Time Mode 1
CNT starts Up-counting from its initial value to the CMP_MAX value. When CNT and CMP MAX are matched,

CNT starts Down-counting to the CMP_MIN value. When CNT and CMP_MIN are matched, starts CNT return
Up-counting to the CMP_MAX. CNT restarts Up-counting regardless of count direction when CNT stops by

writing PWMCNTS.PWMCSy = 0.

If CNT (UP) and CMP_A are matched, PWMXxH is changed to specified level VHO.
DCNTC starts up-counting from “0

If DCNTC and CMP_C are matched, PWMNXL is changed to specified level VLO.
DCNTC is cleared to “0” and stop.

If CNT (DN) and CMP_A are matched, PWMNXL is changed to specified level VL1.
DCNTD starts up-counting from “0”.

If DCNTD and CMP_D are matched, PWMxH is changed to specified level VH1.
DCNTD is cleared to “0” and stop.

Each level VHO, VH1, VLO, VL1 is selected from NOP, Low, High or Toggle.
In Direct mode, it is necessary to change CMP_XX register in advance of 3SCPUCLKs+40count cycles or more.

In Buffer mode, all BUF_xx contents are transferred to corresponding CMP_xx registers with pre-defined arithmetic
operations shown in Table 14-2. In this case, there are possible two timings when BUF_xx is moved to CMP_xXx,
and user can select one of the two or both.
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Note: During DCNTX is incrementing, if corresponding CMP_A (which is start trigger of DCNTX) is happened, the
DCNTXx re-starts from 0. And as the result, the dead time is stretched.

Note: If CMP_C=0 or CMP_D=0, corresponding dead time period is 1-counter-cycle.

CMP_MAX CMP MAX
(¢ A - N
CMP_A —ce-
CMP_A
CMP_MIN
CMP_C
CcMP_C
DCNTC
0
CMP_D CMP_D
DCNTD
0 0
VHO
PWMxH —p| Dead Time VH VHO VH1
Dead Time ~—pf VL1 vl
PWMXL vid Vvio Auto Dead Time
Mode 0
Duty
In Buffer Mode, In Buffer Mode, J
Values in CMP_xxx can Values in CMP_xxx can
be updated at this timing. be updated at this timing.
(selectable) (selectable)
i i
‘ i ]
[ H
VHO VH1 VHO VH1
PWMxH »  Dead Time
VL1
Dead Ti Auto Dead Time
PWMXL VLo ead Time  ¢—p; VLO vl Mode 1
Duty J

Figure 14-6 PWM Model +Up-Down Mode
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1454 PWM Mode 2 (Phase Shift)

This mode can generate phase shift wave, and available only in Up Mode and Buffer Mode.
As for transfer timings and transfer operations of BUFxx to CMPxx are slightly changed from Buffer Mode in PWM
ModeO and 1.

BUF_xx contents are transferred to corresponding CMP_xx registers exept CMP_B & CMP_D when CNT is
matched to CMP_MAX and re-load CMP_MIN.

The timing and operation of transference of CMP_B and CMP_D are mentioned below.

CNT starts counting from its initial value to the CMP_MAX value. After CNT and CMP_MAX are matched, CNT
reloads the CMP_MIN value and starts counting from this value to the CMP_MAX value.

If CNT and CMP_A are matched, PWMNXL is changed to specified level VL0, CMP_A+BUF_B->CMP_B
If CNT and CMP_C are matched, PWMxH is changed to specified level VHO, CMP_C+BUF_D->CMP_D
If CNT and CMP_B are matched, PWMxH is changed to specified level VH1.
If CNT and CMP_D are matched, PWMXL is changed to specified level VL1.
Each level VHO, VH1, VL0, VL1 is selected from NOP, Low, High or Toggle.

When CMP_B is updated, following calculations are executed.
If (CMP_A+BUF_B) > CMP_MAX,
next CMP_B is (CMP_A+BUF_B)-( CMP_MAX- CMP_MIN) - 1
else
next CMP_B is (CMP_A+BUF_B)
Note that CMP_B is updated just when CNT==CMP_A (at compare match A).
Note that BUF_B value of above operation is unsigned value.

When CMP_D is updated, following calculations are executed.
If (CMP_C+BUF_D) > CMP_MAX,
next CMP_D is (CMP_C+BUF_D)-(CMP_MAX- CMP_MIN)- 1
else
next CMP_D is (CMP_C+BUF_D)
Note that CMP_D is updated just when CNT==CMP_C (at compare match C).
Note that BUF_D value of above operation is unsigned value.

Value in CMP_B Value in CMP_D
is updated at timing.. is updated at timing..

CMP_MAX

VH1 VHO VH1
1 1 ——
! : :
PWMXxL VLO  Dead Time —*| VL1 VLO VL1
: : - : !
1 1
&ﬁ Values in CMP_xxx are

updated at this timing.

Figure 14-7 PWM Mode 2 (Phase Shift)
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1455 PWM Mode 3 (Phase Shift + Auto Dead Time)

This mode can generate phase shift wave with auto dead time, and available only in Up Mode and Buffer Mode. The

CNT is compared with CMP_A and CMP_B.
This mode uses Dead Time Counter DCNTC and DCNTD. All counters (CNT, DCNTC and DCNTD) use same

count up/down clock.
There are two modes in Auto Dead Time generation; Auto Dead Time Mode0O and Auto Dead Time Model.

(1) PWM Mode3 + Auto Dead Time Mode 0
CNT starts counting from its initial value to the CMP_MAX value. After CNT and CMP_MAX are matched, CNT

reloads the CMP_MIN value and starts counting from this value to the CMP_MAX value.

As for transfer timings and transfer operations of BUFxx to CMPxx are slightly changed from Buffer Mode in
PWM Mode0 and 1.

If CNT and CMP_A are matched, PWMXL is changed to specified level VL0, CMP_A+BUF_B->CMP_B
DCNTC starts up-counting from “0

If CNT and CMP_C are matched, PWMxH is changed to specified level VHO,
DCNTC is cleared to “0” and stop.

If CNT and CMP_B are matched, PWMxH is changed to specified level VHL1.
DCNTD starts up-counting from “0”.

If CNT and CMP_D are matched, PWMXL is changed to specified level VL1.
DCNTD is cleared to “0” and stop.

Each level VHO, VH1, VLO, VL1 is selected from NOP, Low, High or Toggle.

Note: During DCNTX is incrementing, if corresponding CMP_A/B (which is start trigger of DCNTX) is happened,
the DCNTX re-starts from 0. And as the result, the dead time is stretched.

Note: If CMP_C=0 or CMP_D=0, corresponding dead time period is 1-counter-cycle.

When CMP_B is updated, following calculations are executed.
If CMP_A+BUF_B) > CMP_MAX,
next CMP_B is (CMP_A+BUF_B)-(CMP_MAX- CMP_MIN) - 1
else
next CMP_B is (CMP_A+BUF_B)

Note that CMP_B is updated just when CNT==CMP_A (at compare match A).
Note that BUF_B value of above operation is unsigned value.
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Value in CMP_B
is updated at timing..

CNT
CMP_A+BUF B
CMP_MIN CMP_MIN
DCNTC
DCNTD
PWMxH E E i E
TVHD:! T VAD . .
' Y/ : ' VLG
PWMxL VLO  Dead Time ™ VLO Dead Time —»,
. . . VLD
1 VLD 1 1
! Duty ' ' Duty .

Values in CMP_xxx
except for CMP_B are
updated at this timing.

Figure 14-8 PWM Mode 3 (Phase Shift, Auto Dead Time Mode 0)
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(2) PWM Mode3 + Auto Dead Time Mode 1
CNT starts counting from its initial value to the CMP_MAX value. After CNT and CMP_MAX are matched, CNT

reloads the CMP_MIN value and starts counting from this value to the CMP_MAX value.
As for transfer timings and transfer operations of BUFxx to CMPxx are slightly changed from Buffer Mode in
PWM Mode0 and 1.

If CNT and CMP_A are matched, PWMxH is changed to specified level VHO, CMP_A+BUF_B->CMP_B
DCNTC starts up-counting from “0

If CNT and CMP_C are matched, PWMXL is changed to specified level VLO,
DCNTC is cleared to “0” and stop.

If CNT and CMP_B are matched, PWMNXL is changed to specified level VL1.
DCNTD starts up-counting from “0”.

If CNT and CMP_D are matched, PWMXxH is changed to specified level VH1.
DCNTD is cleared to “0” and stop.

Each level VHO, VH1, VLO, VL1 is selected from NOP, Low, High or Toggle.

Note: During DCNTX is incrementing, if corresponding CMP_A/B (which is start trigger of DCNTX) is happened,
the DCNTX re-starts from 0. And as the result, the dead time is stretched.

Note: If CMP_C=0 or CMP_D=0, corresponding dead time period is 1-counter-cycle.

When CMP_B is updated, following calculations are executed.
If (CMP_A+BUF_B) > CMP_MAX,
next CMP_B is (CMP_A+BUF_B)-(CMP_MAX-CMP_MIN) - 1
else
next CMP_B is (CMP_A+BUF_B)

Note that CMP_B is updated just when CNT==CMP_A (at compare match A).
Note that BUF_B value of above operation is unsigned value.
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Value in CMP_B
is updated at timing O

CMP_MAXca.a..

CNT

CMP_A+BUF_B

CMP_MIN CMP_MIN
a
1
1
' H '
CMP G P - CMP_C H i
_memmgess=2 (=== '
DCNTC :/ :
: 1 1 []
0 CMP_D aedamens e 0 CMP_D ~7177==°2 -
DCNTD :/
0! : 01 :
‘
o : VHO ! VH1
VHO - : VHL .
PWMxH Dead Time DeadTime ™
— 1 —
1
1VLy : VL1 ¢
VLO X ] VLO . { '
PWMxL Dead Time > Dead Time —»E
P : : :
_ Duty N ' Duty
VLO :
1
1
Values in CMP_xxx E

except for CMP_B are
updated at this timing.

Figure 14-9 PWM Mode 3 (Phase Shift, Auto Dead Time Mode 1)

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 14-19
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

14.6 Contentions or Output Control Conditions

Output Control Operations, when plural Compare matches are happened at same time, are shown in Table 14-3. In
each Auto Dead Time Mode, even if such contentions are happened, DCNTC and DCNTD will normally start by
defined conditions.

Table 14-3 Contentions or Output Control Conditions

Mode Priority in PWMxH output control Priority in PWMNXL output control Note
PWM Lowest | CMP_MAX for PWMxH Lowest | CMP_MAX for PWMxL
M(ide 0 VHO event VLO event
Up Mode VH1 event VL1 event

Highest | VTH event Highest | VTL event
PWM Lowest | CMP_MIN for PWMxH Lowest | CMP_MIN for PWMXxL
'V'°+de 0 CMP_MAX for PWMxH CMP_MAX for PWMxL
Up-Down VHO event VLO event
Mode VH1 event VL1 event

Highest | VTH event Highest | VTL event
PWM Lowest CMP_MAX for PWMxH Lowest CMP_MAX for PWMxL
M(_)Fde 1 VHO event VLO event
Up Mode VH1 event VL1 event

Highest VTH event Highest VTL event
PWM Lowest | CMP_MIN for PWMxH Lowest | CMP_MIN for PWMXxL
M‘ide 1 CMP_MAX for PWMxH CMP_MAX for PWMxL
Up-Down VHO event VLO event
Mode VH1 event VL1 event

Highest | VTH event Highest | VTL event

Lowest CMP_MAX for PWMxH Lowest CMP_MAX for PWMxL

VHO even VLO even
PWM 0 event 0 event
Mode 2 VH1 event VL1 event
. VTH . VTL

Highest event Highest event
PWM Lowest CMP_MAX for PWMxH Lowest CMP_MAX for PWMxL
Mode 3 VHO event VLO event

VH1 event VL1 event

Highest | VTH event Highest | VTL event
Common Just when Compare Match, CMP_x is changed to another value.

- old CMP_x operation is taken.

Just when CMP_x is changed, Compare Match happens by new value.

- new CMP_x operation is NOT taken.

Just when Compare Match, CNT is forcibly changed to another value.

—> old CMP_x operation is taken.

Just when CNT is forcibly changed, Compare Match happens by new value.

- new CMP_x operation is NOT taken

14.7 Operation Timing

(1) Compare Match Timing
Compare Match Timing is shown in Figure 14-10. Conditions of this example are
(i) Module System clock :1GHz
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(if) Count Up/Down Timing:1GHz

The CNT is changed by the Count Up/Down timimg:1GHz, and Compare match is occurred at the end of the
CNT value which same as CMP_X

Module System Clock |
(1GHz) .

CNT >< N-2 >< N-1>< N >< N+l><N+2 ><

CMP_x

PWMxx X

Compare Match Timing

Figure 14-10 Compare Match Timing
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(2) CNT Clear Timing in Up Mode
The CNT Clear Timing in Up Mode is shown in Figure 14-11. Conditions of this example are
(i) Module System clock :1GHz
(ii) Count Up Timing:1GHz

The CNT is reloaded to the CMP _MIN value at the next CNT cycle of CMP_MAX value

Module System Clock
(1GHz) |

CNT MAX-2>< MAX-1>< MAX >< MIN >< MIN+1>< MIN+2><

CMP_MAX MAX

MIN

CMP_MIN

Figure 14-11 Counter Clear Timing in Up Mode
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(3) CNT Up to Down changing Timing in Up-Down Mode
The CNT Changing Timing from Up count to Down count is shown in Figure 14-12. Conditions of this example
are
(i) Module System clock :1GHz
(ii) Count Up/Down Timing:1GHz

The CNT first value in countdown operation is same as the CNT last value in count up operation. This means
CMP_MAX value is kept in two cycles of the CNT Count Up/Down Timing.

Module System Clock
(1GHz) |

Count Up/Down MAX-2>< MAX-1 >< MAX >< MAX >< MAX-1 >< MAX-2 XMAX-3
CNT

count up count down
CMP_MAX MAX

Figure 14-12 Counter Up to Down Change Timing in Up-Down Mode
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(4) CNT Down to Up changing Timing in Up-Down Mode
The CNT Changing Timing from Down count to Up count is shown in Figure 14-13. Conditions of this example
are
(i) Module System clock :1GHz
(if) Count Up/Down Timing:1GHz

The CNT first value in count up operation is same as the CNT last value in countdown operation. This means
CMP_MIN value is kept in two cycles of the CNT Count Up/Down Timing.

Module System Clock
(1GHz) .

CNT MIN+2>< MIN+1>< MIN >< MIN >< MIN+1>< MIN+2 >< MIN+3

count down count up

CMP_MIN MIN

Figure 14-13 Counter Down to Up Change Timing in Up-Down Mode
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Module System Clock
Equivalent Clock (1GHz)
I
Count Up/Down | | ' |
Timing i

BUF_Max 22| 2 :/
1 7
BUF_MIN - 2|/
1A |
BUF_A -1/
T 1
BUF_B 4
T
BUF_C 2 5\
T T 1
BUF_D SNIER
T I A

CMP_MAX [ 22\ (¥ 25
CMP_MIN f 1 ‘\5( -2
CMP_A 3 1 1
CMP_B 5 :}(‘4
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EE
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o
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N

|

w

CMP_D

PWMxH \‘ DCNJC-> / 0 1. 2 3 0

—
PWMXL \/ \ DCNTD> 0 1 2

Updated by CPU or DSAC

Figure 14-14 Example Operation (PWM Mode 1 + Auto Dead Time Mode 0 + Up Mode + Buffer Mode)

Notel: Compare Match Judges should be executed every time. even just after re-load CNT.

Note2: Minimum Pulse width should be a period of counter updating (+/-1) clock (1ns at 1GHz). Very narrow pulse
width might be disappeared due to rise/fall time.

Note3: Actual toggling on PWMxH and PWMXL has latency delay from internal compare match events.
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. _____________________________________________________________________________________________________________________________|
14.8 Re-Trigger Operations

Each counter block can be configured as Re-Trigger operation Mode. Each Output Signal or Counter value can be
retriggered by specified events.There are five Re-trigger operations,Mode A/B/C/D and Mask operation, which can
control output levels of both PWMxH and PWMXL.

14.8.1  Events for re-trigger

There are twenty-two Events for re-trigger as shown in Table 14-4.

Table 14-4 Events for Re-trigger

No. Source Note
0 CPU Access

1 reserved

2 Trigger Pulse from Timer0_CMA

3 Trigger Pulse from Timerl CMA

4 Trigger Pulse from Comparator O

5 Trigger Pulse from Comparator 1

6 Trigger Pulse from Comparator 2

7 Trigger Pulse from Comparator 3

8 Event Positive Edge Signal from GP100
9 Event Positive Edge Signal from GP101
10 Event Positive Edge Signal from GP102
11 Event Positive Edge Signal from GP103
12 Event Negative Edge Signal from GP100
13 Event Negative Edge Signal from GPIO1
14 Event Negative Edge Signal from GP102
15 Event Negative Edge Signal from GP103
16 Trigger Pulse from Timer2_CMO

17 Trigger Pulse from Timer3_CMO

18 Trigger Pulse from Comparator 4

19 Trigger Pulse from Comparator 5

20 Event Positive Edge Signal from GP104
21 Event Positive Edge Signal from GP105
22 reserved

23 Event Negative Edge Signal from GP104
24 Event Negative Edge Signal from GP105
25-31 | reserved
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14.8.2  Re-Trigger Operation Mode A

In Re-Trigger Operation Mode A, the counter block operation will be as follows.
When specified event is detected, each PWM output signal will be changed to specified level, detail description of
changing method is described in 14.8.7. And this status will continue without comparison operation until user stops

the counter (CNT).
, Stop
v E
planed !
PWMxH i specifiedvalue 1
PWMxL : specified value E
No-Comparison :
Event

Stop

\cm\ /\
NV

PWMxH i specified value

P
<

PWMxL | | ! specified value!

A

1
o |
L]

I

1

No-Comparison

Figure 14-15 Re-Trigger Operation Mode A
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14.8.3  Re-Trigger Operation Mode B

In Re-Trigger Operation Mode B, the counter block operation will be as follows.

When specified event is detected, each PWM output signal will be changed to specified level, detail description of
changing method is described in 14.8.7. And this status will continue without comparison operation until the counter
(CNT) reaches CMP_MIN. From the timing at CNT==CMP_MIN, the normal comparison operation starts again.

CNT Event
CMP_MIN
planed ! -

——————— A |
PWMxH specified value |
PWMxL specified 'h/alu:le

No-Comparison
Event

CNT

%P_MIN

planed !
P specifiedvalue i
PWMXxL | specified \ialueI

<& n
< >

No-Comparison

Figure 14-16 Re-Trigger Operation Mode B
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14.8.4  Re-Trigger Operation Mode C

In Re-Trigger Operation Mode C, the counter block operation will be as follows.

When specified event is detected, each PWM output signal will be changed to specified level. And the counter (CNT)
is immediately changed to as follows.

(1) Up-Mode: Changed to CMP_MIN.

(2) Up-Down Mode and during Up-Counting: Changed to CMP_MAX.
(3) Up-Down Mode and during Down-Counting: Changed to CMP_MIN.

CNT #Event

CMP_MIN

PWMxH spegified value

PWMxL spetified value

L

#Event Event

VARRVA VAR

the value specified by PWMnRTL.VTH_MAX

PWMxH \_] | 4
[ ] |

the va:lue specified by PWMnRTL.VTH_MIN
1
the vglue specified by PWMnRTL.VTL_MIN

PWMxL

the value specified by PWMnRTL.VTL_MAX

Figure 14-17 Re-Trigger Operation C
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14.8.5 Re-Trigger Operation D

In Re-Trigger Operation Mode D, the counter block operation will be as follows.
When specified event is detected, during next counter (CNT) cycle from CMP_MIN to next CMP_MIN will not have
comparison operation.

Event

CMP_MIN CMP_MIN

L
.

CNT

PWMxH
PWMxL

< »i
< »

No-Comparison

VA IWNTN

PWMxH
PWMxL

-

& »l
<

No-Comparison

*When Event occurs during No-Comparison period, No-Comparison period will be extended.

Figure 14-18 Re-Trigger Operation D
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14.8.6

Re-Trigger event can be masked (ignored) if user desires. Start point of mask period is selected from output signal
edges (PWMxH or PWMXL, rise or fall). Length of mask period is defined as Cycles of [Count Clock Frequency / 8]
[Count Clock Frequency / 16] or [Count Clock Frequency / 32].

Re-Trigger Mask Operation

iy

1« EventMask Period

4> Eyent Mask Period

Event Event
CNT ‘ ‘
Lo ‘ IGNORED
roo planed '
PWMxH i specified value i
PWMxL [1 specifieb value

Figure 14-19 Re-Trigger Operation D

14.8.7

According to PWM Mode, the Waveform Levels are changed by following manner.
Specified value VTH is fix level for PWMxH and is determined by seting PWMnRTL.
Specified value VTL is fix level for PWMXxL and is determined by seting PWMnNRTL.

Detail method to change Waveform Level by Re-Trigger

Table 14-5 Method to change Waveform Level by Re-Trigger

Mode PWMxH PWMxL Note
PWM Mode 0 Immediately Changed to specified | Immediately Changed to specified

value VTH. value VTL.
PWM Mode 1 Immediately Changed to specified | If DCND is matched to CMP_D,

Auto Dead Time
Mode 0

value VTH.
Start DCNTD from 0 until
CMP_D, and clear it.

changed to VTL.

PWM Mode 1
Auto Dead Time
Mode 1

If DCND is matched to CMP_D,
changed to VTH.

Immediately Changed to specified
value VTL.

Start DCNTD from 0 until
CMP_D, and clear it.

PWM Mode 2 Immediately Changed to specified | Immediately Changed to specified
value VTH. value VTL.
PWM Mode 3 Immediately Changed to specified | If DCND is matched to CMP_D,

Auto Dead Time
Mode 0

value VTH.
Start DCNTD from 0 until
CMP_D, and clear it.

changed to VTL.

PWM Mode 3
Auto Dead Time
Mode 1

If DCND is matched to CMP_D,
changed to VTH.

Immediately Changed to specified
value VTL.

Start DCNTD from 0 until
CMP_D, and clear it.

Note: For both Up-Mode and Up-Down-Mode.
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14.9 Event Output

Each counter block has 3 event outputs.

PWMn EVENTO

PWMn EVENT1

PWMn TIMERSYNC (which resets Timer’s Counter Value)
Each event can be selected from compare matches shown below.

CMP_MIN

CMP_MAX

VH1 match

VHO match

VL1 match

VL0 match

Re-trigger(T)

CMP_MIN event does not occur when UP count mode.

14.10 Interrupt Output

Each counter block has 2 interrupt outputs.
PWMnINTO
PWMnINT1
Each interrupt can be selected from compare matches shown below.
CMP_MIN
CMP_MAX
VH1 match
VHO match
VL1 match
VL0 match
Re-trigger(T)

CMP_MIN interrupt does not occur when UP count mode.

14.11 Register Access

In the module, there are several 16bit registers such as BUF_xx, CMP_xx and CNT. When CPU or DSAC writes to
these register, it should write LSB side register first. In the Low side write operation, the write value is stored in a
dedicated temporary register, and when High side register is written next, the value in temporary register is transferred
to Low side simultaneously. By this scheme, the entire bits in 16bit register are updated at same time.

Regarding 16bit width register of PWM assigned in SFR area, each Low Side (LSB Side) register and High Side
(MSB Side) register for 16bit value is assigned on SAME address.

Regarding 16bit width register of PWM assigned in XDATA-Bus area, each Low Side (LSB Side) register and High
Side (MSB Side) register for 16bit value is assigned independent contiguous address. The Low Side is on lower address,
the High Side is on higher address, which follows Little-Endian manner.

Following operation is still important in Timer Function.

Regarding 16bit width register of PWM assigned in not only SFR area but also Data Area, in write access, 1% writing
on the address reaches to Temporary Register for Low Side and 2™ writing reaches to High Side. At this 2™ access,
Temporary and High Side data are transferred to both Low Side and High Side registers. In read access, 1* access gets
Low Side data to the bus and High Side data to temporary register, and then 2™ read access receives High Side data
from temporary register.

DSAC can read/write 16bit data at one time from/to BUF_xxx(mapped in SFR area) with 1-word access mode.
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| XXX_L | | XXX_H

TLower 8bit t 4 Upper 8bit

| Temp for XxX_L |

% 8bit 16bit

Figure 14-20 Scheme for writing 16 bit register

PWMnACSTS.XREGACS hit is the write access flag for XBUS register.

When PWMnACSTS.XREGACS=1, the XDATA-Bus register write operation is on-going. The next new write
operation cannot be accepted. PWMnACSTS.XREGACS is set to 1’'bl when one of the PWMnH/LCRO/1,
PWMnMODE, PWMnRTx and the High Side of CNTn, CMP_xxx and BUF_MIN/MAX is written. Please write these
register when PWMnACSTS.XREGACS=0.

PWMnACSTS.SFRACS bit is the write access flag for SFRs. When PWMnACSTS.SFRACS=1, the SFR write
opetration is on-going. PWMnACSTS.XREGACS is set to 1’bl when the High Side of BUF_A/B/C/D register is
written. BUF_A/B/C/D reisters can be written sequentially only once when PWMnACSTS.SFRACS=1. For example,
writing BUF_Ax_L -> BUF_Ax_H -> BUF_Bx_L -> BUF_Bx_H -> BUF_Cx_L -> BUF_Cx_H -> BUF Dx_L ->
BUF_Dx_H can be accepted. The re-writing BUF_A/B/C/D register after previous BUF_A/B/C/D register write
operation must be executed after confirming PWMnACSTS.SFRACS=0.

The previous XDATA-Bus register and SFR write operation spends 6 CPUCLKSs + 24 PWM counter clocks.
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14.12 Register Description

Table 14-6 XDATA-Bus common registers

Symbol Address Initial value
PWMENBL 0xF900 0x00
PWMCSCO 0xF901 0x33
PWMCSC1 0xF902 0x33
PWMCNTS 0xF903 0x00

Table 14-7 XDATA-Bus registers (each channel)

Symbol Address Address Address Address Initial value
(CHn) (CHDO0) (CH1) (CH?2) (CH 3)

PWMnNCSS 0xF904 0xF944 0xF984 0xF9C4 0x00
PWMnEVOO0 0xF905 0xF945 0xF985 0xF9C5 0x00
PWMnEVO1 0xF906 0xF946 0xF986 0xF9C6 0x00
PWMnEVOT 0xF907 O0xF947 0xF987 O0xF9C7 0x00
PWMnINTSO 0xF908 0xF948 0xF988 0xF9C8 0x00
PWMnINTS1 0xF909 0xF949 0xF989 0xF9C9 0x00
PWMNnNINTF OxF90A OxF94A OxF98A OxF9CA 0x00
PWMnACCLR 0xF90B 0xF94B 0xF98B OxFoCB 0x00
PWMnACSTS 0xF90C 0xF94C 0xF98C 0xF9CC 0x00
CNTn_L 0xF910 0xF950 0xF990 0xF9DO0 0x00
CNTn_H 0xF911 0xF951 0xF991 0xF9D1 0x00
CMP_An_L 0xF912 0xF952 0xF992 0xF9D2 0x00
CMP_An_H 0xF913 0xF953 0xF993 0xF9D3 0x00
CMP_Bn_L 0xF914 0xF954 0xF994 0xF9D4 0x00
CMP_Bn_H 0xF915 0xF955 0xF995 0xF9D5 0x00
CMP_Cn_L 0xF916 0xF956 0xF996 0xF9D6 0x00
CMP_Cn_H O0XF917 0XF957 0XF997 OXF9D7 0x00
CMP_Dn_L 0xF918 0xF958 0xF998 0xF9D8 0x00
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Symbol Address | Address Address Address Initial value
(CHn) (CH0) (CH1) (CH?2) (CH 3)

CMP_Dn_H 0xF919 0xF959 0xF999 0xF9D9 0x00
CMP_MINN_L OxF91A OxF95A O0xF99A OxFODA 0x00
CMP_MINn_H 0xF91B 0xF95B 0xF99B 0xF9DB 0x00
CMP_MAXn_L 0xF91C 0xF95C 0xF99C O0xF9DC 0x00
CMP_MAXn_H 0xF91D 0xF95D 0xF99D 0xF9DD 0x00
PWMnCNTMD 0xF920 0xF960 O0xF9A0 OxF9EO 0x00
PWMnHCRO 0xF921 0xF961 OxF9A1 OxF9E1 0x00
PWMnLCRO 0xF922 0xF962 OxF9A2 OxF9E2 0x00
PWMnHCR1 0xF923 0xF963 OxF9A3 OxF9E3 0x00
PWMnLCR1 0xF924 0xF964 OxF9A4 OxF9E4 0x00
PWMnMODE 0xF925 0xF965 OxF9A5 OxF9E5 0x00
PWMnRTRG 0xF926 0xF966 OxF9AG6 OxF9E6 0x00
PWMnRTRS OxF927 0xF967 OxF9AT7 OxFOE7 0x00
PWMnRTGC 0xF928 0xF968 OxF9A8 OxF9E8 0x00
PWMnRTL 0xF929 0xF969 OxF9A9 OxF9E9 0x00
PWMnRTMC O0xF92A OxF96A OXF9AA OXF9EA 0x00
PWMnRTMP 0xF92B 0xF96B OxF9AB OxF9EB 0x00
BUF_MINn_L 0XF92C | OXF96C OXFIAC OXF9EC 0x00
BUF_MINn_H 0xF92D 0xF96D OxF9AD OXFO9ED 0x00
BUF_MAXn_L O0xF92E OxF96E OXFO9AE OXF9EE 0x00
BUF_MAXn_H OxF92F OxF96F OxF9AF OxF9EF 0x00

Table 14-8 SFRs (each channel)
Symbol Address Address Address Address Initial value
(CH n) (CH 0) (CH1) (CH 2) (CH 3)

BUF_An_L OxE4 OxEC OxF4 OxFC 0x00
BUF_An_H OxE4 OxEC OxF4 OxFC 0x00
BUF_Bn_L OxES5 OXED OxF5 OxFD 0x00
BUF_Bn_H OxES5 OXED OxF5 OxFD 0x00
BUF_Cn_L OxE6 OXEE OxF6 OXFE 0x00
BUF_Cn_H OxE6 OxEE OxF6 OxFE 0x00
BUF _Dn_L OxE7 OxEF OxF7 OxFF 0x00
BUF_Dn_H OxE7 OxEF OxF7 OxFF 0x00
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14.12.1 PWMENBL

Register PWMENBL PWM Enable Control Address 0xF900
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R/W |0 Read value is 0. Write only 0.
4 reserved RIW |0 Read value is 0. Write only 0.
3 PWMDE RW |0 Enable Counter Clock Source A~D

0: Disable
1 PWMBE RIW |0
0 PWMAE RIW |0

14.12.2 PWMCSCO
Register PWMCSCO PWM Clock Source Control 0 Address 0xF901
Bit Bit Name R/W | Initial Description Note
7 PWMCCBI[3] RW |0 Clock source B Clock select
6 PWMCCB[2] RIW |0 Counter Clock Frequency =
5 PWMCCBJ[1] R/W 1 PLL2 Clock / (2~ PWMCCBJ[3:0])
(Max 1GHz)

4 PWMCCB[0] RIW |1 Note: PWMCCB[3:0] should be 0x0~0x8. Do

not set 0x9~0xF.
3 PWMCCA[3] RIW |0 Clock source A Clock select
2 PWMCCA[2] RIW |0 Counter Clock Frequency =
1 PWMCCA[1] R/W 1 PLL2 Clock / (2~ PWMCCA[3:0])

(Max 1GHz)

0 PWMCCA[0] RW |1 Note: PWMCCA[3:0] should be 0x0~0x8. Do

not set 0x9~0xF.
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14.12.3 PWMCSC1

Register PWMCSC1 PWM Clock Source Control 1 Address 0xF902
Bit Bit Name R/W | Initial Description Note
7 PWMCCDI[3] RW |0 Clock source D Clock select
6 PWMCCD[2] RIW | 0 Counter Clock Frequency =
5 PWMCCD[1] R/W 1 PLL2 Clock / (2~ PWMCCDI3:0])
(Max 1GHz)
4 PWMCCDI0] RwW |1 Note: PWMCCD[3:0] should be 0x0~0x8. Do
not set 0x9~0xF.
3 PWMCCC[3] RW |0 Clock source C Clock select
2 PWMCCC[2] RW |0 Counter Clock Frequency =
1 PWMCCC[].] R/W 1 PLL2 Clock / (2~ PWMCCC[3:0])
(Max 1GHz)
0 PWMCCC[0] RIW |1 Note: PWMCCC[3:0] should be 0x0~0x8. Do
not set 0x9~0xF.

Note:

If PWMCCx[3:0] == 0x0, Counter Clock is PLL2 Clock (Max 1GHz).
If PWMCCx[3:0] == 0x1, Counter Clock is PLL2 Clock / 2

If PWMCCx[3:0] == 0x2, Counter Clock is PLL2 Clock / 4

If PWMCCx[3:0] == 0x7, Counter Clock is PLL2 Clock / 128
If PWMCCXx[3:0] == 0x8, Counter Clock is PLL2 Clock / 256
If PWMCCXx[3:0] == 0x9, Counter Clock is PLL2 Clock / 256

If PWMCCXx[3:0] == OxF, Counter Clock is PLL2 Clock / 256
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14.12.4 PWMCNTS

Register PWMCNTS PWM Counter Start Address 0xF903
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved RIW |0 Read value is 0. Write only 0.
4 reserved RIW |0 Read value is 0. Write only 0.
3 PWMCSD RIW |0 Source Clock Group D Counter Start/Stop
0: Stop
1: Start
2 PWMCSC RIW |0 Source Clock Group C Counter Start/Stop
0: Stop
1: Start
1 PWMCSB RIW |0 Source Clock Group B Counter Start/Stop
0: Stop
1: Start
0 PWMCSA RW |0 Source Clock Group A Counter Start/Stop
0: Stop
1: Start

The PWM channel counters which select the same clock source, can start simultaneously(synchronized). All of
counters which select the same Clock source x(A/B/C/D) start by writing PWMCSx bit.

14.12.5 PWMNCSS (n=0~3)

Register PWMOCSS PWM Clock Source Select for Block0 Address 0xF904
Register PWM1CSS PWM Clock Source Select for Blockl Address 0xF944
Register PWM2CSS PWM Clock Source Select for Block2 Address 0xF984
Register PWM3CSS PWM Clock Source Select for Block3 Address 0xF9C4
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 PWMCSS2 | RI'W | 0 Clock Source Select

000: Clock Source A
1 PWMCSS1 | RIW | 0 001: Clock Source B
0 PWMCSS0 |R/IW |0 010: Clock Source C

011: Clock Source D

others: do not write
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14.12.6  PWMnEVOO/1/T (n=0~3)

Register PWMOEVOO0 PWM Event0 Output for Block 0 Address 0xF905
Register PWM1EVOO0 PWM Event0 Output for Block 1 Address 0xF945
Register PWM2EVO0 PWM Event0 Output for Block 2 Address 0xF985
Register PWM3EVO0 PWM Event0 Output for Block 3 Address 0xF9C5
Register PWMOEVO1 PWM Eventl Output for Block 0 Address 0xF906
Register PWM1EVO1l PWM Eventl Output for Block 1 Address 0xF946
Register PWM2EVO1 PWM Eventl Output for Block 2 Address 0xF986
Register PWM3EVO1 PWM Eventl Output for Block 3 Address 0xF9C6
Register PWMOEVOT PWM Event to Timer for Block 0 Address 0xF907
Register PWM1EVOT PWM Event to Timer for Block 1 Address O0xF947
Register PWM2EVOT PWM Event to Timer for Block 2 Address 0xF987
Register PWM3EVOT PWM Event to Timer for Block 3 Address O0xF9C7
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 EVT.T R/W 0 Event Output Source

The Event Output is generated from ORed
5 EVT_VH1 RIW |0 compare match events of CMP_xx. These bits
4 EVT VHO RW |0 set to 1 select corresponding event source to
3 VT VLt = 1o be ORed. Output event signal is pulse shape.
2 EVT_VLO R/W 0
1 EVT_MAX R/W 0
0 EVT_MIN R/W 0
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14.12.7 PWMnINTS0/1(n=0~3)

Register PWMOINTSO PWM Interrupt O Select for Block 0 Address 0xF908
Register PWML1INTSO PWM Interrupt O Select for Block 1 Address 0xF948
Register PWM2INTSO PWM Interrupt O Select for Block 2 Address 0xF988
Register PWM3INTSO PWM Interrupt O Select for Block 3 Address 0xF9C8
Register PWMOINTS1 PWM Interrupt 1 Select for Block 0 Address 0xF909
Register PWM1INTS1 PWM Interrupt 1 Select for Block 1 Address 0xF949
Register PWM2INTS1 PWM Interrupt 1 Select for Block 2 Address 0xF989
Register PWM3INTS1 PWM Interrupt 1 Select for Block 3 Address 0xF9C9
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 INT T RW |0 Interrupt Source

— The Interrupt Flag is set from ORed compare
5 INT_VH1 RIW |0 match events of CMP_xx. These bits set to 1
4 INT VHO RW |0 select corresponding interrupt source to be

— ORed.
3 INT_VL1 R/W 0
2 INT_VLO RIW |0
1 INT_MAX RW |0
0 INT_MIN R/W 0
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14.12.8 PWMnINTF(n=0~3)

Register PWMOINTF PWM Interrupt Flag for Block 0 Address 0xF90A
Register PWMIINTF PWM Interrupt Flag for Block 1 Address OXF94A
Register PWM2INTF PWM Interrupt Flag for Block 2 Address OxF98A
Register PWMB3INTF PWM Interrupt Flag for Block 3 Address OxFICA
Bit Bit Name R/W | Initial Description Note

7 reserved R 0 Read value is 0. Write only 0.

6 reserved R 0 Read value is 0. Write only 0.

5 PWMIEL RIW |0 Enable PWM Interrupt 1

0: Disable PWM Interrupt 1

1: Enable PWM Interrupt 1

(If both PWMIE1 and PEMIF1 are set, the
interrupt request is generated.)

4 PWMIEO RW |0 Enable PWM Interrupt O

0: Disable PWM Interrupt O

1: Enable PWM Interrupt 0

(If both PWMIEQO and PEMIFO are set, the
interrupt request is generated.)

3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 PWMIF1 R/C 0 PWM Interrupt Flag 1

Read 0: No request

Read 1: Interrupt event selected by
PWMXINTSL1 is detected.

Write 0: No effect

Write 1: Clear the flag.

0 PWMIFO R/IC 0 PWM Interrupt Flag 0

Read 0: No request

Read 1: Interrupt event selected by
PWMXINTSO is detected.

Write 0: No effect

Write 1: Clear the flag.
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14.12.9 PWMnACCLR (n=0~3)

Register PWMOACCL | PWM Access Counter Clear Register for | Address 0xF90B
R Block0
Register PWM1ACCL | PWM Access Counter Clear Register for | Address 0xF94B
R Blockl
Register PWM2ACCL | PWM Access Counter Clear Register for | Address 0xF98B
R Block2
Register PWMS3ACCL | PWM Access Counter Clear Register for | Address 0xFoCB
R Block3
Bit Bit Name R/W | Initial Description Note
7 CLRCPUACC w 0 Clear SFR Access counter for CPU
0: No effect
1: Register CPU Access counter clear
Read : No Request
Write 0: No effect
Write 1: Clear Register CPU Access counter.
(Clear SFR access counter for CPU.)
6 CLRDSAACC | W 0 Clear SFR Access counter for DSAC
0: No effect
1: Register DSAC Access counter clear
Read : No Request
Write 0: No effect
Write 1: Clear Register DSAC Access counter.
(Clear SFR access counter for DSAC.)
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 reserved R 0 Read value is 0. Write only 0.
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.|

14.12.10 PWMNACSTS (n=0~3)

Register PWMOACSTS | PWM Access Status Register for Block0 Address 0xF90C
Register PWM1ACSTS | PWM Access Status Register for Blockl Address 0xF94C
Register PWM2ACSTS | PWM Access Status Register for Block?2 Address 0xF98C
Register PWMS3ACSTS | PWM Access Status Register for Block3 Address OxFocCC

Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.

6 reserved R 0 Read value is 0. Write only 0.

5 reserved R 0 Read value is 0. Write only 0.

4 reserved R 0 Read value is 0. Write only 0.

3 reserved R 0 Read value is 0. Write only 0.

2 reserved R 0 Read value is 0. Write only 0.

1 SFRACS R 0 SFR Access flag

0: Not accessing a SFR

1: Writing a SFR

In case of writing the same SFR sequentially,
the following write access must be issued after
confirming SFRACS=0.

0 XREGACS R 0 REG Access flag

0: Not accessing a XBUS register

1: Writing a XBUS register

Please confirm XREGACS=0 before writing
to XBUS register.
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14.12.11 CNTn(n=0~3)

Register CNTO_L Counter 0 LSB Side Address 0xF910
Register CNTL_L Counter 1 LSB Side Address 0xF950
Register CNT2_L Counter 2 LSB Side Address 0xF990
Register CNT3_L Counter 3 LSB Side Address 0xF9DO0
Bit Bit Name R/W | Initial Description Note
7:0 CNT[7:0] RIW |0 Counter LSB Side

Register CNTO_H Counter 0 MSB Side Address 0xF911
Register CNT1_H Counter 1 MSB Side Address 0xF951
Register CNT2_H Counter 2 MSB Side Address 0xF991
Register CNT3_H Counter 3 MSB Side Address 0xF9D1
Bit Bit Name R/W | Initial Description Note
7:0 CNT[15:8] RW |0 Counter MSB Side

Note: Address assignment for xxx_H and xxx_L should be based on “14.11 Register Access”. Other registers should
follow same manner.

Do not write this register during PWMnACSTS. XREGACS=1.
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14.12.12 CMP_xxxn(n=0~3)

Reqgister CMP_MINO_L CMP_MIN for Block 0 LSB Side Address O0xF91A
Reqgister CMP_MIN1_L CMP_MIN for Block 1 LSB Side Address O0xF95A
Reqgister CMP_MIN2_L CMP_MIN for Block 2 LSB Side Address O0xF99A
Reqgister CMP_MIN3_L CMP_MIN for Block 3 LSB Side Address 0xFI9DA
Reqgister CMP_MAX0_L CMP_MAX for Block 0 LSB Side Address 0xF91C
Register CMP_MAX1_L CMP_MAX for Block 1 LSB Side Address 0xF95C
Register CMP_MAX2_L CMP_MAX for Block 2 LSB Side Address 0xF99C
Register CMP_MAX3_L CMP_MAX for Block 3 LSB Side Address 0xF9DC
Register CMP_A0_L CMP_A for Block 0 LSB Side Address 0xF912
Register CMP_AL_L CMP_A for Block 1 LSB Side Address 0xF952
Register CMP_A2_L CMP_A for Block 2 LSB Side Address 0xF992
Reqgister CMP_A3_L CMP_A for Block 3 LSB Side Address 0xF9D2
Reqgister CMP_BO_L CMP_B for Block 0 LSB Side Address 0xF914
Register CMP_B1 L CMP_B for Block 1 LSB Side Address 0xF954
Register CMP_B2 L CMP_B for Block 2 LSB Side Address 0xF994
Reqgister CMP_B3_L CMP_B for Block 3 LSB Side Address 0xF9D4
Reqgister CMP_CO_L CMP_C for Block 0 LSB Side Address 0xF916
Register CMP_C1_L CMP_C for Block 1 LSB Side Address 0xF956
Register CMP_C2_L CMP_C for Block 2 LSB Side Address 0xF996
Register CMP_C3_L CMP_C for Block 3 LSB Side Address 0xF9D6
Register CMP_DO_L CMP_D for Block 0 LSB Side Address 0xF918
Register CMP_D1_L CMP_D for Block 1 LSB Side Address 0xF958
Register CMP_D2_L CMP_D for Block 2 LSB Side Address 0xF998
Register CMP_D3_L CMP_D for Block 3 LSB Side Address 0xF9D8
Bit Bit Name R/W | Initial Description Note
7:0 [%;’—XXX RIW |0 CMP_xxx LSB Side

Do not write this register during PWMnACSTS.XREGACS=L1.
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Register CMP_MINO_H CMP_MIN for Block 0 MSB Side Address 0xF91B
Reqgister CMP_MIN1_H CMP_MIN for Block 1 MSB Side Address 0xF95B
Reqgister CMP_MIN2_H CMP_MIN for Block 2 MSB Side Address 0xF99B
Reqgister CMP_MIN3_H CMP_MIN for Block 3 MSB Side Address 0xFIDB
Reqgister CMP_MAX0_H CMP_MAX for Block 0 MSB Side Address 0xF91D
Reqgister CMP_MAX1_H CMP_MAX for Block 1 MSB Side Address 0xF95D
Reqgister CMP_MAX2_H CMP_MAX for Block 2 MSB Side Address 0xF99D
Register CMP_MAX3_H CMP_MAX for Block 3 MSB Side Address 0xF9DD
Register CMP_AO_H CMP_A for Block 0 MSB Side Address 0xF913
Register CMP_A1_H CMP_A for Block 1 MSB Side Address 0xF953
Register CMP_A2_H CMP_A for Block 2 MSB Side Address 0xF993
Register CMP_A3_H CMP_A for Block 3 MSB Side Address 0xF9D3
Register CMP_BO_H CMP_B for Block 0 MSB Side Address 0xF915
Register CMP_B1_H CMP_B for Block 1 MSB Side Address 0xF955
Register CMP_B2_H CMP_B for Block 2 MSB Side Address 0xF995
Register CMP_B3_H CMP_B for Block 3 MSB Side Address 0xF9D5
Register CMP_CO_H CMP_C for Block 0 MSB Side Address 0xF917
Register CMP_C1 H CMP_C for Block 1 MSB Side Address 0xF957
Register CMP_C2 H CMP_C for Block 2 MSB Side Address 0xF997
Register CMP_C3_H CMP_C for Block 3 MSB Side Address O0xF9D7
Register CMP_DO_H CMP_D for Block 0 MSB Side Address 0xF919
Register CMP_D1_H CMP_D for Block 1 MSB Side Address 0xF959
Register CMP_D2_H CMP_D for Block 2 MSB Side Address 0xF999
Register CMP_D3_H CMP_D for Block 3 MSB Side Address 0xF9D9
Bit Bit Name R/W | Initial Description Note
7:0 [Cl';":z]—xxx RW |0 CMP_xxx MSB Side

Do not write this register during PWMnACSTS.XREGACS=L1.
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14.12.13 PWMnCNTMD(n=0~3)

Register PWMOCNTMD | PWM Counter Mode for Block0 Address 0xF920
Register PWM1CNTMD | PWM Counter Mode for Blockl Address 0xF960
Register PWM2CNTMD | PWM Counter Mode for Block2 Address 0xF9A0
Register PWM3CNTMD | PWM Counter Mode for Block3 Address OxF9EOQ
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.

Counter Block 3~0 Mode
0 PWMCM RIW |0 0: Up Mode

1: Up-Down Mode

Do not write this register during PWMnACSTS. XREGACS=1.
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14.12.14 PWMnHCRO(n=0~3)

Register PWMOHCRO PWMOH Output Control 0 Address 0xF921
Register PWM1HCRO PWM1H Output Control 0 Address 0xF961
Register PWM2HCRO PWM2H Output Control 0 Address 0xF9A1l
Register PWM3HCRO PWM3H Output Control 0 Address OxF9E1

Bit Bit Name R/W | Initial Description Note

7 PWM MAXI | RIW | 0 Output Control at CMP_MAX match for
— PWMxH

00: No Change (NOP)

6 PWM_MAX0 | RW | 0 01: Set Low

10: Set High

11: Toggle

5 PWM MINL RW |0 Output Control at CMP_MIN match for
— PWMxH. Effective only in up-down counter
mode.

00: No Change (NOP)

4 PWM_MINO RIW |0 01: Set Low

10: Set High

11: Toggle

3 reserved R 0 Read value is 0. Write only 0.

2 reserved R 0 Read value is 0. Write only 0.

1 PWM SET1 W 0 Initialize Output Level for PWMxH

— 00: No Change (NOP)

01: Set Low

10: Set High

11: do not write

0 PWM_SETO | W 0 Write to these bits will change output level
with the higher priority than any other
compare matches which change output level.
Read values of these bits are always Zero.

Do not write this register during PWMnACSTS. XREGACS=1.
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14.12.15 PWMnLCRO(n=0~3)

Register PWMOLCRO PWMOL Output Control 0 Address 0xF922
Register PWM1LCRO PWM1L Output Control O Address 0xF962
Register PWM2LCRO PWM2L Output Control 0 Address 0xF9A2
Register PWM3LCRO PWM3L Output Control 0 Address OxF9E2

Bit Bit Name R/W | Initial Description Note

7 PWM MAXI | RIW | 0 Output Control at CMP_MAX match for
— PWMxL

00: No Change (NOP)

6 PWM_MAX0 | RW | 0 01: Set Low

10: Set High

11: Toggle

5 PWM MINL RW |0 Output Control at CMP_MIN match for
— PWMXxL. Effective only in up-down counter
mode.

00: No Change (NOP)

4 PWM_MINO RIW |0 01: Set Low

10: Set High

11: Toggle

3 reserved R 0 Read value is 0. Write only 0.

2 reserved R 0 Read value is 0. Write only 0.

1 PWM SET1 W 0 Initialize Output Level for PWMXxL

— 00: No Change (NOP)

01: Set Low

10: Set High

11: do not write

0 PWM_SETO | W 0 Write to these bits will change output level
with the higher priority than any other
compare matches which change output level.
Read values of these bits are always Zero.

Do not write this register during PWMnACSTS. XREGACS=1.
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14.12.16 PWMnHCRL1 (n=0~3)

Register PWMOHCR1 PWMOH Output Control 1 Address 0xF923
Register PWM1HCR1 PWM1H Output Control 1 Address 0xF963
Register PWM2HCR1 PWM2H Output Control 1 Address 0xF9A3
Register PWM3HCR1 PWM3H Output Control 1 Address OxF9E3
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 VH1[1] RW |0 Output Level VH1
00: No Change (NOP)
01: Set Low
2 VH1[0] RIW |0 10: Set High
11: Toggle
1 VHO[1] R/W 0 Output Level VHO
00: No Change (NOP)
01: Set Low
0 VHO[O] RIW 10 10: Set High
11: Toggle
Do not write this register during PWMnACSTS.XREGACS=L1.
14.12.17 PWMnLCR1 (n=0~3)
Register PWMOLCR1 PWMOL Output Control 1 Address 0xF924
Register PWM1LCR1 PWM1L Output Control 1 Address 0xF964
Register PWM2LCR1 PWM2L Output Control 1 Address 0xF9A4
Register PWM3LCR1 PWMB3L Output Control 1 Address OxF9E4
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved 0 Read value is 0. Write only 0.
5 reserved 0 Read value is 0. Write only 0.
4 reserved 0 Read value is 0. Write only 0.
3 VL1[1] RW |0 Output Level VL1
00: No Change (NOP)
01: Set Low
2 VL1[0] RW |0 10: Set High
11: Toggle
1 VLO[1] RIW |0 Output Level VLO
00: No Change (NOP)
01: Set Low
0 VLO[O] RIW |0 10: Set High
11: Toggle

Do not write this register during PWMnACSTS. XREGACS=1.
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14.12.18 PWMnMODE (n=0~3)

Register PWMOMODE PWMO Operation Mode Address 0xF925
Register PWM1MODE PWM1 Operation Mode Address 0xF965
Register PWM2MODE PWM2 Operation Mode Address 0xF9A5
Register PWM3MODE PWM3 Operation Mode Address OxF9E5
Bit Bit Name R/W | Initial Description Note

7 ADM RW |0 Auto Dead Time Mode

0: Auto Dead Time Mode 0

1: Auto Dead Time Mode 1

(Effective only in PWM Mode 1, 3)

6 BUFM RIW |0 Buffer Mode

0: Direct Mode

1: Buffer Mode

(Effective only in PWM Mode 0, 1)

(PWM Mode 2, 3 are usually in Buffer Mode
regardless of this bit.)

5 UDBML1 RIW |0 Buffering Timing in Up-Down Mode

4 ubBMO RW |0

In Up-Down Mode, specify which timings are
the transfer timing from BUFxx to CMPxXx.
{UDBM1:UDBMO0}

00: reserved

01: Top Timing

10: Bottom Timing

11: Both Top and Bottom Timing

This field has its meaning only in Up-Down
Mode and Buffer Mode.

Note: In Up Mode, transfer timing from
BUFxx to CMPxx is only at the counter clear
timing.

Read value is 0. Write only 0.

reserved R

reserved R

PWMMD1 R/W
PWMMDO R/W

Read value is 0. Write only 0.

PWM Mode

00: PWM Mode 0
01: PWM Mode 1
10: PWM Mode 2
11: PWM Mode 3

ol |N| W
olo|o| o

Do not write this register during PWMnACSTS. XREGACS=1.
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14.12.19 PWMnRTRG(n=0~3)

Register PWMORTRG PWM Re-Trigger Mode for Block 0 Address 0xF926
Register PWM1RTRG PWM Re-Trigger Mode for Block 1 Address 0xF966
Register PWM2RTRG PWM Re-Trigger Mode for Block 2 Address 0xF9AG6
Register PWM3RTRG PWM Re-Trigger Mode for Block 3 Address OxF9E6
Bit Bit Name R/W | Initial Description Note
7 PWMRTE RW |0 Re-Trigger Enable
0: Disable
1: Enable
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 PWMRTM1 | R/W |0 Re-Trigger Mode
o[ [ R [0 | 0% ReTer e &
10: Re-Trigger Mode C
11: Re-Trigger Mode D
Do not write this register during PWMnACSTS.XREGACS=L1.
14.12.20 PWMNRTRS (n=0~3)
Register PWMORTRS PWM Re-Trigger Select for Block 0 Address 0xF927
Register PWM1RTRS PWM Re-Trigger Select for Block 1 Address 0xF967
Register PWM2RTRS PWM Re-Trigger Select for Block 2 Address OxF9A7
Register PWM3RTRS PWM Re-Trigger Select for Block 3 Address OXF9E7
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 PWMRTS4 RW |0 Re-Trigger Event Select
3 SWMRTS3 =W 1o 90000: Event No.0O
2 PWMRTS2 RW |0 01111: Event No.31
1 ypp— =w 1o See Table 14-4.
0 PWMRTS0 RIW |0

Do not write this register during PWMnACSTS.XREGACS=1.
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14.12.21 PWMnRTGC (n=0~3)

Register PWMORTGC PWM Re-Trigger by CPU for Block 0 Address 0xF928
Register PWM1RTGC PWM Re-Trigger by CPU for Block 1 Address 0xF968
Register PWM2RTGC PWM Re-Trigger by CPU for Block 2 Address 0xF9A8
Register PWM3RTGC PWM Re-Trigger by CPU for Block 3 Address OxF9ES8
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 PWMRTGC R/S 0 CPU Re-Trigger
Read Value is 0. Write 0 is NOP
Write 1. Issue Re-trigger is PWMRTS is
configured as Re-Trigger by CPU.

Do not write this register during PWMnACSTS. XREGACS=1.
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14.12.22 PWMnRTL (n=0~3)

Register PWMORTL PWMO Re-Trigger Output Control Address 0xF929
Register PWM1RTL PWM1 Re-Trigger Output Control Address 0xF969
Register PWM2RTL PWM2 Re-Trigger Output Control Address 0xF9A9
Register PWM3RTL PWM3 Re-Trigger Output Control Address OxF9E9

Bit Bit Name R/W | Initial Description Note
7 VTH_MAX[1] | R'W |0 PWMxH Output Control at Re-Trigger mode
— C for CMP_MAX
VTH_MAX[0 —
6 MAXIOL | RIW 1 0 00: No Change (NOP)
01: Set Low
10: Set High
11: Don't set
5 VILMAX[1] |RW |0 PWMXxL Output Control at Re-Trigger mode
C for CMP_MAX
VTL_MAX[0 —
4 MAXEL | RIW-1 0 00: No Change (NOP)
01: Set Low
10: Set High
11: Don’t set

3 VTH[1] RW |0 PWMxH Output Control at Re-Trigger mode
Aand B

2 VTH] RIW 10 PWMxH Output Control at Re-Trigger mode

C for CMP_MIN

00: No Change (NOP)

01: Set Low

10: Set High

11: Don’t set

1 VTL[1] RW |0 PWMXxL Output Control at Re-Trigger mode
Aand B

Vitol RIW 10 PWMXxL Output Control at Re-Trigger mode

C for CMP_MIN

00: No Change (NOP)

01: Set Low

10: Set High

11: Don’t set

Do not write this register during PWMnACSTS. XREGACS=1.
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14.12.23 PWMnRTMC (n=0~3)

Register PWMORTMC PWMO Re-Trigger Mask Control Address OxF92A
Register PWM1RTMC PWM1 Re-Trigger Mask Control Address O0xF96A
Register PWM2RTMC PWM2 Re-Trigger Mask Control Address OxF9AA
Register PWM3RTMC PWM3 Re-Trigger Mask Control Address OXFOEA
Bit Bit Name R/W | Initial Description Note
T RME RW 0 e T Enable
6 reserved 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 RTMC1 RW |0 Re-Trigger Period Clock Source
z[Rmc [RwW [0 | o0 foa ook remency )
10: [Count Clock Frequency / 32]
11: Reserved
1 RTMS1 RIW |0 Re-Trigger Mask Start Point
TS0 [ [0 ST g
10: from PWMXL Rising Edge
11: from PWMXxL Falling Edge
Do not write this register during PWMnACSTS.XREGACS=L1.
14.12.24 PWMNRTMP (n=0~3)
Register PWMORTMP PWMO Re-Trigger Mask Period Address 0xF92B
Register PWM1RTMP PWM1 Re-Trigger Mask Period Address 0xF96B
Register PWM2RTMP PWM2 Re-Trigger Mask Period Address 0xF9AB
Register PWM3RTMP PWM3 Re-Trigger Mask Period Address OXF9EB
Bit Bit Name R/W | Initial Description Note
7 RTMP7 R/W 0 Re-Trigger Mask Period
6 RTMP6 RIW |0 Period = Cycle of Clock Source (specified by
5 RTMP5 RW |0 RTMC[1:0])
X (RTMP[7:0] + 1)
4 RTMP4 R/W 0
3 RTMP3 R/W 0
2 RTMP2 R/W 0
1 RTMP1 R/W 0
0 RTMPO R/W 0

Do not write this register during PWMnACSTS. XREGACS=1.
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14.12.25 BUF_MIN/MAXn(n=0~3)

Reqgister BUF_MINO_L BUF_MIN for Block 0 LSB Side Address 0xF92C
Reqgister BUF_MIN1_L BUF_MIN for Block 1 LSB Side Address 0xF96C
Reqgister BUF_MIN2_L BUF_MIN for Block 2 LSB Side Address OxF9AC
Reqgister BUF_MIN3_L BUF_MIN for Block 3 LSB Side Address OxF9EC
Reqgister BUF_MAXO0_L BUF_MAX for Block 0 LSB Side Address O0xF92E
Register BUF_MAX1_L BUF_MAX for Block 1 LSB Side Address OXF96E
Register BUF_MAX2_L BUF_MAX for Block 2 LSB Side Address OXFOAE
Register BUF_MAX3_L BUF_MAX for Block 3 LSB Side Address OXFOEE
Bit Bit Name R/W | Initial Description Note
7:0 F;l:Jo?_XXX RW |0 BUF_xxx LSB Side

Do not write this register during PWMnACSTS.XREGACS=L1.
Register BUF_MINO_H BUF_MIN for Block 0 MSB Side Address 0xF92D
Register BUF_MIN1_H BUF_MIN for Block 1 MSB Side Address 0xF96D
Register BUF_MIN2_H BUF_MIN for Block 2 MSB Side Address 0xF9AD
Reqgister BUF_MIN3_H BUF_MIN for Block 3 MSB Side Address OxF9ED
Reqgister BUF_MAX0_H BUF_MAX for Block 0 MSB Side Address OxF92F
Reqgister BUF_MAX1_H BUF_MAX for Block 1 MSB Side Address OxF96F
Reqgister BUF_MAX2_H BUF_MAX for Block 2 MSB Side Address OxF9AF
Reqgister BUF_MAX3_H BUF_MAX for Block 3 MSB Side Address OxF9EF
Bit Bit Name R/W | Initial Description Note
7:0 FlléJ:FBiXXX RIW |0 BUF_xxx MSB Side

Do not write this register during PWMnACSTS. XREGACS=1.
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14.12.26 BUF_A/B/C/Dn (n=0~3)

Reqgister BUF_A0_L BUF_A for Block 0 LSB Side Address OxE4
Reqgister BUF_AL L BUF_A for Block 1 LSB Side Address OxEC
Reqgister BUF_A2 L BUF_A for Block 2 LSB Side Address OxF4

Reqgister BUF_A3_L BUF_A for Block 3 LSB Side Address OxFC
Reqgister BUF_BO0_L BUF_B for Block 0 LSB Side Address OxE5
Register BUF B1_L BUF_B for Block 1 LSB Side Address OXED
Register BUF B2_L BUF_B for Block 2 LSB Side Address OxF5

Register BUF_B3_L BUF_B for Block 3 LSB Side Address OXFD
Register BUF_CO_L BUF_C for Block 0 LSB Side Address OXE6
Register BUF_CL L BUF_C for Block 1 LSB Side Address OXEE
Register BUF_C2 L BUF_C for Block 2 LSB Side Address OxF6
Register BUF_C3_L BUF_C for Block 3 LSB Side Address OXFE
Reqgister BUF_DO_L BUF_D for Block 0 LSB Side Address OxE7
Reqgister BUF D1 _L BUF_D for Block 1 LSB Side Address OXEF
Reqgister BUF D2 L BUF_D for Block 2 LSB Side Address OxF7

Reqgister BUF D3 L BUF_D for Block 3 LSB Side Address OxFF
Bit Bit Name R/W | Initial Description Note

7:0 E‘foﬁ—"x" RIW |0 BUF_xxx LSB Side
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Register BUF_A0_H BUF_A for Block 0 MSB Side Address OxE4
Reqgister BUF_AL_H BUF_A for Block 1 MSB Side Address OxEC
Reqgister BUF_A2_H BUF_A for Block 2 MSB Side Address OxF4
Register BUF_A3_H BUF_A for Block 3 MSB Side Address OxFC
Reqgister BUF_BO_H BUF_B for Block 0 MSB Side Address OxE5
Reqgister BUF_B1_H BUF_B for Block 1 MSB Side Address OxED
Reqgister BUF_B2_H BUF_B for Block 2 MSB Side Address OxF5
Register BUF_B3_H BUF_B for Block 3 MSB Side Address OXFD
Register BUF_CO_H BUF_C for Block 0 MSB Side Address OXE6
Register BUF_C1 H BUF_C for Block 1 MSB Side Address OXEE
Register BUF_C2 H BUF_C for Block 2 MSB Side Address OxF6
Register BUF_C3 H BUF_C for Block 3 MSB Side Address OXFE
Register BUF_DO_H BUF_D for Block 0 MSB Side Address OxE7
Reqgister BUF_D1_H BUF_D for Block 1 MSB Side Address OXEF
Reqgister BUF_D2_H BUF_D for Block 2 MSB Side Address OxF7

Register BUF_D3_H BUF_D for Block 3 MSB Side Address OXFF
Bit Bit Name R/W | Initial Description Note

7:0 E‘;%XXX RIW |0 BUF_xxx MSB Side

BUF_xn_H/L registers are mapped same address. The first access to its address is for BUF_xn_L, the second access
is for BUF_xn_H.

In case of writing the same SFR sequentially, the following write access must be issued after confirming SFRACS=0.
PWMnACSSTS.SFRSTS does not become 1 by writing to BUF_xn_L register.
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14.13 Example to configure PWM

START

Clock Source Selection
See section 14.2.

Operation mode:
PWMnMODE: PWM mode, Buffer mode, Dead time mode
PWMNCNTMD: Counter operation mode

PWM period:
CMP_MAXn, CMP_MINn: Initial period
BUF MAXn, BUF MINn; Initial period for Buffer mode

PWM duty/ dead time:
CMP_An, CMP_Bn, CMP_Cn, CMP_Dn : Initial duty/dead time
BUF_An, BUF Bn, BUF Cn, BUF Dn: Initial duty/deadtime for Buffer mode

Initial counter value
CNTn: Initial counter value(useful for initial phase setting)

PWM output level
PWMnHCRO, PWMnLCRO:

PWMnL/H initial level andoutput level when MAX or MIN match
PWMnHCR1, PWMnLCR1:

Output level when CMP_A/B/C/D match

Retrigger
PWMNRTRS: Retrigger event selection
PWMnNRTL: Output level when detecting Retrigger
PWMNRTMC, PWMnRTMP: Retrigger mask settings
PWMnNRTRG: Retrigger mode

Event output
PWMnEVOO0: PWM event 0
PWMnEVOL1: PWM event 1
PWMnEVOT: TMR counter clear event

Interrupt
PWMNINTSO, PWMNINTS1: PWM interrupt 0/1 source selection
PWMNINTF: Enable interrupt

Start PWM counter
PWMCNTS: Start PWM counter of corresponding clock source

A 4

END
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14.14 Caution of Operation

14.14.1 Restrictions about Auto Dead Time Mode of PWM

(1) Description
When PWM is operating in Auto Dead Time Mode(PWMnMODE.PWMMDI[1: 0]='b01 or 'b1l), the count
operation of the Dead Time counter is not performed correctly when one of the following conditions is satisfied.
As a result, Compare match is not detected correctly between Dead Time counter and Compare Match registers.
So, Output waveform of PWM, interrupt signal from PWM and an event from PWM by compare match of the
above operation are not generated correctly.

(2) Conditions
(Case A) While Dead Time counter is operating, another event, which starts Dead Time Counting again, exists
within a 1-8 count cycles earlier than end timing of Dead Time Counting (Figure A) :
(Case B) When PWM Counter is in Up mode(PWMnCNTMD.PWMCM="00), start timings of same Dead Time
Counter exist more than two times within 8 count cycles (Figure B) :

Prohibited period of Dead Time count start

8 count cycles

DCN Prohibited period of Dead Time count start

Figure A. Prohibited wave form of Dead Time count Figure B. Prohibited wave form of Dead Time count on

on condition of (A). condition of (B).
*DCNTD is similar. *DCNTD is similar.
CMP_A...Dead Time count start factor CMP_A...Dead Time count start factor
CMP_C...Dead Time count end for CMP_A CMP_C...Dead Time count end for CMP_A
CMP_A'...New Dead Time count start factor CMP_A'...New Dead Time count strart factor
CMP_C'...Dead Time count end for CMP_A' CMP_C'...Dead Time count end for CMP_A'

(3) Countermeasure
(A) As a countermeasure of condition A, please apply either of following two methods.

e Do not start Dead Time count again, during it is still incrementing.
e If Dead Time Counter should start again during it is still incrementing, Dead Time counter should be started
again earlier than 8 count cycles before Dead Time counting would be finished.

(B) As a countermeasure of condition B, please take interval between first Dead Time count start timing and a
second count start timing of Dead Time Counter more than 8 count cycles.
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14.14.2 Restriction about PWM Mode 2/3 (Phase Shift Mode)

(1) Description
When PWM is used in Mode 2 or 3 (PWMnMODE.PWMMD[1:0] ='b01 or 'b1l), Update of CMP_B by
CMP_A match and Update of CMP_D by CMP_C may not be expected if the following conditions are met.

(2) Conditions

(A) When the differences between CMP_MIN register and CMP_A/C register are smaller than 8 counts;
CMP_A/C - CMP_MIN <8

(B) When the value of CMP_A and BUF_A register are not equal, or the value of CMP_C register and BUF_C
register are not equal.

(CMP_A! =BUF__A) or (CMP_C !=BUF_C)

(3) Countermeasure
Please configure that CMP_A and CMP_C register meet the following conditions.
i) CMP_A - CMP_MIN >=8
ii) CMP_C - CMP_MIN >=8

PWM Mode2 and 3 work in Buffer Mode. Therefore, it is necessary for the BUF_A and BUF_C register to meet
the following conditions.

iii) BUF_A - CMP_MIN >=8

iv) BUF_C-CMP_MIN >=8

The value of BUF_MIN register is copied to CMP_MIN register when CNT==CMP_MAX. Therefore, please also
set the BUF_MIN with satisfying above conditions (i~iv) while PWM is operating.
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14.14.3 Restriction about PWM Re-Trigger Mode

Description
(A) During “No-Comparison” period of Re-Trigger Mode A/B/D;

Each pin level of PWMXxL/H is not changed by each compare match.

Each event output is not generated by each compare match.

Each Interrupt Flag(PWMINTF.PWMIFO0/1) is not set by each compare match.

Each Dead Time counter starts normally even in the period of “No-Comparison”.

Each CMP-x register in buffer mode are updated normally in the period of “No-Comparison”

(B) During “No-Comparison” period of Re-Trigger B;

e End timing of “No-Comparison” period delays maximum 8count cycles from CMP_MIN.
e CMP_MIN event during “No-Comparison” period is not detected.

(C) During “No-Comparison” period of Re-Trigger D;

e Start timing of “No-Comparison” period delays maximum 8count cycles from CMP_MIN.

e End timing of “No-Comparison” period delays maximum 8count cycles from CMP_MIN.

e While CMP_MIN event at start timing of “No-Comparison” period is detected, CMP_MIN event at end
timing of “No-Comparison” period is NOT detected.

Figure 14-21 shows “No-Comparison” period of retrigger mode B/D.

Event Event
CNT CNT
1 1 1
' | |
v CMP_MIN CMP,_MIN ¥ CMF_MIN

! | | 1
— cy cles max. #——!8 cy cles max. :4—-:8 cy cles max.
1
1 1
— S N
No-Comparison No-Comparison
3) Retrigger B b) Retrigger D

Figure 14-21 No-Comparison period
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14.14.4 Restriction about PWM Re-Trigger Mask

Description

The start timing of Re-Trigger Mask is 4-20 count cycles earlier than toggle timing of PWM output pin which is
selected by PWMXRTMC.RTMS[1:0] bit.

2

PWMxH /

Release masking

Start masking

Retrigger Mask

I
1
!
1
1
1
1
P »
] ”

4-20 count cycles

&
<

PWMxRTMC/PWMxRTMP
. Mask period set
" by the register.

PWMxRTMC.RTMS[1:0]=2'b00(In case of PWMH rising)

Figure 14-22 Retrigger Mask Timing

Control logic which judges the start of Re-Trigger Mask does not directly watch toggle operation of PWM output
terminal itself, but watches internal state of PWM module.

This internal state reflects PWM output terminal after more than 4 count cycles at least.
The maximum delay between the internal state for PWM toggle control and start timing of Re-Trigger Mask is about
20 count cycles, which depends on semiconductor process, power supply voltage and ambient temperature, though.

Please set the Re-Trigger Mask procedure with considering above.
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15. Watch Dog Timer

15.1 Overview

Overview of the WDT module is described below.

Reset
(from 1-wire OCD)—

CLKSLOW >

WNDT is a timer that monitors timer counter to prevent system from clash.

There is the watchdog timer mode and interval timer mode.

In watchdog timer mode, if timer overflows, internal modules are reset.

In interval timer mode, if timer overflows, interval timer interrupt is generated.

It is necessary for WDT to set a predetermined value to the guard register, because the register will not be

rewritten easily.

Maximum time to overflow the counter takes about 11 seconds at CLKSLOW —25MHz.

A 4

Divider Reset >
> Control
VVVVVVYVY
Clock Selector |« > Interrupt >
> Control
v overflow
WTCNT — < WTCSR
7'y D - 7'y
WTGRD
A
v A 4 v
A
XDATA-Bus

Figure 15-1 WDT Block Diagram

15.2 Register Description

Table 15-1 WDT Control Registers

Reset (to CPU)

Int05_n

*Resets refer to Figure 4-1

Symbol Name Address I el
value
WTCNT Watchdog Timer Counter OxFE80 0x00
WTCSR Watchdog Timer Control/Status OxFE81 0x00
WTGRD Watchdog Timer Reg. access GUARD OxFE82 0x00
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15.2.1 WDT Control register

Register WTCNT Watchdog Timer Counter Address OxFE80
Bit Bit Name R/W Initial Description Note
7 WTCNTI[7:0] R/IW 0 Set WDT counter start value.
When an overflow occurs, it generates a reset in
6 watchdog timer mode and an interrupt in interval
time mode.
5
4
3
2
1
0

When TME is set to 1, WTCNT starts counting by the internal clock being selected in CKS[2:0] bits of WTCSR.
When TME is set to 0, WTCSR holds the counter value and WTCNT stops counting.

When the instruction execution of CPU is stopped by the OCD(e.g. STOP or the resource access of the LSI command
is issued by OCD), WTCNT stops counting.

Register WTCSR Watchdog Timer Control/Status Address OxFE81
Bit Bit Name R/W Initial Description Note
7 TME R/W 0 Timer enable

0: Count-up stops and WTCNT value is retained.
1: Timer enabled

6 ™ R/W 0 Timer Mode

0: Used as Interval timer

1: Used as Watchdog timer

5 Reserved R 0 Read value is 0. Write only 0.

4 WOVF R/IC 0 Watchdog Timer Overflow
Read 0: No overflow
1: WTCNT has overflowed in watchdog
timer mode
Write 0: not clear
1: this bit clear
3 IOVF R/C 0 Interval Timer Overflow
Read 0:No overflow
1:WTCNT has overflowed in interval timer
mode
Write 0:not clear
1:Clear this bit

2-0 CKS[2:0] R/W 0 WTCNT Clock Select
Division Ratio  Period(CLKSLOW=25MHz)

000: 1/(2"13) 328us

001: 1/(2"14) 655us

010: 1/(2715) 1.31ms
011: 1/(2"16) 2.62ms
100:  1/(2717) 5.24ms
101: 1/(2~18) 10.5ms
110:  1/(2"19) 21.0ms
111:  1/(2"20) 41.9ms

e Before switching the CKS[2:0], TME is cleared to 0, and WTCNT is stops counting.

e When WTCNT overflows, XOVF is not initialized by the FLC_RST_N(WDT_INT_N). Therefore,
WOVF(IOVF) must be cleared after FLC_RST_N(WDT_INT_N) negated.
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Register WTGRD Watchdog Timer Reg. access GUARD Address OxFE82
Bit Bit Name R/W Initial Description Note
7 WTGRDI7:0] R/IW 0 Key code should be written into WTGRD

in order to write value into WTCNT/WTCSR
6 Initial value 00 or other should be written into

WTCNT. Setting data for operation mode should
5 be written into WTCSR.
4 After written into WTCNT/WTCSR, WTGRD

should be cleared.
3 key code

WTCNT : 0x5A
2 WTCSR : 0XA5
1
0

15.3 Reset diagram
WDT_RST_N _» FLC_RST N
TM_SCAN
TME —
™ —
WOVF — pulse generation
>>(width=64CLK)

Figure 15-2 Reset diagram

15.4 Interrupt diagram

TME ——
™ —( WDT_INT_N
IOVF —

Figure 15-3 Interrupt diagram
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15.5 Prescaler

WTCNT

cnt_up

/A

div_sel20

div_sell19

div_sell4

div_sell3

A\ 4

divider
( counter)

CKS[2:0]

Figure 15-4 Time Chart of Prescaler

clk

cnt_up

CPU

execution

TME

div_cnt

I

WTCNT

Figure 15-5 Prescaler operation
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15.6 Operation

15.6.1 How to write into WTCNT and WTCSR

e While WTGRDs’ value is not either Ox5A or 0xA5, WTCNT and WTCSR are not changed by operation to
write.

e If OX5A is written into WTGRD, it is able to be written value into WTCNT.In Figure 15-6, 0x00 is written into
WTCNT.

e If OxA5 is written into WTGRD, it is able to be written value into WTCSR.In Figure 15-6, WTCSR.TM s
written to 1 and WTCSR.TME is written to 1.

1
1
1
|
1
WTCNT=00 WTCNT=00 TME=1 WTCNT=00
1
1
1
1
1

WTGRD 00 X 5a X ab X 5a
|
™ ! |\

Figure 15-6 How to write into WTCNT and WTCSR
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15.6.2 Watch dog timer mode
e When TME is set to 1, the timer starts up-count.

e During the normal operation, it is necessary to write 0x5A into WTGRD register regularly in the time when
WTCNT does not overflow and avoid reset “FLC_RST N occurrence.

e When the timer overflows, it continues up-counting and the internal reset "FLC_RST_N" occur.
e Reset term takes 64clk(2.56us : CLKSLOW = 25MHZ).

e After reset is finished, please clear a flag by writing WOVF to 1.

e If WOVF is not cleared, the next watch dog timer resets “FLC_RST_N” will not be generated.

e When TME is set to 0, the timer stops counting and holds the counter value. If TME is set to 1, the timer starts
again from the held value.

e |f the value is written into WTCNT while counting, the timer starts upcount from this value.

WTCNT = 0xA0

: '
00 - - - ’ ”.._.__.__3 _____________
5 |
Overflow E :

TME=1 ! : WTCNT = 0x00 !
WTCNT = 0x00 : 1| T™ME=0 x00

| WOVF=1

FLC_RST_N
—>

64clk

Figure 15-7 Watch Dog Timer Operation
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15.6.3 Interval Timer Mode
e Interval timer generates an interrupt request for interval interrupt.
e |Initial interval period is the time which WTCNT up-counts from 0x00 to overflow.
e Method to change the interval period is to change setting of WTCSR.CKS[2:0].

e If interrupt is generated every term which is shorter than the initial period, initial value should be written into
WTCNT on entering interrupt routine. The time to write initial value is very shorter than the count unit of
WTCNT

e When TME is set to 1, the timer starts up-count.
e When the counter overflows, the interrupt is generated and WTCNT is reset.

e The interrupt flag should be cleared to write “1” into WOVF in interrupt routine.

" Overflow Overflow Overflow Overflow
00
---------------------------------------------------- -t
{ WTCNT=0x80 i| WTCNT=0x8
i T 10

' . | ove=1 |
| 1ovF=1 i ovE=1 i lovE=1

N

Figure 15-8 Interval Timer Operation
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Usage method

START

WTGRD=0x5A

Set WTCNT register

WTGRD=0xA5

Set WTCSR register

Set TM and CKS

TME=1

v

Does the timer
overflow?

y
WOVF Clear IOVF Clear

END

Figure 15-9 WDT Operation Concept
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16. 16 bit Timer (TMR)

16.1 Overview

This LSI has an on-chip 16 bit timer module (TMRO ,TMR1, TMR2 and TMR3) with four channels operating on the
basis of a 16 bit counter. Table 16-1 describes the overview of the TMR function. Figure 16-1 shows the block
diagram of TMR

Table 16-1 Overview

Item Specification

Number of channels 4

ch0 and chl are operated as 32bit timer(cascade mode).

ch2 and ch3 are operated as 32bit timer(cascade mode).

Input/Output TIOAN(n=0-3) CMPA input capture /phase A input for phase count mode
/ compare match output A

TIOBn(n=0-3) CMPB capture input/phase B input for phase count mode /
compare match output B

TICn(n=2/3) phase Z input for phase count mode

Operation mode Normal mode(cascade mode, input capture, compare match output)
Phase counting mode(cascade mode, input capture)
Normal mode Counter clock

CLKFAST/ 1, 4, 16, 64, 256, 1024, 4096, 16384

Capture event

CMPA: TIOAN input(rise/fall/both), compare match A/B of TMRO,1,
Comparator O -5 events

CMPB: TIOBn input(rise/fall/both), compare match A/B of TMRO,1,
Comparator0-5 events

Counter clear event

compare match A/B, TIOAn/TIOBn capture, clear event from PWM

Phase counting mode Counter clock

TIOAN/TIOBN input or comparator out phase

Capture event

CMPA/B: compare match A/B of TMRO0,1, Comparator0-5

Counter clear event

TIOAN/TIOBN/TICn input event, clear event from PWM

Data transfer by DSAC TCMPAN/TCMPBNn/TBUFAN/TBUFBnN register
TCMPAN/TCMPBNn/TBUAN/TBUFBnN register are mapped both XBUS and
SFR area.
CPU can read/write CMPA/B register by MOV X instruction.

Interrupts Compare match or input capture A/B

Counter overflow
Counter underflow(only phase counting mode)
TIOAN/TIOBN/TICn input event
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SFR Bus X Bus
I Prescaler [ serBusve ] | XBus IF |
v * * * v Peripheral events
Tico g Comparator0-5
X > [F1— Input event | Events |« JTCNT clear (from PWM)
detection
TXESn
™ TMSRn | [
TIOAD TIOAO
Xt D> N Counter o TMECR Output
L NF fe—}»| Phase counting | | Control T108n control
CMP4 out clock > [ ToAcRn TIOBO
TCMPA
TIOBO TOBCRn
X >
L S J TBUFA
CMP5 out N _| Interrupts » InterruptO
1 UL > » Event 0A
[pcisn | [ moon | > » Event 0B
TMCRn  |» LESH T Over/under flow
TIc1 TMRO TEMCRn |
Over/under flow(cascade mode)
TIOAL TIOA1
TIOB1
TIOB1
>- » Interruptl
> » Event 1A
TMR1 » Event 1B
TIC2
< TIOA2
TIOA2
TIOB2
TIOBZCMPO out —
» Interrupt2
» Event 2A
TICc3 CMP1 out — +viRo 2 » Event 2B
TIOA3 > TIOA3
TIOB3
TioBg CMP2 out —» — >
X}—{>—- |———————»Interrupt3
sy Fvent3A
CMP3 out — TMR3 |  ,FEvent3B

Figure 16-1 Block Diagram of TMR
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16.2 Register Description

Table 16-2 List of XBUS Registers

Symbol Name Address Initial value
TMODO Timer control Mode Register O0xFA00 0x00
TMOD1 Timer control Mode Register OxFA01 0x00
TMSRO Timer 0 Status Register OxFAQ02 0x00
TMSR1 Timer 1 Status Register OxFAO03 0x00
TMCRO Timer 0 Control register OxFA04 0x00
TMCR1 Timer 1 Control register OxFAO05 0x00
TMECRO Timer 0 event clear register OxFA06 0x00
TMECR1 Timer 1 event clear register OxFAOQ7 0x00
TEMODO Timer 0 extend mode register OxFAO08 0x00
TEMOD1 Timer 1 extend mode register OxFA09 0x00
TICSO ;I;igr]?;;r 0 input capture select OXFAOA 0x00
TICS1 ;I;zlgr]?;;r 1 input capture select OXFAOB 0X00
TXESO 2;;; r 0 external event select OXEAOC 0X00
TXES] :—elgr;?si:a r 1 external event select OXEAOD 0x00
TCMPALO Timer 0 compare match A-L OxFA10 0x00
TCMPAHO Timer 0 compare match A-H OxFAll 0x00
TCMPAL1 Timer 1 compare match A-L OxFA12 0x00
TCMPAH1 Timer 1 compare match A-H OxFA13 0x00
TCMPBLO Timer 0 compare match B-L OxFAl4 0x00
TCMPBHO Timer 0 compare match B-H OxFA15 0x00
TCMPBL1 Timer 1 compare match B-L OxFA16 0x00
TCMPBHL1 Timer 1 compare match B-H OxFAL7 0x00
TCNTLO Timer O counter L OxFA18 0x00
TCNTHO Timer O counter H OxFA19 0x00
TCNTL1 Timer 1 counter L OxFAL1A 0x00
TCNTH1 Timer 1 counter H OxFA1B 0x00
TBUFALO Timer 0 buffer A-L O0xFA20 0x00
TBUFAHO Timer 0 buffer A-H OxFA22 0x00
TBUFAL1 Timer 1 buffer A-L OxFA21 0x00
TBUFAH1 Timer 1 buffer A-H OxFA23 0x00
TBUFBLO Timer 0 buffer B-L OxFA24 0x00
TBUFBHO Timer 0 buffer B-H OxFA26 0x00
TBUFBL1 Timer 1 buffer B-L OxFA25 0x00

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 16-3
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

Symbol Name Address Initial value
TBUFBH1 Timer 1 buffer B-H OxFA27 0x00
TOACRO ;I;ié?setrer 0 TIOA output control OXFA30 0X00
TOACRI ;I;ié?setrer 1 TIOA output control OXFA31L 0x00
TOBCRO ;reié?:t;r 0 TIOB output control OXEA32 0X00
TOBCR1 :—eigi]st:er 1 TIOB output control OXEA33 0x00
TPCISO I;{:gtrre%isﬁ’:rase counting  input | o, a3 000
TPCIS1 ST;{:(‘?{ re; is?grase counting input | o - a5 0X00
TMOD2 Timer 2 control Mode Register OxFA40 0x00
TMOD3 Timer 3 control Mode Register OxFA41 0x00
TMSR2 Timer 2 Status Register OxFA42 0x00
TMSR3 Timer 3 Status Register OxFA43 0x00
TMCR2 Timer 2 Control register OxFA44 0x00
TMCR3 Timer 3 Control register OxFA45 0x00
TMECR2 Timer 2 event clear register OxFA46 0x00
TMECR3 Timer 3 event clear register OxFA47 0x00
TEMOD2 Timer 2 extend mode register OxFA48 0x00
TEMOD3 Timer 3 extend mode register OxFA49 0x00
TICS? Timer 2 input capture select OXEAAA 0x00

register
TICS3 Timer 3 input capture select OXEA4B 0x00
register
TXES? Timer 2 external event select OXEALC 0x00
register
TXES3 Tirr_1er 3 external event select OXEA4D 0x00
register
TCMPAL2 Timer 2 compare match A-L OxFA50 0x00
TCMPAH2 Timer 2 compare match A-H OxFA51 0x00
TCMPAL3 Timer 3 compare match A-L OxFA52 0x00
TCMPAH3 Timer 3 compare match A-H OxFA53 0x00
TCMPBL2 Timer 2 compare match B-L OxFA54 0x00
TCMPBH2 Timer 2 compare match B-H OxFA55 0x00
TCMPBL3 Timer 3 compare match B-L OxFA56 0x00
TCMPBH3 Timer 3 compare match B-H OxFA57 0x00
TCNTL2 Timer 2 counter L OxFA58 0x00
TCNTH2 Timer 2 counter H OxFA59 0x00
TCNTL3 Timer 3 counter L OxXFASA 0x00
TCNTH3 Timer 3 counter H OxFA5B 0x00
TBUFAL?2 Timer 2 buffer A-L OxFA60 0x00
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Symbol Name Address Initial value
TBUFAH2 Timer 2 buffer A-H OxFA62 0x00
TBUFAL3 Timer 3 buffer A-L OxFA61 0x00
TBUFAH3 Timer 3 buffer A-H OxFA63 0x00
TBUFBL2 Timer 2 buffer B-L OxFA64 0x00
TBUFBH2 Timer 2 buffer B-H OxFAG6 0x00
TBUFBL3 Timer 3 buffer B-L OxFAB5 0x00
TBUFBH3 Timer 3 buffer B-H OxFAG7 0x00
TOACR? Tirr_1er 2 TIOA output control OXEA70 0x00

register
TOACR3 Tirr_1er 3 TIOA output control OXEA7L 0x00
register
TOBCR? Li;;;r 2 TIOB output control OXEAT2 0X00
TOBCR3 ;I;igr]?;;r 3 TIOB output control OXEA73 0x00
TPCIS2 ST;EE rez isi’grase counting input | o, - a7, 0X00
TPCIS3 ner re‘; Pnase. counting INPU | oxE A75 0X00
Table 16-3 List of SFRBUS Registers

Symbol Name Address Initial value
TCMPALO Timer 0 compare match A-L 0x04 0x00
TCMPAL1 Timer 1 compare match A-L 0x0C 0x00
TCMPAHO Timer 0 compare match A-H 0x04 0x00
TCMPAH1 Timer 1 compare match A-H 0x0C 0x00
TCMPBLO Timer 0 compare match B-L 0x05 0x00
TCMPBL1 Timer 1 compare match B-L 0x0D 0x00
TCMPBHO Timer O compare match B-H 0x05 0x00
TCMPBH1 Timer 1 compare match B-H 0x0D 0x00
TBUFALO Timer 0 buffer A-L 0x06 0x00
TBUFAL1 Timer 1 buffer A-L Ox0E 0x00
TBUFAHO Timer 0 buffer A-H 0x06 0x00
TBUFAH1 Timer 1 buffer A-H Ox0E 0x00
TBUFBLO Timer 0 buffer B-L 0x07 0x00
TBUFBL1 Timer 1 buffer B-L Ox0F 0x00
TBUFBHO Timer 0 buffer B-H 0x07 0x00
TBUFBH1 Timer 1 buffer B-H Ox0F 0x00
TCMPAL?2 Timer 2 compare match A-L 0x14 0x00
TCMPAL3 Timer 3 compare match A-L 0x1C 0x00
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Symbol Name Address Initial value
TCMPAH2 Timer 2 compare match A-H 0x14 0x00
TCMPAH3 Timer 3 compare match A-H 0x1C 0x00
TCMPBL2 Timer 2 compare match B-L 0x15 0x00
TCMPBL3 Timer 3 compare match B-L 0x1D 0x00
TCMPBH2 Timer 2 compare match B-H 0x15 0x00
TCMPBH3 Timer 3 compare match B-H 0x1D 0x00
TBUFAL?2 Timer 2 buffer A-L 0x16 0x00
TBUFAL3 Timer 3 buffer A-L Ox1E 0x00
TBUFAH2 Timer 2 buffer A-H 0x16 0x00
TBUFAH3 Timer 3 buffer A-H Ox1E 0x00
TBUFBL2 Timer 2 buffer B-L 0x17 0x00
TBUFBL3 Timer 3 buffer B-L Ox1F 0x00
TBUFBH2 Timer 2 buffer B-H 0x17 0x00
TBUFBH3 Timer 3 buffer B-H Ox1F 0x00
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16.2.1 Timer control Mode Register (TMODO0/2)
When writing a 16 bit registers (paired with H / L), Must access in the order of L to H.

Register TMODO Timer Ocontrol Mode Register Address OxFAQ0
Register TMOD2 Timer 2control Mode Register Address OxFA40

Bit Bit Name R/W | Initial Description Note

7 TMREN RIW |0 Timer enable

0: disable

1: enable

6 TMRIE RIW |0 Timer interrupt master enable

0: disable

1: enable

5 CMPAEN RW |0 Compare Match /input capture A enable
0: disable

1: enable

4 CMPBEN RW |0 Compare Match / input capture B enable
0: disable

1: enable

Read value “0’. Write only ‘0°.

Reserved R

PRSCL R/W
R/W
R/W

Prescaler
000:1/1
001:1/4
010:1/16
011:1/64
100:1/256
101:1/1024
110:1/4096
111:1/16384

When set TMOD1.CASMD = 1, the counter operates as a timer, Timerl is the upper 16 bit and Timer0 is lower 16 bit,
of 32bit x 1 channel. In this mode, the timer operation is controlled by the registers of the TimerO0.

o | N W
o O o o
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16.2.2 Timer control Mode Register (TMOD1/3)

Register TMOD1 Timerl control Mode Register Address OxFAO01
Register TMOD3 Timer3 control Mode Register Address OxFA41

Bit Bit Name R/W | Initial Description Note

7 TMREN RW |0 Timer enable

0: disable

1: enable

6 TMRIE RIW |0 Timer interrupt master enable
0: disable

1: enable

5 CMPAEN RIW |0 Compare Match A enable
0: disable

1: enable

4 CMPBEN RW |0 Compare Match B enable
0: disable

1: enable

3 CASMD R/W 0 Cascade Mode

0: disable

1: enable

2 PRSCL RW |0 Prescaler

000:1/1

001:1/4

0 RW |0 010:1/16

011:1/64

100:1/256

101:1/1024

110:1/4096
111:1/16384

When TMOD1.CASMD = "1", TMR works with the set value of TMODO register regardless of the setting of the
TMODLI register.
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16.2.3 Timer n Status Register (TMSRn) (n=0-3)

Register TMSRO Timer 0 Status Register Address OxFA02
Register TMSR1 Timer 1 Status Register Address OxFAO03
Register TMSR2 Timer 2 Status Register Address OxFA42
Register TMSR3 Timer 3 Status Register Address OxFA43
Bit Bit Name R/W | Initial Description Note

Reserved R 0 Read value ‘0°. Write only ‘0.

Reserved R Read value ‘0°. Write only ‘0.

7

6 0

5 Reserved R 0 Read value ‘0°. Write only ‘0.
4 0

TICLRF R/C TIC input interrupt flag
Read operation
0: No TIC input event
1: TIC input event occur
Write operation
0: No effect
1:'0" clear
3 UDF R/C 0 Underflow flag
Read operation
0: No underflow
1: Underflow
Write operation
0: No effect
1:'0' clear
2 OVF R/IC 0 Overflow flag
Read operation
0: No overflow
1: Overflow
Write operation
0: No effect
1:'0' clear
1 CMBF R/C 0 Compare match/input capture B flag
Read operation
0: No compare match B
1: Compare match B
Write operation
0: No effect
1:'0' clear
0 CMAF R/C 0 Compare match/input capture A flag
Read operation
0: No compare match A
1: Compare match A
Write operation
0: No effect
1:'0' clear
When TMOD1.CASMD = "1", the internal status is indicated in both TMSRO0 and TMSR1(TMSR2 and TMSR3).
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16.2.4 Timer n Control register (TMCRn) (n=0-3)

Register TMCRO Timer 0 Control register Address OxFA04
Register TMCR1 Timer 1 Control register Address OxFAOQ5
Register TMCR2 Timer 2 Control register Address OxFA44
Register TMCR3 Timer 3 Control register Address OxFA45

Bit Bit Name R/W | Initial Description Note

7 UDFIEN RIW |0 Underflow interrupt enable
0: disable
1: enable
Valid when Phase counting mode.
6 OVFIEN RIW |0 Overflow interrupt enable
0: disable
1: enable
5 CMAIEN RW |0 Compare Match/input capture A interrupt
enable
0: disable
1: enable
4 CMBIEN RW |0 Compare Match/input capture B interrupt
enable
0: disable
1: enable
3 EOAEN RW |0 Compare Match/input capture A event out
enable
0: disable
1: enable
2 EOBEN RIW |0 Compare Match/input capture B event out
enable
0: disable
1: enable
1 ACLEN RIW |0 Timer auto clear enable
0:auto clear disable
1:auto clear enable
0 ACLSEL RIW |0 Timer clear select
0:Compare Match/input capture A
1:Compare Match/input capture B
When ACLEN has been set and enabled,
the counter be cleared in either of these
conditions.
When TMOD1.CASMD = "1", TMR works with the set value of TMCRO(TMCR?2) register regardless of the setting
of the TMCR1(TMCR3) register.
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16.2.5 Timer n event clear register (TMECRN) (n=0-3)

Register TMECRO Timer 0 event clear register Address OxFA06
Register TMECR1 Timer 1 event clear register Address OxFAO07
Register TMECR2 Timer 2 event clear register Address OxFA46
Register TMECR3 Timer 3 event clear register Address OxFA47
Bit Bit Name R/W | Initial Description Note
TICCLRS RW |0 Use TIC clear event to clear counter

7 0: Disable TIC input clear

1: Enable TIC input clear
6 Reserved R 0 Read value ‘0°. Write only ‘0.
5 Reserved RIW |0 Read value ‘0’. Write only “0’.
4 Reserved RIW |0 Read value ‘0’. Write only “0’.

Use PWM3 event to clear counter
3 P3CLRS RIW |0 0: Not use

1: Use

Use PWMZ2 event to clear counter
2 P2CLRS RIW |0 0: Not use

1: Use

Use PWML1 event to clear counter
1 P1CLRS RIW |0 0: Not use

1: Use

Use PWMO event to clear counter
0 POCLRS RIW |0 0: Not use

1: Use

When TMOD1.CASMD = "1", TMR works with the set value of TMECRO(TMECR?2) register regardless of the
setting of the TMECR1(TMECRS3) register.
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16.2.6 Timer n extend mode register (TEMODn) (n=0-3)

Register TEMODO Timer 0 extend mode register Address OxFA08
Register TEMOD1 Timer 1 extend mode register Address OxFA09
Register TEMOD?2 Timer 2 extend mode register Address OxFA48
Register TEMOD3 Timer 3 extend mode register Address OxFA49
Bit | Bit Name R/W | Initial Description Note
7 Reserved R 0 Read value ‘0°. Write only ‘0.
6 Reserved R 0 Read value ‘0°. Write only ‘0.

Buffer mode
5 BUFMD RIW |0 0: disable

1: enable(Buffer mode)

input filter enable

4 FILEN RIW |0 0: disable( 2 F/F synchronizer only)
1: enable( 3 F/F match filter)

TIC input interrupt enable

3 TICIE R/W 0 0: disable

1: enable
2 Timer extend mode
1 000: Normal mode

001: Phase counting mode 1
EMOD RW |0 010: Phase counting mode 2
011: Phase counting mode 3
100: Phase counting mode 4
others: Do not write

When TMOD1.CASMD = "1", TMR works with the set value of TEMODO(TEMOD?2) register regardless of the setting
of the TEMOD1(TEMODS3) register.
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16.2.7 Timer input capture select register (TICSO0)

Register TICSO Timer 0 input capture select | Address OxFAOA
register
Bit Bit Name R/W | Initial Description Note

7 CMPBCS R/W | b0000 TCMPB input capture select

5 0000: compare match register

0001: Reserved

5 0010: Reserved

2 0011: compare match A of TMR1 (*)
0100: compare match B of TMRL1 (*)
0101: TIOB input event

0110: Reserved

0111: Reserved

1000: comparator 0 event

1001: comparator 1 event

1010: comparator 2 event

1011: comparator 3 event

1100: comparator 4 event

1101: comparator 5 event

1110: Reserved

1111: Reserved

CMPACS R/W | b0000 TCMPA input capture select

0000: compare match register

0001: Reserved

0010: Reserved

0011: compare match A of TMR1 (*)
0100: compare match B of TMRL1 (*)
0101: TIOA input event

0110: Reserved

0111: Reserved

1000: comparator 0 event

1001: comparator 1 event

1010: comparator 2 event

1011: comparator 3 event

1100: comparator 4 event

1101: comparator 5 event

1110: Reserved

1111: Reserved

(*): Do not select when cascade mode(CASMD=1).

O | N W
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16.2.8 Timer input capture select register (TICS1)

Register TICS1 Timer 1 input capture select register AR OxFAOB

Bit Bit Name R/W | Initial Description Note

7 CMPBCS R/W | b0000 TCMPB input capture select
5 0000: compare match register

0001: compare match A of TMRO (*)
5 0010: compare match B of TMRO (*)
4

0011: Reserved

0100: Reserved

0101: TIOB input event
0110: Reserved

0111: Reserved

1000: comparator 0 event
1001: comparator 1 event
1010: comparator 2 event
1011: comparator 3 event
1100: comparator 4 event
1101: comparator 5 event
1110: Reserved

1111: Reserved

CMPACS R/W | b0000 TCMPA input capture select
0000: compare match register
0001: compare match A of TMRO (*)
0010: compare match B of TMRO (*)
0011: Reserved

0100: Reserved

0101: TIOA input event
0110: Reserved

0111: Reserved

1000: comparator 0 event
1001: comparator 1 event
1010: comparator 2 event
1011: comparator 3 event
1100: comparator 4 event
1101: comparator 5 event
1110: Reserved

1111: Reserved

O | N W

When TMOD1.CASMD = "1", TMR works with the set value of TICSO register regardless of the setting of the TICS1
register.
(*): Do not select when cascade mode(CASMD=1).
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16.2.9 Timer input capture select register (TICSn) (n=2-3)

Register TICS2 Timer 2 input capture select | Address OxFA4A
register

Register TICS3 Timer 3 input capture select register | Address OxFA4B

Bit Bit Name R/W | Initial Description Note

7 CMPBCS R/W | b0000 TCMPB input capture select

5 0000: compare match register
0001: compare match A of TMRO
5 0010: compare match B of TMRO
0011: compare match A of TMR1
4 0100: compare match B of TMR1
0101: TIOB input event

0110: Reserved

0111: Reserved

1000: comparator 0 event

1001: comparator 1 event

1010: comparator 2 event

1011: comparator 3 event

1100: comparator 4 event

1101: comparator 5 event

1110: Reserved

1111: Reserved

CMPACS R/W | b0000 TCMPA input capture select
0000: compare match register
0001: compare match A of TMRO
0010: compare match B of TMRO
0011: compare match A of TMR1
0100: compare match B of TMR1
0101: TIOA input event

0110: Reserved

0111: Reserved

1000: comparator 0 event

1001: comparator 1 event

1010: comparator 2 event

1011: comparator 3 event

1100: comparator 4 event

1101: comparator 5 event

1110: Reserved

1111: Reserved

ol | N W

When TMOD3.CASMD = "1", TMR works with the set value of TICS2 register regardless of the setting of the TICS3
register.
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16.2.10 Timer n external event select register (TXESn) (n=0-3)

Register TXESO Timer 0 external event select | Address OxFAOQC
register
Register TXES1 Timer 1 external event select | Address OxFAOD
register
Register TXES2 Timer 2 external event select | Address OxFA4C
register
Register TXES3 Timer 3 external event select | Address OxFA4D
register
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read value ‘0’. Write only ‘0.
6 Reserved R 0 Read value ‘0’. Write only “0’.
5 TICEVS R/W | 00b TIC input event select
1 00: no select
01: fall edge
10: rise edge
11: both edge
3 TIBEVS R/W | 00b TIOB input event select
> 00: no select
01: fall edge
10: rise edge
11: both edge
1 TIAEVS R/W | 00b TIOA input event select
0 00: no select
01: fall edge
10: rise edge
11: both edge

When TMOD1.CASMD = "1", TMR works with the set value of TXESO(TXES?2) register regardless of the setting of

the TXES1(TXES3) register.

16.2.11 Timer n compare match A-L (TCMPALnN) (n=0-3)

Register TCMPALO Timer O compare match A-L Address OxFA10 0x04
Register TCMPAL1 Timer 1 compare match A-L Address OxFA12 0x0C
Register TCMPAL2 Timer 2 compare match A-L Address OxFA50 0x14
Register TCMPAL3 Timer 3 compare match A-L Address OxFA52 0x1C
Bit Bit Name R/W | Initial Description Note
7 CMPAL RIW |0 Compare match-A Lower 8bit value

CPU can read/write only by MOVX
6 RIW |0 instruction.
5 RIW |0
4 RIW |0
3 RIW |0
2 RIW |0
1 RIW |0
0 RIW |0
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16.2.12 Timer n compare match A-H (TCMPAHN) (n=0-3)

Register TCMPAHO Timer 0 compare match A-H Address OxFAl11l 0x04
Register TCMPAH1 Timer 1 compare match A-H Address OxFA13 0xoC
Register TCMPAH2 Timer 2 compare match A-H Address OxFA51 0x14
Register TCMPAH3 Timer 3 compare match A-H Address OxFA53 0x1C
Bit Bit Name R/W | Initial Description Note
7 CMPAH RIW |0 Compare match-A Upper 8bit value

CPU can read/write only by MOVX
6 RIW |0 instruction.
5 RIW |0
4 RIW |0
3 RIW |0
2 RIW |0
1 RIW |0
0 RIW |0

16.2.13 Timer n compare match B-L (TCMPBLn) (n=0-3)

Register TCMPBLO Timer 0 compare match B-L Address OxFA14 0x05
Register TCMPBL1 Timer 1 compare match B-L Address OxFA16 0x0D
Register TCMPBL2 Timer 2 compare match B-L Address OxFA54 0x15
Register TCMPBL3 Timer 3 compare match B-L Address OxFA56 0x1D
Bit Bit Name R/W | Initial Description Note
7 CMPBL RIW |0 Compare match-B Lower 8bit value

CPU can read/write only by MOVX
6 RIW 10 instruction.
5 RIW |0
4 RIW |0
3 RIW |0
2 RIW |0
1 RIW |0
0 RIW |0
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16.2.14 Timer n compare match B-H (TCMPBHnN) (n=0-3)

Register TCMPBHO Timer 0 compare match B-H Address OxFA15 0x05
Register TCMPBH1 Timer 1 compare match B-H Address OxFAL17 0x0D
Register TCMPBH?2 Timer 2 compare match B-H Address OxFA55 0x15
Register TCMPBH3 Timer 3 compare match B-H Address OxFA57 0x1D
Bit Bit Name R/W | Initial Description Note
7 CMPBH RIW |0 Compare match-B Upper 8bit value

CPU can read/write only by MOVX
6 RIW |0 instruction.
5 RIW |0
4 RIW |0
3 RIW |0
2 RIW |0
1 RIW |0
0 RIW |0

16.2.15 Timer n counter L (TCNTLn) (n=0-3)

Register TCNTLO Timer O counter L Address OxFA18
Register TCNTL1 Timer 1 counter L Address OxFA1A
Register TCNTL2 Timer 2 counter L Address OxFA58
Register TCNTL3 Timer 3 counter L Address OxFALBA
Bit Bit Name R/W | Initial Description Note
7 TCNTL RIW |0 Timer/Counter Lower 8bit value

6 RIW |0

5 RIW |0

4 RIW |0

3 RIW |0

2 RIW |0

1 RIW |0

0 RIW |0
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16.2.16 Timer n counter H (TCNTHn) (n=0-3)

Register TCNTHO Timer 0 counter H Address O0xFA19
Register TCNTH1 Timer 1 counter H Address OxFA1B
Register TCNTH2 Timer 2 counter H Address OxFA59
Register TCNTH3 Timer 3 counter H Address OxFA5B
Bit Bit Name R/W | Initial Description Note
7 TCNTH RIW |0 Timer/Counter Upper 8bit value

6 RIW |0

5 RIW |0

4 RIW |0

3 RIW |0

2 RW |0

1 RIW |0

0 RIW |0

16.2.17 Timer n buffer A-L (TBUFALnR) (n=0-3)

Register TBUFALO Timer 0 buffer A-L Address OxFA20 0x06
Register TBUFAL1 Timer 1 buffer A-L Address OxFA21 Ox0E
Register TBUFAL?2 Timer 2 buffer A-L Address O0xFA60 0x16
Register TBUFAL3 Timer 3 buffer A-L Address OxFA61 Ox1E
Bit Bit Name R/W | Initial Description Note
7 BUFAL RW |0 Buffer-A Lower 8bit value

CPU can read/write only by MOVX
6 RW 10 instruction.
5 RIW |0
4 RIW |0
3 RIW |0
2 RIW |0
1 RW |0
0 RW |0
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16.2.18 Timer n buffer A-H (TBUFAHnN) (n=0-3)

Register TBUFAHO Timer 0 buffer A-H Address OxFA22 0x06
Register TBUFAH1 Timer 1 buffer A-H Address OxFA23 Ox0E
Register TBUFAH2 Timer 2 buffer A-H Address OxFA62 0x16
Register TBUFAH3 Timer 3 buffer A-H Address OxFA63 Ox1E
Bit Bit Name R/W | Initial Description Note
7 BUFAH RW |0 Buffer-A Higher 8bit value

CPU can read/write only by MOVX
6 RIW | 0 instruction.
5 RIW |0
4 RIW |0
3 RIW |0
2 RIW |0
1 RIW |0
0 RIW |0

16.2.19 Timer n buffer B-L (TBUFBLN) (n=0-3)

Register TBUFBLO Timer 0 buffer B-L Address 0xFA24 0x07
Register TBUFBL1 Timer 1 buffer B-L Address O0xFA25 Ox0F
Register TBUFBL2 Timer 2 buffer B-L Address OxFA64 0x17
Register TBUFBL3 Timer 3 buffer B-L Address OxFA65 Ox1F
Bit Bit Name R/W | Initial Description Note
7 BUFBL RIW |0 Buffer-B Lower 8bit value

CPU can read/write only by MOVX
6 RIW |0 instruction.
5 RIW |0
4 RIW |0
3 RIW |0
2 RIW |0
1 RIW |0
0 RIW |0
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16.2.20 Timer n buffer B-H (TBUFBHnN) (n=0-3)

Register TBUFBHO Timer 0 buffer B-H Address OxFA26 0x07
Register TBUFBH1 Timer 1 buffer B-H Address OxFA27 Ox0F
Register TBUFBH2 Timer 2 buffer B-H Address OxFA66 0x17
Register TBUFBH3 Timer 3 buffer B-H Address OxFAG67 Ox1F
Bit Bit Name R/W | Initial Description Note
7 BUFBH RIW |0 Buffer-B Higher 8bit value
CPU can read/write only by MOVX
6 RW 10 instruction.
5 RIW |0
4 RIW |0
3 RIW |0
2 RIW |0
1 RIW |0
0 RIW |0
16.2.21 Timer n TIOA output control register (TOACRN) (n=0-3)
Register TOACRO Timer 0 TIOA output control | Address O0xFA30
register
Register TOACR1 Timer 1 TIOA output control | Address OxFA31
register
Register TOACR2 Timer 2 TIOA output control | Address OxFAT70
register
Register TOACR3 Timer 3 TIOA output control | Address OxFAT71
register
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read value ‘0’. Write only “0’.
6 Reserved R 0 Read value ‘0’. Write only “0’.
5 TOCLR R/W | 00b TIOA output level at Overflow or clearing
7 TCNT
00: no change
01: Set Low level
10: Set High level
11: Toggle
3 TOCMPA R/W | 00b TIOA output level at TCMPA match

00: no change

01: Set Low level

10: Set High level

11: Toggle

TIOA initial output level

00: no change

01: Set Low level

10: Set High level

11: do not write

Write to change TIOA output level with the
higher priority than any other compare
matches which change output level.

Read values are always Zero

1 TOINI(*) | W 00b
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When TMOD1.CASMD = "1", TMR works with the set value of TOACRO(TOACR?2) register regardless of the setting
of the TOACR1(TOACR3) register.

(*): If TMRO and 1 are operated in cascade mode, both TIOAO and TIOAL output are affected by TOACRO.TOINI. In
addition, if TMR2 and 3 are operated in cascade mode, both TIOA2 and TIOA3 output are affected by
TOACR2.TOINI.

16.2.22 Timer n TIOB output control register (TOBCRn) (n=0-3)

Register TOBCRO Timer 0 TIOB output control | Address O0xFA32
register

Register TOBCR1 Timer 1 TIOB output control | Address 0xFA33
register

Register TOBCR2 Timer 2 TIOB output control | Address OXFAT72
register

Register TOBCR3 Timer 3 TIOB output control | Address OxFAT73
register

Bit Bit Name R/W | Initial Description Note

7 Reserved R 0 Read value ‘0’. Write only “0’.

6 Reserved R 0 Read value ‘0’. Write only ‘0.

5 TOCLR R/W | 00b TIOB output level at Overflow or clearing

7 TCNT

00: no change

01: Set Low level

10: Set High level

11: Toggle

3 TOCMPB R/W | 00b TIOB output level at TCMPB match
00: no change

2 01: Set Low level

10: Set High level

11: Toggle
1 TOINI (*) wW 00b TIOB initial output level
0 00: no change

01: Set Low level

10: Set High level

11: do not write

Write to change TIOB output level with the
higher priority than any other compare
matches which change output level.

Read values are always Zero

When TMOD1.CASMD = "1", TMR works with the set value of TOBCRO(TOBCRZ1) register regardless of the setting
of the TOBCR1(TOBCR3) register.

(*)If TMRO and 1 are operated in cascade mode, both TIOBO and TIOB1 output are affected by TOBCRO.TOINI. In
addition, if TMR2 and 3 are operated in cascade mode, both TIOB2 and TIOB3 output are affected by
TOBCR2.TOINI.
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16.2.23 Timer n phase counting input select register (TPCISn) (n=0-3)

Register TPCISO Timer 0 phase counting input select | Address O0xFA34
register
Register TPCIS1 Timer 1 phase counting input select | Address O0xFA35
register
Register TPCIS2 Timer 2 phase counting input select | Address OxFA74
register
Register TPCIS3 Timer 3 phase counting input select | Address OxFAT75
register
Bit Bit Name R/W | Initial Description Note
7 Reserved R 0 Read value ‘0°. Write only ‘0.
6 Reserved R 0 Read value ‘0°. Write only ‘0.
5 Reserved R 0 Read value ‘0’. Write only ‘0.
4 Reserved R 0 Read value ‘0’. Write only “0’.
3 Reserved R 0 Read value ‘0’. Write only “0’.
2 Reserved R 0 Read value ‘0’. Write only “0’.
1 TIBSEL RW |0 TIOB input select
0: TIOB input pin
1: Comparator y output
Effect only phase counting mode.
See below table.
0 TIASEL RW |0 TIOA input select
0: TIOA input pin
1: Comparator x output
Effect only phase counting mode.
See below table.

When TMOD1.CASMD = "1", TMR works with the set value of TPCISO(TPCIS2) register regardless of the setting of
the TPCIS1(TPCIS3) register.

TMR channel TOIA input(TIASEL=1) TIOB input (TIBSEL=1)
TMRO Comparator 4 output Comparator 5 output
TMR1 - -

TMR2 Comparator 0 output Comparator 1 output
TMR3 Comparator 2 output Comparator 3 output

16.3 Operation

16.3.1 16 bit Register access

TCNT** Register
Write Operation: The data written to the L side of the TCNT is buffered temporarily, and is written to the counter at
the same time to write the data side H.
Read Operation: When reading to the L side of the TCNT, the H side data is buffered. The buffered data can be
read when reading the data value of the H side of TCNT.

TCMP** and TBUF**register is mapped on both XBUS and SFR area. TCMP** and TBUF**register has 16bits, H
and L side register are mapped to the same address. DSAC can be accessed by only one 16bit read/write mode access.
CPU can only read/write by MOV X instruction. The 8bit access of TCMP** register from CPU works as follows:
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TCMP** Register
Write Operation: The data written to the L side of the TCMP is buffered temporarily, and is written to the counter
at the same time to write the data side H.
Read Operation: When reading to the L/H side of the TCMP, read data is buffered and can be read as well as the
register of 8bit access.

TBUF** register address is not allocated with little-endian manner. Please use the following example program for
accessing TBUF** register.

/I Write TBUF register
void write_ TBUF(unsigned char* address, unsigned int wdata)
/l address: TBUFx_L address
/I wdata: write data (16bit)
{
*address = (unsigned char)(wdata & 0x00ff);
*(address + 2) = (unsigned char)(wdata >> 8);

}

/I Read TBUF register

unsigned int read_TBUF(unsigned char* address)
/I address: TBUFx_L address

/I Return value: TBUFx read data(16bit)

{

volatile unsigned char rdata_I;

rdata_| = *address;

return (int)(*(address+2) << 8) + rdata_lI;
}

16.3.2 Counter Operation

If set to TMREN = 1, 16 bit counter starts counting from the value set in the TCNTH / L.

The initial value of the TCNTH / L is 0x0000.

If write access and overflow happen at the same time, write access is prior to another. The priority of TCNT operation
is follows:

Writing TCNT from CPU > Clearing TCNT > Counting up/down

16.3.3 Compare match operation

16 bit counter (TCNTH/L) starts counting from 0x0000. When the Compare match occurs, CMPAH/L and / or
CMPBHY/L compare match with TCNTH/L, CMAF bit and / or CMBF bit are set during CMPAEN and /or CMPBEN
are enable. Also the Interrupt output TMINT_N asserts if CMPAIEN and / or CMPBIEN are enable. If EOAEN and /or
EOBEN are enable, Event output, TM_Aand / or TM_B pulse are generated.

If write access and compare match happen at the same time, compare match is prior to another.

16.3.4 Compare match output
Each channel of TMR has two compare match output: TIOAn and TIOBn.

When the compare match event of TCMPA is occurred, TIOAnN output level can be changed if TCMPA is operated as
the compare match register. The initial output level is set by TOACRn.TOINI. The TIOAn output level when the
compare match event is occurred is set by TOACRn.TOCMPA. In addition, TIOAn level when the overflow or clear
event of TCNT is occurred is set by TOACRN.TOCLR. Note that if clearing TCNT by a clear-event and writing TCNT
from CPU are occurred at the same time, TCNT is “not” cleared, and the output level of TIOAn is changed.
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When the compare match event of TCMPB is occurred, TIOBn output level can be changed if TCMPB is operated as
the compare match register. The initial output level is set by TOBCRN.TOINI. The TIOBn output level when the
compare match event is occurred is set by TOBCRn.TOCMPB. In addition, TIOBn level when the overflow or clear
event of TCNT is occurred is set by TOBCRN. TOCLR. Note that if clearing TCNT by a clear-event and writing TCNT
from CPU are occurred at the same time, TCNT is “not” cleared, and the output level of TIOBn is changed.

TCNTn vaule

A
OXFEFF overflow overflow overflow

TCMPB

TCMPA

» Time

TIOAnN

TIOBn

a) TMCRn.ACLEN=0, TOACRn.TCMPA=01b, TOACRn.TOCLR=10b,
TOBCRn.TCMPB=01b, TOBCRn.TOCLR=10b

TCNTn vaule

A

TCMPB clear clear clear

TCMPA

» Time

TIOAnN

TIOBn

b) TMCRn.ACLEN=1, TMCRn.ACLSEL=1, TOACRn.TCMPA=01b, TOACRn.TOCLR=10b,
TOBCRn.TCMPB=11b, TOBCRn.TOCLR=11b

Figure 16-2 Compare match output operation

The priority of output level setting is as follows:
TIOAn: TOACRN.TIONI > Overflow or clearing TCNT > compare match A
TIOBn: TOBCRN.TIONI > Overflow or clearing TCNT > compare match B

16.3.5 Auto Clear

When the compare match occurs, it is possible to clear the 16 bit counters.

If the TCNTHY/L will be cleared by compare match automatically, must set to ACLEN = 1.

Auto clear condition of the TCNHY/L is selected by setting ACLSEL (Select Compare match A or B).

By disable the auto clear, the counter counts up until OXFFFF. Then, counter returns to 0x0000. When the counter
returns to 0x0000 from OXFFFF, TMSR*OVF indicates that the overflow occurred.
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16.3.6 PWM Event Clear
When set PXCLRS = 1, the 16 bit counter can be cleared by the selected event of PWM.

16.3.7 TIC input Event Clear
If TMECSRN.TICCLRS=1b, TCNT is cleared by TIC input event selected by TXESn.TICEVS.

The clearing operation due to TIC input event is synchronized with CLKTIM. The clear operation is not
synchronized with prescaler or count up/down enable for phase counting.

16.3.8 32bit Counter Mode (Cascade mode)

When set TMOD1.CASMD = 1, the counter operates as a timer ,Timerl is the upper 16 bit and Timer0 is lower 16
bit, of 32bit x 1 channel.

The cascade mode, chO and chl(or ch2 and ch3) are cascaded and the two 16bit counters are used as 32bit counter.
The cascade mode can be set when both normal mode and phase counting mode. When cascade mode, the cascaded
timer is operated by the younger channel’s register settings, another channel’s register settings are ignored.

When cascade mode, each channel of status flag (TMSRO/1 or TMSR2/3) indicates the cascaded timer status. Each
status flag should be cleared.

The cascaded timer uses the younger channel’s input pins. Both channel of output signal are determined by the
younger channel’s register settings.

Both channels of interrupt and events are created by the younger channel’s register settings.

16.3.9 Compare match timing

The Compare match timing is shown in Figure 16-3.

CLKTIM

(=CLKFAST)

TMREN |
Count Enable [ [ [ [ [ ’_|

(Prescalor or Phase count enable)

TCNT [ 0x0000 [ 0x0001 [ 0x0002 [ 0x0003 [ 0x0000 [ 0x0001 |

TCMPA [ 0x0001

TCMPB [ 0x0004
MATCHA
MATCHB

CMAF

EVENT A
EVENT B

|
CMBF £
1
l

INT.N |

I
| —
I
l

I
TIOA(out) | | /

TIOB(out) |

CMPAEN = 1'b1 ,CMPBEN = 1'b1 CMAF clear CMBF clear

CASMD = 1'b0 ,ACLEN = 1'b1, ACLSEL = 1'b1
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CLKTIM
(=CLKFAST)

TMREN ]
Count Enable [ 1 [ [ 1 [ [ 1 |_|

(Prescalor or Phase count enable)

TCNT [ 0x0000 I 0x0001 [ 0x0002 I 0x0003 [ 0x0000 I 0x0001 |

TCMPA [ 0x0001

|
TCMPB [ 0x0004 |
MATCHA ] ]
MATCHB ]

CMAF

|
4
CMBF I
EVENT A
EVENT B I

INTN |

I

I | —
TIOA(out) [ | I I
I |

TIOB(out) |

CMPAEN = 1'b1 ,CMPBEN = 1'b1 CMAF clear CMBF clear

CASMD = 1'b0 ,ACLEN = 1'b1, ACLSEL = 1'b1

Figure 16-3 Compare match timing Chart

e When the TMREN is set to 1, the TCNT starts to count-up from the held value in the TCNTH/L. The initial value of the
TCNTHY/L is 0x0000.

e The CLKTIM for TCNT can be divided by setting TMODnN.PRSCL[2:0]. This figure shows one of the example of setting
PRSCL or Phase counting mode clock enable, and the division into four of CLKTIM is use for counting for TCNT.

e If TCNT and COMPA/COMPB are matched, CMAF/CMBF will be set at next TCNT cycle.
e At the same time, compare match interrupt occurs and INT_N assert.

e If ACLAEN and ACLSEL are set to 1'bl, TCNTH/L will be cleared at next TNCT cycle when TCNT and COMPB are
matched.

e IfEOAEN and / or EOBEN are set to 1’b1, the Event outputs , EVENT_A and /or EVENT_B, are generated when CMAF and
/or CMBF are set/

16.3.10 Input Capture Mode

In the input capture mode, TCNT value is captured to TCMPA/B register when the selected event is occurred. The
operation mode of TCMPA is selected by TICSn.CMPACS. TCMPA register is operated as the input capture register
when TICSn.CMPACS != 000b. The TCMPA register is operated in input capture mode which is captured by TIOAn
input event. The TIOAnN input event is selected by TXESnm.TIAEVS.

The operation mode of TCMPB is selected by TICSn.CMPBCS. TCMPB register is operated as the input capture
register when TICSn.CMPBCS != 000b. The TCMPB register is operated in input capture mode which is captured by
TIOBnN input event. The TIOBnN input event is selected by TXESnm.TIBEVS.

The interrupt and event for other peripherals can be created when the TCMPA/B input capture is occurred. The
enable/disable of the interrupt and event are set by TCMRn register.

TCNT can be cleared by the input capture event if TMCRn.ACLRN=1b. The clear event is selected by
TMCRN.ACLSEL.
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The input capture operation is synchronized with CLKTIM. The clear operation is not synchronized with prescaler or
count up/down enable for phase counting.

CLKTIM
(=CLKFAST)

TMREN ]
Count Enable ,_| ,_| ,_\ |_| l_| ,_|

(Prescalor or Phase count enable)

TCNT [ 0x0000 [ 0x0001 [ 0x0002 [ 0x0003 | 0x0000 ] 0x0001 [ 0x0002 |

3
Input capture A \

Input capture B <

TCMPA [ \* 0x0002

TCMPB [ 0x0003

CMAF |

4

CMBF

EVENT A [ /

EVENT B 1 / /

INTN / / [

CMPAEN = 1'b1 ,CMPBEN = 1'b1 CMAF clear CMBF clear

CASMD = 1'b0 ,ACLEN = 1'b1, ACLSEL = 1'b1

Figure 16-4 Input capture timing chart

16.3.11 Buffer Mode

In the buffer mode, TBUFAL/HN register is used as a buffer register for TCMPAL/Hn register. TBUFBL/HnN register
is used as a buffer register for TCMPBL/Hn register. TMRn is operated as buffer mode if TRMODn.BUFMD=L1.

TBUFAL/HN register value is transferred to TCMPAL/HnN register when TCNTL/H overflow or clearing event is
occurred if TCMPAVJ/L register is used as the compare match register.

TCMPAL/Hn register value is transferred to TBUFAL/HnN register when the selected event is occurred if TCMPA/L
register is used as the input capture register.

TBUFBL/HN register value is transferred to TCMPBL/HnN register when TCNTL/H overflow or clearing event is
occurred if TCMPBI/L register is used as the compare match register.

TCMPBL/Hn register value is transferred to TBUFBL/HnN register when the selected event is occurred if TCMPB/L
register is used as the input capture register.

16.3.12 Phase Counting Mode

TCNT is increased or decreased by the phase of TIOAn and TIOBnN. There are four phase counting mode: phase
counting mode 1(TEMODn.EMOD=001b), phase counting mode 2(TEMODn.EMOD=010b), phase counting mode
3(TEMODN.EMOD=011b) and phase counting mode 4(TEMODn.EMOD=100b).

The output of the comparator can be used instead of TIOAn input if TPCISn. TIASEL=1.
The output of the comparator can be used instead of TIOBn input if TPCISn. TIBSEL=1.
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e  Phase Counting Mode 1

TIOAn £33 4 ¥ 1 R
TIOBn 2R K K BEZEEK
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i -
r—”_‘ L“‘u_ .
» Time

Figure 16-5 Phase counting mode 1 operation

Table 16-4 Count up/down condition of Phase counting mode 1

TIOAN TIOBN counter operation
High level Rise edge increase by 1
Low level Fall edge

Rise edge Low level

Fall edge High level

High level Fall edge decrease by 1
Low level Rise edge

Rise edge High level

Fall edge Low level
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e  Phase Counting Mode 2

TIOAN Y T — V. [ v 7 v

TIOBn [

TCNTn vaule

A

Time

Figure 16-6 Phase counting mode 2 operation

Table 16-5 Count up/down condition of Phase counting mode 2

TIOAN TIOBN counter operation
High level Rise edge no operation
Low level Fall edge no operation
Rise edge Low level no operation

Fall edge High level increase by 1
High level Fall edge no operation
Low level Rise edge no operation
Rise edge High level no operation

Fall edge Low level decrease by 1
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e  Phase Counting Mode 3

TIOAN Y TV
TIOBn | ) v

TCNTn vaule

A

Time

Figure 16-7 Phase counting mode 3 operation

Table 16-6 Count up/down condition of Phase counting mode 3

TIOAN TIOBN counter operation
High level Rise edge no operation
Low level Fall edge no operation
Rise edge Low level no operation

Fall edge High level increase by 1
High level Fall edge decrease by 1
Low level Rise edge no operation
Rise edge High level no operation

Fall edge Low level no operation
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e  Phase Counting Mode 4
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Figure 16-8 Phase counting mode 4 operation

Table 16-7 Count up/down condition of Phase counting mode 4

TIOAN TIOBN counter operation
High level Rise edge increment by 1
Low level Fall edge

Rise edge Low level no operation

Fall edge High level

High level Fall edge decrease by 1
Low level Rise edge

Rise edge High level no operation

Fall edge Low level

16.3.13 Noise Filter for Pin Input

Each input function has a noise filter. The noise filter is enabled by TRMODnN.FILEN=1b. The noise filter samples
the input signal three times by the TMR clock(CLKTIM). If the three sampled value is matched, the input level is
captured for the internal TMR logic. When the noise filter is disabled(TEMODnN.FILEN=0b), the input signal is only
synchronized with TMR clock(CLKTIM) by two flip flops.

16.3.14 Event and Interrupt

Each channel of TMR has one interrupt output and two event outputs.

The TMRn outputs the interrupt request to CPU when the selected event is occurred if TMODN.TMRIE=1b. There
are five interrupt factors. TCMPA compare match or input capture interrupt is enabled if TMCRn.CMAIEN=1b.
TCMPB compare match or input capture interrupt is enabled if TMCRn.CMBIEN=1h. The TCNT overflow interrupt is
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enabled if TMCRN.OVFIEN=1b. The TCNT underflow interrupt is enabled if TMCRn.UDFIEN=1b, is occurred only
when phase counting mode. TIC input event detect interrupt is enabled if TEMODN.TICIE=1b.

TMSRn is the interrupt status register. The status can be cleared by writing 1b to corresponding status bit.
Table 16-8 shows the condition of events or interrupt output

Table 16-8 Condition of events or interrupt output

Condition EVENT A EVENT B Interrupt

compare match A X - X

compara match B - X

input capture A X -

TCNT overflow - -

TCNT underflow - -

TCNT clearing by TICn
input

X
X
input capture B - X X
X
X

- - X
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16.3.15 Basic setting

Use CHx only

( Start )

Set Mode
(TMODO Reg)

(TEMORO Reg)

Set Control

(TMCRO Reg)

(TICSO Reg)
I

Set Event Clear
(TMECRO Reg)

I
Set Pin Control
(TXESO Reg)
(TOACRO Reg)
(TOBCRO Reg)
(TPGISO Reg)
|

Set Comparator Reg
(TCMPALO Reg)
(TCMPAHO Reg)
(TCMPBLO Reg)
(TCMPBHO Reg)

I
Set Timer
(TCNTLO Reg)
(TCNTHO Reg)

Timer START
TMODO. TMREN = 1

Cascade Mode(CHO)

Setting of CHO is only
effective.

Cascade (CH2 and
CH3) are same.

Y

Timer STOP
TMODO. TMREN = 0

End

Set Cascade Mode
(TMOD1. CASMD =1)

I
Set Mode
(TMODO Reg)
(TEmoqo Reg)

Set Control

(TMCRO Reg)

(TICSO Reg)
I

Set Event Clear
(TMECRO Reg)
T

Set Pin Control
(TXESO Reg)
(TOACRO Reg)
(TOBCRO Reg)

(TPCISO Reg)
T

Set Comparator Reg
(TCMPALO/1 Reg)
(TCMPAHO/1 Reg)
(TCMPBLO/1 Reg)
(TCMPBHO/1 Reg)

Set Timer
(TCNTLO/1 Reg)
(TCNTHO/1 Reg)

Timer START
TMODO. TMREN = 1

——

<y

Y

Timer STOP
TMODO. TMREN = 0

End

Figure 16-9 Flow Chart

16.4 Limitation of TMR

16.4.1 Disabling TMR operation

When you are going to disable TMR, you should clear TMRMODN.CMPAEN, CMPBEN and TMRE at the same
time if TCMPA/B is used as input capture mode.

. _____________________________________________________________________________________________________________________________|
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17. SPI

17.1 Overview

The SPI channel is capable of full-duplex serial communications with external processors and peripheral devices.

Table 17-1 Feature of SPI

Item Description

- Capable of serial communications in Master mode or Slave mode.

- MOSI (master out/slave in), MISO (master in/slave out), and SCK (SPI clock)
signals allow serial communications through SPI operation.

- SP1/SS_N signal for Master Mode is generated by GPIO out.

- SP1/SS_N signal for Slave Mode is assigned to GP1000.

- Support either SPI clock edge (rising or falling) on which the SPI data changes.

- Support clock polarity which keeps high or low when idles.
Both TXFIFO and RXFIFO have two stages.

- Support MSB-first or LSB first selectable.

Tx/Rx Function

Data Format - Transfer data length is 6 ~ 16 bits.
- 16 bits transfer and receive buffers
SPI Clock - Supported SPI clock frequency: f/4 ~ f/1024.
Error Detection - Overrun Error Detection
- Maskable interrupt sources (TXENDIE, TXERRIE, RXERRIE, TXFIFOIE,
RXFIFOIE)
- SPI receive interrupt: receive buffer not empty (~REMPTY & RXFIFOIE) or
Interrupt Source FIFO error (RUDF | ROVF)&RXERRIE).

- SPI transmit interrupt: transmit buffer not full (~TFFULL & TXFIFOIE),
transmit end (TXEND & TXENDIE) or FIFO error ((TUDF | TOVF) &
TXERRIE).

- When SPI unit is set as a master device, where the SPI module is being used to

Notes receive data only, it only outputs receive clock.

- SS_N pin is used to select the SPI module when the SPI is configured as a slave.
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[rrruLL |TFEMPTY {mstr} ST™

RXFIFO - SLAVE so

MAS;FER/S | AVE

A

I
[ ]

|RFFULL

Bal Yiys

{mstr}

RFEMPTY

{mstr} ——|\/L J SCK

UONeZIUOIYIUAS

Counter SCK_IN
< SS N

SPI_REG_WR

SPLINT

(| |
E SPICR > SPISR | ) ) > INT_TX
= SPI_INT is shown in 17.3 -
I; SPICLK —$ SPIESR I Interrupt generation.
—
> SPIFMT E SPIIER INT_RX
> SPIDRH/L

Sl : Serial Input , SO: Serial Output
SCK: Serial Clock , SS_N: Slave Select

Figure 17-1 Block Diagram of SPI

17.2 Register Description

Table 17-2 List of Registers

Symbol Name Address Initial value
SPICR SPI Control Register 0xFB80 0x00
SPICLK SPI CLOCK DIV Register OxFB81 0x00
SPIFMT SPI data format Register 0xFB82 0x00
SPISR SPI Status register OxFB84 0x05
SPIESR SPI Error Status register OxFB85 0x00
SPIIER SPI Interrupt Enable Register 0xFB86 0x00
SPIDRL SPI Data Register L OxFB88 0x00
SPIDRH SPI Data Register H 0xFB89 0x00
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17.2.1 SPI Control Register (SPICR)

Register SPICR SPI1 Control Register Address 0xFB80

Bit Bit Name R/W | Initial Description Note
7-6 Reserved R 0 Read value is ‘0. Write only ‘0’.

5 SPE RIW |0 Serial Peripheral Enable

When the Serial Peripheral Enable bit is set to “1°, the
core is enabled. When it is cleared to ‘0’, the core is
disabled. The core only transfers data when the core is
enabled.

‘0’ = SPI core disabled

‘1’ = SPI core enabled
4 MSTR RW |0 Master Mode Select
When the Master Mode Select bit is set to ‘1°, the core
is a master device. When it is cleared to ‘0’, it is a slave
device.

‘0’ = Slave mode

‘1’ = Master mode
3 CPOL RW |0 Clock Polarity
The Clock Polarity bit, together with the Clock Phase
bit, determines the transfer mode.
2 CPHA R/W 0 Clock Phase
The Clock Phase bit and the Clock Polarity bit,
determine the transfer mode.
In slave mode, SPI operates in mode 1 or 3 regardless
of this bit (as CPHA = 1).
1 TXEN RW |0 TX enable
When TXEN bit is set to '1', the core is a TX operation
enable.
When TXEN bit is cleared to '0', the core is a TX
operation disable.
0 RXEN R/W 0 RX enable
When RXEN bit is set to '1', the core is a RX operation
enable.
When RXEN bit is cleared to '0', the core is a RX
operation disable.

TXEN and RXEN:
TXEN, RXEN is different from the master/slave mode as shown below.

Transmission:

When SPI is in the master mode, if RXEN or TXEN is enabled, SPI can transmit. Even if RXEN is only set to ‘1°,
the transmission data is the data written to the TXFIFO.

In case of the slave mode, if TXFIFO has started sending in an empty state and TXEN = 1, TXFIFO underflow flag is
set to ‘1°. If RXEN is only set to ‘1’, for no data is read from TXFIFO, the underflow flag is not set to ‘1°.

Receive:
If enable the RXEN to both master and slave, the received data is written to the RXFIFO. (if RXFIFO is in full and
has completed send and receive in the state of RXEN = 1, RXFIFO overflow flag is set to ‘1°).

CPOL and CPHA
The Clock Polarity bit and the Clock Phase bit are for determining the SPI mode

There are four SPI modes, and each SP1 mode has the different data-setup timing and data-sample timing. Setting
information of these CPOL bit and CPHA bit are shown in Table 17-3 and the Timing chart is shown in Figure 17-2.
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Table 17-3 CPOL, CPHA setting

CPOL | CPHA | Leading Edge Trailing Edge SPI mode
0 0 Sample 1 Setup | 0
0 1 Setup 1 Sample | 1
1 0 Sample | Setup 1 2
1 1 Setup | Sample 1 3
, ,sample
] ]
1
SPI Mode0 :l|||||||||||||||||||||||
] )
Vo
SPIMode2 | L LT LT LT LT LTl

S o~ | K

S1/30 X1 X DZX D3 X D4 XD5 X6 X__X__X__X__X__X__X

SP1 Modetl

SP1 Mode3 ||||||||||||||||||||||||||

+

DT XD2 XD3 XD4 XD5 X6 XXX X X X X

S1/S0

Figure 17-2 Timing chart of each SPI mode
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17.2.2 SPI CLOCK DIV Register (SPICLK)

Register SPICLK SP1 CLOCK DIV Register Address OxFB81

Bit Bit Name R/W | Initial Description Note

CLKDIV R/W SPI clock rate (Master mode only)
SCK = CLK/4(CLKDIV+1)

R/W
R/W
R/W
R/W
R/W
R/W
R/W

O, (N WO |O | N

Ol o/lo|lojlo|o|O | O

17.2.3 SPI data format Register (SPIFMT)

Register SPIFMT SPI data format Register Address 0xFB82

Bit Bit Name R/W | Initial Description Note

First transfer bit select
7 LSB R/W 0 0 : MSB first
1:LSB first

Read value is ‘0’. Write only ‘0°.

Transfer word size

These bits select the SPI transfer word size.
000 : 6bits

001 : 7hits

010 : 8hits

011 : 9bits

100 : 12bits

101 : 14bits

110 : 16bits

111 : reserved

6-3 Reserved R
2 WORDI[2:0] | r/w

1 R/W
R/W

oo |o| o
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17.2.4 SPI Status register (SPISR)

Register SPISR SPI Status register Address 0xFB84

Bit Bit Name R/W | Initial Description Note

7 TEND R/C 0 Transfer END flag
The Transfer END flag is set upon completion of a
transfer block when TXFIFO is empty. If TEND is
asserted (‘1’) and TXENDIE is set, an interrupt is
generated. To clear the interrupt write this bit to (‘1°).

6-4 Reserved R 0 Read value is ‘0. Write only ‘0’.
TXFIFO Full

8 | TRRULL R0 The TXFIFO s Full.
TXFIFO Empty

2 TFEMPTY | R ! The TXFIFO is Empty.
RXFIFO Full

L |RRRULL IR0 The RXFIFO is Full.
RXFIFO Empty

0 RFEMPTY | R 1 The RXFIFO is Empty.

17.2.5 SPI Error Status register (SPIESR)

Register SPIESR SPI Error Status register Address 0xFB85

Bit Bit Name R/W | Initial Description Note

7-4 Reserved R 0 Read value is ‘0°. Write only ‘0’.

3 TOVF R/C 0 TXFIFO overflow
The TXFIFO overflow flag is set when the Serial
Peripheral Data register is written to while the TXFIFO
is full. To clear the TXFIFO overflow flag, write this
bit to “1°.

2 TUDF R/C 0 TXFIFO underflow
The TXFIFO underflow flag is set when the Serial
Peripheral Data register is transferred to while the
TXFIFO is empty. To clear the TXFIFO flag, write this
bitto ‘1°.

1 ROVF R/IC 0 RXFIFO overflow
RXFIFO overflow flag is set when the Serial Peripheral
Data register is transferred to while RXFIFO is full. To
clear RXFIFO overflow flag, write this bit to ‘1°.

0 RUDF R/IC 0 RXFIFO underflow
RXFIFO underflow flag is set when the Serial
Peripheral Data register is read to while RXFIFO is
empty. To clear RXFIFO overflow flag, write this bit to
‘1°.
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17.2.6 SPI Interrupt Enable Register (SPIIER)

Register SPIIER SPI Interrupt Enable Register Address 0xFB86

Bit Bit Name R/W | Initial Description Note
7-5 Reserved R 0 Read value is ‘0’. Write only ‘0’.

4 TXENDIE RIW |0 TX END Interrupt Enable

When the TXENDIE is set (‘1) and the Transfer END
flag in the status register is set, TX interrupt occurs.

‘0’ = TXEND interrupts disabled

‘1’ = TXEND interrupts enabled

3 TXERRIE RIW |0 TX ERROor Interrupt Enable

When the TXERRIE is set (‘1”) and the TOVF/TUDF
Flag in the error status register is set, TX interrupt
occurs.

‘0’ = TXERR interrupts disabled

‘1’ = TXERR interrupts enabled

2 RXERRIE RW |0 RX ERRor Interrupt Enable

When the RXERRIE is set (‘1”) and the ROVF/RUDF
Flag in the error status register is set, RX interrupt
occurs.

‘0’ = RXERR interrupts disabled

‘1 = RXERR interrupts enabled

1 TXFIFOIE RIW |0 TXFIFO Interrupt Enable

When the TXFIFOIE is set (‘1°) and the TFFULL Flag
in the status register is 0, TX interrupt occurs.

‘0’ = TXFIFO interrupts disabled

‘1’ = TXFIFO interrupts enabled

0 RXFIFOIE RIW |0 RXFIFO Interrupt Enable

When the RXFIFOIE is set (‘1’) and the RFEMPTY
Flag in the status register is 0, RX interrupt occurs.

‘0’ = RXFIFO interrupts disabled

‘1’ = RXFIFO interrupts enabled
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17.2.7 SPI Data Register L (SPIDRL)

Register SPIDRL SPI Data Register L Address 0xFB88

Bit Bit Name R/W | Initial Description Note
SPIDRL R/W SPI TX/RX Data Lower Byte

R/W
R/W
R/W
R/W
R/W
R/W
R/W

O, (N WO |O | N

Ol o/lo|lojlo|o|O | O

17.2.8 SPI Data Register H (SPIDRH)

Register SPIDRH SPI Data Register H Address 0xFB89

Bit Bit Name R/W | Initial Description Note
SPIDRH R/W SP1 TX/RX Data Upper Byte

R/W
R/W
R/W
R/W
R/W
R/W
R/W

O, [N W| OO | N

oOjlojlo|lojlo|lo|Oo| O

When the Data length is less than or equal to 8bit, SPI uses SPIDRL register only, and SPIDRH register is not used.
When the Data length is more than 9bit, it is necessary to access both in the order from SPIDRL to SPIDRH Write /
Read.

In case the Data length is more than 9bit, FIFO status is changed as follows.

e TXFIFO

TFEMPTY and TFFULL are changed when writing to SPIDRH.

o RXFIFO
RFFULL and RFEMPTY are changed when reading to SPIDRH.
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17.3 Interrupt generation

17.3.1 INT_TX

Refer to a logical expression of INT_TX as below and a logical diagram as shown in Figure 17-3
INT_TX =(~TFFULL & TXFIFOIE) | (TEND & TXENDIE) | (TUDF | TOVF ) & TXERRIE;

TFFULL (SPISR][3])
TFFULL is set to 1'o1 when TXFIFO is full. TFFULL is cleared to 1'b0 at the start of transmission.

TUDF (SPIESR[2] )
TUDF is set when transmission is started while TXFIFO is empty. TUDF can be cleared by writing 1°b1 to this bit.

TOVF (SPIESR[3])
TOVF is set when write operation occurs while TXFIFO is FULL. TOVF can be cleared by writing 1°b1 to this bit.

TEND (SPISR[7])
TEND is set when transmission is complete while TXFIFO is empty. TEND can be cleared by writing 1°b1 to this bit.

SP|SR.TFFULL:ci:>
SPIIER.TXFIFOIE

)
L

SPISR.TEND
SPIIER.TXENDIE

SPIESR.TUDF
SPIESR.TOVF ——
SPIESR.TXERRIE

VN
‘ P INT_TX

Figure 17-3 INT_TX Logical diagram
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17.3.2 INT_RX

Refer to a logical expression of INT_RX as below and a logical diagram as shown in Figure 17-4.
INT_RX = (~RFEMPTY & RXFIFOIE) | ( RUDF | ROVF ) & RXERRIE;

RFEMPTY (SPISR[0] )

RXFIFO empty is cleared to 0 when completed to receive and set to 1'b1 when reading the All RXFIFO data.

RUDF (SPIESR[0] )

RXFIFO underflow is set when reading SPIDRL when RXFIFO is empty. RUDF can be cleared by writing this bit to
1’bl.

ROVF (PIESR[1])

RXFIFO overflow is set when data receive completed at when RXFIFO is full. ROVF can be cleared by writing this
bitto 1’b1.

SPISR.RFEMPTY :ci:D

SPIIER.RXFIFOIE
SPIESR.RUDF 4'@7 INT_RX
SPIESR.ROVF )

SPIESR.RXERRIE

Figure 17-4 INT_RX Logical diagram
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17.4 Timing chart and Connection

17.4.1 Master mode

Timing chart of SPI mode 0 is shown in Figure 17-5. Timing chart of SPI mode 1 is shown in Figure 17-6. (Both
Setting condition: WORD8bit, SPICLK = 8'h00)
Connection between the master device (: this LSI ) and the slave device is shown in Figure 17-7 and Figure 17-8.

et MM LML LML ML AL o e
Data Register [ i i

write ' '
sami) le E
[ I
SCK : :
$0 X 0o X b1 X X
s X o X bt X m X
TEND 5

RYFIFO ! / >< D0-07
: / / :

Figure 17-5 Timing chart of SPI1 mode 0 in Master mode

aept LML LML LML LML LML L L L L L e
Data Register ,_l E E

write
samble
SCK : L I
50 X o X i 6 X 07 X :
sl X 0o X o1 s X D7 X
TEND ;

RYFIFO i ><D0—D7

Figure 17-6Timing chart of SPI mode 1 in Master mode
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Master Slave
MD6602 SCK | SCK
SO > MOSI
SI |« MISO
GPIO00/SS N SSN
777
Master Slave
MD6602  SCK > SCK
SO > MOSI
Sl |« MISO
GPIO » SSN

Figure 17-7 Connection Single Master to Single Slave (MD6602 is Master)

Master Slave
MD6602 ~ SCK 9> SCK
SO +——@—»| MOSI
SI [«—@& MISO
GPIO » SS N
GPIO |
—»{ SCK
» MOSI
MISO
» SSN

Figure 17-8 Connection single Master to multi-Slave (MD6602 is Master)

If Slave needs SS_N, Slaves’ SS_N should be asserted ( made “LOW”) by GPIO in being used it. Please control by
software. At case of multiple slave, multi-Slaves’ SS N should be made “LOW” by plural GPIO at the time of each
choice. Please control by software. MD6602s’ SO is connected with Slaves’ MOSI and MD6602s’ SI is connected with
Slaves’ MISO.
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17.4.2 Slave Mode

Timing chart of SPI mode 1 is shown in Figure 17-9. (Both Setting condition: WORDB8bit,
SPICLK =8'h00)
Connection between the master device and the slave device (: this LSI ) is shown in Figure 17-10

CLKSPI

SCK /
sI X po X b1 X b2 X b3 // D6 X b7 X
SO X Do X b1 X b2 X D3 /I/ D6 >< D7 X

RFFULL /

RXFIFO DO-D7

>

Figure 17-9 Timing chart of SP1 mode 1 in Slave mode

Master Slave
SCK » SCK MD6602
MOSI »| SI
MISO |« SO
SS N » GPIO00/SS N

Figure 17-10 Connection in Slave mode (MD6602 is Slave).

GPIO/SS_N is connected with SS_N from Master.
MDG6602s’ SI is connected with Masters” MOSI and MD6602s’ SO is connected with Masters” MISO.
SCK becomes input.

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 17-13
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602
.|

17.5 Operation

17.5.1 Master mode

Transmission start

In master mode, when TXFIFO is empty (SPISR.TFEMPTY=1), and SPIDRL/H was written data*1, the transmit
data is transferred to the shift register via TXFIFO and transfer is started as shown in Figure 17-11.

And TXFIFO status becomes full (SPISR.TFFULL=1"b1) when two data are written to TXFIFO to write to SPIDRL
/ H continuously.

Receive start

RXFIFO is empty (SPISR.RFEMPTY=1), and write the dummy data into SPIDRL/H in order to generate the SCK,
then the receive operation starts. Receive data will be sampled by the SCK and latched into the Shift register as shown
in Figure 17-12.

*1) When the data length is less than or equal to 8bit, it switches the status of the TXFIFO when writing to SPIDRL.
When the data length is more than 9bit, it switches the status of the TXFIFO when writing to SPIDRH.

Completion of transmission
SPI transfer is completed at the corresponding SCK edge of the CPHA and CPOL setting and SPIF of SPISR is
changed to 1'b1. Last sampling timing depends on the bit length of data.

Completion of reception

When RXFIFO is written to the received data, status of RXFIFO is changed to not empty. (SPISR.REMPTY = 0). By
reading SPIDRL / H*2, data can be read from RXFIFO. The status of RXFIFO shows the number of received data and
change.

*2) When the data length is less than or equal to 8bit, it switches the status of the RXFIFO when SPIDRL has been read.
When the data length is more than 9 bit, it switches the status of the RXFIFO when data read from SPIDRH.

The flow of transmit/receive operation of master mode is described below.
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Transmission

Set SPI config
(SPICR Reg)

I
Set data format

(SPIFMT Reg.)

I
Set transfer clock
(SPICLK Reg)

|
Set GPIO  ‘Low’ for | *1
assertion of SS_N =0

SPISR.TFFULL=0x0

Set send data
(SPIDRL/DRH Reg)

Continue?
N

Y
N
Y
SetGPIO ‘High’ for | ™1
negate of SS_N =1

*1 : Not only GP1000 can be used
for assertion and negate of
End SS_N of the slave device

Figure 17-11 Master mode (Transmission)
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Receive

Set SPI config
(SPICR Reg)

I
Set data format
(SPIFMT Reg.)

Set transfer clock
(SPICLK Reg)

Set GPIO  ‘Low’  for | *1
assertion of SS_N =0
le
I
(Dummy data write) *2

SPISR.RFEMPTY=0x0

Read receive data
(SPIDRL/DRH Reg)

Continue? Y
N
Set GPIO ‘High’ for negate of | *1
SS N =1 *1 : Not only GP1000 can be used
B for assertion and negate of
SS_N of the slave device
End

*2 : In master mode, it is need to

generate SCK by transmitting
the Dummy data.

Figure 17-12 Master mode (Receive)

]
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17.5.2 Slave Mode

Transmission start
When SS_N is Low, slave mode is enabled for operation. In slave mode, data transfer is performed in the sample
timing of SCK. When TXFIFO is empty and SPIDRL/H was written data, transmitted data will be transferred to the
shift register via the TXFIFO. Also, when write data to SPIDRL / H are continuously, TXFIFO status become full
(SPISR.TFFULL=1).

Completion of transmission
In slave mode, SPI exits the serial transfer when receive the last SCK edge. In this case, SPIF of SPISR is changed
to tol'b1.

Completion of reception
When the received data is written to RXFIFO, status of RXFIFO shows not empty (SPISR.REMPTY = 0). By
reading a SPI data register (SPIDRL, SPIDRH), data can be read from RXFIFO. Depending on the number of
received data RXFIFO status change.
The flow of transmit/receive operation of the slave mode is described below.
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Transmission

Set SPI config
(SPICR Reg)

Set data format
(SPIFMT Reg.)

SPISR.TFFULL=0x0

Set send data
(SPIDRL/DRH Reg)

End

Figure 17-13 Slave mode (Transmission)
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Receive

Set SPI config
(SPICR Reg)

Set data format
(SPIFMT Reg.)

SPISR.RFEMPTY=0x0

Read receive data
(SPIDRL/DRH Reg)

End

Figure 17-14 Slave mode (Receive)

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 17-19
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602
.|

18. 12C/SMBUS

18.1 Overview
The LSI has 12C communication module which supports both master mode and slave mode.

Table 18-1 Feature of 12C

Item Description
Communication - 12C bus format or SMBUS format
Format - Master Mode or Slave Mode selectable
CLKSLOW/8
Clocks CLKSLOW/32
CLKSLOwW/128
CLKSLOW/512
Supported Functions General Call address
Interrupt Source Single Sources

A

T RX shift registef®—T— sda_in
< > . | TX shift register » sda_out
Registers
—> —— sclin
4 SCL Unit -
>
o0 scl_out
> |
I—
<
a
x
Control
Interrupt Unit
int_i2c< —
Control

Figure 18-1 Block Diagram of 12C
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18.2 Register Description

Table 18-2 List of Registers

Symbol Name Address Initial value
ICCR 12C Bus Control Register 0xFCO00 0x00
ICSR 12C Bus Status Register OxFCO01 0x00
ICRXDR 12C Bus Receive Data Register 0xFC02 0x00
ICTXDR 12C Bus Transmit Data Register O0xFCO03 0x00
ICTSAR 12C Transmit Address Register OxFC04 0x00
ICSAR 12C Slave Address Register 0xFCO05 0x00
ICCLK 12C Clock Divid Register 0xFCO06 0x03
ICCMD 12C Command Register 0xFCO07 0x00
ICSSTR 12C Bus SDA Setup Time Register 0xFC08 0x01
ICSHTR 12C Bus SDA Hold Time Register 0xFC09 0x00
ICHDSRO 12C Bus SDA Hardware Status Register 0 | OXFCOA 0xCO0
ICHDSR1 12C Bus SDA Hardware Status Register 1 | OXFCOB 0x00
ICTIMER 12C Time Base Register 0xFC10 OXFF
SMBINT SMBUS INT Status Register OxFC11 0x00
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18.2.1 12C Bus Control Register (ICCR)

Register ICCR 12C Bus Control Register Address 0xFCO00
Bit Bit Name R/W | Initial Description Note
7 |ICE RW |0 12C Bus I/F Enable

0 : Disable the 12C
1: Enable the 12C

6 IEICO RIW |0 IRICO Interrupt Enable
0 : IRICO interrupt disabled
1: IRICO interrupt enabled

5 IEIC1 RIW |0 IRICL Interrupt Enable
0 : IRICL1 interrupt disabled
1: IRIC1 interrupt enabled

4 IEIC2 RIW | 0 IRIC2 Interrupt Enable
0 : IRIC2 interrupt disabled
1: IRIC2 interrupt enabled

8 IEIC3 RIW | 0 IRIC3 Interrupt Enable
0 : IRIC3 interrupt disabled
1: IRIC3 interrupt enabled

2 IEIC4 RIW 10 IRIC4 Interrupt Enable
0 : IRICA4 interrupt disabled

1: IRIC4 interrupt enabled

1 IEIC5 RIW | 0 IRICS Interrupt Enable
0 : IRICS interrupt disabled

1 : IRIC5 interrupt enabled
General Call Address Enable

GCAE control the Reply to General Call
Address as Slave device.

0 : GCA reply disable

1: GCA reply enable

0 GCAE RW |0
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18.2.2 12C Bus Status Register (ICSR)

Register ICSR 12C Bus Status Register Address 0xFCO01
Bit Bit Name R/W Initial Description Note
7 BBSY R 0

12C Bus Busy Detection Flag

The BBSY flag indicates whether the 12C bus is occupied
(bus busy) or released (bus free).

0: The 12C bus is released

[Clear condition]

When a stop condition is detected
1: The 12C bus is occupied

[Set condition]

When a start condition is detected

6 IRICO RIC 0 Slave Access Detection Interrupt
After having detected the concordance with the slave
address or GCAE=1 and General calling address at the
time of slave mode, IRICO is set to 1 when transmit
ACK.
Please refer to Figure 18-8 and Figure 18-9 for the set
timeliness of IRICO.
0 : No Interrupt
[Clear condition]
“1” write from CPU
1 : During interrupt
[Set condition]
Detected the concordance with the slave address or
GCAE=1 and General calling address at the time of slave
mode.
5 IRIC1 RIC |0 Received ACK/NACK Interrupt (1)

(After the transmission of the address / command)

When received ACK/NACK, after the transmission of the
address / command, IRIC1 is set to 1.

Please refer to Figure 18-10 and Figure 18-11 for the
set timeliness of IRIC.

0 : No Interrupt
[Clear condition]
“1” write from CPU

1 : During interrupt
[Set condition]

When received ACK/NACK, after the transmission of the
address / command.
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Register ICSR 12C Bus Status Register Address OxFCo1
Bit Bit Name R/W Initial Description Note
4 IRIC2 RIC |0 Received ACK/NACK Interrupt (2)

(After the transmission of the data)

When received ACK/NACK, after the transmission of the
data, IRIC2 is set to 1.

Please refer to Figure 18-9 and Figure 18-11 for the set
timeliness of IRIC2.

0 : No Interrupt
[Clear condition]
“1” write from CPU

1 : During interrupt
[Set condition]
Received ACK/NACK, after the transmission of the data.

Data Reception Complete Interrupt

Before ACK/NACK transmission in the data reception
complete, IRIC3 is setto 1.

Please refer to Figure 18-8 and Figure 18-10 for the set
timeliness of IRIC3.

0 : No Interrupt

3 IRIC3 R/C 0

[Clear condition]
“1”” write from CPU

1 : During interrupt

[Set condition]
Data reception complete (before ACK/NACK
transmission)
2 IRIC4 R/C 0 SMBus Interrupt
In IRIC4, the OR of the interrupt factor of the SMBINT
register is displayed.
Please clear the interrupt factor of the SMBINT register
to clear it.

0 : No Interrupt

1 : During interrupt

1 IRIC5 R/C 0 Stop Condition Interrupt

When Stop Condition is detected, IRIC5 is set to 1.
0 : No Interrupt

[Clear condition]
“1” write from CPU

1 : During interrupt
[Set condition]
detected Stop Condition.

Receive Acknowledge

0 RXACK R 0

This bit is used to store the acknowledge bit information
received from the slave device in Master mode.

This bit is used to store the acknowledge bit information
received from the master device in Slave mode.

0 : Received as the acknowledge bit (ACK reception)

1 : Received as the acknowledge bit (NACK reception)
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Master Send data

IRIC1 IRCI2 IRCI2
l l l
Master  [S["ADR [C] [ Data | [ Daa | [P]
Slave A A N S: Start condition
P: Stop condition
IRICO IRIC3 IRIC3 C: Command
Master Receive data IRICL IRIC3 IRIC3 A Ack
l 1 l N: Nack
Master
Slave |A| Data | [ Data |
1 1 |
IRICO IRIC2 IRIC2
Figure 18-2 Interrupt timing schematic view
18.2.3 12C Bus Receive Data Register (ICRXDR)
Register ICRXDR I12C Bus Receive Data Register Address 0xFCO02
Bit Bit Name R/W | Initial Description Note
7 ICRXDRY7 R 0 Receive Data[7]
6 ICRXDR6 R 0 Receive Data[6]
5 ICRXDR5 R 0 Receive Data[5]
4 ICRXDR4 R 0 Receive Data[4]
3 ICRXDR3 R 0 Receive Data[3]
2 ICRXDR2 R 0 Receive Data[2]
1 ICRXDR1 R 0 Receive Data[1]
0 ICRXDRO R 0 Receive Data[0]

ICRXDR has to perform the read-out of data after the reception of data was completed.
Can confirm the completion of the data reception by IRIC (ICSR register).
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18.2.4 12C Bus Transmit Data Register (ICTXDR)

Register ICTXDR 12C Bus Transmit Data Register Address 0xFCO03

Bit Bit Name R/W | Initial Description Note
7 ICTXDR7 RIW |0 Transmit Data[7]

6 ICTXDRG6 RIW |0 Transmit Data[6]

5 ICTXDR5 RIW |0 Transmit Data[5]

4 ICTXDR4 RIW |0 Transmit Data[4]

3 ICTXDR3 RIW |0 Transmit Data[3]

2 ICTXDR2 RIW |0 Transmit Data[2]

1 ICTXDR1 RW |0 Transmit Data[1]

0 ICTXDRO RW |0 Transmit Data[0]

Start transmission by writing in data at ICTXDR.
Writing is prohibition until the transmission of data is completed in ICTXDR.
When write in ICTXDR during the transmission of data, the contents of data are destroyed.

18.2.5 Transmit Address Register (ICTSAR)

Register ICTSAR 12C Transmit Address Register Address 0xFCO04
Bit Bit Name R/W | Initial Description Note
7 ADRG6 RW |0 Transmit Address [6]
6 ADR5 RIW |0 Transmit Address [5]
5 ADR4 RIW |0 Transmit Address [4]
4 ADR3 RIW |0 Transmit Address [3]
3 ADR?2 RIW |0 Transmit Address [2]
2 ADR1 RIW |0 Transmit Address [1]
1 ADRO RIW |0 Transmit Address [0]
0 CMD RIW |0 Transmit Command
0 : Write Command
1 : Read Command

Please take start in ICCMD registers after setting in ICTSAR registers.
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18.2.6 Slave Address Register (ICSAR)

Register ICSAR 12C Slave Address Register Address 0xFCO05
Bit Bit Name R/W | Initial Description Note
7 SVA6 RIW |0 Slave Address [6]
6 SVA5 RIW |0 Slave Address [5]
5 SVA4 RIW |0 Slave Address [4]
4 SVA3 RIW |0 Slave Address [3]
3 SVA2 RIW |0 Slave Address [2]
2 SVAl RW |0 Slave Address [1]
1 SVAOQ RW |0 Slave Address [0]
Receive Command
0 CMD R 0 0 : Write Command
1 : Read Command

When the receive slave address matches the SVA[5:0] value in ICSAR, work as a slave device appointed to a master
device.

18.2.7 Clock Divider Register (ICCLK)

Register ICCLK 12C Clock Divider Register Address 0xFCO06
Bit Bit Name R/W | Initial Description Note
7-2 Reserved R 0 Reserved
1 DIV[1] RwW |1 SCL Minimum Pulse Width Setting
0 DIV[0] RW |1 00: tSCLHASCLL= CLKSLOW 8cycle
01: tSCLH/tSCLL= CLKSLOW 32cycle
10: tSCLH/tSCLL = CLKSLOW 128cycle
11: tSCLH/tSCLL = CLKSLOW 512cycle

Set SCL minimum pulse width with a number for a cycle of CLKSLLOW.
The SCL pulse width (tHigh/tLow) on Bus spreads than this setting to need 5cycle for noise filter & synchronization.

scl_out 7Z } T
Internal SCL* 3& 7

tSCLH tSCLL
-

< »

* Internal SCL=SCL after noise filter

Figure 18-3 tSCLH/tSCLL Timing definition

Table 18-3 Restrictions of the minimum clock frequency

SCL frequency 0 - 100KHz(Normal mode) 0 - 400KHz(Fast mode)
CLKSLOW frequency upper than 1.74MHz upper than 6.67MHz
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18.2.8 12C Command Register (ICCMD)

Register ICCMD I12C Command Register Address 0xFCO07
Bit Bit Name R/W | Initial Description Note
7-5 Reserved R 0 Reserved
4 NACK RW |0 NACK Answer
After the data reception in the slave mode, return NACK
answer.

When an ACK bit is set or when be going to set it with an
ACK bit, the NACK bit is not set.

0 : No action

1: NACK answer

When NACK answer complete, this bit is ’0” cleared.
*Be not set during master mode.

3 ACK RW |0 ACK Answer
After the data reception in the slave mode, return ACK
answer.
When an NACK bit is set , the ACK bit is not set.
0 : No action

1: ACK answer

When ACK answer complete, this bit is ”0” cleared.

2 RDCNT RIW |0 Read Continue

In a master mode, require the reading of the next data.

Be not set during slave mode.

0 : No action

1 : Require the reading

When Read data reception start, this bit is “0” cleared.

1 END RW |0 Stop Condition generation

Finish a data transfer, and require generation of the STOP
condition.

Change in a slave mode.

Be not set during slave mode.

When a GO bit is set or when be going to set it with a GO
bit, the END bit is not set.

0 : No action

1 : Stop Condition generation

When stop condition detected, this bit is “0” cleared.

0 GO RIW |0 Start Condition generation

Generate START condition, and require the transmission
start of the address / command.

Change in a master mode.

Be not set during slave mode.

When an END bit is set, the GO bit is not set.

0 : No action

1 : Start Condition generation

When start condition detected, this bit is “0” cleared.

ICCMD is performed an initialization of in at the time of reset or ICCR register /ICE bit = 'zero' by 0x00.
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18.2.9 12C Bus SDA Setup Time Register (ICSSTR)

Register ICSSTR 12C Bus SDA Setup Time Register | Address 0xFC08

Bit Bit Name R/W | Initial Description Note
7-6 Reserved R 0 Reserved

5 ICSSTR5 RIW |0 SDA Setup time setting [5]

4 ICSSTR4 RIW |0 SDA Setup time setting [4]

3 ICSSTR3 RIW |0 SDA Setup time setting [3]

2 ICSSTR2 RIW |0 SDA Setup time setting [2]

1 ICSSTR1 RW |0 SDA Setup time setting [1]

0 ICSSTRO RW |1 SDA Setup time setting [0]

Use it for setting of the setup time of the SDA output for the SCL rising edge.

Minimum value of ICSSTR is 0x00, and, maximum value, is Ox3F ..tSU:DAT is determined by the following
expression.

tSU:DAT = (ICSSTR + 1)x(period of CLKSLOW [ns])

When CLKSLOW is 25MHz, becomes the set range of 40ns - 2.56us

SCL (Master) _/_\_/I'_\_/_\_/_\_

1
SDA (Master) X : X y

! [
tSU:DAT
SCL (Slave)
SDA (Slave)

Master send data tSU.DAT

SCL (Master) ‘ \ J \ } \ * \

SDA (Master)

|
I
|
| tSU:DAT
I
|
!

SCL (Slave) M\—/
|

\ 1

SDA (Slave) x : X y

tSU:DAT
Slave send data

Figure 18-4 SDA Setup-time vs SCL rising
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18.2.10 12C Bus SDA Hold Time Register (ICSHTR)

Register ICSHTR 12C Bus SDA Hold Time Register Address 0xFCO09
Bit Bit Name R/W | Initial Description Note
7 ICSHEXP RIW |0 Expand SDA output Hold
0 : No expand
CLKSLOW is up to 12.5MHz, or when Don’t use it
as SMBUS.

1 : Expand SDA output Hold
CLKSLOW is more than 12.5MHz, and when use it
as SMBUS.
The SDA output delays 3 cycles in comparison with
"zero" setting in CLKSLOW when I set it in “1".

Reserved

SDA Hold time setting [4]
SDA Hold time setting [3]
SDA Hold time setting [2]
SDA Hold time setting [1]
SDA Hold time setting [0]

-5 Reserved R

ICSHTR4 R/W
ICSHTR3 R/W
ICSHTR2 R/W
ICSHTR1 R/W
ICSHTRO R/W

O, [N WM~
ojlo|o|Oo|O| O

In the slave address reception and a slave receive mode, use it for delay time setting to secure hold time for SCL of
the SDA internally.
tHD:DAT = (ICSHTR)x(period of CLKSLOW [ns])

When CLKCSLOW is 25MHz, becomes the set range of 0 ns — 1240 ns.

SDA

SDA —», D Q D Q D Q*------ —D Q
Noise
Cancel CK CK CK CK

Delay Selector

f

ICSHTR » Internal-SDA

SDA Hold-time Building out circuit

Figure 18-5 Internal-SDA generation block diagram

At the time of ICSSTR and the ICSHTR setting, please set it to satisfy the following relations.

(Setup time by ICSSTR ) > (' Setup time by ICSHTR ) — ( Relative delay time of SDA and SCL )

As for the SDA and the relative delay time of SCL, it is with a difference of the delay time of SDA signal and the
SCL signal on the 12C bus.In addition, this delay time lag needs consideration of the operating environment to be
affected by the operating environment of the real 12C bus.

(Relative delay time of SDA and SCL ) = (SCL delay time ) - ( SDA delay time )
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18.2.11 12C Bus SDA Hardware Status Register 0(ICHDSRO0)

Register | ICHDSRO 12C Bus SDA Hardware Stals | pgyrecs | oxFCoA
Register 0

Bit Bit Name R/W | Initial Description Note
7 SDAMON R 1 Monitor of SDA signal.

0:SDA s ‘L’

1:SDAis ‘H’
6 SCLMON R 1 Monitor of SDA signal.

0:SCLis ‘L’

1:SCLis ‘H’
5 SDACHG R/C 0 SDACHG outputs having SDA signal change or not.

0 : no detect of SDA signal change
[Clear condition]
“1” write from CPU
1 : detect of SDA signal change
[Set condition]

When detect of SDA signal change
4 SCLCHG R/C 0 SCLCHG outputs having SCL signal change or not.
0 : no detect of SCL signal change
[Clear condition]
“1” write from CPU
1 : detect of SCL signal change
[Set condition]

When detect of SCL signal change
3-0 Reserved R 0 Reserved

18.2.12 12C Bus SDA Hardware Status Register 1(ICHDSR1)

Register ICHDSR1 12C Bus SDA Hardware Status Register 1 | Address 0xFCO0B

Bit Bit Name R/W | Initial Description Note
7-5 Reserved R 0 Reserved

4 12C_ST4 R 0 State machine status [4]

3 12C_ST3 R 0 State machine status [3]

2 12C_ST2 R 0 State machine status [2]

1 12C_ST1 R 0 State machine status [1]

0 12C_STO R 0 State machine status [0]
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18.2.13 12C Time Base Register

Register ICTIMER I12C Time Base Register Address 0xFC10

Bit Bit Name R/W | Initial Description Note

7 TIME? RW |1 12C Time Base To make “Ims” time tick, set value as
shown below

6 TIMEG RW |1 ICTIMER = ((Frequency of CLKSLOW)/1073/128) -1

5 TIMES RIW |1

4 TIME4 RIW |1

3 TIME3 RIW |1

2 TIME2 RIW |1

1 TIME1 RIW |1

0 TIMEQ RIW |1

18.2.14 SMBUS INT Status Register

Register SMBINT SMBUS INT Status Register Address 0xFC11
Bit Bit Name R/W | Initial Description Note

7-3 Reserved R 0 Reserved

When IRSM2 detects violation of TTIMEOUT defined in
SMBUS standard, be set to “1”.
Judge the TTIMEOUT violation as ICTIMER register
setting = 1ms.
0 : No Interrupt
[Clear Condition]
“1” write from CPU
1 : During interrupt
[ Set condition]
Detects violation of TTIMEOUT
When IRSM1 detects violation of TLOW:SEXT defined
in SMBUS standard, be set to “1”.
Judge the TLOW:SEXT violation as ICTIMER register
setting = 1ms.
0 : No Interrupt
[Clear Condition]
“1” write from CPU
1 : During interrupt
[Set condition]]
Detects violation of TLOW.:SEXT
When IRSMO detects violation of TLOW:MEXT defined
in SMBUS standard, be set to “1”.
Judge the TLOW:MEXT violation as ICTIMER register
setting = 1ms.
0 : No Interrupt
[Clear Condition]
“1” write from CPU
1 : During interrupt
[ Set condition]
Detects violation of TLOW:MEXT

2 IRSM2 R/C 0

1 IRSM1 R/C 0

0 IRSMO R/C 0
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18.3 12C bus data format

12C bus interface are two kinds of data format (Figure 18-6). The first byte following the start condition will
always be 8bit configuration. Figure 18-7 shows the timing of the 12C bus.

(a)Transfer format
S | SLA |[RW| A |DATA| A AA| P
< 1 < 7 1#4 1 8 > 1 < 1 < 1

N: Number of bytes transferred

(b)Transfer format (Retransmitting a start condition)

S | SLA |[RW| A |DATA AA| S | sLA |RW| A | DATA AA| P
1 7 111 8 1l 1 7 11 1 8 11
< 1 < M1 > < 1 < M2

M1,M2: Number of bytes transferred

Figure 18-6 12C bus data format

SviBSwiinSwiinaavl
U W\_/ W\_/ W

S SLA R/W A A DATA A/A

Figure 18-7 12C bus timing
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18.4 Slave receiver operation

In slave receiver operation, the master device outputs the slave address, data and clock. The slave device returns
acknowledgements. The following describes the procedure and operations for slave reception.

(1) Set the ICE bit in ICCR to “1”.

(2) Setslave address to the SVA bit in ICSAR.

(3) The master device sends a slave address and a write command following a start condition.
(4) To compare the SVA bit in ICSAR and received slave address.

(5) After receiving matching slave address, stored in the CMD bit in ICSAR a write command, and returns
acknowledgements to the master device.

(6) At the same time send acknowledgements, IRICO bit in ICSR is set to “1”” and generates an interrupt.
(7) Clear the IRICO bit in ICSR to 70

(8) The slave receives the data from the master device.

(9) The slave stores the received data into ICRXDR, and IRIC3 bit in ICSR set to “1”.

(10) If want to continue to receive operations, ACK bit in [CCMD set to “1”. Then ACK response is output to 12C
bus.

(11) If want to continue to receive operations, return (8).

(12) If don't want to continue to receive operations, NACK bit in ICCMD set to “1”. Then NACK response is output
to 12C bus.

(13) Clear the IRIC3 bit in ICSR to “0”.

(14) If detecting the stop condition, IRIC5 bit in ICSR is set to “1” and an interrupt is generated. Clear IRIC5 in
ICSR to “0”.
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a)Address transmission(Master) — Data receive(Slave)

start condition | Address transmission I‘Datal receive

set "GO" 'r r

1
SCL(master output) V1 2

SCL(slave output)

SDA(master output) !\

SDA(slave output)

1
1
1
1
i
)
1

IRIC
(interruput request)

/N

Set "IRICO" Clear "IRICO"

b) Data receive(Slave)

Stop condition
»le
set EI:TID '
1 )
SCL(master output)/;\_/9 V/1\ 2\ [3\ [4\ [5\ [6 7\_/;\J9 \ 5: /
SCL(slave output) \
SDA(master output) Bit0>

SDA(slave output) Bit0 \
N

Data receive

-

IRIC
(interruput request)

/

set "IRIC3" clear "IRIC3" set "IRIC3"
clear "TRICg"  set “IRIC5”  clear “IRIC5”

Figure 18-8 Slave receive operation timing
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18.5 Slave transmitter operation

In slave transmitter operation, the slave device outputs tranmit data, and the master device outputs the slave address,
returns acknowledgements. The following describes the procedure and operations for master reception.

(1) Set the ICE bit in ICCR to “1”.

(2) Set slave address to the SVA bit in ICSAR.

(3) The master device sends a slave address and a read command following a start condition.
(4) To compare the SVA bit in ICSAR and received slave address.

(5) After receiving matching slave address, stored in the CMD bit in ICSAR a read command, and returns
acknowledgements to the master device.

(6) At the same time send acknowledgements, IRICO bit in ICSR is set to “1” and generates an interrupt.
(7) Clear the IRICO bit in ICSR to “0”.
(8) When the transmit data is set in the ICTXDR, transmission is started.

(9) When transmission is complete and receives ACK or NACK from the master device, IRIC2 bit in ICSR set to
‘41”.

(10) To check the RXACK bit in ICSR for confirming which the ACK reception or NACK reception.
(11) Clear the IRIC2 bit in ICSR to “0”.
(12) If want to continue to transmission, return (8).

(13) If detecting the stop condition, IRIC5 bit in ICSR is set to “1” and an interrupt is generated. Clear the IRIC5 bit
in ICSR to “0”.
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a)Address receive — Data transmission

Start condition | Address receive Qata transmission

SCL(master output)

SCL(slave output)

SDA(master output)

SDA(slave output)

IRIC

(interrupt request) \

Clear “IRIC0” Set “ICTXDR”

b) Data transmission

Stop condition

Data transmission R
i

]

VRV o
(master output) : ] ]

: :

] ]
SCL(slave output) \ 4/ :

i |

T

! !
SDA(master output) \ A ! NA !

|
SDA(slave output)  Bit0) ,

]
]
]
v ! \ 4 H
| ! i
IRIC : I L
1 _1 1
(interrupt request) / '\ / I
Clear “IRIC2”  Set “ICTXDR” Clear “IRIC2” Clear “IRIC5”

Figure 18-9 Slave transmit operation timing
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. _____________________________________________________________________________________________________________________________|
18.6 Master receiver operation

In master receiver operation, the slave device outputs tranmit data, and the master device outputs the slave address,
returns acknowledgements. The following describes the procedure and operations for master reception.

(1) Setthe ICE bitin ICCR to “1”.
(2) Set the slave address to the ADR [6:0] in ICTSAR, and set CMD bit in ICTSAR to “1”.

(3) Setthe GO bit in ICCMD to 1 in order to generate the start condition. When the start condition is detected, this
GO bit is cleared automatically.

(4) The master device sends a slave address and a read command following the start condition

(5) At the same time receive ACK or NACK from the slave device, IRIC bit in ICSR is set to “1” and generates an
interrupt..It is able to confirm which ACK reception or NACK reception by checking the RXACK bit in ICSR..
The master device will hold the SCL “Low” until write to any bit of ICCMD.

(6) Clear the IRIC bit in ICSR to “0”.
(7) Set the RDCNT bit in ICCMD to ”1” in order to release the SCL.

(8) When receive the eight-bit data, IRIC3 bit in ICSR is set to “1” and generates interrupt. The master device will
hold the SCL “Low” until write to any bit of ICCMD.

(9) Clear the IRIC3 bitin ICSR to 0.
(10) Read received data of ICRXDR.

(11) If continue to receive operation :
Set the RDCNT bit in ICCMD to “1”. Return the ACK to the slave device automatically, and repeat from (8)
to (11).

If stop the receiver operation :
Set the END bit in ICCMD to “1”. Returning the NACK to the slave device automatically, the master device
starts generating the stop condition. When it finishes generating the stop condition, the IRIC5 bit in ICSR is
set to “1” and an interrupt is generated. Clear the IRICS bit in ICSR to “0”.

If start the next operation
To check the BBSY bit in ICSR first for confirming the detection of the stop condition, then set the GO bit in
ICCMD to “1”.
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a)Address transmission— data receive

Start condition Address transmission Data receive

S
SCL(master output) i 1\ /2\ /3\ [4\ [5\ [e6\ [7\ /8 / TLF\_/E\
: :
! |
SCL(slave output) \ \ \
:
— T T B T @ @ o
:
SDA(slave output) i \A /
]
1 y

|
1
1
1
|
» | Bit7) Bit6
|
1
1
1
]

N
IRIC \
: /'/' <
(interrupt request) \ Set “TRICT” / Set “RDCNT”
Set “GO” Clear “IRIC1”

b) Data receive

Data receive Stop condition

| | ] 'I‘
SCL(masteroutput)JS\ el /—1\:_/;\_/;\_/4—1\_/;\_/%\_/;\_//;\ A EI

SCL(slave output)

SDA(master output) \ﬁ /
| ]
SDAC(slave output) Bif0 > i @@@@@@@ -

v

1
IRIC E :
' ' f
(interrupt request) — ' L \ v4
« ., Clear “IRIC3” « »
Clear “IRICS” Set “RDCNT Set “END” Clear “IRIC5

Figure 18-10 Master receive operation timing
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18.7 Master transmitter operation

In master transmitter operation, master device outputs transmitted data and transmitted clock, and slave device
returns acknowledgements. The following describes the procedure and operations for master transmission.

(1) Set the ICE bit in ICCR to “1”.
(2) Set slave address to the ADR[6:0] in ICTSAR, and set CMD bit in ICTSAR to 0.

(3) Set the GObit in ICCMD to “1” in order to generate the start condition. When the start condition is detected, this
GO bit is cleared automatically. .

(4) The master device sends a slave address and a read command following a start condition.

(5) At the same time receive ACK or NACK from the slave device, IRIC1 bit in ICSR is set to “1” and generates an
interrupt.. ..It is able to confirm which ACK reception or NACK reception by checking the RXACK bit in ICSR..
The master device will hold the SCL “Low” until write to any bit of ICCMD or the transmit data into ICTXDR.

(6) Clear the IRIC1 bit in ICSR to “0”.
(7) Set the ICTXDR to transmit data.

(8) After complete transmission for the eight-bit data, The master device will wait for ACK or NACK from the
slave device.

(9) At the same time receive ACK or NACK from the slave device, IRIC2 bit in ICSR is set to “1”” and generates an
interrupt. .It is able to confirm which ACK reception or NACK reception by checking the RXACK bit in ICSR..
The master device will hold the SCL “Low” until write to any bit of ICCMD or the transmit data into ICTXDR.

(10) Clear the IRIC2 bitin ICSR to 0.

(11) If continue to transmitter operation :
Set the transmit data into ICTXDR. Repeat from (8) to (11).

If stop the transmitter operation :
Set the END bit in ICCMD to “1” and the master device starts generating the stop condition. When it finishes
generating the stop condition, IRICS bit in ICSR is set to “1” and an interrupt is generated. Clear IRICS5 bit in
ICSR to “0”.

If start the next operation
To check the BBSY bit in ICSR first for confirming the detection of the stop condition, then set the GO bit in
ICCMD to “1”.
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a)Address transmission—Data transmission

Start condition Address transmission Data transmission

[ |4
»

SCL(master output)

SCL(slave output)

SDA(master output)

SDA(slave output)

IRIC

(interrupt request)

Set “GO” Clear “IRIC1”  Set “ICTXDR”

b) Data transmission

Stop Condition

e
g

- Y AN
l l
SCL(slave output) \_/ E \_/ E
1 1
1 1
SDA(master output) Bit0)

Data transmission

=

IRIC _|
Vb

(interrupt request) \

Clear “IRIC2” . .
Clear “IRIC2”  Set “ICTXDR” set “END”  Clear “IRIC5

Figure 18-11 Master transmit operation timing
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18.8 Noise Filter

SCL and SDA are taken into the internal circuit through the noise filter. Figure 18-12 shows the block diagram of the

noise filter.

Noise filter is composed of flip-flop circuit and a match detector which are connected in series two-stage.
Noise filter is comprised of two steps of FF circuits and match detecting circuits. When SCL is sampled in
CLKSLOW and two flip-flop outputs are matched, convey its level to the next stage. If outputs are unmatched, output is

maintain a previous value.

SCL input
or

SDA input

CLKSLOW

FF

» CK

FF

Match

detecter

internal SCL
—— or

internal SDA

CLKSLOW:I2C system clock

Figure 18-12 Block Diagram of the noise filter
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19. UART
The modem terminal control is not supported by the LSI.

19.1 Overview

UART supports asynchronous serial 1/0 mode. UART has a dedicated timer to generate a transfer clock and operate
independently.

Table 19-1 Feature of UART

Item Description

Data Length: 5, 6, 7 or 8bits

Start Bit: 1bit

Parity Bit: odd, even or none

Stop Bits: 1 or 2bits

Based on Divisor Latch Bytes

Baud Rate (bps) = CLKUART/16 x 1/ (n)
CLKUART:CLKSLOW
n: Setting value of Divisor Latch Bytes(DLB1 & DLB2)

FIFO TXFIFO:16bytes

RXFIFO:16hytes

Transmit Buffer Empty

Transfer Completed

Receive Buffer Full

Parity Error / Overrun Error / Framing Error

Data Format

Baud Rate

Interrupt by TX

Interrupt by RX
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Module Data Bus

Bus
Interface
INT

RXF'FOW TXFIFO “—lECR]

|

RBR

RXD gy RX Shift |
Register
v LSR]
LSR
TX Shift

— .
XD Register ||

Baud Rate|

DLB1
Generator | @

RXFIFO : Receiver FIFO
TXFIFO : Transmitter FIFO

RX Shift Register: Receiver Shift Register
TX Shift Register: Transmitter Shift Register

RXD: Receive Data
TXD: Transmit Data

Figure 19-1 Block Diagram of UART

19.2 External (off-chip) connections

Port Direction Description
TXD Output Transmit Data
RXD Input Receive Data
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19.3 Register Description

Table 19-2 List of registers

Symbol Name Address Initial value
RBR Receiver Buffer Register 0xFC80 indeterminate
THR Transmitter Holding Register 0xFC80 indeterminate
IER Interrupt Enable Register OxFC81 0x00
IR Interrupt Identification Register OxFC82 0xC1
FCR FIFO Control Register OxFC82 0xCO0
LCR Line Control Register 0xFC83 0x03
LSR Line Status Register OxFC85 0x60

In addition, there are 2 Clock Divisor registers that together form one 16 bit.

The registers can be accessed when LCR.DLAB is set to ‘1°. At this time RBR, THR and IER registers at addresses
OxFC80-0xFC81 can’t be accessed.

Symbol Name Address Initial value
DLB1 Divisor Latch Byte 1 0xFC80 0x00
DLB2 Divisor Latch Byte 2 OxFC81 0x00

19.3.1 Receiver Buffer Register/Transmitter Holding Register

Register RBR Receiver Buffer Register Address 0xFC80

Bit Bit Name R/W | Initial Description Note
7-0 R indeterminate Receiver FIFO output

Register THR Transmitter Holding Register Address 0xFC80

Bit Bit Name R/W | Initial Description Note
7-0 w indeterminate Transmit FIFO input

19.3.2 Interrupt Enable Register (IER)
This register allows enabling and disabling interrupt generation by the UART.

Register IER Interrupt Enable Register Address OxFC81
Bit Bit Name R/W | Initial Description Note
7-3 Reserved R/W 0 Read value ‘0’. Write only ‘0°.
2 IER2 RIW |0 Receiver Line Status Interrupt

‘0’ — disabled

‘1’ — enabled
1 IER1 RIW |0 Transmitter Holding Register empty Interrupt

‘0’ — disabled

‘1’ —enabled
0 IERO RIW |0 Received Data available Interrupt

‘0’ — disabled

‘1’ —enabled
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19.3.3 Interrupt Identification Register (I1IR)

The IR enables the programmer to retrieve what is the current highest priority pending interrupt.

Bit 0 indicates that an interrupt is pending when it’s logic ‘0’. When it’s ‘1’ — no interrupt is pending.

The following table displays the list of possible interrupts along with the bits they enable, priority, and their source
and reset control.

Register IR Interrupt Identification Register Address OxFC82

Bit Bit Name R/W | Initial Description Note

7-6 Reserved R 1 Read value ‘1°. Write only ‘1.

5-4 Reserved R 0 Read value ‘0°. Write only ‘0.

3 1IR3 R 0 Interrupt Type bit 3
Please refer to the following table for the type of the
interrupt

2 1IR2 R 0 Interrupt Type bit 2
Please refer to the following table for the type of the
interrupt

1 lIR1 R 0 Interrupt Type bit 1
Please refer to the following table for the type of the
interrupt

0 NOPEND R 1 It indicates whether interrupt is pending, or no
interrupt is pending
‘0’ — indicates that an interrupt is pending
‘1’ — no interrupt is pending

)
ol ol = Interrupt Type Interrupt Source Interrupt Reset Control
el ||
= — = o
0| 1| 1| 1% | Receiver Line Status Parity, Overrun or Framing errors | Reading the Line Status
or Break Interrupt Register
0] 1] 0| 2" | Receiver Data available | FIFO trigger level reached FIFO drops below trigger
level
1] 1] 0| 2" | Timeout Indication There’s at least 1 character in the | Reading from the FIFO

FIFO but no character has been | (Receiver Buffer Register)
input to the FIFO or read from it
for the last 4 Char times.

0 0] 1| 3% | Transmitter  Holding | Transmitter Holding Register | Writing to the Transmitter
Register empty Empty Holding Register  or
reading IIR.
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19.3.4 FIFO Control Register (FCR)

The FCR allows selection of the FIFO trigger level (the number of bytes in FIFO required to enable the Received
Data Available interrupt). In addition, the FIFOs can be cleared using this register.

Register FCR FIFO Control Register Address 0OxFC82
Bit Bit Name R/W | Initial Description Note
7-6 FTL[1:0] RW 11 Define the Receiver FIFO Interrupt trigger level
‘00’ — 1 byte
‘01’ — 4 bytes
‘10’ — 8 bytes
‘11’ — 14 bytes
5-3 Reserved w 0 Read value ‘0’. Write only ‘0.
2 TFCLR W 0 ‘1’ — Clear TXFIFO and resets its counter logic.to ‘0’

The TX shift register is not cleared.

While ‘1’ is written, this bit has been cleared.

1 RFCLR W 0 ‘1’ — Clear RXFIFO and resets its counter logic to ‘0’.
The RX shift register is not cleared.

While ‘1’ is written, this bit has been cleared.

0 Reserved w 0 Read value ‘0°. Write only ‘0.
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19.3.5 Line Control Register (LCR)

The line control register allows the specification of the format of the asynchronous data communication used. A bit in
the register also allows access to the Divisor Latches, which define the baud rate. Reading from the register is allowed
to check the current settings of the communication.

Register LCR Line Control Register Address 0xFC83
Bit Bit Name R/W | Initial Description Note
7 DLAB RIW |0 Divisor Latch Access bit.

‘0’ — The normal registers are accessed
‘1’ — The divisor latches can be accessed
6 BRK RIW |0 Break Control bit
‘0’ — break is disabled
‘1’ — the serial out is forced into logic ‘0’ (break state).
5 STICK RIW |0 Stick Parity bit.
‘0’ — Stick Parity disabled
‘1’ — If PARE and EVPAR are logic ‘1°, the parity bit
is transmitted and checked as logic ‘0’. If PARE
is ‘1’ and EVPAR is ‘0’ then the parity bit is
transmitted and checked as ‘1°.
4 EVPAR RW |0 Even Parity select
‘0’ — Odd number of ‘1’ is transmitted and checked in
each word (data and parity combined). In other
words, if the data has an even number of ‘1’ in
it, then the parity bit is ‘1°.
‘1’ — Even number of ‘1’ is transmitted in each word.
3 PARE RIW |0 Parity Enable
‘0’ — No parity
‘1’ — Parity bit is generated on each outgoing character
and is checked on each incoming one.
2 NSTP RW |0 Specify the number of generated stop bits
‘0’ — 1 stop hit
‘1’ — 2 stop bits, when either a 6-,7-, or 8-bit character
length is selected.
1.5 stop bits, when 5-bit character length is
selected.

Note that the receiver always checks the first stop bit

only.
1-0 NBCHAR R/W 1 Select Number of bits in each character
‘00> — 5 bits
‘01’ — 6 bits
‘10> — 7 bits
‘11’ — 8 bits
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19.3.6 Line Status Register (LSR)

Register LSR Line Status Register Address 0xFC85
Bit Bit Name R/W | Initial Description Note
7 RXERR R 0 ‘0’ —No errors in RXFIFO.

‘1’ — There is at least one parity error, framing error or
break indications in the RXFIFO. The bit is
cleared upon reading the LSR

6 TXEMP R 1 Transmitter Empty indicator.

‘0’ — Not empty

1’ —Both the TXFIFO and Tx Shift Register are empty.
The bit is cleared when data is written to the
TXFIFO.

5 TFEMP R 1 Transmit FIFO is empty.

‘0’ — TXFIFO is not empty

‘1’ — The TXFIFO is empty.

Generates Transmitter Holding Register Empty
interrupt. The bit is cleared when data is written
to the TXFIFO.

4 BRKI R 0 Break Interrupt (BI) indicator

‘0’ — No break condition in the current character

‘1’-A break condition has been reached in the current
character. The break occurs when the line is held
in logic O for a time of one character (start bit +
data + parity + stop bit). In that case, one zero
character enters the FIFO and the UART waits
for a valid start bit to receive next character. The
bit is cleared upon reading the LSR.

Generates Receiver Line Status interrupt.

3 FERI R 0 Framing Error (FE) indicator

‘0’ — No framing error in the current character

‘1’ — The received character at the top of the RXFIFO
did not have a valid stop bit. Of course,
generally, it might be that all the following data
is corrupt. The bit is cleared upon reading the
LSR. Generates Receiver Line Status interrupt.

2 PERI R 0 Parity Error (PE) indicator

‘0’ — No parity error in the current character

‘1’ — The character that is currently at the top of the
FIFO has been received with parity error. The bit
is cleared upon reading the LSR.

Generates Receiver Line Status interrupt.

1 OERI R 0 Overrun Error (OE) indicator

‘0’ — No overrun state

‘1’ — If RXD continues to fill the RXFIFO beyond the
trigger level, an overrun error will occur after the
RXFIFO is full and the next character has been
completely received in the RX shift register. The
bit is cleared upon reading the LSR.

Generates Receiver Line Status interrupt.

0 DRDYI R 0 Data Ready (DR) indicator.

‘0’ — No characters in the RXFIFO

‘1’ — At least one character has been received and is in
the RXFIFO.

The bit is cleared upon reading all of the data in
the RXFIFO
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19.3.7 Divisor Latches

Register DLB1 Divisor Latch Byte 1(LSB) Address 0xFC80

Bit Bit Name R/W | Initial Description Note
7-0 RIW |0 The LSB of the divisor latch

Register DLB2 Divisor Latch Byte 2(MSB) Address OxFC81

Bit Bit Name R/W | Initial Description Note
7-0 RIW |0 The MSB of the divisor latch

The divisor latches can be accessed by setting LCR.DLAB to ‘1°. It needs to set ‘1’ to LCR.DLAB before the divisor
values are set into DLB1 and DLB2. The 2 bytes divisor values should be stored into DLB1 and DLB2 as al6-bit binary
code during initialization. Base on these values, baud rate is determined by the following expression

Baud rate = CLKUART(:CLKSLOW)/(16 x divisor value)

Example of a baud rate and a divisor value are shown in Table 19-3.

The internal counter in Baud Rate Generator starts to work when the DLBL1 is written, so when setting the divisor,
write the MSB first and the LSB last.

The default value of DLB1 and DLB 2 are 0°, which disables all serial 1/O operations. After setting the divisor,
LCR.DLAB should be ‘0’ in order to access RBR and THR.
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19.3.8 Baud rate

Table 19-3 Example of Baud rate, Divisor, and Crystal

9.216 MHz Crystal 12.288 MHz Crystal 12.5 MHz Crystal
Baud Rate ; i ;
( bps ) Dle(.:lmal Percent D.eclzlmal Percent Dle(.:lmal Percent
ps Divisor Divisor Divisor
Error Error Error
Value Value Value
2400 480 - 640 - 651 0.01
4800 240 - 320 - 326 0.15
9600 120 - 160 - 163 0.15
19200 60 - 80 - 81 0.47
38400 30 - 40 - 41 0.76
76800 15 - 20 - 28 0.35
96000 12 - 16 - 16 1.73
115200 10 - 13 26 14 3.11
128000 9 - 12 - 12 1.73
256000 4 12.5 6 - 6 1.73
384000 3 - 4 - 4 1.73
512000 2 12.5 3 - 3 1.73
768000 1 90 2 - 2 1.73
1152000 1 - 1 33.3 1 35.63
1536000 - - 1 - 1 1.73
12.0 MHz Crystal
Baud Rate Dlecl:lmal Percent Note:
(bps) Divisor Error Table 19-3 shows just the example of Baud rate and Decimal
Value Divisor Value in case of using several Crystals.
125K 19 - The Baud rate calculated it by the following
150K 10 _ Computation expression.
Baud rate = CLKUART (CLKSLOW) /(1 6x Divisor Value ).
250K 6 - CLKUART(CLKSLOW) = 2 x frequency of Crystal (at
300K 5 - CLKFG0.DIV:1/1)
500K 3 - The accuracy of the Baud rate is depend on Crystal frequency and its
750K 2 _ characteristics,.
The errors in Table 19-3 were calculated by the computation
1500K 1 =

expression as above, and are not things to guarantee.
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. _____________________________________________________________________________________________________________________________|
19.4 Operation

This UART core is very similar in operation to the standard 16550 UART chip without the modem terminal control
function. So only the FIFO mode is supported.

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 19-10
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

20. Analog Inter-Connection Network

20.1 Overview

The LSI has Analog Inter-Connection Network which makes connections among internal analog modules as shown in
Figure 20-1. All switch states in the figure can be configured by user settings in corresponding registers.
Using this scheme, for example, user can configure as follows.

(1) ADC Inputs can be directly connected to External Pins, or OPAMP can be inserted between External Pin and
ADC Input.

(2) OPAMP can be used as standalone amplifier or Unity (voltage follower).
Comparator can be used as standalone one or OPAMP can be inserted between External Pin and Comparator
Input.

(3) DAC Output can be connected to Comparator Inputs or External Pins.
\oltage Reference Output and Temperature Sensor Output can be connected to Comparator or ADC Inputs.
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VREF

DAC<0-3> DAC<0-3>
I:vm; VREF VREF
Virtual Analog GND ( Analog network Bus )
TEMP Analog
:TEW TEMP AVSS TEMP AVSS External Pin
; ; 7 | ANEXS - ANEX 0
ANEX O [ANEX16
ANEX 16 [ ANEX17 -
[ANEX18 cMPO ANEX 1
[ANEX19
[AGND -
_10bit DACL DACL [Avss ANEX2
ANEXTT VANEXT
ANEX 17 [_ANEX16 -
[ANEX17 - ANEX3
[_ANEX18 -
[ANEX19
DAC2 [oAGG ANEX 4
ANEX 13 [ DACD -
ANEX 18 [VREF
[AGND - ANEX 5
[ _Avss -
| Avss
_10bit DAC3 DAC3 | ANEX10 . ANEX 6
ANEXT5
ANEX 19
ANEX1 CMP1 ANEX 7
[ VREF OPAMPO
[AGND + ANEX 16
VSS ~CANEXD ANEX 8
NEX3 ANEX1T
[ AGND -
VSS ANEX 9
ANEX 10
ANEX 11
VREF OPAMP1
D EX1
[Avss ~ANEXT3 | ANEX12 - ANEX 12
ANEX7 ANEX 15 [ ANEX16
AGND - [ANEX17 -
AVSS [ANEX1E cmP2 ANEX 13
C— [ANEX19
[ AGND -
ANEX 14
ANEX 9 [ANEX17 - ANEX 15
VREE OPAMP2 [ ANEX18 -
AGND NANEX18 [ANEX19 -
AVSS ~ oA
ANEXIT ANEXS [ DACD o REEREEES
AGND - [VREF - H
AVSS [AGND - ANEX 16
[_Avss - .
ANEX 14 ANEX17 %
ANEX 16
ANEX 17
ANEX 13 ANEX 18 cMP3 ANEX 18
[ VREF OPAMP3 ANEX 19
[AGND + ANEX 19 AGND
—AVSS ~ANEX4 AVSS ANEX 19
¥ ANEXTS ANEX6 Y ANEXTS
| AGND - ANEX 16 4
AVSS E‘ ANEXT7 YR
AT 82 Only LQFPG4
|_DAC3 -
DACO
|_VREF -
|_AGND __-
AVSS
|_ANEX4 -
| _ANEX16 -
ANEX 17
To Digital [ANEX18 cmP4
ANEX19
AGND
AVSS
ANEXS
ANEX
ANEX
ANEX
ANEX
DACL
DACO
VREF
AGND
To Digital AVSS
SAR ANEX 6
ADCL ANEX 16
ANEX 17
STAx2 ANEX 18 CMPS
ANEX 19
ANEX 0 AGND
ANEX2 AVSS
ANEX4 ANEX7
ANEX6 ANEXT6
ANEX 16 ANEX17
|_ANEX17 - |_ANEX18 -
| ANEX11 - To Digital |_ANEX19 -
ANEX 15 [DAG -
[ AGND/DAC [ DACO
S — e —
Y _ANEX18 - |_AGND __ -
ANEX 19 TAVSS
|_AGND
DACO
DACL
DAC2
AC3

Note: The analog network is configured by each analog register setting. Please refer to corresponding chapter.

Figure 20-1 Analog Inter-Connection
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21. High Speed 10bit SAR ADC

21.1 Overview

The LSI has Dual High Speed 10bit SAR (Successive Approximation Register) AD Converters (ADCO and ADC1)
with High Speed Conversion Rate 4MSPS. Each ADC has maximum 12 inputs and each input has corresponding result
register. Each result can be applied specified Offset Value (Regarding the offset adjustment, please refer to the 21.3.5).

Each ADC-0 and ADC-1 (10bit ADC) has dual sample/hold blocks in each input block.

AD Conversion Mode is selected from “Burst until Sequence End” or “Step and Round Sequence”. The sequence
means the order of input channels to be converted. In the mode “Burst until Sequence End”, one trigger can initiate
contiguous burst conversions according to configured sequence. In the mode “Step and Round Sequence”, the
conversion sequence follows configured one but each conversion requires something conversion trigger to start.

AD Conversion time can be selected from slow (half speed) or fast (max speed).

AD Conversion trigger can be selected from external GPIO events, analog comparator events, PWM events or Timer
events. Of course, each ADC can generate interrupt when selected conversion has done. Besides interrupts, All ADC

channel can be became the event source at conversion finish of specified channel (selected the channel from the
ADTRGL/Hn ; multiple selection is acceptable).
X Bus SFR Bus )
L
1111111 ster ]
Data Register k2
al | |ol= al3|=
o|3|3|2|55|5|1E =
S EEEEEEE 5ls(2 P
< <|<]| 32|2|3 = rigger
offset
End Event
Trigger Busy :_ ADIEN Interrut
PWMO-3 i
' Common Register
J\L TT Event
A 4
AID
AvcC ) 5
AVSS §
>+ §
Output
Analog SW Comparator Control
CHO o—" S/H i
CH1 o—"
CH2 o—" q
CcH3 o— SH
CH4 o—"
CH5 o—
CH6 o—"
CH7 o—
cH8 o—"
CH9 o—"
CH10 o—"
CH11 o—" )
Unit O
Unit 1

Figure 21-1 Block Diagram of 10bit ADC
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Table 21-1 Input/Output pins

Channel Pin /Sig. name of Unit 0 Pin /Sig. name of Unit 1 Description
0 ANEXO0 ANEX4 Analog External 0/4
1 ANEX1 ANEX5 Analog External 1/5
2 ANEX2 ANEX6 Analog External 2/6
3 ANEX3 ANEX7 Analog External 3/7
Analog External 16
4 ANEX16 ANEX16 (OPAMPO,DACO)
Analog External 17
5 ANEX17 ANEX17 (OPAMP1,DACI)
6 ANEX9 ANEX13 Analog External 9/13
7 TEMP TEMP TEMP
8 AGND AGND Analog GND (1/2 AVCC)
9 AVSS AVSS Analog VSS
10 Analog External 18
ANEX18 ANEX18 (OPAMP2,DAC?)
Analog External 19
11 ANEX19 ANEX19 (OPAMP3,DAC3)
Table 21-2 Feature of High Speed 10bit SAR ADCO and ADC1
Item Description Note
Unit Counts Dual Unit Can operate independently
Input Channels 12 Inputs/unit
Resolution 10bits

Conversion Speed

4MSPS (million samples per second)

Sampling Time
+ Conversion Time
= 250ns

Dual Simultaneous Sampling

Supported

Conversion Mode

Burst Until Sequence End
Step and Round Sequence

Conversion Trigger

Selectable from internal events

Interrupt and Event Outputs

Interrupt or Event Output can be generated
when Conversion finished.
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21.2 Register Description

ADC10 has two kinds of register group: XBUS register group and SFR group. Table 21-3 shows XBUS register and
Table 21-4 and Table 21-5 shows SFRs.

Table 21-3 XBUS registers

SymbOI Name Add'ress Add_ress Initial value
(Unit n) (Unit 0) (Unit 1)
ADCn ADC Configuration Register 0xF000 0xF080 0x00
ADSMn ADC Sample Mode Register 0xFo001 0xF081 0x00
ADSLn ADC Channel Sequence L Register 0xF002 0xF082 0x00
ADSHnN ADC Channel Sequence H Register 0xF003 0xF083 0x00
ADEVTLnN ADC Trigger Source L Register 0xF004 0xF084 0x00
ADEVTHnN ADC Trigger Source H Register 0xF005 0xF085 0x00
ADNSMPnN ADC Sample/Hold Register 0xFO006 0xF086 0x04
ADENnN ADC Enable Register 0xF007 0xF087 0x00
ADACCLRnN ADC Access counter clear Register 0xF008 0xF088 0x00
ADUPTHLON ADC Ch0 update threshold L Register 0xF009 0xF089 0x00
ADUPTHHON ADC Ch0 update threshold H Register OxFO0A OxFO8A 0x00
ADNUPCNTN ADC ChO0 non-update counter 0xF00B 0xF08B 0x00
ADEEVSh ADC Extend Event Select Register 0xF00C 0xF08C 0x00
ADOLON ADC Ch0 Offset Data L Register 0xF010 0xF090 0x00
ADOHON ADC Ch0 Offset Data H Register 0xF011 O0xF091 0x00
ADOL1n ADC Chl Offset Data L Register 0xF012 0xFQ092 0x00
ADOH1n ADC Chl Offset Data H Register 0xF013 0xFQ093 0x00
ADOL2n ADC Ch2 Offset Data L Register 0xF014 0xF094 0x00
ADOH2n ADC Ch2 Offset Data H Register 0xF015 0xF095 0x00
ADOL3n ADC Ch3 Offset Data L Register 0xF016 0xF096 0x00
ADOH3n ADC Ch3 Offset Data H Register O0xF017 0xF097 0x00
ADOL4n ADC Ch4 Offset Data L Register 0xF018 0xF098 0x00
ADOH4n ADC Ch4 Offset Data H Register 0xF019 0xF099 0x00
ADOL5nN ADC Ch5 Offset Data L Register OxFO1A OxFO9A 0x00
ADOH5nN ADC Ch5 Offset Data H Register 0xF01B 0xF09B 0x00
ADOLG6N ADC Ch6 Offset Data L Register 0xFo01C 0xF09C 0x00
ADOH6N ADC Ch6 Offset Data H Register O0xFO1D 0xFQO9D 0x00
ADOLT7n ADC Ch7 Offset Data L Register OxFO1E OxFO9E 0x00
ADOHT7n ADC Ch7 Offset Data H Register OxFO1F OxFO9F 0x00
ADOLS8N ADC Ch8 Offset Data L Register 0xF020 O0xFOAO 0x00
ADOHS8N ADC Ch8 Offset Data H Register 0xF021 O0xFOA1 0x00
ADOL9n ADC Ch9 Offset Data L Register 0xF022 O0xFOA2 0x00
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SymbOI Name Add'ress Add_ress Initial value
(Unit n) (Unit 0) (Unit 1)
ADOH9n ADC Ch9 Offset Data H Register 0xF023 O0xFOA3 0x00
ADOLAN ADC Ch10 Offset Data L Register 0xF024 OxFOA4 0x00
ADOHAN ADC Ch10 Offset Data H Register 0xF025 O0xFOA5 0x00
ADOLBnN ADC Ch11 Offset Data L Register 0xF026 OxFOAG6 0x00
ADOHBN ADC Ch11 Offset Data H Register 0xF027 OxFOA7 0x00

Table 21-4 SFR (each unit)

Sympol Name Add_ress Add.ress Initial value
(Unitn) (Unit 0) (Unit 1)
ADLON ADC Ch0 Data L 0x99 0x9A 0x00
ADHOn ADC ChOQ Data H 0x99 0x9A 0x00
ADL1n ADC Chl Data L OxAl 0xA2 0x00
ADH1n ADC Chl Data H 0xAl 0xA2 0x00
ADL2n ADC Ch2 Data L 0xA9 OxAA 0x00
ADH2n ADC Ch2 Data H 0xA9 OxAA 0x00
ADL3n ADC Ch3 Data L 0xB1 0xB2 0x00
ADH3n ADC Ch3 Data H 0xB1 0xB2 0x00
ADL4n ADC Ch4 Data L 0xB9 0xBA 0x00
ADH4n ADC Ch4 Data H 0xB9 OxBA 0x00
ADL5nN ADC Ch5 Data L 0xC1 0xC2 0x00
ADHb5N ADC Ch5 Data H 0xC1 0xC2 0x00
ADLG6N ADC Ché Data L 0xC9 OxCA 0x00
ADHG6N ADC Ch6 Data H 0xC9 O0xCA 0x00
ADLT7n ADC Ch7 Data L 0xD1 0xD2 0x00
ADHT7n ADC Ch7 Data H 0xD1 0xD2 0x00
ADLSN ADC Ch8 Data L 0xD9 OxDA 0x00
ADH8n ADC Ch8 Data H 0xD9 OxDA 0x00
ADLO9n ADC Ch9 Data L OxE1 OxE2 0x00
ADH9n ADC Ch9 Data H OxE1 OxE2 0x00
ADLAnN ADC Ch10 Data L OXE9 OXEA 0x00
ADHAN ADC Ch10 Data H OxE9 OXEA 0x00
ADLBnN ADC Chll1Data L 0x89 0x8A 0x00
ADHBnN ADC Chll Data H 0x89 Ox8A 0x00
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Table 21-5 SFR (common)

Symbol Name Address Initial value
ADT Mix ADC CPU Trigger Register | 0xF1 0x00
ADI Mix ADC Interrupt Register 0xF2 0x00
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21.2.1 ADC Configuration Register (ADCn)

. ) ) ) Address(Unit 0) 0xF000
Register ADCn ADC Configuration Register -
Address(Unit 1) 0xF080
Bit Bit Name R/W | Initial Description Note
7 UPTHOEN RIW |0 CHO update threshold enable
0: disable
1: enable
6 ADMODE RIW |0 ADC Conversion Mode

0: Burst until Sequence End

(Output interrupt after last sequence)

1: Step and Round Sequence

(Output interrupt at each step)

5 ADTIME RIW |0 ADC Conversion Time

0: Slow (CLKADCn_133/ 4)

1: Fast (CLKADCn_133/2)

ADC Trigger Source

00000: CPU

00001: GPIOO0 Event for ADC (neg edge)
00010: GPIOO0 Event for ADC (pos edge)
00011: GPIOO0 Event for ADC (both edge)
00100: GPIO1 Event for ADC (neg edge)
00101: GPIO1 Event for ADC (pos edge)
00110: GPIO1 Event for ADC (both edge)
00111: GPIO2 Event for ADC (neg edge)
01000: GPIO2 Event for ADC (pos edge)
01001: GPIO2 Event for ADC (both edge)
01010: GPIO3 Event for ADC (neg edge)
01011: GPIO3 Event for ADC (pos edge)
01100: GPIO3 Event for ADC (both edge)
01101: Comparator 0 (pulse)

01110: Comparator 1 (pulse)

01111: Comparator 2 (pulse)

10000: Comparator 3 (pulse)

10001: TIMERO-CMA (pulse)

10010: TIMERO-CMB (pulse)

10011: TIMER1-CMA (pulse)

10100: TIMER1-CMB (pulse)

10101: PWMO-EVENTO (pulse)

10110: PWMO-EVENT1 (pulse)

10111: PWMI1-EVENTO (pulse)

11000: PWM1-EVENT1 (pulse)

11001: PWM2-EVENTO(pulse)

11010: PWM2-EVENT1 (pulse)

11011: PWMS3-EVENTO (pulse)

11100: PWMS3-EVENT1 (pulse)

11111: See ADEEVS register

Others are reserved. Do not set.
UPTHOEN, ADMODE and ADTIME in ADCn register should be written when ADENn.EN=0.
Setting ADENN.EN=1 and waiting 1uS, then ADC Trigger Source should be written into ADTRG[4:0] .

ADTRG4 R/W
ADTRG3 R/W
ADTRG2 R/W
ADTRG1 R/W
ADTRGO R/W

O | N Wl b
o O o] o o
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21.2.2 ADC Sample Mode Register (ADSMn)

. ) Address(Unit 0) 0xF001
Register ADSMn ADC Sample Mode Register :
Address(Unit 1) 0xF081
Bit Bit Name R/W | Initial Description Note
7 DSHMODE |R/W |0 Dual Sample Hold mode

0: Single Sample/Hold Mode

1: Dual Sample/Hold Mode

(When DSHMODE=1 and two or more than two
channel are selected including chO by ADSL/Hn
register, chO and the next younger channel are sampled
simultaneously).

6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 reserved R 0 Read value is 0. Write only 0.

DSHMODE bit must be written when ADENn.EN=0.

21.2.3 ADC Channel Sequence L Register (ADSLN)

Register P ADC Channel Sequence L Address(Unit 0) 0xF002
Register Address(Unit 1) 0xF082

Bit Bit Name R/W | Initial Description Note

7 CHSEQ7 RW |0 Channel 7 Sequence

6 CHSEQ6 RW |0 Channel 6 Sequence

5 CHSEQ5 RW |0 Channel 5 Sequence

4 CHSEQ4 RIW |0 Channel 4 Sequence

3 CHSEQ3 RIW |0 Channel 3 Sequence

2 CHSEQ2 RIW |0 Channel 2 Sequence

1 CHSEQ1 RIW |0 Channel 1 Sequence

0 CHSEQO RIW |0 Channel 0 Sequence

ADSLn register must be written when ADENn.EN=0.
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21.2.4 ADC Channel Sequence H Register (ADSHn)

Register ADSHN ADC Channel Sequence H Address(Unit 0) 0xF003
Register Address(Unit 1) 0XF083

Bit Bit Name R/W | Initial Description Note

7 reserved R 0 Read value is 0. Write only 0.

6 reserved 0 Read value is 0. Write only 0.

5 reserved R 0 Read value is 0. Write only 0.

4 reserved R 0 Read value is 0. Write only 0.

3 CHSEQ11 RIW |0 Channel 11 Sequence

2 CHSEQ10 RW |0 Channel 10 Sequence

1 CHSEQ9 RW |0 Channel 9 Sequence

0 CHSEQ8 RW |0 Channel 8 Sequence

ADSHDN register must be written when ADENn.EN=0.

Note: Channel Sequence is configured as follows.

ADSHnN ADSLnN Conversion Sequence

0b00000000 0b00000001 CHO>CHO0>CHO0>CHO0~>...

0b00000000 0b00001000 CH3>CH3->CH3->CH3->...

0b00000000 0b00000011 CHO0>CH1->CHO0>CH1->...

0b00000000 0b00111100 CH2->CH3->CH4->CH5>CH2->CH3->CH4->CH5-> ...
0b00000000 Ob11111111 CHO0>CH1->CH2->CH3->CH4->CH5>CH6>CH7-> ...
0b00000010 0b10001000 CH3>CH7->CH9>CH3->CH7->CH9->...

There are 2 sample/hold circuits in each input stage. Dual input signals are sampled simultaneously according to
following manner at younger channel is sampled. Each A-to-D conversion is processed after the sampling according to
the previous table.

ADCO and ADC1 (10bit ADC)

ADSLn[ch] Simultaneous Sampling Dual S/Hs stores dual signal levels
ch=0 | ch=1 | ch=4 | ch=5 | in Dual S/Hs when following channel is sampled.
0 0 0 0 Not available None

0 0 0 1 Not available None

0 0 1 0 Not available None

0 0 1 1 Not available None

0 1 0 0 Not available None

0 1 0 1 Not available None

0 1 1 0 Not available None

0 1 1 1 Not available None

1 0 0 0 Not available None

1 0 0 1 ch0 and ch5 ch0

1 0 1 0 ch0 and ch4 ch0

1 0 1 1 ch0 and ch4 ch0

1 1 0 0 ch0 and chl ch0

1 1 0 1 ch0 and chl ch0

1 1 1 0 ch0 and chl ch0

1 1 1 1 ch0 and chl ch0
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21.2.5 ADC Event Source L Register (ADEVTLnN)

: Address(Unit 0 0xF004

Register | ADEVTLn | ADC Trigger Source L (Unit 0)

Register Address(Unit 1) 0xF084
Bit Bit Name R/W | Initial Description Note
7 EVTCH7 RW |o Choose ADC Output Event

0: The channel finish is not included in output event.

6 EVTCH6 RW |0 1: The channel finish is included in output event.
5 EVTCH5 R/W 0
4 EVTCH4 R/W 0
3 EVTCH3 R/W 0
2 EVTCH2 R/W 0
1 EVTCH1 R/W 0
0 EVTCHO R/W 0

ADEVTLnN register must be written when ADENN.EN=0.

21.2.6 ADC Event Source H Register (ADEVTHN)

: Address(Unit 0) 0xF005

Register | ADEVTHn | ADC Trigger Source H :

Register Address(Unit 1) 0XF085
Bit Bit Name R/W | Initial Description Note
7 reserved 0 Read value is 0. Write only 0.
6 reserved 0 Read value is 0. Write only 0.
5 reserved 0 Read value is 0. Write only 0.
4 reserved 0 Read value is 0. Write only 0.
3 EVTCH11 RW |o Choose ADC Output Event

0: The channel finish is not included in output event.

2 EVTCHIO [R/W |0 1: The channel finish is included in output event.
1 EVTCH9 RIW |0
0 EVTCHS RIW |0

ADEVTHNn register must be written when ADENn.EN=0.
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21.2.7 ADC Sample/Hold Time Register (ADNSMPn)

i Address(Unit 0) 0xF006
Register ADNSMPN ADQ Sample/Hold Time :
Register Address(Unit 1) 0XF086
Bit Bit Name R/W | Initial Description Note
7 reserved 0 Read value is 0. Write only 0.
6 reserved 0 Read value is 0. Write only 0.
5 reserved 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 ADNSMP[3] | RW |0 Sample/Hold state
0000: 0 state(don’t set)
2 ADNSMP[2] | RIW |1 0001: 1 state(don’t set)
1 ADNSMP[1] | RW |0 0010: 2 state

0011: 3 state
0100: 4 state
0101: 5 state
0110: 6 state
0111: 7 state
1000: 8 state
0 ADNSMP[0] [ R'W |0 1001: 9 state
1010: 10 state
1011: 11 state
1100: 12 state
1101: 13 state
1110: 14 state
1111: 15 state
ADNSMPn register must be written when ADENN.EN=0.

21.2.8 ADC Enable Register (ADENN)

_ ) Address(Unit 0) 0xF007
Register ADENN ADC Enable Register :
Address(Unit 1) OxF087
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 EN RIW ([0 ADC Enable
0: ADC Disabled
1: ADC Enabled
Activate the ADC.
Do not change to 0 during A/D conversion is running.
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21.2.9 ADC Access Counter Clear Register (ADACCLRN)

Address(Unit 0) 0xF008
Register ADACCLRN ADQ Access Counter Clear :
Register Address(Unit 1) 0xF088
Bit Bit Name R/W | Initial Description Note
7 CLRADCC |[RW |0 Clear ADC Conversion Data Register CPU Access
DRCAC Counter
0: No effect

1: Register CPU Access counter clear

Read : No Request

Write 0: No effect

Write 1: Clear Register CPU Access counter.
(Clear CPU SFR access counter.)

6 CLRADCC |[RW |0 Clear ADC Conversion Data Register DSAC Access
DRDAC Counter
0: No effect

1: Register DSAC Access counter clear

Read : No Request

Write 0: No effect

Write 1: Clear Register DSAC Access counter.
(Clear DSAC SFR access counter.)

5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 reserved R 0 Read value is 0. Write only 0.
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21.2.10 ADC Ch0 Update Threshold L Register (ADUPTHLOnN)

Register | ADUPTHLOn | ADC ChO Update Threshold L Address(Unit 0) 0xF009
Register Address(Unit 1) 0xF089

Bit Bit Name R/W | Initial Description Note

7 UPTH7 RW |0 Unsigned CHO update threshold value

6 UPTHG6 RIW |0

5 UPTH5 RIW |0

4 UPTH4 RIW |0

3 UPTH3 RIW |0

2 UPTH2 R/W 0

1 UPTH1 R/W 0

0 UPTHO RIW |0

ADUPTHLOnN register must be written when ADENN.EN=0.

21.2.11 ADC Ch0 Update Threshold H Register (ADUPTHHON)

Address(Unit 0) 0xFO0A

Register ADUPTHHON ADQ Ch0 Update Threshold H :

Register Address(Unit 1) OXFO8A
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 UPTH9 RIW |0 )

Unsigned CHO update threshold value

0 UPTH8 RIW |0

ADUPTHHOnN register must be written when ADENn.EN=0.
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21.2.12 ADC Ch0 Non-update Count Register (ADNUPCNTN)

. Address(Unit 0 0xF00B

Register ADNUPCNTR ADQ ChO Non-update Count ( )

Register Address(Unit 1) 0xF08B
Bit Bit Name R/W | Initial Description Note
7 NUPCNT?7 RW |0 Ch0 Non-update counts

The number of times ADLHON register is not updated.

6 NUPCNT6 [ R/W |0 This register can be cleared by writing 0x00.
5 NUPCNT5 | R/W |0
4 NUPCNT4 R/W 0
3 NUPCNT3 | R/W |0
2 NUPCNT?2 R/W 0
1 NUPCNT1 R/W 0
0 NUPCNTO R/W 0
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21.2.13 ADC Extend Event Select Register (ADEEVSn)

Address(Unit 0) 0xFo0C
Register ADEEVSH ADQ Extend Event Select :
Register Address(Unit 1) 0XF08C
Bit Bit Name R/W | Initial Description Note
7 reserved 0 Read value is 0. Write only 0.
6 reserved 0 Read value is 0. Write only 0.
5 reserved 0 Read value is 0. Write only 0.
4 ADTRG4 RW |0 ADC Trigger Source
00000: GP104 Event for ADC (neg edge)
3 ADTRG3 R/W 0 00001: GP104 Event for ADC (pos edge)
2 ADTRG?2 RW |o 00010: GP104 Event for ADC (both edge)
00011: GPIOS5 Event for ADC (neg edge)
1 ADTRG1 RIW ([0 00100: GPI05 Event for ADC (pos edge)

00101: GPI05 Event for ADC (both edge)
00110: reserved

00111: reserved

01000: reserved

01001: reserved

01010: reserved

01011: TIMER2-CMA (pulse)
01100: TIMER2-CMB (pulse)
0 ADTRGO | RIW |0 01101: TIMER3-CMA (pulse)
01110: TIMER3-CMB (pulse)
01111: reserved

10000: reserved

10001: reserved

10010: reserved

Others are reserved. Do not set.

ADC register must be written when ADEN.EN=0.
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21.2.14 ADC ChX Offset Data L Register, X=0-9,A,B (ADOLXn)

: i Address(Unit 0) 0xF010
Register ADOLON ADC Ch0 Offset Data L Register :
Address(Unit 1) 0xF090
_ ] Address(Unit 0) 0xF012
Register ADOL1n ADC Chl Offset Data L Register :
Address(Unit 1) 0xF092
_ ] Address(Unit 0) 0xF014
Register ADOL2n ADC Ch2 Offset Data L Register :
Address(Unit 1) 0xF094
: ) Address(Unit 0) 0xF016
Register ADOL3n ADC Ch3 Offset Data L Register :
Address(Unit 1) 0xF096
: ) Address(Unit 0) 0xF018
Register ADOL4n ADC Ch4 Offset Data L Register :
Address(Unit 1) 0xF098
) ) Address(Unit 0) OxFO1A
Register ADOL5N ADC Chb Offset Data L Register :
Address(Unit 1) OxFO9A
: ) Address(Unit 0) 0xF01C
Register ADOLS6N ADC Ch6 Offset Data L Register :
Address(Unit 1) 0xF09C
) ) Address(Unit 0) OxFO1E
Register ADOLT7n ADC Ch7 Offset Data L Register :
Address(Unit 1) OxFO9E
: ) Address(Unit 0) 0xF020
Register ADOLS8N ADC Ch8 Offset Data L Register :
Address(Unit 1) 0xFOAOQ
_ ) Address(Unit 0) 0xF022
Register ADOL9n ADC Ch9 Offset Data L Register :
Address(Unit 1) 0xFOA2
_ ) Address(Unit 0) 0xF024
Register ADOLAN ADC Ch10 Offset Data L Register :
Address(Unit 1) O0xFOA4
: ] Address(Unit 0) 0xF026
Register ADOLBnN ADC Ch11 Offset Data L Register :
Address(Unit 1) 0xFOAG6
Bit Bit Name R/W | Initial Description Note
7 ADOFFSET rRw |o S_igned 1_Obit ADC Offset Data L
’ bit 7 — bit 0 are stored.
6 QDOFFSET R/W 0
5 ?DOFFSET rRW |0
4 4ADOFFSET R/W 0
3 ?DOFFSET rRW |0
2 ?DOFFSET R/W 0
1 ?DOFFSET R/W 0
0 QDOFFSET rRwW o

ADOLO-11 register must be written when ADEN.EN=0.
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21.2.15 ADC ChX Offset Data H Register, X=0-9,A,B (ADOHXn)

_ ] Address(Unit 0) 0xF011
Register ADOHON ADC Ch0 Offset Data H Register :
Address(Unit 1) 0xF091
: ) Address(Unit 0) 0xF013
Register ADOH1n ADC Ch1 Offset Data H Register :
Address(Unit 1) 0xF093
: ) Address(Unit 0) 0xF015
Register ADOH2n ADC Ch2 Offset Data H Register :
Address(Unit 1) 0xF095
_ ) Address(Unit 0) OxF017
Register ADOH3n ADC Ch3 Offset Data H Register :
Address(Unit 1) 0xF097
: ] Address(Unit 0) 0xF019
Register ADOH4n ADC Ch4 Offset Data H Register :
Address(Unit 1) 0xF099
) ) Address(Unit 0) 0xF01B
Register ADOH5n ADC Ch5 Offset Data H Register :
Address(Unit 1) 0xF09B
) ) Address(Unit 0) 0xFO1D
Register ADOH6Nn ADC Ch6 Offset Data H Register :
Address(Unit 1) 0xF09D
) ) Address(Unit 0) OxFO1F
Register ADOH7n ADC Ch7 Offset Data H Register :
Address(Unit 1) OxFO9F
_ ) Address(Unit 0) 0xF021
Register ADOHS8n ADC Ch8 Offset Data H Register :
Address(Unit 1) OxFOA1
: ] Address(Unit 0) 0xF023
Register ADOH9n ADC Ch9 Offset Data H Register :
Address(Unit 1) 0xFOA3
: ) Address(Unit 0) 0xF025
Register ADOHAnN ADC Ch10 Offset Data H Register :
Address(Unit 1) 0xFOAS5
_ ) Address(Unit 0) 0xF027
Register ADOHBnN ADC Ch11 Offset Data H Register :
Address(Unit 1) OxFOA7
Bit Bit Name R/W | Initial Description Note
7 ADOFFSETL | o 0 Signed extended bit
5 ADOFFSET10 can be read.
6 4ADOFFSETl R 0
5 ?DOFFSETl R 0
4 ?DOFFSETl R 0
3 ?DOFFSETl R 0
2 ADOFFSET1 rw o Signed 11bit ADC Offset Data H
0 bit 10 — bit 8 are stored.
1 ADOFFSET9 [ R/W (0
0 ADOFFSET8 | R/IW |0

ADOHO0-11 register must be written when ADEN.EN=0
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21.2.16 ADC ChX Data L Register, X=0-9,A,B (ADLXn)

_ ] Address(Unit 0) 0x99
Register ADLON ADC Ch0 Data L Register :
Address(Unit 1) 0x9A
) ) Address(Unit 0) 0xAl
Register ADL1n ADC Chl Data L Register
Address(Unit 1) 0xA2
_ ) Address(Unit 0) OxA9
Register ADL2n ADC Ch2 Data L Register
Address(Unit 1) OxAA
) ) Address(Unit 0) 0xB1
Register ADL3n ADC Ch3 Data L Register
Address(Unit 1) 0xB2
_ ] Address(Unit 0) 0xB9
Register ADL4n ADC Ch4 Data L Register :
Address(Unit 1) 0xBA
) ) Address(Unit 0) 0xC1
Register ADLS5N ADC Ch5 Data L Register :
Address(Unit 1) 0xC2
_ ] Address(Unit 0) 0xC9
Register ADLG6N ADC Ch6 Data L Register :
Address(Unit 1) OxCA
) ) Address(Unit 0) 0xD1
Register ADL7n ADC Ch7 Data L Register :
Address(Unit 1) 0xD2
_ ] Address(Unit 0) 0xD9
Register ADLS8N ADC Ch8 Data L Register :
Address(Unit 1) 0xDA
) ) Address(Unit 0) OxE1
Register ADL9n ADC Ch9 Data L Register :
Address(Unit 1) OxE2
_ ] Address(Unit 0) OxE9
Register ADLAN ADC Ch10 Data L Register :
Address(Unit 1) OxEA
_ ] Address(Unit 0) 0x89
Register ADLBnN ADC Chl1 Data L Register :
Address(Unit 1) Ox8A
Bit Bit Name R/W | Initial Description Note
7 ADDATA7 | R 0 Signed 16bit ADC Conversion Data L
bit 7 — bit O are stored.
6 ADDATA6 | R 0
5 ADDATA5 | R 0 This value is already applied an offset
specified by ADOHY/Ln like as
4 ADDATA4 | R 0 “Raw ADC Value + ADOXx”
3 ADDATAZ | R 0 (16bit operation)
2 ADDATA2 | R 0
1 ADDATA1l | R 0
0 ADDATAO0 R 0
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21.2.17 ADC ChX Data H Register, X=0-9, A,B (ADHXn)

_ _ Address(Unit 0) 0x99
Register ADHOn ADC Ch0 Data H Register :
Address(Unit 1) 0x9A
) ) Address(Unit 0) 0xAl
Register ADH1n ADC Chl Data H Register
Address(Unit 1) 0xA2
_ _ Address(Unit 0) OxA9
Register ADH2n ADC Ch2 Data H Register
Address(Unit 1) OxAA
) ) Address(Unit 0) 0xB1
Register ADH3n ADC Ch3 Data H Register
Address(Unit 1) 0xB2
_ ] Address(Unit 0) 0xB9
Register ADH4n ADC Ch4 Data H Register :
Address(Unit 1) 0xBA
) ] Address(Unit 0) 0xC1
Register ADHb5nN ADC Ch5 Data H Register :
Address(Unit 1) 0xC2
Address(Unit 0) 0xC9
Register ADH6N ADC Ch6 Data H Register :
Address(Unit 1) OxCA
) ] Address(Unit 0) 0xD1
Register ADH7n ADC Ch7 Data H Register :
Address(Unit 1) 0xD2
_ ] Address(Unit 0) 0xD9
Register ADH8n ADC Ch8 Data H Register :
Address(Unit 1) 0xDA
) ) Address(Unit 0) OxE1
Register ADHO9n ADC Ch9 Data H Register :
Address(Unit 1) OxE2
_ ) Address(Unit 0) OxE9
Register ADHAnN ADC Ch10 Data H Register :
Address(Unit 1) OxEA
_ ) Address(Unit 0) 0x89
Register ADHBnN ADC Chl1 Data H Register :
Address(Unit 1) Ox8A
Bit Bit Name R/W | Initial Description Note
7 ADDATA15 | R 0 Signed 16bit ADC Conversion Data H
bit 15 — bit 8 are stored.
6 ADDATA14 | R 0
5 ADDATA13 | R 0 This value has already applied an offset
specified by ADOHY/Ln like as
4 ADDATA12 | R 0 “Raw ADC Value + ADOXx”
3 ADDATALL | R 0 (12bit operation)
2 ADDATAI10 | R 0
1 ADDATA9 R 0
0 ADDATAS R 0
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21.2.18 ADC Trigger Register (ADT)

Reqgister ADT ADC CPU Trigger Address OxF1
Bit Bit Name R/W | Initial Description Note
7:3 reserved R 0 Read value is 0. Write only 0.

2 ADCTRG2 (W 0 ADC?2 Trigger / Busy

Read 0: ADC2 not busy (no conversion)
Read 1: ADC2 is busy (in conversion)
Write 0: No effect

Write 1: ADC2 Start by CPU

1 ADCTRG1 | W 0 ADC 1Trigger / Busy

Read 0: ADC1 not busy (no conversion)
Read 1: ADCL1 is busy (in conversion)
Write 0: No effect

Write 1: ADC1 Start by CPU

0 ADCTRGO | W 0 ADCO Trigger / Busy

Read 0: ADCO not busy (no conversion)
Read 1: ADCO is busy (in conversion)
Write 0: No effect

Write 1: ADCO Start by CPU

Note: ADCTRGn are set by not only CPU but also other trigger sources.
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21.2.19 ADC Interrupt Register (ADI)

Reqgister ADI ADC Interrupt Register Address OxF2
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 ADIE2 RIW |0 ADC?2 Interrupt Enable
0: Disable
1: Enable
5 ADIE1 RIW |0 ADCL1 Interrupt Enable
0: Disable
1: Enable
4 ADIEQ RIW |0 ADCQO Interrupt Enable
0: Disable
1: Enable
3 reserved R 0 Read value is 0. Write only 0.
2 ADIF2 R/C 0 ADC2 Interrupt Flag

(before mask; independent ADIEN)
Read 0: No Request

Read 1: Interrupt Event Occurred
Write 0: No effect

Write 1: To clear corresponding bit
1 ADIF1 R/C 0 ADCL1 Interrupt Flag

(before mask; independent ADIEN)
Read 0: No Request

Read 1: Interrupt Event Occurred
Write 0: No effect

Write 1: To clear corresponding bit
0 ADIFO R/C 0 ADCO Interrupt Flag

(before mask; independent ADIEnN)
Read 0: No Request

Read 1: Interrupt Event Occurred
Write 0: No effect

Write 1: To clear corresponding bit

Note:
If ADMODE=0, interrupt will be issued when all burst conversions are finished.
If ADMODE-=1, interrupt will be issued every time when each conversion is finished.
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21.3 Operation

21.3.1 Basic operation

ADC is activated by ADENN.EN bit is set to 1'b1. The AD conversion starts when ADC is active and conversion
trigger from one of the peripherals is received. The AD Conversion trigger can be selected from CPU, external GPIO
events, analog comparator events, PWM events or Timer events by ADCn.ADTRG[4:0] bits and ADEEVSn register.
The CPU trigger can be occurred by ADT.ADCTRGn bit that is mapped in SFR address space.

AD Conversion time can be selected from slow (half speed) or fast (full speed) by ADCn.ADTIME bit.
Table 21-2 shows Basic conversion sequence in the fast clock mode.
A/D conversion of a channel spends 16 cycles of ADCLK.

CLKADC133
ADCLECFMTIHE=1)

Trigger J_L_\-‘

CHx | DLE [ Samp le/Hold Conversion [ IoLE

OATA

AOLAHEn(Data Register] DATH

Figure 21-2 Basic conversion sequence

ADC has twelve analog channels at most. The conversion of each channel can be enabled by ADSL/Hn register. The
conversion starts from the youngest enabled number channel.
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|
21.3.2 Conversion Mode

AD Conversion Mode is selected from “Burst until Sequence End” or “Step and Round Sequence” by
ADCn.ADMODE bit. The sequence means the order of input channels to be converted.

Besides interrupts, each ADC unit generates 4 trigger pulses at conversion finish of specified channel (selected from
only 0 to7; multiple selection is OK) as shown in

21.3.2.1. “Burst until Sequence End” mode

In the mode “Burst until Sequence End”, one trigger can initiate contiguous burst conversions according to
configured sequence.

(1) When the start trigger that is selected by ADCn.ADTRG[4:0] bit and ADEEVS register is detected, A/D
conversion starts in younger channel order which is selected by ADSL/H register.

(2) When A/D conversion of a channel finished, the converted data is written to corresponding data register
(ADL/HXn).

(3) If there are un-converted channel, A/D conversion of the next younger channel starts just after finishing the
previous A/D conversion. After that, go back to (2).

(4) A/D conversion of all channels is finished, ADI.ADIF bit is set to 1'b1. If ADI.ADIE=1, ADI interrupt is issued
to CPU.

trigger |

chi [Conv A

ch2 || Conv
ch3 |

ADL/H1n l\

ADL/H2n

[Conv

ADL/H3n

S -,

ADIinterrupt

Figure 21-3 Burst until Sequence End mode.
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21.3.2.2. “Step and Round Sequence” Mode

In the mode “Step and Round Sequence”, the conversion sequence follows configured one but each conversion
requires something conversion trigger to start.

(1) When the start trigger that is selected by ADCn.ADTRG[4:0] bit and ADEEVS register is detected, A/D
conversion starts in younger channel order which is selected by ADSL/Hn register.

(2) When A/D conversion of a channel finished, the converted data is written to corresponding data register
(ADL/HXn).

(3) ADCn.ADIF is set to 1'b1 if the corresponding ADEVTL/Hn register bit is set to 1'b1. If ADI.ADIE=1, ADI
interrupt is issued to CPU.

(4) The next start trigger is detected, the next younger channel of A/D conversion which is selected by ADSL/Hn
register.

Trigger [ 1 [ 1 [ 1 [
chi |Conv |\| [Conv |‘|
ch2 | [Conv Al |
| | |
ch3 | \\ [Conv |\ [ ‘X
ADL/H1n L | | [Y
[L |
ADL/H2n \\
ADL/H3n [Y
ADI interrput | ' | ' | | |

cleard by CPU cleard by CPU cleard by CPU cleard by CPU

Figure 21-4 Step and Round Sequence mode

|
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. _____________________________________________________________________________________________________________________________|
21.3.3 Dual Sample/Hold

ADC10 has two sample/hold circuits after the analog input switch. One is for only channel 0, another is for other
channels. If ADSMn.ADSHMODE s set to 1'b1 and two or more than two channels are enabled by ADSL/Hn register,
the chO and other younger channel of Sample/Hold is executed simultaneously. This operation can be used in both
conversion modes.

In Step and Round sequence mode, the chO and the following dual sampled/held channel is converted sequentially

only with one time trigger. ADI interrupt is asserted when the second channel conversion is finished, not asserted
when the CHO conversion is finished.

Trigger [ 1

ch0 [S/H  JConv |

ch1 IS/H | [*1 |Conv |

ch2 [S/H  [Conp |

ADL/HOn \ \ ‘
ADL/H1n % \\ \\
ADL/H2n ,L | ‘

ADI interrupt

Idle cycle is inserted instead of S/H cycle.

*1:

Figure 21-5 Dual Sample/Hold operation in Burst until Sequence End mode.

Trigger [ [ 1 [ 1]

ch0 [S/H [Conv | IS/H [Conv |

ch1 [S/H | J*1 \lConv [ Is/H | [*x1  |Conv
ch2

[S/H |[Conv |

ADLHONn |

|
‘\
|
ADLH1n # I

ADLH2n

|

|

|

|

|

|
ADI interrupt | | | I l
Cleard by CPU

Cleard by CPU

x1: Idle cycle is inserted instead of S/H gycle

Figure 21-6 Dual Sample/Hold operation in Step and Round Sequence mode.
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21.3.4 Conversion start trigger

AJD conversion starts when detecting selected A/D conversion trigger. A/D conversion start trigger can be selected by
ADCn.ADTRG[4:0]. Only one conversion trigger during A/D conversion is hold, and issues after the current
conversion is finished, then the next conversion will be start. The conversion trigger is not accepted when ADENn=0 or
all channels are not selected (ADSL/Hn=0x00).

21.3.5 Converted data offset adjustment

The offset adjustment can be done for converted data by ADOL/HXn register. The bit length of adjusted value is
extended from 12bit to 16bit.

ADOL/HXn.ADATA_tmp[11:0] = RAW_ADC_Value{2'h00,[9:0]}
+ OFFSET{[10],[10:0]}

ADOL/HXn.ADATA[15:0] =RAW_ADC_Value_tmp{[11],[11],[21],[11],[11:0]}
ADOL/HXn.ADATA[15:0] : ADL/HXn register bit, n is unit number, X is unit-X's channel.

RAW_ADC_Value[9:0]: Conversion result value
OFFSET[10:0] : Signed, ADOL/HXn register bit, n is unit number, X is unit-X's channel.

ADOHXn register[2:0] ADOLXn register[7:0]
Converted data 10bit (Uns i gned) | Offset |s 11bit (Signed)
Result value | 12bit (Signed) |
sign bit extension __, ; E
Result |5 s 16bit(Signed)
L — - S : Sign bit
ADHXn register[7:0] ADLXn register[7:0]

Figure 21-7 Converted data

21.3.6 Interrupts
If ADI.ADIENn=1, CPU interrupt can be occurred when ADI.ADIFn=1(n=0 or 1).
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21.3.7 ADC Event

ADC event can be issued when A/D conversion will be finished. The ADC event of each channel can be selected by
ADEVTL/Hn register.

Figure 21-8 shows the ADC event when chl and 3 are enabled and others are disabled.

Trigger [ ] 1 1 -

ch1 |Conv 1

|
ch? |
|
|

ch3

|

|

), \

ADL/H1n |
r

[Conv W

ADL/H2n

ADL/H3n

|
|
|
|
[Y
ADC Event | | | | | |

Figure 21-8 ADC event when chl and 3 are enabled.

21.3.8 Reading converted data

Note that the converted result data, mapped in SFR address space, pair of Low Side (LSB Side) register and High

Side (MSB Side) register for 16bit value should be assigned on SAME address. In read access, 1% access gets Low Side
data and 2" access receives High Side data.

The LSB/MSB Side is selected by CPU/DSAC access counter. When CPU reads from ADL/H register, CPU counter
is incremented. If ADACCLR.CLRADCCDRCAC bhit is set to 1'b1, the CPU access counter is cleared. After that, the
LSB Side can be read by CPU. When DSAC reads from ADL/H register, DSAC counter is incremented. If

ADACCLR.CLRADCCDRDAC bhit is set to 1'b1, the DSAC access counter is cleared. After that, the LSB Side can be
read by DSAC.

In addition, DSAC can read 16bit data register(ADL/H) directly(not using buffer function) by one read transaction in
word access mode.

21.3.9 Threshold for conversion data update

This function controls ADL/HOn register update. ADL/HOn is updated if the difference between the current
conversion result value (the offset is not included) and the previous one (the offset is not included) is equal or less than

the threshold (ADUPTHH/LOn). The threshold is enabled during ADCn.UPTHOEN=1. The update condition is as
follows:

[{(current conversion result value) - (previous conversion result value)}| =<{(ADUPTHHOn, ADUPTHLOn)}.

The current/previous data comparison starts after ADCn.UPTHOEN=1. Therefore, the previous conversion result

must be valid value for comparison. At first, the valid value should be gotten when ADCn.UPTHOEN is 0, then
ADCn.UPTHOEN should be set to 1 to start the function.

ADNUPCNTN shows the number of non-update times. This register can be cleared by writing 0x00 to ADNUPCNTnN
. _____________________________________________________________________________________________________________________________|
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register. To know ADL/HOn register is not updated, ADNUPCNTn is read when CHO conversion ends interrupt
sequence, and compares its value to the previous one. If the current value is increased from the previous value, the
current conversion result is not written to ADL/HOnN register.
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21.3.10 Initialization sequence

ADC clock selection 1)
Enable ADC module clock ) (1) (2) Please refer the Sec 5 Clock System and set related Register.
Set ADSLN/ADSHN register 3) (3) Enables/Disables conversion channels.In Dual sampling mode, 2 or
more than 2 channels must be enabled.

Set ADEVTL/Hn register 4) (4) Enables/Disables ADI set in “Step and Round Sequence” mode. This
register setting does not need when “Burst until Sequence End” mode
sets program data.

Set ADOH/L(0-9)n register ®) (5) Set conversion data offset for each channel if needed.
Set ADNSMP register (6) (6) Set Sample/Hold time.Default value is 4.
Set ADSM register %) (7) If Dual Sample/Hold mode is enabled, set ADSMn register.
Set ADUPTHL/HON register ® (8) If CHO update threshold function is used, the update threshold value
must be set to ADUPTHL/HON register.
Set ADCn (©)] (9) Set conversion clock speed and conversion mode.

Do not set trigger source this time.

ADENN.EN=1 (20) (10) Enable ADC module

\Wait wakeup time(1us)

Set ADCn.TRG[4:0] (11) (11) Set the trigger source

Enables Peripherals

End

Figure 21-9 Initialization sequence
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21.3.11 Sample/Hold time adjustment

The Sample/Hold time can be selected from 1 to 16 state by ADNSMP register. shows the conversion timing of 12
Sample/Hold time setting(ADNSMP = 0x0B).

21.4 Limitation of ADC10

21.4.1 Disabling ADC
When disabling ADC, please keep following sequence.

(1) Stop ADC trigger source.
(2) Wait until ADT.ADCTRG becomes 1'b1.

(3) Disable ADC (ADENN.EN=0).

21.4.2 Going to standby mode
Note that ADC must be disabled before going to Standby mode.

21.4.3 Clock frequency setting

Table 21-6 shows the combination of the clock frequency setting between CPUCLK and CLKADC_133.
CPUCLK is divided by the Main Divider DIV1, and CLKADC_133 is divided by the DIVO.
(Please refer to the related register in Sec.5 and follow the Table 21-6)

Table 21-6 Supported clock frequency setting for ADC10

ADCn.ADTIME 1(CLKADC _133/2) 0(CLKADC_133/4)
CLKADC 133 1/1 1/2 1/4 1/8 1 1/2 1/4 1/8
1/1 X X X X X X X X
1/2 X X X X X X X X
CPUCLK
1/4 X X X X X X X
1/8 X X X X X

X: supported
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21.4.4 Reading Internal Voltage Sources (AGND, DAC, TEMP) from ADC10

When ADCL10 reads internal voltage sources, such as AGND, DAC and TEMP, which can be internally connected as
ADC10 input, please follow the sequence shown below to get accurate conversion result, because each output
impedance of AGND, DAC and TEMP is higher than expected one by ADC10, in other words, it takes longer than
sampling period of the A/D converter to charge up internal sampling capacitor.

(1) Repeat contiguous A/D conversion 6 times or more on target voltage source (AGND, DAC, or TEMP), and
abandon each conversion result.

(2) Right after above, convert target voltage source (AGND, DAC, or TEMP), so as to get accurate value. Please note
that, during above operation, the ADC10 should convert only target voltage source channel not to corrupt sampled
voltage in ADC10.
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22. High Precision 12 bit SAR ADC

22.1 Overview

The LSI has Single High Precision 12 bit SAR (Successive Approximation Register) AD Converters (ADC2) with
Speed Conversion Rate 1IMSPS. The ADC has maximum 12 inputs and each input has corresponding result register.
Each result can be applied specified Offset Value (Regarding the offset adjustment, please refer to the 22.3.4).

AD Conversion Mode is selected from “Burst until Sequence End” or “Step and Round Sequence”. The sequence
means the order of input channels to be converted. In the mode “Burst until Sequence End”, one trigger can initiate
contiguous burst conversions according to configured sequence. In the mode “Step and Round Sequence”, the
conversion sequence follows configured one but each conversion requires some conversion trigger to start.

AD Conversion time can be selected from slow (half speed) or fast (max speed).

AD Conversion trigger can be selected from external GPIO events, analog comparator events, PWM events or Timer
events. Of course, each ADC can generate interrupt when selected conversion has done. Besides interrupts, All ADC

channel can be became the event source at conversion finish of specified channel (selected the channel from the
ADTRGL/H2 ; multiple selection is acceptable).
Peripheral Bus SFR Bus )

M0 [

[
U

< >
I I I I I I Data Register
o | e 5
B EEE 3 5
SEEEBEE = > -
= == < — CPU Trlgger‘
=] >
< »
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End Event N
Trigger Busy > |ADIEn I
CPU > = nterrupt
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Figure 22-1 Block Diagram of High Precision 12 bit SAR ADC
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Table 22-1 Input/Output Pins

Channel Pin /Sig. Name Description
0 ANEXO0 Analog External 0
1 ANEX2 Analog External 2
2 ANEX4 Analog External 4
3 ANEX6 Analog External 6
4 ANEX16 Analog External 16 ( OPAMPQ,DACO0 )
5 ANEX17 Analog External 17 ( OPAMP1,DACL1)
6 ANEX11 Analog External 11
7 ANEX15 Analog External 15
8 DAC /AGND DAC /Analog GND(1/2 AVCC)
9 AVSS Analog VSS
10 ANEX18 Analog External 18 ( OPAMP2,DAC2)
11 ANEX19 Analog External 19 ( OPAMP3,DAC3)

DAC /AGND selection is determined by DACOUT.CALIB bit, please refer the 23.3.

Table 22-2 Feature of High Precision 12 bit SAR ADC

Item Description Note
Unit Counts Single Unit
Input Channels 12 Inputs/unit
Resolution 12 bit
Sampling Time
Conversion Speed 1MSPS (M samples per second) + Conversion Time
=1000ns

Burst Until Sequence End
Step and Round Sequence

Conversion Trigger Selectable from internal events

Interrupt or Event Output can be generated when
Conversion finished.

Conversion Mode

Interrupt and Event Outputs
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22.2 Register Description

ADC12 has two kind of register group: XBUS register group and SFR group. Table 22-3 shows XDATA-Bus
registers. Table 22-4 and Table 22-5 show SFRs.

Table 22-3 XDATA-Bus registers

Symbol Name Address Initial value
ADC2 ADC Configuration Register 0xF100 0x00
ADSL2 ADC Channel Sequence L Register 0xF102 0x00
ADSH2 ADC Channel Sequence H Register OxF103 0x00
ADEVTL2 ADC Trigger Source L Register 0xF104 0x00
ADEVTH2 ADC Trigger Source H Register 0xF105 0x00
ADNSMP2 ADC Sample/Hold Register 0xF106 0x14
ADEN2 ADC Enable Register OxF107 0x00
ADACCLR2 ADC Access counter clear Register 0xF108 0x00
ADUPTHLO02 ADC Ch0 Update Threshold L Register 0xF109 0x00
ADUPTHHO02 ADC Ch0 Update Threshold H Register | OxF10A 0x00
ADNUPCNT2 | ADC Ch0 Non-update Count Register 0xF10B 0x00
ADEEVS2 ADC Extend Event Select Register OxF10C 0x00
ADOLO2 ADC Ch0 Offset Data L Register 0xF110 0x00
ADOHO02 ADC Ch0 Offset Data H Register OxF111 0x00
ADOL12 ADC Chl Offset Data L Register OxF112 0x00
ADOH12 ADC Chl Offset Data H Register O0xF113 0x00
ADOL22 ADC Ch2 Offset Data L Register OxF114 0x00
ADOH22 ADC Ch2 Offset Data H Register OxF115 0x00
ADOL32 ADC Ch3 Offset Data L Register OxF116 0x00
ADOH32 ADC Ch3 Offset Data H Register OxF117 0x00
ADOLA42 ADC Ch4 Offset Data L Register OxF118 0x00
ADOH42 ADC Ch4 Offset Data H Register O0xF119 0x00
ADOLS52 ADC Ch5 Offset Data L Register OxF11A 0x00
ADOH52 ADC Ch5 Offset Data H Register 0xF11B 0x00
ADOLG62 ADC Ch6 Offset Data L Register OxF11C 0x00
ADOHG62 ADC Ch6 Offset Data H Register OxF11D 0x00
ADOL72 ADC Ch7 Offset Data L Register OxF11E 0x00
ADOH72 ADC Ch7 Offset Data H Register OxF11F 0x00
ADOLS82 ADC Ch8 Offset Data L Register 0xF120 0x00
ADOH82 ADC Ch8 Offset Data H Register O0xF121 0x00
ADOL92 ADC Ch9 Offset Data L Register 0xF122 0x00
ADOH92 ADC Ch9 Offset Data H Register 0xF123 0x00
ADOLA2 ADC Ch10 Offset Data L Register 0xF124 0x00

. _____________________________________________________________________________________________________________________________|
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Symbol Name Address Initial value
ADOHA2 ADC Ch10 Offset Data H Register OxF125 0x00
ADOLB2 ADC Ch10 Offset Data L Register OxF126 0x00
ADOHB ADC Ch11 Offset Data H Register OxF127 0x00
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Table 22-4 SFR (each unit)

Symbol Name Address Initial value
ADLO2 ADC Ch0 Data L 0x9B 0x00
ADHO02 ADC ChO0 Data H 0x9B 0x00
ADL12 ADC Chl Data L O0xA3 0x00
ADH12 ADC Chl Data H O0xA3 0x00
ADL22 ADC Ch2 Data L O0xAB 0x00
ADH22 ADC Ch2 Data H O0xAB 0x00
ADL32 ADC Ch3 Data L 0xB3 0x00
ADH32 ADC Ch3 Data H 0xB3 0x00
ADLA42 ADC Ch4 Data L 0xBB 0x00
ADH42 ADC Ch4 Data H 0xBB 0x00
ADL52 ADC Ch5 Data L 0xC3 0x00
ADH52 ADC Ch5 Data H 0xC3 0x00
ADLG2 ADC Ch6 Data L 0xCB 0x00
ADH62 ADC Ché Data H 0xCB 0x00
ADL72 ADC Ch7 Data L 0xD3 0x00
ADH72 ADC Ch7 Data H 0xD3 0x00
ADLS82 ADC Ch8 Data L 0xDB 0x00
ADH82 ADC Ch8 Data H 0xDB 0x00
ADL92 ADC Ch9 Data L OxE3 0x00
ADH92 ADC Ch9 Data H OxE3 0x00
ADLA2 ADC Ch10 Data L OxEB 0x00
ADHA2 ADC Ch10 Data H OxEB 0x00
ADLB?2 ADC Chll Data L 0x8B 0x00
ADHB?2 ADC Chll Data H 0x8B 0x00

Table 22-5 SFR (common)

Symbol Name Address Initial value
ADT Mix ADC CPU Trigger Register | OxF1 0x00
ADI Mix ADC Interrupt Register 0xF2 0x00
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22.2.1 ADC Configuration Register (ADC2)

Register ADC2 ADC Configuration Register Address | 0xF100
Bit Bit Name R/W | Initial Description Note
7 UPTHOEN RIW |0 CHO update threshold enable
0: disable
1: enable
6 ADMODE RIW |0 ADC Conversion Mode

0: Burst until Sequence End

(Output interrupt after last sequence)

1: Step and Round Sequence

(Output interrupt at each step)

5 ADTIME RIW |0 ADC Conversion Time

0: Slow (CLKADC2/ 2)

1: Fast (CLKADC2?)

ADC Trigger Source

00000: CPU

00001: GPIOO0 Event for ADC (neg edge)
00010: GPIOO0 Event for ADC (pos edge)
00011: GPIOO Event for ADC (both edge)
00100: GPIO1 Event for ADC (neg edge)
00101: GPIO1 Event for ADC (pos edge)
00110: GPIOL1 Event for ADC (both edge)
00111: GPIO2 Event for ADC (neg edge)
01000: GPIO2 Event for ADC (pos edge)
01001: GPIO2 Event for ADC (both edge)
01010: GPIO3 Event for ADC (neg edge)
01011: GPIO3 Event for ADC (pos edge)
01100: GPIO3 Event for ADC (both edge)
01101: Comparator 0 (pulse)

01110: Comparator 1 (pulse)

01111: Comparator 2 (pulse)

10000: Comparator 3 (pulse)

10001: TIMERO-CMO (pulse)

10010: TIMERO-CM1 (pulse)

10011: TIMER1-CMO (pulse)

10100: TIMER1-CM1 (pulse)

10101: PWMO-EVENTO (pulse)

10110: PWMO-EVENT1 (pulse)

10111: PWM1-EVENTO (pulse)

11000: PWM1-EVENT1 (pulse)

11001: PWM2-EVENTO(pulse)

11010: PWM2-EVENT1 (pulse)

11011: PWM3-EVENTO (pulse)

11100: PWM3-EVENT1 (pulse)
11101~11110: CPU

11111: See ADEEVS register
UPTHOEN, ADMODE and ADTIME in ADC2 register should be written when ADEN2.EN=0.
Setting ADEN2.EN=1 and waiting 1ps, then ADC Trigger Source should be written into ADTRG[4:0].

ADTRG4 R/W
ADTRG3 R/W
ADTRG2 R/W
ADTRG1 R/W
ADTRGO R/W

O | N Wl &
o O o] o o
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22.2.2 ADC Channel Sequence L Register (ADSL2)

Register ADSL2 ADC Channel Sequence L  Register Address | 0xF102
Bit Bit Name R/W | Initial Description Note
7 CHSEQ7 RIW |0 Channel 7 Sequence
6 CHSEQ6 RIW |0 Channel 6 Sequence
5 CHSEQ5 RIW |0 Channel 5 Sequence
4 CHSEQ4 RIW |0 Channel 4 Sequence
3 CHSEQ3 RIW |0 Channel 3 Sequence
2 CHSEQ2 RIW |0 Channel 2 Sequence
1 CHSEQ1 RW |0 Channel 1 Sequence
0 CHSEQO RW |0 Channel 0 Sequence
ADSL2 register must be written when ADEN2.EN=0.
22.2.3 ADC Channel Sequence H Register (ADSH2)
Register ADSH?2 ADC Channel Sequence H Register Address | 0xF103
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved 0 Read value is 0. Write only 0.
5 reserved 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 CHSEQ11 RIW |0 Channel 11 Sequence.
2 CHSEQ10 RIW |0 Channel 10 Sequence.
1 CHSEQ9 RIW |0 Channel 9 Sequence
0 CHSEQ8 RIW |0 Channel 8 Sequence

ADSH2 register must be written when ADEN2.EN=0.

Note: Channel Sequence is configured as follows.

ADSH2 ADSL?2 Conversion Sequence

0b00000000 0b00000001 CHO>CHO0>CHO>CHO0->...

0b00000000 0b00001000 CH3->CH3->CH3->CH3-...

0b00000000 0b00000011 CHO>CH1->CHO0>CH1~>...

0b00000000 0b00111100 CH2->CH3->CH4->CH5->CH2->CH3->CH4->CH5-> ...
0b00000000 Ob11111111 CHO>CH1->CH2->CH3>CH4->CH5>CH6>CH7-> ...
0b00000010 0b10001000 CH3->CH7->CH9->CH3->CH7->CH9->...
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22.2.4 ADC Event Source L Register (ADEVTL2)

Register ADEVTL2 ADC Event Source L Register Address | 0xF104
Bit Bit Name R/W | Initial Description Note
7 EVTCH7 RW |0 Choose ADC Output Trigger
0: The channel finish is not included in output
6 EVTCH6 RW |0 trigger.
5 EVTCHS5 RW |0 1: The channel finish is included in output trigger.
4 EVTCH4 RIW |0
3 EVTCH3 RIW |0
2 EVTCH2 RIW |0
1 EVTCH1 RIW |0
0 EVTCHO RIW |0

ADEVTL2 register must be written when ADEN2.EN=0.

22.2.5 ADC Event Source H Register (ADEVTH?2)

Register ADTRGH2 ADC Event Source H Register Address | 0xF105
Bit Bit Name R/W | Initial Description Note

7 reserved R 0 Read value is 0. Write only 0.

6 reserved 0 Read value is 0. Write only 0.

5 reserved 0 Read value is 0. Write only 0.

4 reserved R 0 Read value is 0. Write only 0.

3 EVTCHIL RW 10 Choose ADC Output Trigger

2 EVTCH10 RIW |0 0: The channel finish is not included in output

1 EVTCHS RW 10 t1r:fggl'ehr(.a channel finish is included in output

0 EVTCHS RIW |0 trigger.

ADEVTH2 register must be written when ADEN2.EN=0.

22.2.6  ADC Sample/Hold Time Register (ADNSMP2)

Register ADNSMP2 ADC Sample/Hold Time Register Address | 0xF106
Bit | Bit Name R/W | Initial Description Note
ASNSMP2[7] | RIW Sample/Hold state
0x00: 0 state(don’t set)
ASNSMP2[6] | RIW 0x01: 1 state(don’t set)
ASNSMP2[5] | R/W 0x02: 2 state(don’t set)
ASNSMP2[4] | RIW 0x14:20 state (default)
ASNSMP2[3] | R/IW
ASNSMP2[2] | R/IW

OXFF: 255 state
ASNSMP2[1] | R/IW
0 ASNSMP2[0] | RI'W | O

ADNSMP?2 register must be written when ADEN2.EN=0.

PRI DO |
Ok, | O, |O|O| O
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22.2.7 ADC Enable Register (ADENZ2)

Register ADEN2 ADC Enable Register Address | 0xF107
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 EN RIW |0 ADC Enable
0: ADC Disabled
1: ADC Enabled
Activate the ADC.

22.2.8 ADC Access Counter Clear Register (ADACCLR?2)

Register ADACCLR2 ADC Access Counter Clear Register Address | 0xF108
Bit Bit Name R/W | Initial Description Note
7 CLRADCCDR | R/W 0 Clear ADC Conversion Data Register CPU Access
CAC Counter
0: No effect

1: Register CPU Access counter clear

Read : No Request

Write 0: No effect

Write 1: Clear Register CPU Access counter.
(Clear CPU SFR access counter.)

6 CLRADCCDR | R/W | 0 Clear ADC Conversion Data Register DSAC Access
DAC Counter
0: No effect

1: Register DSAC Access counter clear

Read : No Request

Write 0: No effect

Write 1: Clear Register DSAC Access counter.
(Clear DSAC SFR access counter.)

5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 reserved R 0 Read value is 0. Write only 0.
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22.2.9 ADC Ch0 Update Threshold L Register (ADUPTHL02)

Register ADUPTHL02 ADC Ch0 Update Threshold L Register Address | 0xF109
Bit Bit Name R/W | Initial Description Note

7 UPTH7 RW |0 Unsigned CHO update threshold value

6 UPTH6 RIW |0

5 UPTH5 RIW |0

4 UPTH4 RIW |0

3 UPTH3 RIW |0

2 UPTH2 RIW |0

1 UPTH1 RIW |0

0 UPTHO RIW |0

ADUPTHLO2 register must be written when ADEN2.EN=0.

22.2.10 ADC Ch0 Update Threshold H Register (ADUPTHHO02)

Register ADUPTHHO02 ADC Ch0 Update Threshold H Register Address | OxF10A
Bit Bit Name R/W | Initial Description Note

7 reserved R 0 Read value is 0. Write only 0.

6 reserved 0 Read value is 0. Write only 0.

5 reserved 0 Read value is 0. Write only 0.

4 reserved R 0 Read value is 0. Write only 0.

3 UPTH11 RIW |0 Unsigned CHO update threshold value

2 UPTH10 R/W 0

1 UPTH9 R/W 0

0 UPTHS RIW |0

ADUPTHHO02 register must be written when ADEN2.EN=0.

22.2.11 ADC Ch0 Non-update Count Register (ADNUPCNT2)

Register ADNUPCNT2 ADC Ch0 Non-update Count Register Address | OxF10B
Bit Bit Name R/W | Initial Description Note
7 NUPCNT? | RW |0 ChO Non-update counts
The number of the times of ADL/H02 register
6 NUPCNT6 | RIW | 0 being not updated.
5 NUPCNT5 RW |0 This register can be cleared by writing 0x00.
4 NUPCNT4 | R/W |0
3 NUPCNT3 | R/W |0
2 NUPCNT2 |R/W |0
1 NUPCNT1 |R/W |0
0 NUPCNTO | R/W |0
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22.2.12 ADC Extend Event Select Register (ADEEVS2)

Register ADEEVS2 ADC Extend Event Select Register Address | 0xF10C
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved 0 Read value is 0. Write only 0.
4 ADTRG4 RW |0 ADC Trigger Source
00000: GP104 Event for ADC (neg edge)
3 ADTRG3 RIW | 0 00001: GP104 Event for ADC (pos edge)
2 ADTRG2 R/W 0 00010: GP104 Event for ADC (both edge)
00011: GPIO5 Event for ADC (neg edge)
1 ADTRG1 RIW |0

00100: GPIOS5 Event for ADC (pos edge)
00101: GPIO5 Event for ADC (both edge)
00110: reserved

00111: reserved

01000: reserved

01001: Comparator 4 (pulse)

01010: Comparator 5 (pulse)

01011: TIMER2-CMA (pulse)

0 ADTRGO RIW |0 01100: TIMER2-CMB (pulse)

01101: TIMER3-CMA (pulse)

01110: TIMER3-CMB (pulse)

01111: reserved

10000: reserved

10001: reserved

10010: reserved

Others are reserved. Do not set.
ADEEVS?2 register must be written when ADEN2.EN=0.
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22.2.13 ADC ChX Offset Data L Register ,X=0-9,A,B (ADOLX2)

Register ADOLO02 ADC ChO Offset Data L Register Address OxF110
Register ADOL12 ADC Chl Offset Data L Register Address OxF112
Register ADOL22 ADC Ch2 Offset Data L Register Address OxF114
Register ADOL32 ADC Ch3 Offset Data L Register Address OxF116
Register ADOL42 ADC Ch4 Offset Data L Register Address OxF118
Register ADOL52 ADC Ch5 Offset Data L Register Address OxF11A
Register ADOL62 ADC Ch6 Offset Data L Register Address OxF11C
Register ADOL72 ADC Ch7 Offset Data L Register Address OxF11E
Register ADOLS82 ADC Ch8 Offset Data L Register Address 0xF120
Register ADOL92 ADC Ch9 Offset Data L Register Address OxF122
Register ADOLA2 ADC Ch10 Offset Data L Register Address OxF124
Register ADOLB?2 ADC Ch11 Offset Data L Register Address OxF126
Bit Bit Name R/W | Initial Description Note

7 ADOFFSET? | RIW | 0 Signed 13 bit ADC Offset Data L

5 ~DorrseTe T rw 1o bit 7 — bit O are stored.

5 ADOFFSET5 R/W |0

4 ADOFFSET4 | R/W | O

3 ADOFFSET3 RW |0

2 ADOFFSET2 RW |0

1 ADOFFSET1 RW |0

0 ADOFFSETO | R/W | 0O

ADOLO02-B2 register must be written when ADEN2.EN=0.
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22.2.14 ADC ChX Offset Data H Register, X=0-9,A,B (ADOHX2)

Register ADOH02 ADC ChO Offset Data H Register Address OxF111
Register ADOH12 ADC Chl Offset Data H Register Address OxF113
Register ADOH22 ADC Ch2 Offset Data H Register Address OxF115
Register ADOH32 ADC Ch3 Offset Data H Register Address OxF117
Register ADOH42 ADC Ch4 Offset Data H Register Address OxF119
Register ADOH52 ADC Ch5 Offset Data H Register Address O0xF11B
Register ADOH62 ADC Ch6 Offset Data H Register Address O0xF11D
Register ADOHT72 ADC Ch7 Offset Data H Register Address OxF11F
Register ADOH82 ADC Ch8 Offset Data H Register Address OxF121
Register ADOH92 ADC Ch9 Offset Data H Register Address O0xF123
Register ADOHA2 ADC Ch10 Offset Data H Register Address OxF125
Register ADOHB2 ADC Ch11 Offset Data H Register Address OxF127
Bit | Bit Name R/W | Initial Description Note

7 reserved 0 Read value is 0. Write only 0.

6 reserved 0 Read value is 0. Write only 0.

5 reserved R 0 Read value is 0. Write only 0.

4 ADOFFSET12 | RIWW | 0 Signed 13 bit ADC Offset Data H

3 ~oorrsET | Rw 1o bit 12 — bit 8 are stored.

2 ADOFFSET10 | R/W 0

1 ADOFFSET9 R/W 0

0 ADOFFSETS8 R/W 0

ADOHO02-B2 register must be written when ADEN2.EN=0
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22.2.15 ADC ChX Data L Register, X=0-9,A,B (ADLX2)

Reqgister ADLO02 ADC ChO0 Data L Register Address 0x9B

Reqgister ADL12 ADC Chl Data L Register Address OxA3

Reqgister ADL22 ADC Ch2 Data L Register Address 0xAB

Reqgister ADL32 ADC Ch3 Data L Register Address 0xB3

Reqgister ADL42 ADC Ch4 Data L Register Address 0xBB

Register ADL52 ADC Ch5 Data L Register Address 0xC3

Register ADLG62 ADC Ch6 Data L Register Address 0xCB

Register ADL72 ADC Ch7 Data L Register Address 0xD3

Register ADLS82 ADC Ch8 Data L Register Address 0xDB

Register ADL92 ADC Ch9 Data L Register Address OxE3

Register ADLA2 ADC Ch10 Data L Register Address OXEB

Reqgister ADLB2 ADC Ch11 Data L Register Address 0x8B

Bit Bit Name R/W | Initial Description Note

7 ADDATA7 R 0 Signed 16 bit ADC Conversion Data L

5 ADDATAG = 0 bit 7 — bit O are stored.

5 ADDATA5 | R 0 This value is already applied an offset specified by
ADOL/HX2 like as

4 ADDATA4 | R 0 “Raw ADC Value + ADOL/HX2”

3 ADDATA3 R 0 (14bit operation)

2 ADDATAZ? R 0

1 ADDATA1 R 0

0 ADDATAO R 0
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22.2.16 ADC ChX Data H Registerr, X=0-9,A,B (ADHX2)

Reqgister ADHO02 ADC Ch0 Data H Register Address 0x9B
Reqgister ADH12 ADC Chl Data H Register Address OxA3
Reqgister ADH22 ADC Ch2 Data H Register Address 0xAB
Reqgister ADH32 ADC Ch3 Data H Register Address 0xB3
Reqgister ADH42 ADC Ch4 Data H Register Address 0xBB
Reqgister ADH52 ADC Ch5 Data H Register Address 0xC3
Reqgister ADH62 ADC Ch6 Data H Register Address 0xCB
Reqgister ADH72 ADC Ch7 Data H Register Address 0xD3
Reqgister ADH82 ADC Ch8 Data H Register Address 0xDB
Reqgister ADH92 ADC Ch9 Data H Register Address OxE3
Reqgister ADHA2 ADC Ch10 Data H Register Address OxEB
Reqgister ADHB2 ADC Ch11 Data H Register Address 0x8B
Bit | Bit Name R/W | Initial Description Note
7 ADDATA15 | R 0 Signed 16 bit ADC Conversion Data H

bit 15 — bit 8 are stored.
6 ADDATA14 R 0
5 ADDATA13 | R 0 This value is already applied an offset specified

by ADOH/LX2 like as
4 ADDATA12 R 0 “Raw ADC Value + ADOX2”
o [aoomain [R o | Gty
2 ADDATAI10 R 0
1 ADDATA9 R 0
0 ADDATAS R 0

22.2.17 ADC Trigger Register (ADT)
Please refer to the 21.2.18 ADC Trigger Register (ADT) in Sec 21 High Speed 10 bit SAR ADC.

22.2.18 ADC Interrupt Register (ADI)
Please refer to the 21.2.19 ADC Interrupt Register (ADI) in Sec 21 High Speed 10 bit SAR ADC
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22.3 Operation

22.3.1 Basic operation

ADC is activated when ADEN2.EN bit is set to 1'b1. The AD conversion starts when ADC is active and a conversion
trigger from one of the peripherals is received. The AD Conversion trigger can be selected from CPU, external GPIO
events, analog comparator events, PWM events or Timer events by ADC2.ADTRG[4:0] bits and ADEEVS2 register.
The CPU trigger can be generated by ADT.ADCTRGRn bit that is mapped in SFR address space.

AD Conversion time can be selected from slow (half speed) or fast (full speed) by ADC2.ADTIME bit.
Figure 22-2 Basic conversion sequence.
A/D conversion of a channel spends 50 cycles of ADCLK.

CLKADC2 |||||||||||
12 3 19 20 21 22 23 24 25 26 45 46 47 48 49 50
ADCLK (ADTIME=1) | | | | | | | | | | | |
Trigger | |
CHx IDLE | Sample/Hold | Conversion | IDLE
DATA DATA

Figure 22-2 Basic conversion sequence

ADC has 12 analog channels at most. The conversion of each channel can be enabled by ADSL/H2 register. The
conversion starts from the youngest enabled number channel.
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22.3.2 Conversion Mode

AD Conversion Mode is selected from “Burst until Sequence End” or “Step and Round Sequence” by
ADC2.ADMODE bit. The sequence means the order of input channels to be converted.

Besides interrupts, ADC2 unit generates 4 trigger pulses at conversion finish of specified channel (selected from only 0
to 7; multiple selection is OK).

22.3.2.1. Burst until Sequence End mode

In the mode “Burst until Sequence End”, one trigger can initiate contiguous burst conversions according to
configured sequence.

(1) When the start trigger that is selected by ADC2.ADTRG[4:0] bit is detected, A/D conversion starts in younger
channel order which is selected by ADSL/H2 register.

(2) When A/D conversion of a channel finished, the converted data is written to corresponding data register
(ADLX2/ADHX2).

(3) If there are un-converted channel, A/D conversion of the next younger channel starts just after finishing the
previous A/D conversion. After that, go back to (2).

(4) A/ID conversions of all channels are finished, ADI.ADIF bit is set to 1'bl. If ADI.LADIE=1, ADI interrupt is
issued to CPU.

trigger

chi [Conv A
ch2 Conv I\|
ch3 l Conv I\|
ADL/H12 M | |
1 |
ADL/H22 M \\
ADL/H32 M
ADlinterrupt
Figure 22-3 Burst until Sequence End mode.
|
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22.3.2.2. Step and Round Sequence Mode

In the mode “Step and Round Sequence”, the conversion sequence follows configured one but each conversion
requires some conversion trigger to start.

(1) When the start trigger that is selected by ADC2.ADTRG[4:0] bit and ADEEVS register is detected, A/D
conversion starts in younger channel order which is selected by ADSL/HX2 register.

(2) When A/D conversion of a channel finished, the converted data is written to corresponding data register
(ADLX2/ADHX2).

(3) ADC.ADIF is set to 1'bl if the corresponding ADEVTL/H2 register bit is set to 1'b1. If ADI.ADIE=1, ADI
interrupt is issued to CPU.

(4) The next start trigger is detected, the next younger channel of A/D conversion which is selected by ADSL/H2
register.

Trigger
chi [Conv | [Conv |
| |
ch2 | [Conv | |
| | |
ch3 | \\ [Conv |\| \\
ADL/H12 L \\ \\ M
ADL/H22 M \\
ADL/H32 v
ADI interrput +
cleard by CPU

cleard by CPU cleard by CPU cleard by CPU

Figure 22-4 Step and Round Sequence mode.

]
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22.3.3 Conversion start trigger

AJD conversion starts when detecting selected A/D conversion trigger. A/D conversion start trigger can be selected by
ADC2.ADTRG[4:0]. Only one conversion trigger during A/D conversion is hold, and issues after the current
conversion is finished, then the next conversion will start. The conversion trigger is not accepted when ADEN2=0 or all
channels are not selected (ADSL/H2=0x00).

22.3.4 Converted data offset adjustment

The offset adjustment can be done for converted data by ADOL/HX2 register. The bit length of adjusted value is
extended from 14 bit to 16 bit.

ADOH/LX2.ADATA_tmp[13:0] = RAW_ADC_Value{2'b00,[11:0]}
+ OFFSET{[12],[12:0]}

ADOH/LX2.ADATA[15:0] = RAW_ADC_Value_tmp{[13],[13],[13:0]}
ADOH/LX2.ADATA[15:0] : ADL/HX2 register bit, X is unit-X's channel.

RAW_ADC Value[11:0]: Conversion result value
OFFSET[12:0] : Signed, ADOH/LX2 register bit, X is unit-X's channel.

ADOHX register[4:0] ADOLX register[7:0]
Converted data 12bit (Unsigned) Offset | 5 13bit (Signed)
Result value S 14bit(Signed)
sign bit extension __ :
Result |gig g 16biti(Signed)
i - - S : Sign bit
ADHX register[7:0] ADLX register[7:0]

Figure 22-5 Converted data
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22.3.5 Interrupts
If ADI.LADIEN=1, CPU interrupt can be occurred when ADI.ADIFn=1(n=0 or 1).
22.3.6 ADC Event

ADC event can be issued when A/D conversion is finished. The ADC event of each channel can be selected by
ADEVTL/H2 register. Figure22-6 shows the ADC event when ch0 and 3 are enabled, others are disabled.

Trigger [ [ ] [ [

chi [Conv ||

[Conv

ch3

|
ch? | [Conv A
| |
| \
ADL/H12 L \\
M

|
|t

<4

ADL/H22

ADL/H32

\
|
|
v
ADC Event [ ] [ ] [ ]

Figure 22-6 ADC event when chl and 3 are enabled.

22.3.7 Reading converted data

Note that the converted result data, mapped in SFR address space, pair of Low Side (LSB Side) register and High

Side (MSB Side) register for 16 bit value should be assigned on SAME address. In read access, 1* access gets Low Side
data and 2" access receives High Side data.

The LSB/MSB Side is selected by CPU/DSAC access counter. When CPU reads from ADL/HX2 register, CPU
counter is incremented. If ADACCLR2.CLRADCCDRCAC bit is set to 1'b1, the CPU access counter is cleared. After
that, the LSB Side can be read by CPU. When DSAC reads from ADL/HX2 register, DSAC counter is incremented. If

ADACCLR2.CLRADCCDRDALC bit is set to 1'b1, the DSAC access counter is cleared. After that, the LSB Side can be
read by DSAC.

22.3.8 Threshold for conversion data update

This function controls ADL/HO2 register update. ADL/HO2 is updated if the difference between the current
conversion result value (the offset is not included) and previous one (the offset is not included) are equal or less than the
threshold(ADUPTHH/L02). The threshold is enabled during ADC2.UPTHOEN=1. The update condition is as follows:

[{(current conversion result value) - (previous conversion result value}}| =< {(ADUPTHHO02, ADUPTHLO02)}.

The current/previous data comparison starts after ADC2.UPTHOEN=1. Therefore, the previous conversion result

must be valid value for comparison. At first, the valid value should be gotten when ADC2.UPTHOEN, then
ADC2.UPTHOEN should be set to 1 to start the function.

ADNUPCNT?2 shows the number of non-update times. This register can be cleared by writing 0x00 to ADNUPCNT2
register. To know ADL/HO2 register is not updated, ADNUPCNT?2 is read when CHO conversion end interrupt sequence,

and compare its value to previous one. If the current value is increased from previous value, the current conversion
result is not written to ADL/HO2 register.
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22.3.9 Initialization sequence

ADC clock selection (1)
Enable ADC module clock 2) (1) (2) Please see CLKC specification documents.
Set ADSL2/ADSH2 register 3) (3) Enables/Disables conversion channels.In Dual sampling mode, 2 or
more than 2 channels must be enabled.

Set ADEVTL/H2 register 4) (4) Enables/Disables ADI set when “Step and Round Sequence” mode.
This register setting do not need when “Burst until Sequence End”
mode Set program data..

Set ADOH/L02-92 register ®) (5) Set conversion data offset for each channel if needed.
Set ADNSMP?2 register (6) (6) Set Sample/Hold time. Default value is 20.
Set ADUPTHOL/H2 register (@) (7) If CHO update threshold function is used, the update threshold value
must be set to ADUPTHOL/H2 register.
Set ADC2 (8) (8) Set the trigger source, conversion clock speed and conversion mode.
ADEN2.EN=1 9) (9) Enable ADC module

Enables Peripherals

End
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22.4 Limitation of ADC12

22.4.1 Disabling ADC
When disabling ADC, please keep following sequence.

(1) ADC Trigger Source select CPU Trigger by setting the ADC2.ADTRG[4:0] to 5°b00000, then other =~ ADC
trigger source can be ignored. If ADTRG[4:0] is not 5’b00000, Trigger Source from peripheral must be stop by
each peripheral.

(2) Wait until ADT.ADCTR2G becomes 1'b0. Please refer to 21.2.16.
(3) Disable ADC(ADEN2.EN=0).

22.4.2 Going to standby mode
Note that ADC must be disabled before going to Standby mode.

22.5 Reading Internal VVoltage Sources (AGND, DAC) from ADC12

When ADC12 reads internal voltage sources, such as AGND and DAC which can be internally connected as ADC12
input, please follow the sequence shown below to get accurate conversion result, because each output impedance of
AGND and DAC is higher than expected one by ADC12, in other words, it takes longer than sampling period of the
AJ/D converter to charge up internal sampling capacitor.

(1) Repeat contiguous A/D conversion 2 times or more on target voltage source (AGND or DAC), and abandon each
conversion result.

(2) Right after above, convert target voltage source (AGND or DAC), so as to get accurate value. Please note that,
during above operation, the ADC12 should convert only target voltage source channel not to corrupt sampled voltage in
ADC12.

22.6 Caution of operation

22.6.1 Restriction about the conversion time of the 12 bits ADC

(1) Description
When conversion time of the 12 bits ADC is set to slow mode, conversion results are corrupted.

(2) Condition
If ADTIME bit of ADC2(ADC Configuration Register) is set to 0 (slow mode), conversion results are corrupted.

(3) Countermeasure
ADTIME bit of ADC2(ADC Configuration Register) should be set to 1 (fast mode).
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23. 10 bit DAC

23.1 Overview

The LSI has four 10 bit DA Converter. DA output levels are updated by CPU, DSAC, Comparator Events, Timer
Events or PWM Events.

Table 23-1 Feature of High Precision 10bit DAC

Item Description Note

Unit Counts Four Units
Resolution 10bit

Conversion Speed See Electrical Characteristics of 10bit DAC

CPU Writing
DSAC Writing
Comparator Events
Timer Events
PWM Events

Output
Update Event

23.2 Block Diagram

<——>{ DACOUTO

(1) —
CMPO-5 — *| Update trigger

TMRO-3
PWMO- 5 "

—_—
DAUPDI5:0]
MIXDACO DAEN -
6 0—X] ANEX9

\ [\ 10bit Y ANEX16
DACACCLR MIXDAHO MIXDARDOH |~ ﬂ%@ —X
Yy
10bit Outpuf data DAC [t—o0o—— ToADC12

To CMP

CALIB
SELT

XDATA-Bus
L)

MIXDARDOL

MIXDALO

(1)CPU/DSAC update trigger DACO

SFR-Bus
@:ontrol
[}
Y

- LLo_x ANEX11
10bit [}—6o—{x ANEX17
} 5o—» ToADCI2

DAC1pPl DAC |l , wcwe

lj)Lo—g ANEX13

[l P 10bit [ 1So—x anEx1s
AR ] —00——» ToADCI2
DAC2P{ DAC |, wowe

lj)LO—‘X ANEX15
™ 10bit [;—{co—{x ANEX19

Jo__, ToADCI2

1] DAC3 DAC (L, Tocwmp

¥

Interconnect
[}

¥

Figure 23-1 Block Diagram of 10bit DAC
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23.3 Register Description

Table 23-2 List of XBUS Registers

Symbol Name Address Initial value
MIXDACO Mix DAC Configuration 0xF200 0x00
DACOUTO Mix DAC Output select Register 0xF201 0x00
MIXDARDOL Mix DAC Read Data L 0xF202 0x00
MIXDARDOH Mix DAC Read Data H 0xF203 0x00
DACACCLR Mix DAC Access Counter Clear Register 0xF204 0x00
MIXDAC1 Mix DAC1 Configuration 0xF208 0x00
DACOUT1 Mix DAC1 Output select Register 0xF209 0x00
MIXDARDI1L Mix DAC1 Read Data L O0xF20A 0x00
MIXDARD1H Mix DAC1 Read Data H 0xF20B 0x00
MIXDAC2 Mix DAC2 Configuration 0xF210 0x00
DACOUT2 Mix DAC2 Output select Register OxF211 0x00
MIXDARD2L Mix DAC2 Read Data L O0xF212 0x00
MIXDARD2H Mix DAC2 Read Data H 0xF213 0x00
MIXDAC3 Mix DAC3 Configuration 0xF218 0x00
DACOUT3 Mix DAC3 Output select Register 0xF219 0x00
MIXDARD3L Mix DAC3 Read Data L OxF21A 0x00
MIXDARD3H Mix DAC3 Read Data H 0xF21B 0x00

Table 23-3 List of SFR BUS Registers

Symbol Name Address \I/r;iltlﬁl
MIXDAOL Mix DACO Data L 0x96 0x00
MIXDAOH Mix DACO Data H 0x96 0x00
MIXDAIL Mix DAC1 Data L 0x95 0x00
MIXDA1H Mix DAC1 Data H 0x95 0x00
MIXDA2L Mix DAC2 Data L 0x92 0x00
MIXDA2H Mix DAC2 Data H 0x92 0x00
MIXDA3L Mix DAC3 Data L 0x93 0x00
MIXDA3H Mix DAC3 Data H 0x93 0x00

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 23-2
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

23.3.1 Mix DACn Configuration (MIXDACn)

Register MIXDACO Mix DACO Configuration Address 0xF200
Register MIXDAC1 Mix DAC1 Configuration Address 0xF208
Register MIXDAC2 Mix DAC2 Configuration Address 0xF210
Register MIXDAC3 Mix DAC3 Configuration Address 0xF218
Bit Bit Name R/W | Initial Description Note
7 DAEN RIW |0 DAC Enable

0: Disabled

1: Enabled

Data register format
6 DFORM RIW |0 0: fractional(dddd dddd dd00 0000)

1: integer(0000 00dd dddd dddd)

5 DAUPD5 RW |0 DAC Update Timing
00000: Immediate Update by CPU or DSAC
4 DAUPD4 RIW | 0 writing to MIXDAH register
3 DAUPD3 RW |0 001000: Comparator O (pulse)
001001: Comparator 1 (pulse)
2 DAUPD2 RIW |0 001010: Comparator 2 (pulse)
1 DAUPD1 RW |0 001011: Comparator 3 (pulse)
001100: TIMERO-CMA (pulse)
0 DAUPDO RIW |0

001101: TIMERO-CMB (pulse)
001110: TIMER1-CMA (pulse)
001111: TIMER1-CMB (pulse)
010000: PWMO-EVENTO (pulse)
010001: PWMO-EVENT1 (pulse)
010010: PWM1-EVENTO (pulse)
010011: PWM1-EVENT1 (pulse)
010100: PWM2-EVENTO (pulse)
010101: PWM2-EVENT1 (pulse)
010110: PWMB3-EVENTO (pulse)
010111: PWMB3-EVENT1 (pulse)
011000: Comparator 4 (pulse)
011001: Comparator 5 (pulse)
011010: TIMER2-CMA (pulse)
011011: TIMER2-CMB (pulse)
011100: TIMER3-CMA (pulse)
011101: TIMER3-CMB (pulse)
011110: PWM4-EVENTO (pulse)
011111: PWM4-EVENT1 (pulse)
100000: PWM5-EVENTO (pulse)
100001: PWM5-EVENT1 (pulse)
Others are reserved. Do not set.
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23.3.2 Mix DACn Data L (MIXDAnNL)

Reqgister MIXDAOL Mix DACO Data L Address 0x96
Reqgister MIXDALL Mix DAC1 Data L Address 0x95
Reqgister MIXDA2L Mix DAC2 Data L Address 0x92
Reqgister MIXDA3L Mix DAC3 Data L Address 0x93
Bit Bit Name R/W | Initial Description Note
7 DADATA7 RIW |0 DAC Conversion Data L

5 DADATAG =W 1o See MIXDATAH Description

5 DADATAS RIW |0

4 DADATA4 RIW |0

3 DADATA3 RIW |0

2 DADATA2 RIW |0

1 DADATA1 R/W 0

0 DADATAO R/W 0

23.3.3 Mix DACn Data H (MIXDANH)

Register MIXDAOH Mix DACO Data H Address 0x96
Register MIXDA1H Mix DAC1 Data H Address 0x95
Reqgister MIXDA2H Mix DAC2 Data H Address 0x92
Reqgister MIXDA3H Mix DAC3 Data H Address 0x93
Bit Bit Name R/W | Initial Description Note
7 DADATA15 R/W 0 DAC Conversion Data H
If DFORM==0, the data is stored in bit15-6,

6 DADATAL4 | RIW |0 1°b0 are always read in bit5-0.
5 DADATA13 R/W 0 If DFORM==1, the data is stored in b|t9—0,

1°b0 are always read in bit15-10.
4 DADATA12 RIW |0

be updated when CPU sets MIXDAHXx (2nd
2 DADATALI0 | RW |0 access) or DSAC sets MIXDATAHXx(word
1 DADATAO RW |0 access or 2nd access in byte access mode).

If DAUPDN != 6’b000000, the DA output will

be updated when specified update trigger is
0 DADATAS RW |0 issued. Thus, MIXDALx and MIXDAHXx

should be valid prior to update trigger.
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23.3.4 Mix DACn Read Data L (MIXDARDnNL)

Register MIXDARDOL Mix DACO Read Data L Address 0xF202
Register MIXDARD1L Mix DAC1 Read Data L Address O0xF20A
Register MIXDARD2L Mix DAC2 Read Data L Address 0xF212
Register MIXDARD3L Mix DAC3 Read Data L Address OxF21A
Bit Bit Name R/W | Initial Description Note

7 DARD7 R 0 Dac Conversion Read Data L

5 DARDS = 0 See MIXDARDNH description

5 DARDS5 R 0

4 DARD4 R 0

3 DARD3 R 0

2 DARD2 R 0

1 DARD1 R 0

0 DARDO R 0
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23.3.5 Mix DAC Read Data H (MIXDARDH)

Register MIXDARDOH Mix DACO Read Data H Address 0xF203
Register MIXDARD1H Mix DAC1 Read Data H Address 0xF20B
Register MIXDARD2H Mix DAC2 Read Data H Address 0xF213
Register MIXDARD3H Mix DAC3 Read Data H Address 0xF21B
Bit Bit Name R/W | Initial Description Note
7 DARD15 R 0 DAC Conversion Read Data H
If DFORM==0, the data is stored in

6 DARD14 R 0 bit15-6, 1°b0 are always read in bit5-0.
5 DARD13 R 0 If DFORM==1, the _datq is stored in bit9-0,

1°b0 are always read in bit15-10.
4 DARD12 R 0
3 DARD11 R 0
2 DARDI10 R 0
1 DARD9 R 0
0 DARDS R 0

*If MIXDAC[4:0] trigger is detected after both MIXDAH and MIXDAL are written, MIXDARDL and MIXDARDH
will be updated.

23.3.6 Mix DAC Access Counter Clear Register (DACACCLR)

Register DACACCLR Mix DAC Access Counter Clear Register Address 0xF204
Bit Bit Name R/W Initial Description Note
7 CPUCLR R/W 0 Clear DAC Conversion Data Register CPU Access

Counter

Read : Read value is 0.

Write 0: No effect

Write 1: Clear Register CPU Access counter.
(Clear CPU SFR access counter.)

6 DSACCLR RIW |0 Clear DAC Conversion Data Register DSAC
Access Counter

Read : Read value is 0.

Write 0: No effect

Write 1: Clear Register DSAC Access counter.
(Clear DSAC SFR access counter.)

5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 reserved R 0 Read value is 0. Write only 0.
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23.3.7 Mix DACn Output select Register (DACOUTN)

Register DACOUTO Mix DACO Output select Register Address 0xF201

Register DACOUT1 Mix DAC1 Output select Register Address 0xF209

Register DACOUT?2 Mix DAC2 Output select Register Address OxF211

Register DACOUT3 Mix DAC3 Output select Register Address 0xF219

Bit Bit Name R/W | Initial Description Note

7 CALIB RIW |0 DAC calibration mode. Output to the CH8 of
ADC12,

0: Normal mode

1: Calibration mode

Usually set to 0. Do not multiply set 1°b1 to
DACOUTN.CALIB

6 reserved 0 Read value is 0. Write only 0.

5 reserved 0 Read value is 0. Write only 0.

4 reserved 0 Read value is 0. Write only 0.

3 reserved RIW |0 Read value is 0. Write only 0.

2 reserved RIW |0 Read value is 0. Write only 0.

1 SEL1 RIW |0 OPA Output Enable(ANEXYy) DACO0: y=16
0:Not connected to External Pin ANEXy DAC1: y=17
1:Connected to External Pin ANEXy DAC2: y=18

DAC3: y=19

0 SELO RIW |0 OPA Output Enable(ANEXX) DACO: x=9
0:Not connected to External Pin ANEXx DAC1: x=11
1:Connected to External Pin ANEXx DAC2: x=13

DAC3: x=15
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23.4 Operation

10 bit DAC outputs analog data converting 10 bit data to the terminal of this LSI. MIXDACn.DAEN bit sets DAC
active or inactive. When it is set “1”, the output is active. DACOUT.SELXx (x=0-1) bit can select the output terminal for
DAC. When DACCOUTN.SELX bit is set to “1”, DAC output signal is outputted from the designated terminal. Multi
output terminals are selectable. 10 bit data is set to MIXDANL/H register. Access sequence should be from MIXDAnNL
to MIXDANH. When MIXDAnNH is accessed, the value of MIXDAnNL/H registers are revised. After this, detecting the
revise trigger which is set by MIXDACn.DAUPDI[5:0] bit, the value of MIXDANL/H register transfers to
MIXDARDNL/H register. After passing over setting time, the analog signal equivalent to 10 bit data outputs from the
terminal (Refer to Table 23-2). Setting MIXDACn.DAUPD[5:0]=6’b000000, revise trigger occurs when writing
MIXDAH register. When DACACCLR.CPUCLR bit is written “1”, MIXDANL/H register access counter from CPU is
cleared. After clear, MIXDAnNL can be accessed. When DACACCLR.DSACCLR bit is written “1”, MIXDAnL/H
register access counter from DSAC is cleared. After clear, MIXDAnNL can be accessed.

CPU

clock(50MHz)
MIXDANL/H write MIXDAN Mixoan

. 0xCO0 OXFF
Write Data X in X X X
Hold in buffer

Write Buffer X 0xCO0 \L
[MIXDANH,MIXDANL] X OX3FE
Peripheral (
clock(25MHz) J | | | | | | | |
Update trigger
[MIXDARDNH,MIXDARDNL] 0X000 X OX3EF
OX3FF j--=======mmmmmmmmsoooooooaee
DAC output :
0x000 :

Setting time

Figure 23-2 Timing diagram of 10bit DAC

The output switches are controlled by DACOUTNn register. DAEN bit is not affect by output switch control. If you
disable DAC and turn off output switch, you should set DAEN=1 and DACOUTn = 0x00.
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23.5 Limitation of DAC

23.5.1 MIXDANL/H register access

When CPU is writing to MIXDANL/H register, DSAC should not read MIXDAnNL/H register. In addition, When
DSAC is writing to MIXDANL/H register, CPU should not read MIXDAL/H register.

DSAC can access MIXDANL/H register using only 8-bit access mode.

Please do not transfer the data from DAC to DAC(e.qg., from chl to ch2) by DSAC.
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24. OPAMP

24.1 Overview

The LSI has general purpose OP Amps which can be configured as stand-alone type or unity (voltage follower) type.
Also its inputs and output can be connected to not only external pins but also internal resources. These configurations
can be set by register settings.

Table 24-1 Feature of OPAMP

Item Description Note
Unit Counts 4 Units
- Standalone
Selectable Topology - Unity Amp

ANEX 1 ANEX 5

VREF OPAMPO VREF OPAMP1

AGND + ANEX 16 AGND + ANEX 17

AVSS [~CANEX9 AVSS [~CANEX13

ANEX 3 [NANEX11 ANEX 7 [LNANEX 15

—AGND - —_AGND -

AVSS AVSS

ANEX 9 ANEX 13

VREF OPAMP2 VREF OPAMP3

AGND ANEX 18 AGND + ANEX 19

AVSS ANEX O AVSS ANEX 4

ANEX 11 ANEX 2 ANEX 15 [L~ANEX6

AGND AGND -

AVSS AVSS

Figure 24-1 Block Diagram of OPAMP
24.2 Register Description
Table 24-2 List of Registers
Symbol Name Address Initial value

MIXOPAO Mix OPAMPO Configuration 0xF600 0x00
MIXPGAO Mix OPAMPO PGA Configuration 0xF601 0x00
MIXOPA1 Mix OPAMP1 Configuration 0xF680 0x00
MIXPGA1 Mix OPAMP1 PGA Configuration 0xF681 0x00
MIXOPA2 Mix OPAMP2 Configuration OxEF00 0x00
MIXPGA2 Mix OPAMP2 PGA Configuration OXEF01 0x00
MIXOPA3 Mix OPAMP3 Configuration OXEF80 0x00
MIXPGA3 Mix OPAMP3 PGA Configuration OxEF81 0x00
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24.2.1 Mix OPAMPnN Configuration (MIXOPAN) (n=0-3)

Register MIXOPAO Mix OPAMPO Configuration Address 0xF600
Register MIXOPA1 Mix OPAMP1 Configuration Address 0xF680
Register MIXOPA2 Mix OPAMP2 Configuration Address OXEF00
Register MIXOPA3 Mix OPAMP3 Configuration Address OxEF80
Bit Bit Name R/W | Initial Description Note
7 OPAENB |[RW |0 OPAMP Enable
0: Disabled
1: Enabled
6 OPAOQOUT?2 RIW |0 OPA Output Enable Pin L;
0:Not connected to External Pin L ANEX16(OPAMPO)
1:Connected to External Pin L ANEX17(OPAMP1)
ANEX18(OPAMP2)
ANEX19(OPAMP3)
5 OPAOUT1 |R/W |0 OPA Output Enable Pin M:
0:Not connected to External Pin M ANEX11(OPAMPO)
1:Connected to External Pin M ANEX15(OPAMP1)
ANEX2(OPAMP2)
ANEX6(OPAMP3)
4 OPAOUTO R/W 0 OPA Output Enable Pin N:
0:Not connected to External Pin N ANEX9(OPAMPO)
1:Connected to External Pin N ANEX13(OPAMP1)
ANEX0(OPAMP2)
ANEX4(OPAMP3)
3 OPAIM1 RIW |0 Select Input(-) External Pin(-)
00:External Pin ANEX3(OPAMPO)
2 OPAIMO RW |0 01:reserved ANEX7(OPAMP1)
10:AGND= 0.5 x AVcc ANEX11(OPAMP2)
11:AVSS ANEX15(0OPAMP3)
1 OPAIP1 R/W 0 Select |I’lput(+) External P|n(+)
00:External Pin ANEX1(OPAMPO)
0 | OPAIPO RIW 10 01:VREF ANEX5(OPAMP1)
10:AGND= 0.5 x AVcc ANEX9(OPAMP2)
11:AVSS ANEX13(OPAMP3)

]
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24.2.2 Mix OPAMPN PGA Configuration (MIXPGAnN)(n=0-3)

Register MIXPGAO Mix OPAMPO PGA Configuration Address 0xF601
Register MIXPGA1 Mix OPAMP1 PGA Configuration Address 0xF681
Register MIXPGA2 Mix OPAMP2 PGA Configuration Address OXEFO01
Register MIXPGA3 Mix OPAMP3 PGA Configuration Address OXEF81
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved RW |0 Read value is 0. Write only 0.
2 reserved RW |0 Read value is 0. Write only 0.
1 reserved RIW |0 Read value is 0. Write only 0.
0 OPAFOLL RW |0 Change to OPAMP and voltage follower.

0:OPAMP

1:Voltage follower
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24.2.3 Notice of OPAMP

24.2.3.1. Resistance of analog switch that exists between OPAMP output and PIN

OPAMP is connected to the PIN via the analog switch. Resistor value of the analog switch is 300Q(typ). This
resistor will affect when you make a Gain-Amp with an external resistor. Feedback resistor of the Gain-Amp is the
value obtained by adding the resistance of the analog switch to the external resistor value. If the exact gain is required,
Please perform the correction by using the built-in ADC.

[R2] R2_affect = [R2] + [Rsw]

External resistor

ANEX9-pin
(External-output-pin)

OPAMPO ADC
This LSI

Figure 24-2  Example of the Gain_ AMP

If OPAMP-OUT is used only ADC-input or comparator-input, the [Rsw] can be ignored by the connection shown in
Figure 24.3. In order to make this configuration, the ADC-input(or comparator-input) and OPAMP-OUT should be
assign to the same external output pin.

R2_affect = [R2]

[R2]

External resistor

ANEX9-pin
(External-output-pin)

OPAMPO

This LSI

Figure 24-3 Example of the Gain_AMP (' no influence of [Rsw] )
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25. Comparator

25.1 Overview

The LSI has six-high speed analog comparators. Input signals can be configured. Besides, outputs can be used as not
only interrupt requests but also trigger events for other modules. Figure 25-1 shows the block diagram of comparator

CMPIP[2:0]
v

Analog SW

CHO +——0—
CH1 —4——0—
cH2 +——0—
cH3 +——0—
cH4 +——0—
cHs +——0—
CHe +——0—
L 0

CH7 —

Analog SW
CHO —
CH1 —
CH2 -
CH3 —
CH4 —
CH5 —
CH6 —
CH7 —

il

|

e

|

cHis| o |

*
CMPIM[3:0]

+
Comparator

To CMPLYT

Edge Detector
FILTER[L:0] | POLLO]

CMPRSLT

CMPn Event

CMI.CMPIn

CMPnN Interrupt

| ] d
>|_Filter | DEetgit _E

A

cMPENB | Wakeup | Wakeup

I— i TS

Pl

Level Detector

I— CMI.CMPIEnN
CPU Clear

CMPn Level Detect(To POC)

LVSPOL LVSE

LVSEN

CPU Clear—{ R

LVSIE

Figure 25-1 Block Diagram of Comparator

:Pulse Generator
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25.2 Register Description

Table 25-1 List of XBUS Registers

Symbol Name Address Initial value
MIXCMPO Mix Comparator 0 Configuration 0xF380 0x00
MIXCMSO0 Mix Comparator 0 Functional Select 0xF381 0x00
MIXCMRO Mix Comparator 0 Result 0xF382 0x00
MIXCMP1 Mix Comparator 1 Configuration 0xF400 0x00
MIXCMS1 Mix Comparator 1 Functional Select 0xF401 0x00
MIXCMR1 Mix Comparator 1 Result 0xF402 0x0X
MIXCMP2 Mix Comparator 2 Configuration 0xF480 0x00
MIXCMS2 Mix Comparator 2 Functional Select OxF481 0x00
MIXCMR2 Mix Comparator 2 Result 0xF482 0x0X
MIXCMP3 Mix Comparator 3 Configuration 0xF500 0x00
MIXCMS3 Mix Comparator 3 Functional Select 0xF501 0x00
MIXCMR3 Mix Comparator 3 Result 0xF502 0x0X
MIXCMP4 Mix Comparator 4 Configuration 0xED80 0x00
MIXCMS4 Mix Comparator 4 Functional Select OxED81 0x00
MIXCMR4 Mix Comparator 4 Result OxEDB82 0x0X
MIXCMP5 Mix Comparator 5 Configuration OxEE00 0x00
MIXCMS5 Mix Comparator 5 Functional Select OxEEQ1 0x00
MIXCMR5 Mix Comparator 5 Result OXEEOQ2 0x0X
Table 25-2 List of SFR BUS Registers

Symbol Name Address \Ilr;ilﬂil

CMIO Mix Comparator Interrupt 0 OxF3 0x00

CMIl Mix Comparator Interrupt 1 0x9D 0x00
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25.2.1 Mix Comparator n Configuration (MIXCMPn) (n=0-5)

Register MIXCMPO Mix Comparator O Configuration Address 0xF380
Register MIXCMP1 Mix Comparator 1 Configuration Address 0xF400
Register MIXCMP2 Mix Comparator 2 Configuration Address OxF480
Register MIXCMP3 Mix Comparator 3 Configuration Address 0xF500
Register MIXCMP4 Mix Comparator 4 Configuration Address OxED80
Register MIXCMP5 Mix Comparator 5 Configuration Address OxEEOQ0
Bit Bit Name R/W | Initial Description Note
7 CMPENB RIW |0 Comparator Enable
0: Disabled
1: Enabled
6 CMPIM3 RIW |0 Select Input (-)
0000: External Pin
5 | CMPIMZ | RW 10 0001: ANEX18 Output
4 CMPIM1 RW |0 0010: ANEX16 Output
0011: ANEX19 Output
3 |CMPIMO | RW |0 0100: ANEX17 Output
0110: DACO Output
1000: DACn Output
1010: VREF
1100: 0.5 x AVCC
1110: AVSS
others: Do not set
2 CMPIP2 RIW |0 Select Input (+)
000: External Pin
1| CMPIPI RIW 1 0 001: ANEX16 Output
0 CMPIPO RW |0 010: ANEX17 Output
011: ANEX18 Output
100: ANEX19 Output
101: reserved
110:AGND= 0.5 x AVCC
111: AVSS
channel # External Pin(-) DACnN Output External Pin(+)
CMPIM=0000b CMPIM = 1000b CMPIP = 000b
0 ANEX9 DAC3 ANEXS
1 ANEX11 DAC1 ANEX10
2 ANEX13 DAC2 ANEX12
3 ANEX15 DAC3 ANEX14
4 ANEX5 DAC1 ANEX4
5 ANEX7 DAC2 ANEX6
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25.2.2 Mix Comparator n Functional Select (MIXCMSn) (n=0-3)

Register MIXCMSO0 Mix Comparator O Functional Select Address OxF381
Register MIXCMS1 Mix Comparator 1 Functional Select Address 0xF401
Register MIXCMS2 Mix Comparator 2 Functional Select Address 0xF481
Register MIXCMS3 Mix Comparator 3 Functional Select Address 0xF501
Register MIXCMS4 Mix Comparator 4 Functional Select Address OxEDB81
Register MIXCMS5 Mix Comparator 5 Functional Select Address OxEEO01
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 LVSEN RIW |0 Level sense enable

1: Level sense enable

0: disable
5 LVSIE RIW |0 Level sense interrupt enable

1: Level sense interrupt enable

0: disable
4 LVSPOL RW |0 Level sense polarity

1: High level

0: Low level
3 POL1 RW |0 Edge Sense Polarity

00: None (as well as CMPENB=0)
2 POLO RIW |0 01: Negative Edge

10: Positive Edge

11: Both Edge
1 FILTER1 RIW |0 Glitch Filter Select

00: No Glitch Filter
0 FILTERO R/W 0 01: leyc

10: 2cyc

11: 4cyc

Note that MIXCMSx register must be written when CMPENB = 0.
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CMPRSLT AN
| BT' W .
CMPn Event [ ]

CMPn Level Detect generatlon
(Edge Sense Polarity: Negative Edge Glitch Filter Select: No Glitch Filter)

CMPRSLT Rl % [ e | | I
not generat: \ _|

CMPn Event |f 1 cycle

CMPn Level Detect generation
(Edge Sense Polarity: Positive Edge Glitch Filter Select: 1cycle)

CMPRSLT J\Ij\—/l_@ I
not generated \
[ 1

CMPn Event if 1 cycle or 2 cycles
CMPn Level Detect generation
(Edge Sense Polarity: Positive Edge Glitch Filter Select: 2cycle)

CMPRSLT | [ |
\ not generated \

CMPn Event if 4 cycles or less | |
CMPn Level Detect generation
(Edge Sense Polarity : Positive Edge Glitch Filter Select: 4cycle)

CMPRSLT _l\ |\ N l\\
CMPn Event I_l I_l I_l

CMPn Level Detect generation
(Edge Sense Polarity: Both Edge Glitch Filter Select: No Glitch Filter)

Figure 25-2 Examples of CMPn Level Detect generation
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25.2.3 Comparator n Result (MIXCMRnN) (n=0-3)

Register MIXCMRO Mix Comparator 0 Result Address 0xF382
Register MIXCMR1 Mix Comparator 1 Result Address 0xF402
Register MIXCMR2 Mix Comparator 2 Result Address 0xF482
Register MIXCMR3 Mix Comparator 3 Result Address 0xF502
Register MIXCMR4 Mix Comparator 4 Result Address OxEDB82
Register MIXCMR5 Mix Comparator 5 Result Address OXEEQ2
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 LVSF R/IC 0 Level sense detect flag

Read:

1: Detected

0: not detected

Write:

1: Clear

0: not effect

This bit can be cleared by writing 1 when

level detection is not detected.
0 CMPRSLT | R X Monitor CMP_OUT
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25.2.4 Mix Comparator Interrupt 0(CMIO0)

Reqgister CMIO0 Mix Comparator Interrupt O Address OxF3
Bit Bit Name R/W | Initial Description Note
7 CMPIE3 RIW |0 Comparator3 Interrupt Enable
0: Disable
1: Enable
6 CMPIE2 RIW |0 Comparator2 Interrupt Enable
0: Disable
1: Enable
5 CMPIE1 RIW |0 Comparatorl Interrupt Enable
0: Disable
1: Enable
4 CMPIEOQ RIW |0 ComparatorQ Interrupt Enable
0: Disable
1: Enable
3 CMPI3 R/C 0 Comparator3 Interrupt Flag

(before mask; independent CMPIEnN)
Read 0: No Request

Read 1: Interrupt Event Occurred
Write 0: No effect

Write 1: To clear corresponding bit
2 CMPI2 R/C 0 Comparator2 Interrupt Flag

(before mask; independent CMPIEnN)
Read 0: No Request

Read 1: Interrupt Event Occurred
Write 0: No effect

Write 1: To clear corresponding bit
1 CMPI1 R/IC 0 Comparatorl Interrupt Flag

(before mask; independent CMPIEN)
Read 0: No Request

Read 1: Interrupt Event Occurred
Write 0: No effect

Write 1: To clear corresponding bit
0 CMPIO R/C 0 ComparatorQ Interrupt Flag

(before mask; independent CMPIEnR)
Read 0: No Request

Read 1: Interrupt Event Occurred
Write 0: No effect

Write 1: To clear corresponding bit
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.|

25.2.5 Mix Comparator Interrupt 1(CMI1)

Reqgister CMI1 Mix Comparator Interrupt 1 Address 0x9D
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 CMPIE5 RIW |0 Comparator5 Interrupt Enable
0: Disable
1: Enable
4 CMPIE4 RIW |0 Comparator4 Interrupt Enable
0: Disable
1: Enable
3 reserved R 0 Read value is 0. Write only 0.
reserved R 0 Read value is 0. Write only 0.
1 CMPI5 R/IC 0 Comparator5 Interrupt Flag

(before mask; independent CMPIEnN)
Read 0: No Request

Read 1: Interrupt Event Occurred
Write 0: No effect

Write 1: To clear corresponding bit
0 CMPI14 R/C 0 Comparator4 Interrupt Flag

(before mask; independent CMPIEnN)
Read 0: No Request

Read 1: Interrupt Event Occurred
Write 0: No effect

Write 1: To clear corresponding bit
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25.3 Operation

START

Set CMPIM and CMPIP

Set MIXCMSx register

Set MIXCMRX register

CMPENB=1

Clear an interrupt flag

Set CMI register

END

Figure 25-3 Operation flowchart

An interrupt might be misdirected when CMPENB s set to 1 at first. Please clear the interrupt flag.

The comparator has a wakeup counter which prevents the unexpected interrupts and events in un-stable state when
startup. The wakeup counter counts 25 clocks (lus@CLKCMPx=25MHz) from CMPENB changes 0 to 1. The
interrupts and events are not detected during wakeup counter is counting.
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26. Voltage Reference (VREF)

26.1 Overview

The LSI has Woltage Reference (VREF) which generates constant voltage to be used in Analog Inter-Connection
Network. The voltage can be connected to ADCs or Comparators.

Table 26-1 Feature of VREF

Item Description Note
Unit Counts Single Unit
Output Voltage 1.2V (typ)

VREE VREF

Figure 26-1 Block Diagram of VREF
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27. Temperature Sensor (TEMP)

27.1 Overview

The LSI has Temperature Sensor (TEMP) which generates a voltage related to Junction Temperature to be used in
Analog Inter-Connection Network. The voltage can be connected to ADCs.

Table 27-1 Feature of TEMP

Item Description Note
Unit Counts Single Unit
Output Voltage Refer to Characteristic

Figure 27-1 Block Diagram of TEMP

27.2 Register Description

27.2.1 Temperature sensor Control (TEMP)

Register TEMP Temperature sensor Control Address OxFFC1
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 reserved R 0 Read value is 0. Write only 0.
0 TEMPE R/W 0 TEMP Enable
0: Disable
1: Enable
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28. PWM Output Controller (POC)

28.1 Overview

POC can place PWM output pins in the high-impedance state when the comparator detects the selected event.
Figure28-1 shows the block diagram of POC.

CHO
—+ Detect(Level) POC: PWM Output Control
1 EVSEL[2:0]

Q"l
—+ Detect PWMOF
— PWMOL/H Hi-z Enable
CH2 S
—\ Detect EN
_/ R
PWMOL
_\CHS Detect CPU Release
. ARELEN PWMOH
“INSH4 pegeet WM AuloRelea PWM CHO control
—] / CHO
PWMA1L/H Hi-z Enable
—WS Detect PWM1L
L~ PWM CH1 control
CMP LUT |__Detect PWM >—X PWM1H
CHO cHl i
PWM2L/H Hi-z Enable
PWM2L
CMP LUT Detect
CH1 PWM CH2 control
PWM {}—XI PWM2H
CH2
PWMB3L/H Hi-z Enable
PWM3L
4 PWM CH3 control
PWM {}—& PWM3H
CH3

Figure 28-1 Block Diagram of POC
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28.2 Register Description

Table 28-1 XBUS resisters

Symbol Name Address Initial value
POCCRO POC Control Register 0 O0xFD80 0x00
POCCR1 POC Control Register 1 OxFD81 0x00
POCCR2 POC Control Resister 2 OxFD82 0x00
POCCR3 POC Control Resister 3 0xFD83 0x00
POCSTS POC Status Resister OxFD88 0x00

28.2.1 POC Control Register (POCCRn)

Register POCCRO POC Control Resister 0 Address 0xFD80
Register POCCR1 POC Control Resister 1 Address OxFD81
Register POCCR2 POC Control Resister 2 Address O0xFD82
Register POCCR3 POC Control Resister 3 Address OxFD83
Bit Bit Name R/W | Initial Description Note
7 EN RW |0 PWMn output pins Hi-Z enable

0: Disable

1: Enable

When PWMNF bit is set, the output pins are placed

in Hi-Z state.
6 ARELEN RIW |0 PWMn output pins Hi-Z auto release enable

0: Disable

Only CPU can release
1: Enable

Release when PWMn detects CMP_MIN
/CMP_MAX match
Disable PWMxH output control
0: Enable
5 DISH RIW |0 1:Disable
If DISH bit is set to 1(Disabled), POC does not control
PWMxH output by specified comparator event.
Disable PWMXL output control
0: Enable
4 DISL RIW |0 1:Disable
If DISL bit is set to 1(Disabled), POC does not control
PWMXL output by specified comparator event.

3 reserved R 0 Read value is 0. Write only 0

2 EVSEL?2 RW |0 Event selection for PWMn output pins Hi-Z
000: Comparator CHO

1 EVSEL1 RIW |0 001: Comparator CH1

0 EVSELO RIW |0 010: Comparator CH2

011: Comparator CH3
100: Comparator CH4
101: Comparator CH5
110: CMPLUT CHO
111: CMPLUT CH1
others: do not write
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28.2.2 POC Status Register (POCSTS)

Register POCSTS POC Status Resister Address 0xFD88
Bit Bit Name R/W | Initial Description Note

reserved R 0 Read value is 0. Write only 0

reserved Read value is 0. Write only 0

reserved R
PWM3F R/C

Read value is 0. Write only 0

PWM3 output pins control status
Read:
1: Fixed

PWM3H & 3L are controlled by POC
0: Released

PWM3H &3L are controlled by PWM3
Write:
1: Clear
0: not effect
2 PWM2F R/C 0 PWM2 output pins control status
Read:
1: Fixed

PWM2H & 2L are controlled by POC
0: Released

PWM2H &2L are controlled by PWM2
Write:

1: Clear

0: not effect
1 PWM1F R/IC 0 PWM1 output pins control status
Read:
1: Fixed

PWM1H & 1L are controlled by POC
0: Released

PWM1H &1L are controlled by PWM1
Write:

1: Clear

0: not effect
0 PWMOF R/C 0 PWMO output pins control status
Read:
1: Fixed

PWMOH &L are controlled by POC
0: Released

PWMOH &L are controlled by PWMO
Write:

1: Clear

0: not effect

Wbl

0

reserved R 0 Read value is 0. Write only 0
0
0
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28.3 Operation
POC can PWMnH/L(n=0,1,2,3) output pins in high-impedance state when the selected event occurs.

POCCRnN.EVSEL[2:0] hit selects the trigger event from CMP 0,1,2,3,4,5 and CMPLUTO,1 Level detect events.

POCSTS.PWMnF bit indicates output pins of PWMn High-Impedance status.

When POCSTS.PWMnF=1, PWMnH&L are placed in the high-impedance state. There are two ways to release
high-impedance state: CPU release and auto release. The CPU release can be issued by writing 1 to POCSTS.PWMnF
bit. The auto release can be issued by PWM CHn when POCCRn.ARELEN=1. PWM CHn issues an auto release trigger
when PWMn CMP_MIN event occurs in Up-Down mode or CMP_MAX event occurs in Up mode, (PWMnCNT
changes CMP_MAX to CMP_MIN). POCSTS.PWMnF bit can be cleared when the CPU/auto release is issued and the
selected event is not detected.

Figure 28-2 shows PWML/H output control timing.

Detect(CMPXx)

Set

|

PWMnF ! \
not cleared a
cleared
Auto Release 7 \
Released

Hi-Z

PWMnL &H

a) Auto Release(EN=1, ARELEN=1)

Detect(CMPXx)
et
PWMnF ! \
not cleared
cleared
CPU Release 7 \
Released

Hi-Z

JuL

PWMnL &H

b) CPU Release(EN=1)

Figure 28-2 Operation timing

If corresponding pull down is enabled(corresponding bit of PPD1 register), the corresponding PWM pin becomes pull
down instead of Hi-z when POC cuts off the pin output.

POCCRnN.EN bit enables POC function for PWM CHn. When POCCRn.EN=1, POCSTS.PWMnF bit can be set by
selected control event. When POCCRN.EN=0, POCSTS.PWMnF bit cannot be set. POCCRn.EVSEL[1:0] and
POCCRN.ARELEN bit must be changed when POCCRn.EN=0.
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29. RAMIF

29.1 Overview

RAMIF arbitrate the SRAM accesses from XBUS and SFRBUS. RAMIF provides indirect write access interface
from SFRBUS to RAM. The indirect access controller creates the RAM address as ring buffer. Figure 29-1 shows the
block diagram of RAMIF.

XBUS SFRBUS

=)= ==

| BUFWRH | BUFWRL |

RAMIFCR

| RBUFHEADH | RBUFHEADL |

XBUS I/F
| RBUFTAILH | RBUFTAILL |
| RBUFPTRH | RBUFPTRL |
SFRIIF
i 1
I Arbiter I
XRAM

Figure 29-1 Block Diagram of RAMIF
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29.2 Register Description

Table 29-1 List of XBUS Registers

Symbol Name Address Initial value
RAMIFCR RAMIF Control Register OxEDOO 0x00
RBUFHEAD L | Ring Buffer Head Address L Register OxEDO2 0x00
RBUFHEAD_ H | Ring Buffer Head Address H Register OXEDO3 0x00
RBUFTAIL_L Ring Buffer Tail Address L Register OxEDO04 0x00
RBUFTAIL_H Ring Buffer Tail Address H Register OxEDO5 0x00
RBUFPTR_L Ring Buffer Pointer L Register OxFA06 0x00
RBUFPTR_H Ring Buffer Pointer H Register OxFAO07 0x00

Table 29-2 List of SFRBUS Registers

Symbol Name Address Initial value
RAMWRL RAM write register L 0x7D 0x00
RAMWRH RAM write register H 0x7D 0x00

29.2.1  RAMIF Control Register

Registr | RAMIFCR RAMIF Control Register | Address | OXEDOO
Bit Bit Name R/W | Initial Description Note
7 IF R/IC 0 RAMIF interrupt. IF is set when the data is
written to RBUFTAILL/H register value
address.
Read
0: RBUFPTRL/H does not go back to
RBUFHEADL/H
1 RBUFPTRL/H goes back to
RBUFHEADL/H
Write
0: No effect
1: Clear this bit
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 IE RIW |0 Interrupt enable
0: Disable
1: Enable
3 reserved 0 Read value is 0. Write only 0.
2 reserved 0 Read value is 0. Write only 0.
1 reserved 0 Read value is 0. Write only 0.
0 EN RIW |0 0: Disable SFR write controller
1: Enable SFR write controller
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29.2.2  Ring Buffer Head Address L Register
Register RBUFHEAD_ | Ring Buffer Head Address L | Address O0xEDO2

L Register
it Bit Name R/W | Initial Description Note
HEADADR7 | R/W | 0 Ring buffer head address L

HEADADR6 | R/IW
HEADADRS5 | RIW
HEADADR4 | RIW
HEADADR3 | RIW
HEADADR2 | RIW
HEADADR1 | RIW
HEADADRO | R/IW

ol N w|so|o|N|m

OoO|Oo|0O|0|Oo|o|o

29.2.3  Ring Buffer Head Address H Register

Register RBUFHEAD_ | Ring Buffer Head Address H | Address OxEDO3
H Register

Bit Bit Name R/W | Initial Description Note

7 reserved R 0 Read value is 0. Write only 0.

6 reserved R 0 Read value is 0. Write only 0.

5 reserved R 0 Read value is 0. Write only 0.

4 reserved R 0 Read value is 0. Write only 0.

3 reserved R 0 Read value is 0. Write only 0.

2 reserved R 0 Read value is 0. Write only 0.

1 HEADADR9 | R/W | 0 Ring buffer head address H

0 HEADADR8 | R/IW | 0

29.2.4  Ring Buffer Tail Address L Register

Register | RBUFTAIL_L | Ring Buffer Tail Address L Register | Address | OXED04
Bit Bit Name R/W | Initial Description Note
7 TAILADR7 | RIW |0 Ring buffer tail address L

6 TAILADR6 | R/'W | O

5 TAILADRS | R/IW |0

4 TAILADR4 | R/IW | O

3 TAILADR3 | R/W |0

2 TAILADR2 | R/IW |0

1 TAILADR1 |R/W |0

0 TAILADRO | R/W |0

29.2.5  Ring Buffer Tail Address H Register

Register RBUFTAIL _H | Ring Buffer Tail Address H | Address OxEDO5
Register

Bit Bit Name R/W | Initial Description Note

7 reserved R 0 Read value is 0. Write only 0.

6 reserved R 0 Read value is 0. Write only 0.

5 reserved R 0 Read value is 0. Write only 0.

4 reserved R 0 Read value is 0. Write only 0.

3 reserved R 0 Read value is 0. Write only 0.

2 reserved R 0 Read value is 0. Write only 0.

1 TAILADRY | R/W |0 Ring buffer tail address H

0 TAILADR8 |RW |0
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29.2.6  Ring Buffer Pointer L Register

Register | RBUFPTR_L | Ring Buffer Pointer L Register | Address | OXED06
Bit Bit Name R/W | Initial Description Note
7 PTRADR7 RIW |0 Current ring buffer pointer L

6 PTRADR6 RIW |0 The next write address.

5 PTRADRS RIW |0 When initial setting, the value should be set

4 PTRADR4 RW |0 with RBUFHEAD _L value.

3 PTRADR3 RW |0 CPU write is first priority.

2 PTRADR2 RIW |0

1 PTRADR1 RIW |0

0 PTRADRO RIW |0

29.2.7  Ring Buffer Pointer H Register

Register | RBUFPTR_H | Ring Buffer Pointer H Register | Address | OXEDO7
Bit Bit Name R/W | Initial Description Note
7 reserved R 0 Read value is 0. Write only 0.
6 reserved R 0 Read value is 0. Write only 0.
5 reserved R 0 Read value is 0. Write only 0.
4 reserved R 0 Read value is 0. Write only 0.
3 reserved R 0 Read value is 0. Write only 0.
2 reserved R 0 Read value is 0. Write only 0.
1 PTRADR9 RIW |0 Current ring buffer pointer H
0 PTRADRS RIW |0 The next write address.
When initial setting, the value should be set
with RBUFHEAD_H value.
CPU write is first priority.

29.2.8 RAM write register L

Register | RAMWRL RAM write register L | Address | 0x7D
Bit Bit Name R/W | Initial Description Note
7 WD7 0 Low byte of SFR write data.
WD6
WD5
WD4
WD3
WD?2
WD1
WDO

OFRrINW~lOTO
SRR

29.29 RAM write register H

Register [ RAMWRH RAM write register H | Address | 0x7D
Bit Bit Name R/W | Initial Description Note
7 WD15 W 0 High byte of write value. When byte write

6 WD14 W 0 access, RAMWRH value is not written to

5 WD13 W 0 XRAM.

4 WD12 W 0

3 WD11 W 0

2 WD10 wW 0

1 WD9 W 0

0 WD8 wW 0
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29.3 Operation

29.3.1 XRAM write from DSAC

DSAC can access only registers connected to SFRBUS. The address space of SFRBUS is 256Bytes and XRAM
capacity is 1KB. DSAC cannot access directory due to address space problem. RAMIF provide the XRAM write
interface from DSAC to XRAM. RAMIF provide the indirect write access interface, RAMIF creates the XRAM address
as ring-buffer.

RBUFHEADL/H is the head address of XRAM as ring-buffer. RBUTAILL/H is the tail address of XRAM as
ring-buffer. RBUFPTRL/H register indicates current address(next write address) of XRAM. When the initial setting,
RBUFPTRL/H register value should be set with the same value of RBUFHEADL/H register. If RAMIFCR.EN=0,
RAMIF is disabled, RAMIF does not accept DSAC write access. If RAMIFCR.EN=1, RAMIF accepts DSAC write
access. When DSAC writes the data to RAMWRL/H register, RAMIF start the XRAM write access. There are two
kinds of DSAC write access, byte access and word access. If DSAC writes the data with byte access mode, RAMIF
writes RAMWRL value to XRAM. If DSAC writes the data with word access mode, RAMIF writes RAMWRL value
to XRAM at first, and then RAMIF writes RAMWRH value to XRAM(Little Endian manner). After every XRAM
write access, RBUFPTRL/H register value is updated by following rules: If (RBUFPTRL/H == RBUFTAILL/H),
RBUFPTRL/H is set with RBUFHEADL/H register value, or else RBUFPTRL/H register value is incremented by 1.
Figure 29-2 shows the XRAM address creation of RAMIF.

0x000

RBUFHEADL/H— |

Ring-buffer addressin

RBUFPTRL/H ’ XRAM
1KB

RBUFTAILLIH —|

O0x3FF

Figure 29-2 Ring-buffer addressing

29.3.2 Arbitration between SFRBUS and XBUS

XRAM is shared by CPU and DSAC. When CPU and DSAC access are occurred at the same cycle, DSAC access is
accepted prior to CPU access. CPU access is issued when DSAC access is not occurred.

29.3.3  Interrupt

RAMIFCR.IF is set when the data is written to RBUFTAILL/H register value address. If RBUFFCR.IE=1, the
interrupt occurs. RAMIFCR.IF can be cleared by writing 1 to RAMIFCR.IF.
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30. CMP Lookup Table (CMPLUT)

30.1 Overview

CMPLUT has two 6-input, 1-output Look up table. The inputs are the output of six comparators. The output of
CMPLUT is connected to POC event input and LUTO/1 output pin. Figure 30-1 shows the block diagram of CMPLUT.

IN?EL CMPLUTO
CMPO N/F T|
o
' INSEL
¥
CMP5 N/F "
° L]
cMP5 | cMmP4 | cMP3 | cMP2 | cmP1 | cMPo | output OUTSEL
0 0 0 0 0 0 ouT[0] ¥ UTo
0 0 0 0 0 1 OUT[1] —L
1 1 1 1 1 0 ouT[62]
1 1 1 1 1 1 ouUT[63]
{ CMPLUT1
L,
. JuT1
L,
L]

N/F: Noise fileter

Figure 30-1 Block Diagram of CMPLUT
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30.2 Register Description

Table 30-1 List of XBUS Registers

Symbol Name Address Initial value
LUTOCR LUTO Control Register OxECB80 0x00
LUTOOUTO LUTO Output Register 0 OxEC88 0x00
LUTOOUT1 LUTO Output Register 1 OXEC89 0x00
LUTOOUT2 LUTO Output Register 2 OXEC8A 0x00
LUTOOUT3 LUTO Output Register 3 OXEC8B 0x00
LUTOOUT4 LUTO Output Register 4 OXEC8C 0x00
LUTOOUTS LUTO Output Register 5 OXEC8D 0x00
LUTOOUT6 LUTO Output Register 6 OXEC8E 0x00
LUTOOUT7 LUTO Output Register 7 OXEC8F 0x00
LUTICR LUT1 Control Register OXEC90 0x00
LUT10UTO LUT1 Output Register 0 OXEC98 0x00
LUT10UT1 LUT1 Output Register 1 0xEC99 0x00
LUT10UT2 LUT1 Output Register 2 OXEC9A 0x00
LUT10UT3 LUT1 Output Register 3 OXEC9B 0x00
LUT10UT4 LUT1 Output Register 4 OXECOC 0x00
LUT10UTS LUT1 Output Register 5 OXEC9D 0x00
LUT10UT6 LUT1 Output Register 6 OXEC9E 0x00
LUT10UT7 LUT1 Output Register 7 OXEC9F 0x00

MD6602-DSE Rev.1.0 SANKEN ELECTRIC CO.,LTD. 30-2
Aug.11, 2015 http://www.sanken-ele.co.jp/en/

Downloaded from AFFOW.Com.


http://www.arrow.com

MD6602

30.2.1  LUTnN Control Register (LUTNCR)

Register LUTOCR LUTO Control Register Address OxEC80
Register LUTICR LUT1 Control Register Address OxEC90
Bit Bit Name R/W | Initial Description Note

7 OUTSEL RIW |0 Output select

0: LUT direct output
(Combinational logic output)
1: F/F output
6 INSEL RW |0 LUT input select
0: CMP async output
1: CMP N/F output
The input signals are not masked by wakeup

logic.
5 reserved R 0 Read value is 0. Write only 0
4 reserved R 0 Read value is 0. Write only O
3 reserved R 0 Read value is 0. Write only 0
2 reserved R 0 Read value is 0. Write only O
1 reserved R 0 Read value is 0. Write only O
0 reserved R 0 Read value is 0. Write only 0
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30.2.2  LUTn Output Register m (LUTNOUTmM)
Register LUTOOUTO LUTO Output Register 0 Address OxEC88
Register LUTOOUT1 LUTO Output Register 1 Address OxEC89
Register LUTOOUT?2 LUTO Output Register 2 Address OXEC8A
Register LUTOOUT3 LUTO Output Register 3 Address OXEC8B
Register LUTOOUT4 LUTO Output Register 4 Address OXEC8C
Register LUTOOUTS LUTO Output Register 5 Address OXEC8D
Register LUTOOUT6 LUTO Output Register 6 Address OXEC8E
Register LUTOOUT7 LUTO Output Register 7 Address OXECS8F
Register LUT10UTO LUT1 Output Register 0 Address OXEC98
Register LUT1I0UT1 LUT1 Output Register 1 Address OxEC99
Register LUT10UT?2 LUT1 Output Register 2 Address OXEC9A
Register LUT10UT3 LUT1 Output Register 3 Address OxEC9B
Register LUT10UT4 LUT1 Output Register 4 Address OxECOC
Register LUT10UTS LUT1 Output Register 5 Address OxEC9D
Register LUT10UT6 LUT1 Output Register 6 Address OXEC9E
Register LUT10UT7 LUT1 Output Register 7 Address OXEC9F
Bit Bit Name R/W | Initial Description Note
7 OUT[8xm+ | R/W |0 LUT output when CMP[5:0] = 8xm+7

7]
6 OUT[8xm+ | RIW |0 LUT output when CMP[5:0] = 8xm+6

6]
5 OUT[8xm+ | RIW |0 LUT output when CMP[5:0] = 8xm+5

5]
4 OUT[8xm+ | R/W |0 LUT output when CMP[5:0] = 8xm+4

4]
3 OUT[8xm+ | RIW |0 LUT output when CMP[5:0] = 8xm+3

3]
2 OUT[8xm+ | R/W |0 LUT output when CMP[5:0] = 8xm+2

2]
1 OUT[8xm+ | R/W |0 LUT output when CMP[5:0] = 8xm+1

1]
0 OUT[8xm] RIW |0 LUT output when CMPJ[5:0] = 8xm
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30.3 Operation

The input sources of CMPLUT are the outputs of Comparator(CMP). Each CMP has two outputs for CMPLUT:
direct output and noise filter (N/F) output. The input source can be selected by LUTnCR.INSEL. All input sources are
direct outputs or NF outputs.

LUT provides 6-in-1-out truth table. User can be configured the output of truth table by LUTnOUTm register.
OUTIx] bit of LUTnOUTm register indicates the output when the input from CMP [CMP5, CMP4, ..., CMP1,
CMPO] = x. For example, in case of LUT operates as LUTh = CMP5 & CMP4 & CMP3 & CMP2 & CMP1 & CMPO,
only OUT[63] should be set to 1. The remaining OUT[x] should be set to 0.

LUTn is the output of CMPLUTN. LUTn can be output to the LSI’s output pin or can be used as POC input event.
There are two kind of output: direct LUT output and flip flop(F/F) output synchronized with CLKCMPLUT. The LUT
output is selected by LUTNnCR.OUTSEL. If LUTnCR.INSEL=1 and LUTnCR.OUTSEL=1, LUTn output does not
appear glitch pulse, but the output latency increases. Other setting does not expect the glitch-less output signal but the
output latency can decrease.
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31. Electrical Characteristics

31.1 Absolute Maximum Ratings

Item Symbol Min. Typ. Max. Unit Notes
Storage Temperature Tstorage -40 +125 °C
Digital Power Supply DVCCamr -0.3 +4.0 \Y
Analog Power Supply AVCCamr -0.3 +4.0 \%
Digital Inp_ut Voltage on 5V DVIN5amr 03 455 v
Tolerant Pin
Digital Input Voltage on Non 5V DVCC+0.3
Tolerant Pin DVIN3amr 0.3 and < 4.0 v
AVCC+0.3
Analog Input VVoltage AVIN3amr -0.3 and < 4.0 V
O_utput Current from Digital SDOUTamr 58 mA
Pin(total)
Qutput Current from Analog STAOUTamr 32 mA
Pin(total)
31.2 Recommended Operating Conditions
Item Symbol Min. Typ. Max. Unit Notes
Ambient Temperature Ta -40 110 °C
Ambient Temperature for FLASH Ta_FLASH 0 55 oC
Programming/Erasing Operation
Digital Power Supply DvCC 3.0 3.3 3.6 \Y
Analog Power Supply AVCC 3.0 3.3 3.6 \%
WA/CC=DVCC+0.3V
31.3 Package Information
Item Symbol Min. Typ. Max. Unit Notes
gEtNaiS 40 °CIW Wind Om/s
Thermal Resistance of QFN-40
Theta J-C 20 °cW | Wind Om/s
(QFN-40)
ISS;‘_% 55 °CIW | Wind Om/s
Thermal Resistance of QFP-64
Theta J-C 21 °CcW | Wind Om/s
(QFP-64)

UTj (Junction Temperature) must be controlled lower than 125°C with proper operation conditions in LSI usage.
The Tj is derived from power dissipation Pc, package thermal resistance ThetaJ-A and ambient temperature
Ta as follows.

Tj = Ta + PcxThetal-A
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31.4 Current Consumption “

Item Symbol Min. Typ. Max. Unit Notes

DVCC Current (Active) DICC_Active 50 90 mA CPU 50MHz
DVCC Current (Sleep) DICC_Sleep 45 80 mA CPU Stops
DVCC Current (standby)® DICC_Sthy 0.06 1 mA
EIYAC\:SCHCPUrr()rSp;nTrfi% or Erasing DICC_FLASH 55 mA

AVCC Current (ADC10) @ AICC_ADC10 1 5 mA

AVCC Current (ADC12) @ AICC_ADC12 2 7 mA

AVCC Current (DAC10) @ AICC_DAC10 2 5 mA

AVCC Current (COMP) @ AICC_COMP 0.3 1 mA

AVCC Current (OPAMP) @ AICC_OPAMP 1 4 mA

AVCC Current (TEMP) @ AICC_TEMP 0.3 1 mA

AVCC Current (standby) @ AICC_Stby 0.001 0.01 mA

W Even in STBY state, internal voltage regulator ,VREF,POR and consumes power.
@ AVCC current consumption for each module unit which is enabled.

© AVCC current consumption when all analog modules are disabled.

“ Not including external load.

31.5 Low Voltage Detector

Item Symbol Min. Typ. Max. Unit Notes

Voltage detection level Vdet 2.8 V

31.6 Reset Operation

Item Symbol Min. Typ. Max. Unit Notes
) 10 ms Cold Start
External /RES Width tRES
1 us Hot Start
Internal POR Detect Voltage
(DVCC) VPOR 2.75 Vv
Internal POR Detect Hysteresis VPOR_hys 110 mv
Voltage -
31.7 Clock Operation
Item Symbol Min. Typ. Max. Unit Note
External XTAL Oscillation XTAL
Stabling Time XTAL 5 mS | _12 5MHz
In_ternal IRC Oscillation Stabling tIRC 100 s
Time
Internal IRC Oscillation fIRC 9.7 10 10.3 MHz | Ta=-20~100°C
Frequency 9.3 10 10.7 MHz | Ta=-40~110°C
PLL1/2 Oscillation Stabling Time tPLL_OSC 100 us
Input Clock(XTALIN) Frequency fCLK_IN 8 125 MHz
. _____________________________________________________________________________________________________________________________|
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31.8 10 bit ADC

Item Symbol Typ. Unit Notes
Resolution BIT_ADC10 10 bit
Input Voltage Range VIN_ADC10 AVSS — AVCC \Y
Conversion Speed
(Sampling Time + Conversion fCONV_ADC10 4 MSPS
Time)
Integral Non Linearity Error INL_ADC10 +3.5 LSB
Differential Non Linearity Error DNL_ADCI10 +3.5 LSB
Zero Scale Error ZS_ADC10 4 LSB
Full Scale Error FS_ADCI10 14 LSB
Absolute Error ABS_ADC10 4 LSB
WCondition: Impedance of Source (Rout ADC10) <200 Ohm
31.9 12 bit ADC
Item Symbol Typ. Unit Notes

Resolution BIT_ADC12 12 bit
Input Voltage Range VIN_ADC12 AVSS — AVCC \Y
Conversion Speed
(Sampling Time + Conversion fCONV_ADC12 1 MSPS
Time)
Integral Non Linearity Error INL_ADC12 +4 LSB
Differential Non Linearity Error DNL_ADC12 +4 LSB
Zero Scale Error ZS_ADCI12 +6 LSB
Full Scale Error FS_ADCI12 6 LSB
Absolute Error ABS_ADC12 8 LSB

UCondition: Impedance of Source (Rout ADC12) < 3000 Ohm
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31.10 10 bit DAC

Item Symbol Typ. Unit Notes
Resolution BIT_DAC10 10 bit
\O/g:fa”;e Range VOUT DACI0 [(AVSS+0.2) — (AVCC-03)| V
Output Settling Time tCONV_DACI10 10 us
Output Current® lout_ DAC10 0.2 mA
Output Load Cout_DAC10 50 pF
Integral Non Linearity Error INL_DAC10 15 LSB
Differential Non Linearity Error DNL_DACI10 +2.5 LSB
Zero Scale Error ZS DAC10 15 LSB
Full Scale Error FS_DACI10 +10 LSB
Absolute Error ABS_DAC10 +10 LSB
DWhen steady current flows, the accuracy is deteriorated by resistance in the analog switch.
31.11 OPAMP

Item Symbol Min. Typ. Max. Unit Notes
{;‘gﬁ;é:eoga?gg Mode | oM opaMP | Avss+0.4 AVCC-05 | V
Output Voltage Range | VOUT_OPAMP AVSS AVCC-01 | V
Vin Offset Voffset OPAMP 13 mV
Output Current® IOUT_OPAMP +1 mA
CMRR CMRR_OPAMP 70 dB
PSRR PSRR_OPAMP 50 dB
Output Noise ON_OPAMP 45 uvrms | 1k~1GHz
Open Gain GAIN_OPAMP 80 dB
Gain Band Width GBW_OPAMP 20 MHz
Slew Rate SR_OPAMP 15 V/us

DWhen steady current flows, the accuracy is deteriorated by resistance in the analog switch.
31.12 Comparator

Item Symbol Min. Typ. Max. Unit Notes
{;‘gﬁ;gfg‘;gg Mode VCM_COMP | AVSS+0.5 AVCC-05 | V
Hysteresist®) VIN_hys 20 120 mvV
Response Time® tRESP_COMP 20 ns

W Figure 31-1 shows the hysteresis characteristics.
@ Figure 31-2 shows the Measurement condition.
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VCC=3.3V,Ta=25C
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Figure 31-1 Comparator Hysteresis
A
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VIN— v y
A
AVCCx0.5
(AVCCX0.5) 0.5V
VIN-+ f y
100ns &> <% 100ns
tRESP_COMP |—3| tRESP_COMP

Comparator Output

Figure 31-2 Comparator Timing Chart
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31.13 Voltage Reference

Item Symbol Min. Typ. Max. Unit Notes
Output Voltage VREF 1.20 V

31.14 Temperature Sensor

Item Symbol Min. Typ. Max. Unit Notes
Output Voltage
(Tj=25°C) VTEMP 1.52 \%
Temperature slope dTEMP 4.8 mV/°C
. . from
Settling Time tTEMP 2 ms Enabling

31.15 Analog GND

Item Symbol Min. Typ. Max. Unit Notes
Output Voltage VAGND typ-0.03 AVCCx0.5 Typ+0.03 \%

31.16 Digital 1/0 DC Spec

Item Symbol Min. Typ. Max. Unit Notes
Input Voltage High Level VIH 2.0 \Y
Input Voltage Low Level VIL 0.8 \Y
Input Voltage High Level (Schmitt) VIH_S 2.0 \Y
Input Voltage Low Level (Schmitt) VIL_S 0.8 \Y
Hysteresis for Schmitt Vhys_S 0.05 \Y
Pull Up Register Rpup 20 60 100 kohm
Pull Down Register Rpdown 20 90 200 kohm
Input Leak Current IL -2 +1 +2 pA

Input Capacitance

(except ANEX0-15) CIN 20 pF

Input Capacitance(ANEXO0-15) CIN 30 pF

Output Voltage High Level (4mA) VOH4 2.4 \Y loh =4 mA
Output Voltage Low Level (4mA) VOL4 0.4 \Y lol =4 mA
Output Voltage High Level (16mA) VOH16 VCC-0.7 \Y loh =16 mA
Output Voltage Low Level (16mA) VOL16 0.4 \Y lol =16 mA
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31.17 Digital 1/0 AC Spec

31.17.1 Timing of PWM

Item Symbol Min. Typ. Max. Unit Notes
I . C=30pF
Rise Time of PWM terminal ir 20 ns VOH=DVCCx0 7
(GP1010-17) VOL=DVCCx0.3
. . C=30pF
Fall Time of PWM terminal i 20 ns VOH=DVCCx0 7
(GPIO10-17) VOL=DVCCx0.3
31.17.2 Timing of SPI
(1) Master Mode
Item Symbol Min. Typ. Max. Unit Notes
SCK Period tSCK 80 ns C=50pF
SO Output Delay tdSPI 0 10 ns C=50pF
Sl Hold tHLSPI -3 ns
Sl Setup tSUSPI 13 ns
(2) Slave Mode
Item Symbol Min. Typ. Max. Unit Notes
SCK Period tSCK 80 ns
SO Output Delay tdSPI 4 15 ns C=50pF
Sl Hold tHLSPI 5 ns
Sl Setup tSUSPI 5 ns
P Tscx %
SCK \ / \
P Laspr

SO xxxxxxkxxxx% % YOUK

iTsvspr | TEpser
-

51 GOOOR00O0OCXX00000MKN)

Figure 31-3 SPI Timing (MODEO,3)
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Figure 31-4 SPI Timing (MODE 1,2)

31.17.3 Timing of 12C

(1) Normal Mode

Item Symbol Min. Typ. Max. Unit Notes
SCL clock frequency fSCL 0 100 kHz
hold time (repeated) .
START condition tHD:STA 4.0 Hs
LOW period of the SCL clock tLowI2C 4.7 us
HIGH period of the SCL clock tHIGHI2C 4.0 us
set-up time for a repeated .
START condition SUSTA 4.7 HS
CBUS compatible 50
data hold Time masters tHD:DAT ' us
12C-bus devices 0
data set-up time tSU:DAT 250 ns
rise time of both SDA and SCL signals tRI2C 1000 ns
fall time of both SDA and SCL signals tFI2C 300 ns
set-up time for STOP condition tSU:STO 4.0 us
bus free time between a STOP
and START condition BUFI2C 47 HS
capacitive load for each bus line Cb 400 pF
. . 0.1x
noise margin at the LOW level VnL DVCC \%
. . 0.2x
noise margin at the HIGH level VnH DVCC \%
pulse width of spikes that must be i i
suppressed by the input filter tSPI2C ns
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(2) Fast Mode

Item Symbol Min. Typ. Max. Unit Notes

SCL clock frequency fSCL 0 400 kHz
hold time (repeated) START condition tHD:STA 0.6 us
LOW period of the SCL clock tLOWI2C 1.3 us
HIGH period of the SCL clock tHIGHI2C 0.6 us
set—up_tlme for a repeated START tSU'STA 06 us
condition

CBUS compatible 0 3.45
data hold time masters tHD:DAT ' us

12C-bus devices 0 0.9
data set-up time tSU:DAT 100 ns
rise time of both SDA and SCL signals tRI2C Ozfgb 300 ns
fall time of both SDA and SCL signals tF12C o 300 | ns
set-up time for STOP condition tSU:STO 0.6 us
bus free time between a STOP
and START condition tBUFI2C 13 HS
capacitive load for each bus line Cb 400 pF
noise margin at the LOW level vnL DO\'/lc);C V
noise margin at the HIGH level VnH D({./ZSC V
pulse width of spﬂges tha’g must be {SPI2C 0 50 ns
suppressed by the input filter

cop ] L
.ll |!III IIII 1 Ill |£I|| T '|_|‘I IIII1 III!|
- 1_:,;—:::1_ - J-‘1'-i':i‘:_ i R ¢ _"—h- . Fogm ¥ +
Limae Lorae D bemsmy —o% e R

SCL
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32. Packaging information

32.1 QFN40 PKG_dimensional outline drawing
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Figure 32-1 QFN40_PKG_dimensional outline drawing

Note: After mounting, Excessive Stress on the device should not be added to prevent Characteristic Change.
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32.2 LQFP64_PKG_dimensional outline drawing
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Figure 32-2 LQFP64_PKG_dimensional outline drawing

Note: After mounting, Excessive Stress on the device should not be added to prevent Characteristic Change.
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IMPORTANT NOTES

e The contents in this document are subject to changes, for improvement and other purposes, without notice. Make
sure that this is the latest revision of the document before use.

e If certain products and technologies in this document (i.e. those cargos and technologies subject to security trade
control based on the Foreign Exchange and Foreign Trade Control Law) are to be exported or taken overseas from
Japan, the permission of the Japanese government is required.

e When using the information in this document, no license is granted for guarantees or concessions of rights such as
patents, copyrights, trademarks, or other intellectual property rights of any third party, or of Sanken.

e Application examples and operation examples described in this document are shown only as reference of the usage
of the products. Sanken assumes no responsibility for any infringement of industrial property rights, intellectual
property, or any other rights of Sanken or any third party, which may result from its use.

e Unless otherwise agreed in writing by Sanken, Sanken makes no warranties of any kind, whether express or
implied, as to the products, including product merchantability, and fitness for a particular purpose and special
environment, and the information, including its accuracy, usefulness, and reliability, included in this document.

e Although Sanken undertakes to enhance the quality and reliability of its products, the occurrence of failure and
defect of semiconductor products at a certain rate is inevitable. Users of Sanken products are requested to take, at
their own risk, preventative measures including safety design of the equipment or systems against any possible
injury, death, fires or damages to the society due to device failure or malfunction.

e Sanken products listed in this document are designed and intended for the use as components in general purpose
electronic equipment or apparatus (home appliances, office equipment, telecommunication equipment, measuring
equipment, etc.).

When considering the use of Sanken products in the applications where higher reliability is required (transportation
equipment and its control systems, traffic signal control systems or equipment, fire/crime alarm systems, various
safety devices, etc.), and whenever long life expectancy is required even in general purpose electronic equipment
or apparatus, please contact your nearest Sanken sales representative to discuss, prior to the use of the products
herein.

The use of Sanken products without the written consent of Sanken in the applications where extremely high
reliability is required (aerospace equipment, nuclear power control systems, life support systems, etc.) is strictly
prohibited.

e When using the products specified herein by either (i) combining other products or materials therewith or (ii)
physically, chemically or otherwise processing or treating the products, please duly consider all possible risks that
may result from all such uses in advance and proceed therewith at your own responsibility.

e Anti radioactive ray design is not considered for the products listed herein.

e Sanken assumes no responsibility for any troubles, such as dropping products caused during transportation out of
Sanken’s distribution network.

e The contents in this document must not be transcribed or copied without Sanken’s written consent.
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Revision History

Note: Page numbers for previous revisions may differ from page numbers in current version.

MD6602 Revisions

No. | Rev. Page Chapter Revision details

1 0.0 - - First version.

2 0.1 31 Electric Characteristics Added Chapter No. 31 Electric Characteristics.

3 1.0 1-1 Product Overview Modified Update Rate of High Precision 10bit DAC.

Item: (old) >> (new)
Update Rate: ( T.B.D) >> (0.1MSPS)

4 1.0 1-1 Product Overview Deleted “Rail to Rail Input/Output” of Operational
Amplifier (OPAMP).

5 1.0 1-3 Product Overview Deleted LQFP-44 Package of Section 1.4 Ordering
Information.

6 1.0 3-1 Pin Description Deleted Figure Pin Arrangement for LQFP-44.

7 1.0 3-2,3-3,3-4 Pin Description Deleted LQFP-44 Package of Section 3.2 Signal
Description.

8 1.0 5-6 Clock System Modified (3) of Section 5.4 Low Power Mode.

Deleted the sentence:

“Physically, GOTOLPM bit is 1 during Low Power
Mode until waking up. Read the value of GRTOLPM
corresponding to SLEEP | STBY.”

9 1.0 7-3 Register Mapping Modified Table 7-3 Peripherals on SFR Bus (Only DSAC

accesses).

Item: (old) >> (new)

Address column: ( 88) >> (08)

Address column: ( 90) >> (10)

Address column: ( 98) >> (18)
10 | 1.0 7-3 Register Mapping Added Notes of 16bit SFR access with CPU.
11 | 1.0 8-1 GPIO Added The following explanation.

If the direction of the signal pin is output, the pull up
or pull down is forcibly OFF regardless of pull
up/down register (PPU/PPD).

12 | 1.0 8-1,8-2 GPIO Modified Figure 8-1 GPIO/PIN Structures.
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No. | Rev. Page Chapter Revision details
13 | 1.0 8-3,8-4 GPIO Modified Table 8-1 GPIO Registers.
Deleted From Symbol PDRO to PDRS3.
Deleted From Symbol PIFO to PIF3.
14 |10 8-7 GPIO Modified Section 8.2.5 Pin Function Select for GPIOn
(PFSn) (n=2-3).
Deleted Register PFS1.
15 |10 8-8 GPIO Modifed Section 8.2.7 Pin Function Select for GP1O5
(PFS5).
Item: (old) >> (new)
Bitl:(PF1) >> (Reserved)
Bit0:(PF0) >> (Reserved)

16 | 1.0 8-25 GPIO Added Section 8.3.2 Reading the PDRX register after
writing.

17 |1 1.0 8-25 GPIO Added Section 8.3.3 Pin function setting for GP1014,
GPI0O15, GP1016 or GPIO17.

18 |10 10-2 Interrupt Controller Modified Table 10-2 Interrrupt Vectors.

Item: (old) >> (new)
VectorNo.13:(PWMOA Interrupt)
>> (PWMO Interrupt 0)
VectorNo.14:(PWMOB Interrupt)
>> (PWMO Interrupt 1)
VectorNo.15:(PWM1A Interrupt)
>> (PWMLlInterrupt 0)
VectorNo.16:(PWM1B Interrupt)
>> (PWMLllInterrupt 1)
VectorNo.17:(PWM2A Interrupt)
>> (PWM2Interrupt 0)
VectorNo.18:(PWM2B Interrupt)
>> (PWM2Interrupt 1)
VectorNo.19:(PWM3A Interrupt)
>> (PWMa3Interrupt 0)
VectorNo.20:(PWM3B Interrupt)
>> (PWMa3Interrupt 1)
19 | 1.0 11-16 DSAC(Direct SFR Added Section 11.6.2 Limitation in case when DSAC

Access Controller) transfer data size is 8bits..
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No. Rev.

Page

Chapter

Revision details

20 | 1.0

12-1

FLASH Memory Control

Modified Table 12-1 Feature of FLC.
Item: (old) >> (new)
Main block Size:(32KB(4Kword x 32bit))
>> (32KB(8Kword x 32bit))

21 |10

12-3

FLASH Memory Control

Modified Information block location of Figure 12-2
Flash memory mat structure.

Item: (old) >> (new)

Start location:(0x9000) >> (0xA000)

End location:(0x93FF) >> (0XA3FF)

22 |10

12-4

FLASH Memory Control

Modified Table 12-2 List of Registers.
Item: (old) >> (new)
FMRPD1:(Flash Memory Row Program Data0 register)
>> (Flash Memory Row Program Datal register)
FMRPD2:(Flash Memory Row Program Data0 register)
>> (Flash Memory Row Program Data2 register)
FMRPD3:(Flash Memory Row Program Data0 register)

>> (Flash Memory Row Program Data3 register)

23 |10

12-10

FLASH Memory Control

Modified In protect level2(2) of Section 12.4.1
Instruction fetch.
Item: (old) >> (new)
(2):(located 0x8000-0xFFFF)
>> (located 0x8000-0x8FFF, 0x9400-0x9FFF or
0xA400-0xFFFF(0x8000-0xFFFF except

flash area))

24 |10

13-13,13-14
13-15,13-16

Tiny DSP

Modified Table 13-4 XBUS Registers.
Deleted From Symbol DSPO_RO_L to DSPO_R7_H.
Deleted From Symbol DSP1_RO_L to DSP1_R7_H.

25 |10

13-17

Tiny DSP

Added Figure 13-9 SER.

26 | 1.0

13-32

Tiny DSP

Added Section 13.11.2 Prohibition of rewriting

Arguments in executing the DIV instruction.

27 |10

14-8

High-Resolution PWM

Added Section 14.5.1.1 Direct Mode.

28 | 1.0

14-8

High-Resolution PWM

Added Section 14.5.1.2 Buffer Mode(PWM Mode 0,1).

29 |10

14-9

High-Resolution PWM

Added Section 14.5.1.3 Direct Mode(PWM Mode 2,3).
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No. | Rev. Page Chapter Revision details

30 |10 14-26 High-Resolution PWM Modified Table 14-4 Events for Re-trigger.

Item:(old) >> (new)

No.22:(Event Positive Edge Signal from GP106)
>> (reserved)

No.:(26-31) >> (25-31).

31 |10 14-43 High-Resolution PWM Modified Section 14.12.10 PWMnACSTS(n=0~3)) .

Item:(old) >> (new)
Bit0:( 0: Not accessing a SFR)
>> (0: Not accessing a XBUS register)
32 |10 14-40 High-Resolution PWM Modified Section 14.12.7 PWMnINTS0/1(n=0~3) .

Item:(old) >> (hew)

Register:(PWM1INTS1) >> (PWM2INTS1)
Register:(PWM2INTS1) >> (PWM3INTS1)

33 |10 14-59 High-Resolution PWM Added Section 14.13 Example to configure PWM.

34 |10 19-1 UART Modified Data Length of Table 19-1 Feature of UART.

Item:(old) >> (new)

Data Length:(7,80r9bit) >> (5,6,70r8bit)

35 |10 19-5 UART Modified Value of Bit7-6(Table 19.3.4 FIFO Control
Register (FCR)).

Item:(old) >> (new)

R/W:(W) >> (RW)

Initial: (1) >> (11)

36 |10 28-2 POC Modified Section 28.2.1 POCCRn (POC Control

Reqgister).The function of DISH and DISL was newly
added.

Item:(old) >> (new)

Bit Name of Bit5:(reserved) >> (DISH)

Bit Name of Bit6:(reserved) >> (DISL)
37 |10 28-4 POC Added The following explanation.

If corresponding pull down is enabled
(corresponding bit of PPD1 register), the
corresponding PWM pin becomes pull down
instead of Hi-z when POC cuts off the pin

output.”
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38 |10 31-1 Electric Characteristics Modified Table 31.2 Recommended Operating
Conditions.

Item:(old) >> (new)

Max of Ambient Temperature:(85) >> (110)

39 |10 31-2 Electric Characteristics Modified Section 31.6 Reset Operation.
Item:(old) >> (new)
Max of VPOR:(2.7) >> (2.75)
40 | 1.0 31-2 Electric Characteristics Modified Section 31.7 Clock Operation.
1)tXTAL

Item:(old) >> (hew)

Min of tXTAL:(10) >> (5)
2)fIRC

The specification of fIRC was classified by ambient

temperature .

[Ta=-20~100]: 9.7(Min),10(Typ),10.3(Max).
[Ta=-40~110]: 9.3(Min),10(Typ),10.7(Max).
41 |10 31-4 Electric Characteristics Modified Section 31.11 OPAMP.

Item:(old) >> (new)

Item:(Input Voltage Range) >> (Input Common Mode
\oltage Range)
42 110 31-4 Electric Characteristics Modified Section 31.12 Comparator.

Item:(old) >> (new)
Item:(Input Voltage Range) >> (Input Common Mode

\oltage Range)

43 1.0 31-6 Electric Characteristics Added Pull Down Register of Table 31.16 Digital 1/0 DC
Spec).

44 110 31-7 Electric Characteristics Added notes(C=50pF) of (1)Slave Mode(Section 31.17.2
Timing of SPI).

45 110 31-7 Electric Characteristics Added notes(C=50pF) of (2)Slave Mode(Section 31.17.2
Timing of SPI).

46 | 1.0 32-1 Packaging information Deleted LQFP44_PKG_dimensional outline drawing.
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