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Preface

Thank you very much for making use of Toshiba microcomputer LSIs;
Before use this LSI, refer the section, “Points of Note and Restrictions”.
Especially, take care below cautions.

**CAUTION**
How to release the HALT mode

Usually, interrupts can release all halts status.However, the interripts) = (NMI,
INTO to INT3, INTRTC, INTALMO to INTALM4),-which can release 'the HALT
mode may not be able to do so if they are-input during the period CPU s shifting
to the HALT mode (for about 5 clocks of fgpy)-with IDLE1 or SFTOP mode (IDLE2
is not applicable to this case). (In this case, an interrupt request-is-kept on hold
internally.)

If another interrupt is generated(after-it has shifted to-HALT mode completely,
halt status can be released witheut difficultly/ The prierity of this interrupt is
compare with that of the interrupt kept on hold internally, and the interrupt with
higher priority is handled first\followed by the other interrupt.
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CMOS 16-Bit Microcontrollers
TMP91C824FG/JTMP91C824-S

1. Outline and Features
TMP91C824 is a high-speed 16-bit microcontroller designed for the control of various mid- to
large-scale equipment.
TMP91C824FG comes in a 100-pin flat package. JTMP91C824-S is a chip-forny product.
Listed below are the features.
(1) High-speed 16-bit CPU (900/L1 CPU)
e Instruction mnemonics are upward-compatible with TLCS-90
e 16 Mbytes of linear address space
e  General-purpose registers and register banks

e 16-bit multiplication and division instructiongsbit transfer and arithmeticinstructions

e  Micro DMA: 4 channels (485 ns/2 bytes at 33 MH?z)
(2) Minimum instruction execution time: 121 ng(at 83 MHz)

(3) Built-in RAM: 8 Kbytes
Built-in ROM: None

RESTRICTIONS ON PRODUCT USE

20070701-EN

e The information contained herein is subject to.chiange without notice:

e TOSHIBA is continually working to improve the guality and reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail-due.to_their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the-entire System, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could /cause\ loss of human® life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA-products specifications._ Also, please keep in mind the precautions and
conditions set forth in the “Hangdling Guide for Semiconductor-Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc.

e The TOSHIBA products listed_in this document are/intended for usage in general electronics applications
(computer, personal eguipment, office equipment, measuring’equipment, industrial robotics, domestic appliances,
etc.).These TOSHIBA products are neither—intended- nor warranted for usage in equipment that requires
extraordinarily high quality~and/or reliability or_a malfunetion or failure of which may cause loss of human life or
bodily injury (*Unintended Usage”). Unintended-Usage include atomic energy control instruments, airplane or
spaceship “instruments, transportation instruments,/traffic signal instruments, combustion control instruments,
medical instruments/ all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in his
document-shalhbe made at the custgmer’s own risk.

¢“The_products described in this document.shall not be used or embedded to any downstream products of which
manufacture;-use and/or’sale are prohibited under any applicable laws and regulations.

& _The-information contained’ herein is_presented only as a guide for the applications of our products. No
responsibility is assumed by. TOSHIBA for any infringements of patents or other rights of the third parties which
may.result from its use. No license is granted by implication or otherwise under any patents or other rights of
TOSHIBA or the third parties.

e Please contact your sales representative for product-by-product details in this document regarding RoHS
compatibility. Please use these products in this document in compliance with all applicable laws and regulations
that regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses
occurring as a result of noncompliance with applicable laws and regulations.

e For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the
chapter entitled Quality and Reliability Assurance/Handling Precautions.
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(4) External memory expansion
e Expandable up to 106 Mbytes (shared program/data area)

e (Can simultaneously support 8-/16-bit width external data bus
Dynamic data bus sizing

e Separate bus system
(5) 8-bit timers: 4 channels
(6) General-purpose serial interface: 2 channels
e UART/Synchronous mode: 2 channels
e IrDA Ver.1.0 (115.2 kbps) mode selectable: 1 channel

(7) Serial bus interface: 1 channel
e I2C bus mode/clock synchronous mode selectable

(8) Timer for real-time clock (RTC)
e Based on TC8521A

(9) 10-bit AD converter: 8 channels

(10) Watchdog timer

(11) Melody/alarm generator
e Melody: Output of clock 4 to 5461 Hz
e Alarm: Output of the 8 kinds of alarm-pattern
e  Output of the 5 kinds of interval interrupt

(12) Chip select/wait controller: 4 ehannels

(13) Memory management unit
e Expandable up to 106 Mbytes{4 local areas/8-bank method)
(14) Interrupts: 37 interrupts
e 9 CPU interrupts: Software interrupt instruetion and illegal instruction
o 23 internal interrupts! 7 priority levels-are selectable
e 5 external interrupts: 7 prierity levels/are'selectable
(among 4interrupts are selectable edge mode)

(15) Input/output ports: 35 pins{at-external*16-bit data bus memory)

(16) Standby function
Three HALT modes: IDLE2 (Programmable), IDLE1 and STOP

(17) Pripleclock controller
¢ Clock doubler (DFM) cixcuit is inside
e —Clock gearfunctign: Select a high-frequency clock fc/1 to fc/16
¢ /Slow mode (fs 2 32.768 KHz)
(18) Operating voltage
e Vcc=27V1t03.6V (fc max = 33 MHz)
e Vcc=1.8Vto03.6V (fc max =10 MHz)
(19) Package
«  100-pin QFP: LQFP100-P-1414-0.50F

e  Chip form supply also available. For details, contact your local Toshiba sales
representative.
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Figure 1.1 TMP91C824 Block Diagram

(' ): Initial function after reset
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2. Pin Assignment and Functions

The assignment of input/output pins for the TMP91C824, their names and functions are as
follows:

2.1 Pin Assignment Diagram

Figure 2.1 shows the pin assignment of the TMP91C824FG.
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Figure 2.1 Pin Assignment Diagram (100-pin QFP)
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2.2 Pad Layout

(Chip size 4.37 mm x 4.37 mm) Unit: pm
Pin Name X Point|Y Point Pin Name X Point|Y Point Pin Name X Point|Y Point
No. No. No.
1| VREFL —2050 1721 | 35| PCO -140 | -2050 | 69 | P21 2045 939
2 | Avss —2050 1596 | 36 | PC1 -14 | -2050| 70| P20 2045 1075
3| Avcc —2050 1470 [ 37| PC2 112 | -2050 | 71| A15 2045 1207
4| P80 —2050 1337 | 38| PC3 238 | -2050| 72 |/AMd4 2045 1337
5| P81 —2050 1209 [ 39 | PC4 365 | —2050 73 |\A13 2045 1464
6| P82 —2050 1076 | 40| PC5 491 | 2050 | 74 [AL2 2045 1592
7| P83 —2050 943 | 41| PD5 618 | —2050| (75| ALl 2045 1721
8 | P84 —2050 810 | 42| PD6 744 | 2050 | \76-|A10 1720 2045
9| P85 —2050 677 | 43| PD7 871 | -2050+ 77 | A9 1591 2045
10 | P86 —2050 544 | 44| DO 998 | £2050 | 78/ A8 1464 2045
11 | P87 —2050 416 | 45|D1 1124 | 2050} 79 | A7 1337 2045
12 | P70 —2050 148 | 46| D2 1251/ /-2050 | " 80 | A6 1197 2045
13 | P71 —2050 15| 47|D3 1377 [ /-2050 | 81 | A& 1058 2045
14 | P72 —2050 -118| 48| D4 1504 | 2050 | 82 | A4 918 2045
15 | PBO —2050 —251| 49| D5 16302050 | 83 | A3 778 2045
16 | PB1 —2050 -384| 50| D6 1757 | -2050| 84| A2 639 2045
17 | PB2 —2050 517 | 51|D7 2045 -1750 | 85| Al 499 2045
18 | PB3 —2050 —650 | 52| P10 2045 | -1614 | 861A0 359 2045
19 | PB4 —2050 -783| 53| P11 2045 | -1478 | '87//RD 219 2045
20 | PB5 —2050 916 | 54| P12 2045 | /—1341 |~.88 WR 80 2045
21| PB6 —2050 | -1049 | 55| P13 2045/|/ -1205 | \89 | PZ2 -59 2045
22 | P54 —2050 | -1182 | 56| P14 2045 |\ >1069 | 90) PZ3 -199 2045
23 [ P55 —2050 | -1315| 57\ P15 2045 >933+ 97| P56 -338 2045
24 | AMO —2050 | -1448 | 58V P16 2045 -796 1./92 | P60 —478 2045
25 | vee —2050 | 1581/ 59/\P17 2045 660 | 93| P61 —618 2045
26 [ x2 -1551 | -2050}. 60 | P27 2045 524 | 94| P62 —757 2045
27 [ vss -1330 | <2050 [~-611{ P26 2045 3388 | 95| P63 -897 2045
28 [ X1 -1205 |[ (20804 62 | VSS 2045 —234 | 96| P64 -1037 2045
29 | AM1 -1075 | \-2050/ / 63 | NMi 2045 -80 | 97| P65 -1176 2045
30 | RESET —948)| 2050 | 64 | vec 2045 240 | 98 | P66 -1316 2045
31 [ xT1 822 | 2050 | 65 | P25 2045 394 | 99| P67 -1456 2045
32 [ XT2 520 | -2050 | 66-{P24 2045 530 | 100 | VREFH -1725 2045
33 [ EMUO —394.|> —2050 | 67| P23 2045 666

34 | EMUL —267 | -2050| 68| P22 2045 803
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2.3 Pin Names and Functions

The names of the input/output pins and their functions are described below.

Table 2.3.1 Pin Names and Functions (1/3)

Downloaded from AFFOW.Com.

) Number )
Pin Name ) 110 Functions
of Pins

DO to D7 8 110 Data (Lower): Bits 0 to 7 of data bus

P10 to P17 8 110 Port 1: I/O port that allows I/0 to be selected atthe bit level
(when used to the external 8-bit.bus)

D8 to D15 1/10 Data (Upper): bits 8 tol5 of data bus

P20 to P27 8 Output Port 2: Output port

Al16 to A23 Output Address: Bits 16 to 23 of address hus

A8 to A15 8 Output Address: Bits 8 to 15 of address bus

A0 to A7 8 Output Address: Bits 0 to 7 of address bus

RD 1 Output Read: Strobe signal for reading-external memory
RD is outputted by sétting PZ<RDE> to “0” even when read internal
memory.

WR QOutput Write: Strobe sjgnal forwriting’data to pins DO to-D7

Pz2 110 Port Z2: 1/0 port (with_pull-up resistor)

HWR Qutput High write:/Strebe.signalfor writing data to/pins D8-to D15

Pz3 1 110 Port Z3:4/0O port (with pull-up resistor)

R/'W Output Read/write: Turepresents read or dummy-eycle;/0 fepresents write cycle.

P54 1 110 Port(54: I/©_pert (With pull-up resistor)

BUSRQ Output Bus-request: High-impedanee-used to request bus release

P55 1 110 Port 55: 1/Q port (with pull<up resistor)

BUSAK Output Bus.acknowledge: Signal used to acknowledge bus release

P56 1 1/10 Rort 56:'1/0 port (with putlup-resistoy)

WAIT Input Wait! Pin used to request CPY._bus'wait ((1 + N) wait states)

P60 1 Output Port 60: Output port

CS0 Qutput Chip select 0: Outputs'0 when address is within specified address area.

P61 1 output Port 61: Output{port

Cs1 Output Chip select 1. Outputs 0-when address is within specified address area

P62 1 Output Port 62: Output part

cs2 Qutput Chip sejéct2: Qutputs 0 when address is within specified address area

CS2A Output Expand, chip/select 2A: Outputs 0 when address is within specified address
area

P63 1 Output Port 63: Output port

Cs3 Qutput Chip-select 3: Outputs 0 when address is within specified address area

P64 1 Output Port 64: Output port

EA24 Output Address 24: Expand address

Cs2B Output Expand chip select 2B: Outputs 0 when address is within specified address
area

P65 1 Output Port 65: Output port

EA25 Qutput Address 25: Expand address

csa2C Output Expand chip select 2C: Outputs 0 when address is within specified address
area

P66 Y Output Port 66: Output port

Cs2D Qutput Expand chip select 2D: Outputs 0 when address is within specified address
area

P67 1 Output Port 67: Outpt port

CS2E Output Expand chip select 2E: Outputs 0 when address is within specified address
area
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Table 2.3.2 Pin Names and Functions (2/3)

. Number .
Pin Name ) 110 Functions
of Pins

P70 1 110 Port 70: I1/O port

SCK 110 Serial bus interface clock I/0 data at SIO mode

OPTRX0 Input Serial 0 receive data

P71 1 110 Port 71: 1/0 port

SO Output Serial bus interface send data at SIO mode

SDA 110 Serial bus interface send/receive data at I7C/bus mode
Open-drain output mode by programmable (with-pull up)

OPTTX0 Qutput Serial 0 send data

P72 1 110 Port 72: 1/0 port

Sl Input Serial bus interface recive data at SIO mede

SCL 110 Serial bus interface clock I/O/data atJ°C bus mode
Open-drain output mode fy programmable (with pull up)

P80 to P87 8 Input Port 80 to 87 port: Pin used to~nput ports

ANO to AN7 Input Analog input 0 to 7: Pif us€dto input to AD convetef

ADTRG Input AD trigger: Signal used to request AD start (with used-toP83)

PBO 1 110 Port BO: I/O port

TAOIN Input 8-bit timer 0 input: TimerQ input

PB1 1 110 Port B1: I/0 port

TA10UT Output 8-bit timer.1 ‘eutput: Timer 0 output or timek.1 output

PB2 1 110 Port B2: 1/Q port

TA30UT Output 8-biti\timer 3.output: Timer 2 output or timer 3, output

PB3 1 110 Port BO: 1O port

INTO Input Interrupt request pin@: /Interrupt. request pin with programmable rising
#alling edge

PB4 to PB6 3 110 Pert\B4 to B6: I/0 port

INT1 to INT3 Input Interrupt request pinl to 3: Interrupt request pin with programmable rising
#alling edge

PCO 1 110 Port CO: I/O port

TXDO Qutput Serial 0 send data; Open-drain output pin by programmable

PC1 1 110 Port C1: /O pert

RXDO Input Serial 0 receive data

Downloaded from AFFOW.Com.

91C824-7 2008-02-20


http://www.arrow.com

TOSHIBA TMP91C824

Table 2.3.3 Pin Names and Functions (3/3)

) Number .
Pin Name ) 110 Functions
of Pins

PC2 1 110 Port C2: 1/0O port

SCLKO 110 Serial O clock

CTSO Input Serial data send enable 0 (Clear to send)

PC3 1 110 Port C3: I/0O port

TXD1 Output Serial 1 send data
Open-drain output pin by programmable

PC4 1 110 Port C4: 1/0O port

RXD1 Input Serial 1 receive data

PC5 1 110 Port C5: I/O port

SCLK1 110 Serial clock I/0 1

CTs1 Input Serial 1 data send enable (Clearto send)

XT1 1 Input Low-frequency oscillator connecting pin

XT2 1 Output Low-frequency oscillater-connecting pin

PD5 1 Output Port D5: Output port

SCOUT Output System clock output:\fsys orfs/ output

PD6 1 Output Port D6: Output pert

ALARM Output RTC alarm eutput pin

MLDALM Output

PD7 1 Output Port D7: Output port

MLDALM Qutput Melody/alarm output pin

NMI 1 Input Non-maskable interrupt request pin Intepfuptjrequest pin with
programmable falling edge level or with both edge levels programmable

AMO to AM1 2 Input Operation mode:
Fixedto AM1 = 0, AMO.="1 16-bit exterhal bus or 8-/16-bit dynamic sizing.
Fixed to AM1 = 0, AMO = 0-8-bit external bus fixed.

EMUO 1 Output Open pin

EMU1 1 Output Open pin

RESET 1 Inplit Reset: Initializes TMPQ1C824 (with pull-up resistor).

VREFH 1 Input Pin for referencewaitage input to AD converter (H)

VREFL 1 Input Pin for referénce-voltage input to AD converter (L)

AVCC 1 Power supplypin for AD converter

AVSS 1 GND pin for’ AD converter (0 V)

X1/X2 2 High-frequency-oscillator connection pins

DvCC 2 Power supply pins (All VCC pins should be connecyed with the power
Supply pin.)

DVSS 2 GND pins (0 V) (All pins shuold be connected with GND (0 V).)

91C824-8 2008-02-20
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3. Operation

This following describes block by block the functions and operation of the TMP91C824.
Notes and restrictions for eatch book are outlined in 6 “Precautions and Restrictions” at the end
of this manual.

3.1 CPU
The TMP91C824 incorporates a high-performance 16-bit CPU (the'900/L1)CPU). For CPU
operation, see the TLCS-900/L1 CPU.

The following describe the unique function of the CPU>used in the TMP91C824; these
functions are not covered in the TLCS-900/L11 CPU section.

3.1.1 Reset

When resetting the TMP91C824 microcontroller, (ensure.that the power supply voltage
is within the operating voltage range, and that the internal high-frequency. oscillator has
stabilized. Then set the RESET input to low level at least for 10 system ‘elocks (10 us at 33
MHz). Thus, when turn on the switch, be set\to' the) power supply veltage is~within the
operating voltage range, and that the imternal-high-frequency dseillator”Hag /stabilized.
Then hold the RESET input to low level at leastfor 10 system cloeks:

Clock gear is initialized 1/16 mode\by reset operation. It mears-that the system clock
mode fSYS is set to fc/32 (= fc/16 x 1/2).
When the reset is accept, the CRU:

e Sets as follows the program-counter (PC)-in accordarice with the reset vector
stored at address FFFFOOH to FFFFQ2H:

PC<0:7> < Value at FFFFOOH address

PC<15:8> «~Value at FFFF01H address

PC<23:16x &\ Value at FFFFO2H address
e  Sets the stack pointer (XSP) to 100H.

e Sets bits KIFE2:0> of the status register (SR) to 111. (Sets the interrupt level
mask register to level 7.)

¢/ Sets the <MAX> bitéofthe status register (SR) to 1 (MAX mode).
(Note: As this product-does not~support MIN mode, do not write a 0 to the
<MAX>)

e Clears bits <RFP2:0> of the status register (SR) to 000. (Sets the register bank to
0.)

When reset|is released,the CPU starts executing instructions in accordance
with the program counter settings. CPU internal registers not mentioned above
do not change when the reset is released.

When \the reset is accepted, the CPU sets internal I/0, ports, and other pins as
follows.

e Initializes the internal I/O registers.

e Sets the port pins, including the pins that also act as internal I/O, to general-
purpose input or output port mode.

Note: The CPU internal register (except to PC, SR, XSP) and internal RAM data do not
change by resetting.

Figure 3.1.1 is a reset timing chart of the TMP91C824.
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3.2

Note:

Memory

Map

Figure 3.2.1 is a memory map of the TMP91C824.

000000H

000100H

OOOFEOH
001000H

003000H

010000H

EFFFOOH

FFFFFFH

Internal I/O
(4 Kbytes)

Internal RAM
(8 Kbytes)

External\memory

Vector-table (256 bytes)

T

Direct
area (n)

.

64-Kbyte

area (nn)

16-Mbyte area
(R)
(-R)
(R+)
(R + R8/16)
(R + d8/16)
(nnn)

( I:I = Internal area)

Figure 3.2.1 Memory Map

Address 000FEOH to OOFFFH is assigned for the TOSHIBA reserve area, user can't use.
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3.3 Triple Clock Function and Standby Function
TMP91C824 contains (1) clock gear, (2) clock doubler (DFM), (3) standby controller and (4)
noise-reduction circuit. It is used for low-power and low-noise systems.

This chapter is organized as follows:
3.3.1 Block Diagram of System Clock
3.3.2 SFR
3.3.3 System Clock Controller
3.3.4 Prescaler Clock Controller
3.3.5 Clock Doubler (DFM)
3.8.6 Noise Reduction Circuits
3.3.7 Standby Controller

91C824-12 2008-02-20
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The clock operating modes are as follows: (a) Single clock mode (X1, X2 pins only), (b) Dual
clock mode (X1, X2, XT1 and XT2 pins) and (c¢) Triple clock mode (The X1, X2, XT1 and XT2

pins and DFM).

Figure 3.3.1 shows a transition figure.

STOP mode
(Stops all circuits)

STOP mode
(Stops all eircuits)

Reset
(fosch/32)
i Release reset
IDLEZ mode % | _
(I/O operate) Interrupt NORMAL mode Instruction
i Interrupt
IDLE1 mode % (foscH/gear value/2) P
(Operate only oscillator) | _-erdPl——]
(@)  Single clock mode transition figure
Reset
(fosch/32)
IDLEZ mode % | Release reset
(VO operate) %) NORMAL mode fostilction
Instructi
IDLE1 mode TEr——— (foscH/gear value/2)
(Operate only oscillator) W
Interrupt
IDLE2 mode %
(/O operate) Interrupt SLOW mode
Instructi
IDLEL mode ) (fsf2)
(Operate only oscillator) //—E"/’)
(b)  Dual cleck'\mode transition fiigure
Reset
(fosch/32)
IDLEZ mode % l Release reset
(/O operate) %) NORMAL mode
Instructi
IDLE1 mode Interrtiot (foscH/gear value/2)
(Operate only oscillator) /_g,_,_—-——-)
(Note) STOP mode Instruction
(Stops all-cireuits)

|nstruction

; . Interrupt
Instruction lnstruan p

IDLE2 mode
(I/O operate)

IDLE1 mode
(Operate only oscillator)

IDLE2 mode. Instructig)
(I/O operate) Interrup NORMAL mode Instruction SLOW mode Interrupt
IDLE1 mode nstruction| (4 * fOSCH/gear Note (fs/2) |instructior]
(Operate oscillator and DFM) valuer2)
Interrupt Using DMF

(c)  Triple cloeK mode trasision Figure

Note 1: It's-prohiibited to control DEM in SLOW mode when shifting from SLOW mode to NORMAL mode
with use\of DFM. (DFM startwup/stop/change write to DFMCRO<ACT1:0> register)

Note 2:

Note 3:

Note:

If\you-shift from NORMAL-mode/with use of DFM to NORMAL mode, the instructions should be

separated into/two praocedures|as below. Change CPU clock — Stop DFM circuit.

it's-prohibited to-shift from_NORMAL mode with use of DFM to STOP mode directly. You should

set NORMAL made_ence, and then shift to STOP mode. (You should stop high-frequency
oscillator after you stop~DFM.)

Figure 3.3.1 System Clock Block Diagram

The clock frequency input from the X1 and X2 pins is called foscy and the clock frequency input

from the XT1 and XT2 pins is called fs. The clock frequency selected by SYSCR1<SYSCK> is
called the system clock fgpy. The system clock fgyg is defined as the divided clock of fgpy, and
one cycle of fgyg is called one state.

Downloaded from AFFOW.Com.
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3.3.1  Block Diagram of System Clock

SYSCRO<WUEF>

SYSCR2<WUPTM1:0>

DFMCRO<ACT1:0, DLUPTM>
)

SYSCRO

Warm-up timer (High-/low-frequency
oscillator), Lockup timer (DFM)

<PRCKL:0> — > ¢T

SYSCRO
<XTEN, RXTEN>

|

XT1[H Low-frequency fs

$TO

fs

XT2[H oscillator

SYSCRO
<XEN, RXEN>

form = foscH x 4

Clock doubler
(DFM)

*-—

X1 [JHHigh-frequency

fc

fc/2

fsys

fc/16

i SYSCR1<SYSCK>

X2 [+ oscillator [

Clock gear

DFMCRO<ACT1:0>

fsvs

SYSCR1<GEARZ2;,0>

TMRAO to TMRA3

> =
¢6TO Prescaler

L = &~ =
SI001to S101

*—> -
Prescaler

SBI

| AN

oT

RTC

fs

MLD/ALM

CPU

RAM

Interrupt
controller

ADC

WDT

1/0 ports

CS/WAIT
Controller

Figure 3.3.2 Block Diagram of System Clock
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3.3.2 SFR
7 6 5 4 3 2 1 0
SYSCRO |Bit symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(00EOH) |Read/Write R/W
After reset 1 1 1 0 0 0 0 | 0
Function High- Low- High- Low- Selects clock [Warm-up timer| Select prescaler clock
frequency frequency frequency frequency after release |0: Write 00: frpf (Note 2)
oscillator (fc) | oscillator (fs) | oscillator (fc) | oscillator (fs) | of STOP Dor]’t caré ~ 01: Reserved
0: Stop 0: Stop after release | after release | mode = Wrntel 10: fc/16
1: Oscillation | 1: Oscillation | of STOP of STOP 0: fc " :tartdnmer 11: Reserved
(Note 1) mode mode 1:fs 'enedawarm up
0: Stop 0: Stop 1: Read
1: Oscillation | 1: Oscillation do’not end
warm up
7 6 5 4 3 2 1 0
SYSCR1 |Bit symbol SYSCK GEAR2 GEAR1 GEARO
(00E1H) Read/Write R
After reset 0 1 ] 0 | 0
Function Select Select gear value ‘of high'frequency (fc)
system 000: fc
clock 001 fc/2
0: fc 010: fet4
1:fs 011: fc/8
100: fc/16
10%:(Réserved)
110: (Reserved)
111: (Reserved)
7 6 S 4 3 2 1 0
SYSCR2 |Bit symbol SCOSEL WUPTM1 WUPTMO HALTM1 HALTMO SELDRV DRVE
(00E2H) |Read/Write RAW RIW R/W RIW RIW RIW RIW
After reset 0 1 0 1 1 0 0
Function 0:fs Warm-up timer HALT mode <DRVE> |Pin state
1: fs¢g 00: Reserved 00: Reserved mode control in
01: 2° inputted-frequency-'01: STOP mode select STOP/IDLE1
10; 2% 10: IDLE1 mode 0: STOP  |mode
14:.2% 11: IDLE2 mode 1: IDLE1 0: 1/0 off
1: Remains
the state
before
halt

Note’l: By reset, low-frequency oscillator is enable.

Note 2:In case of using built<innSBI circuit, it must set SYSCRO<PRCKZ1:0> to 00.

Figure 3.3.3 SFR for System Clock

91C824-15 2008-02-20
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7 6 5 4 3 2 1 0
DFMCRO | Bit symbol ACT1 ACTO DLUPFG DLUPTM
(0OOE8H) | Read/Write R/W RIW R RIW
After reset 0 0 0 0
Function DFM LUP  select fepH | Lockup Lockup time
00 |STOP STOP foscH status flag  |0: 2%foscH
01|RUN RUN foscH 0:LUPend |1: 21°/fOSCH
10|RUN STOP fpgm 1:LUP not
11 [RUN STOP foscy end
DFMCR1 | Bit symbol D7 D6 D5 D4 D3 D2 D1 DO
(00E9H) | Read/Write R/W R/W RIW R/W RIW, RIW RIW RIW
After reset 0 0 0 1 o} 0 1 1
Function DFM revision

Input frequency 4 to 8.25 MHz (at.2.7 V to 3.6 V): write “OBH"
Input frequency 2 to 2.5 MHz-(at 2.0. V- 10%): write “1BH”

Figure 3.3.4 SFR for DFM

Limitation point on the use of DFM

1. It’s prohibited to execute DEM enable/disable control im the SLOW mode (fs).

(Write to DFMCRO<ACT1:0> =<107).
You should control DFM in the NORMAL mode.

. If you stop DFM operation during using DFM \(DFMCRO<ACT1:0> = “10”), you

shouldn’t execute that change the clock-fDFEM to fOSCH and stop the DFM at the
same time. Therefore the above execution sheuld/hé separated into two procedures
as showing below:

LD (DFMCRO),\COH ; Change the clock fpgm to fosch
LD (DFMCRO); 00H ; \ BDEM-stop

. If you étop high-frequency oscillator \during using DFM (DFMCRO<ACT1:0> =

#10%), you’should stop DFM before you-stop high-frequency oscillator.

Pleage refer to 3.3.5 “Clock Doubler {DFM)” for the details.

Downloaded from AFFOW.Com.
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EMCCRO
(OOE3H)

EMCCR1
(00E4H)

EMCCR2
(00E5H)

EMCCR3
(00E6H)

7 6 5 4 3 2 1 0
Bit symbol | PROTECT - - - - EXTIN DRVOSCH DRVOSCL
Read/Write R R/W R/W RIW R/W R/W R/W RIW
After reset 0 0 1 0 0 Q 1 1
Function | protect flag | Always Always Always Always 1: Externak. |\fc oscillator | fs oscillator
0: OFF write 0 write 1 write 0 write 0 clock driver-ability | driver ability
1: ON 1: Norimal 1: Normal
0: Weéak 0: Weak
Bit symbol
Read/Write

After reset

Switching the protect ON/OFF by write to following 1st-KEY,2nd-KEY

Function
B svmbol 1st-KEY: EMCCRL1 = 5AH, EMCCR2 = A5H in_sucgession write
i
Y - 2nd-KEY: EMCCR1 = A5H, EMCCR2'=5AH in-suecession write
Read/Write
After reset
Function
Bit symbol ENFROM | ENDROM | ENPROM FELAG DELAG PFLAG
Read/Write RIW RIW RIW RV RAW RIW
After reset 0 0 0 0 0 0
Function CSlAarea |CS2B-2G CS2A area CS1AAwite’ | CS2B22G write| CS2A write
detect control | area detect detect control operationflag—Joperation flag |operation flag
0: Disable control 0:Disable When reading
1: Enable 0: Disablé 1>Enable 07 Not'written
) 1/Written
1: Enable When writing
0: Clearflag

Notel: In case restarting the oseillator.in.the stop ‘cseillation state (e.g. Restart the oscillator in
STOP mode), set EMCCRO<DRVOSCH>, <DRVOSCL>+"1".

Note2: In case of Vcc = 2 V+10%_use, fixed to EMCCRO<DRVOSCH> = 1.

Figure-3/3.5 SFR for Noise"Reduction
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3.3.3

System Clock Controller

The system clock controller generates the system clock signal (fsys) for the CPU core
and internal I/0. It contains two oscillation circuits and a clock gear circuit for high-
frequency (fc) operation. The register SYSCR1<SYSCK> changes the system clock to
either fc or fs, SYSCRO<XEN> and SYSCRO<XTEN> control enabling and disabling of
each oscillator, and SYSCR1<GEARO0:2> sets the high-frequency \clock gear to either 1, 2,
4, 8 or 16 (fc, fc/2, fc/4, fe/8 or fe/16). These functions can reduce the power consumption of
the equipment in which the device is installed.

The combination of settings <XEN> = 1, <XTEN> =0, <SYSCK>'# 0 and <GEAR0:2> =
100 will cause the system clock (fSYs) to be set to fc/32 (fc/16-x1/2) after a reset.

For example, fSYS is set to 1.03 MHz when the 33-MHgz oscillator is connected to the X1
and X2 pins.
(1) Switching from NORMAL mode to SLOW mode

When the resonator is connected to the/X1,and X2pins, or to the XT1 and)XT2 pins,
the warm-up timer can be used to change the operation frequency after stable
oscillation has been attained.

The warm-up time can be selected using SYSCR2<WUPTMO:1>.

This warm-up timer can be programmed to start and stop as shown in the following
examples 1 and 2.

Table 3.3.1 shows the warm-up time.

Note 1: When using an osecillator{other than ‘a.resonator)/ with stable oscillation, a warm-
up timer is not\needed.

Note 2: The warm-up'timer is operated by @an oscillation clock. Hence, there may be some
variation\in.warm-up time.

Table 3.3.1 Warm=up_Times

Downloaded from AFFOW.Com.
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Example 1: Setting the clock
Changing from high frequency (fc) to low frequency (fs).

SYSCRO  EQU 0OEOH
SYSCR1  EQU 00E1H
SYSCR2  EQU 00E2H
WDMOD  EQU 005CH

LD (SYSCR2), X-11- ——-B ; Sets warm-up time to 2'°/fs\

SET 6, (SYSCRO) ; Enables low-frequency.osciflation:

SET 2, (SYSCRO) ; Clears andstarts warm-up timer.
WUP: BIT 2, (SYSCRO) ; . .

IR NZ, WUP ;} Detects stopping of warm-up timer.

SET 3, (SYSCR1) ; Changes fsys\from fc to s’

RES 7, (SYSCRO) ; Disables high-frequency oscillation.

X: Don't care, —: No change

/L
<XEN> S
— )

<XTEN>
XT1, XT2 pins ——<\/\/\/\/\/\/Y//\/\/\/\/\/ \/\/\/
Warm-up timer Counts upiby fsys \ / counts up by, fs\\

End of warm-up timer

<SYSCK> fc (( fs

System clock fsys VAVAVAVAVAYA VAVAVAVAVAVAVAVAVATA\ WAL VAN

Enables Clears and starts Chages fgys Disabiles
low frequency warm-up timer fromfctofs high frequency

End-of warm-up timer

91C824-19 2008-02-20
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Example 2: Setting the clock

Changing from low frequency (fs) to high frequency (fc).

SYSCRO EQU
SYSCR1 EQU
SYSCR2 EQU
LD
SET
SET
WUP: BIT
JR
RES
RES
X: Don't care, —: No

OOEOH

O00OE1H

00E2H

(SYSCR2), X-10——-—-B ; Sets warm-up time to 214/fc|

7, (SYSCRO) ; Enables high-frequency oscillation.

2, (SYSCRO) ; Clears and starts warm-up timer.

2, (SYSCRO) ;} Detects stopping of Wafm-up timer.

Nz, WUP ;

3, (SYSCR1) ; Changes fSYS from fs-to fc.

6, (SYSCRO) ; Disables low-frequency escillation.
change

<XEN>
X1, X2 pins P
<XTEN>
XTL, XT2 pins \/\/\S \/\/\/\/\/\/\f
Warm-up timer Counts upiby fsys \ / Counts.up by\\fOSCH
End of warm-up timer
/
<SYSCK> Is “ fc
System clock fsys \NWANVAWIAWA WA ViRVUIVAVAVAVAVAVAVAVAV,
Enables Clears-and starts Chages f§vd

from fs to fc

high frequency  “warm-up timer

Efd ofwarm-up Disables
low frequency

timer
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(2) Clock gear controller

When the high-frequency clock fc is selected by setting SYSCR1<SYSCK> = 0, fFPH
is set according to the contents of the clock gear select register SYSCR1<GEARO0:2> to
either fc, fc/2, fe/4, fc/8 or fc/16. Using the clock gear to select a lower value of fFPH

reduces power consumption.

Example 3:

Changing to a high-frequency gear

SYSCR1 EQU 00E1H
LD (SYSCR1),XXXX0000B ; Changes fgys-to fc/2)
X: Don't care

(High-speed clock gear changing)

To change the clock gear, write the/ registér value to the /SYSCRI<GEARZ2:0>
register. It is necessary the warm-up time antil changing/after\writing-the register
value.

There is the possibility that the instruction next td the-clock gear changing
instruction is executed by the clock gearbefore changing. To‘exec¢ute the instruction
next to the clock gear switching-instruction by the clock gear-dfter changing, input
the dummy instruction as follows (Instruction to execute the write cycle).

Example:

SYSCR1 EQU 00E1H
LD (SYSCR1),XXXX0001B ; Changes fgys.to-fc/4.
LD (DUMMY), 00H ;  Dummy instruction

| Instruction tg be executed after clock gear has.changed |

(3) Internal clgck-terminal out function

It can.out internal clock (fsys erfs),fromPD5/SCOUT.

PD5 pin-function is set'to SCOUT output by the following bit setting.
! PDFC<PD5F>=1

Output elock select
: Refer to SYSCR2<SCOSEL> bit setting

Downloaded from AFFOW.Com.
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3.3.4  Prescaler Clock Controller
For the internal I/O (TMRAO1 to TMRA23, SIOO0 to SIO1) there is a prescaler which can
divide the clock.

The ¢TO clock input to the prescaler is either the clock fFpH divided by 4 or the clock
fc/16 divided by 4. The setting of the SYSCRO<PRCKO:1> register determines which clock
signal is input.

3.3.5  Clock Doubler (DFM)

DFM outputs the fDFM clock signal, which is four times as-fast as fOSCH. It can use the
low-frequency oscillator, even though the internal clock ishigh frequency.

A reset initializes DFM to stop status, setting to DFMCRO register is needed before use.
Like an oscillator, this circuit requires time to stabilize. This is called, the lockuptime.

The following example shows how DFM is used.

DFMCRO EQU 00OE8H
DFMCR1 EQU OO0E9H

LD (DFMCR1), 00001011B DEM parameter setting
LD (DFMCRO0), 01-0XXXXB . Setlockup time to 2%%/4 MHz
Enables DFM operation and starts lockup
LUP: BIT 5, (DFMCRO) )
Detects end of lockup,
JR Nz, LUP ;
LD (DFMCRO), 10~0XXXXB ; Changeés fc from 4MHz to 16 MHz
Changes fsys from 2 MHz to 8 MHz
X: Don't care
/L
ACT1:0 01 {{ X 10
DFM output: fors VAVAVAVAVAVAVAVAVAVAVAVAVAVAV
Lockup timer Counts up by foscH /)
/.
<DLUPFG>, During lockup \ After lockup
System clackdsys N~/ N\t / N~/ N~/ N7 AN\ NN NNNNNNN
Starts DFM operation. Changes from 4 MHz to 16 MHz.
Starts lockup:

Ends of lockup

Note; \ Input frequency limitation and correction for DFM

Recommend’ to use, input frequency (High-speed oscillation) for DFM in the following
condition.

foscH £4.10.8.25 MHz (Vcc = 2.7 V to 3.6 V): Write OBH to DFMCR1

fosch = 2 10 2.5 MHz (Vce = 2.0 V + 10%): Write 1BH to DFMCR1

91C824-22 2008-02-20
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Limitation point on the use of DFM

1. it’s prohibited to execute DFM enable/disable control in the SLOW mode (fs). You
should control DFM in the NORMAL mode.

2. If you stop DFM operation during using DFM (DFMCRO<ACT1:0> = “10”), you
shouldn’t execute the commands that change the clock fDFM to fOSCH and stop the
DFM at the same time. Therefore the above execution should be separated into
two procedures as showing below.

LD (DFMCRO), COH ; Change the clock fppM to foscH
LD (DFMCRO), 00H ; DFM stop
3. If you stop high-frequency oscillator during using . DEM (DFMCRO<ACT1:0> =

“10”), you should stop DFM before you stop high-frequeney oscillator.

4. More than 1 ms of interval time is required from stop’of DFM to the next start up
of DFM.

Examples of settings are below.

(1)  Start up control

(OK) Low-frequency oscillator operation.mode (fs) (High-fréqueéeney oscillator STOP)

— High-frequency oscillator startup — High-frequency oseillator operation mode
(foscH) —» DFM start up — DFMuse' mode (fDFM)

LD (SYSCRO0), 114-1--B ;_ High-frequency.oscillator-start up/warm-up start
WUP: BIT 2, (SYSCRO ;
( ) Chéck for the flag,of\warm-up end
JR NZ, WUP ;
LD (SYSCR1)/ ----0---B ; Change-the-system clock fs to foscH
LD (DFMCRO), ~01-0---*B ; DFM start upflockup start
LUP: BIT 5, (DEMCRO ;
( ) Check for the flag of lockup end
JR NZ, LUP ;
LD (DFMCROQ), A0-0----B ; {_ Change the system clock foscn to fpEm

(OK)_Tew-frequency oscillator operation mdde (fs) (High-frequency oscillator operate)

s> High-frequency oscillator opération mode (foscH) — DFM start up — DFM use
mod¢ fDFM)

LD, (SYSCR1), ==-0---B ; Change the system clock fs to foscH
LD (DFMCRO), 01-0---B ;_ DFM start up/lockup start
LUP; BIT 5, (DFMCRO )
( ) Check for the flag of lockup end
JR NZ, LUP )
LD (DFMCRO0), 10-0----B ; Change the system clock foscH to fpEm

(Error) Low-frequency oscillator operation mode (fs) (High-frequency oscillator STOP)
— High-frequeney oscillator start up — DFM start up — DFM use mode (fpFm)

LD (SYSCRO0), 11---1--B ;_ High-frequency oscillator start up/warm-up start

WUP: BIT 2, (SYSCRO) ;
Check for the flag of warm-up end

JR NZ, WUP ;

LD (DFMCRO), 01-0----B ;  DFM start up/lockup start
LUP: BIT 5, (DFMCRO ;

( ) Check for the flag of lockup end

JR NZ, LUP ;

LD (DFMCRO), 10-0----B ; Change the clock foscH to fppm

LD (SYSCR1), ----0---B ; Change the internal clock fs to fpgm

91C824-23 2008-02-20
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(2)  Change/stop control

(OK) DFM use mode (fbFM) — High-frequency oscillator operation mode (foscH) —
DFM stop — Low-frequency oscillator operation mode (fs) — High-frequency
oscillator stop

LD (DFMCRO0), 11------ B ; Change the system clock fpgM to fosch
LD (DFMCRO0), 00------B ;  DFM stop

LD (SYSCR1), ----1---B ; Change the system clock fosgH tofs
LD (SYSCRO), 0------- B ;. High-frequengy.oscillator stop

(Error) DFM use mode (fbFrM) — Low-frequency oscillator operation mode (fs) —
DFM stop — High-frequency oscillator stop

LD (SYSCR1), ----1---B ; Change thé system.clock fpgm to fs

LD (DFMCRO0), 11------ B ; Changethe\internal clock (fc) fppm todoscH
LD (DFMCRO0), 00------B ;. DFMstop

LD (SYSCRO), 0------- B ;. High-frequency oscillator stop

(OK) DFM use mode (fpFM) — Sef the STOP mode — High-freqliency oscillator
operation mode (foscH) — DFM stop > HALT (High-fréquency oscillator stop)

LD (SYSCR2), ----01--B . Set the STOP mode
(This command can/execute before use of DFM)
LD (DFMCRO), 11----- B ;7 Change the system\clock fppm to foscH
LD (DFMCRO0), 00++--B ;. DFM stop
HALT ;. Shift 106 STOP mode

(Error) DFM use mode (fpFM) — Set the STOP/mode — HALT (High-frequency
oscillator stop)

LD (SYSCR2),) +--01--B ;. ~Set'the STOP mode
(This.command can execute before use of DFM)
HALT] ;. —~Shift to STOP mode
91C824-24 2008-02-20
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3.3.6 Noise Reduction Circuits

Noise reduction circuits are built in, allowing implementation of the following features.
(1) Reduced drivability for high-frequency oscillator
(2) Reduced drivability for low-frequency oscillator
(3) Single drive for high-frequency oscillator
(4) SFR protection of register contents
(5) ROM protection of register contents

(1) Reduced drivability for high-frequency oscillator
(Purpose)

Reduces noise and power for oscillator when |4 resenator is used.

(Block diagram)

tDo—|>o—> foscH
Xl pin

Enable oscillation (STOP +EMCCRO<EXTIN>)
Resonator

EMCCRO<DRYOSCH>

X2 p|n

(Setting method)

The drivability of the oscillator is reduced by writing 0 to EMCCRO<DRVOSCH>
register. By reset, <DRVOSCH> is initialized to 1 and the oscillator starts oscillation
by normal-drivability when the power supply-is on.

Don't.set <DRVOSCH> to 0 at Vce= 2 V& 10%.

91C824-25 2008-02-20
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(2) Reduced drivability for low-frequency oscillator
(Purpose)

Reduces noise and power for oscillator when a resonator is used.

(Block diagram)

|
XT1 pin

C1

Enable oscillation

Resonator
EMCCRO<DRVOSCL>

C2

XT2 pin
I

(Setting method)

The drivability of the oscillator is/ reduced “by writing 0 to, the yEMCCRO
<DRVOSCL> register. By reset, <DRVOSCIL> ig/initialized to 1.

(3) Single drive for high-frequency oscillator
(Purpose)

Not need twin-drive and protect mistake operation-by inputted noise to X2 pin
when the external-oscillator-is.used:

(Block diagram)

| __D—|>o—>fOSCH

X¥pin
Enable oscillation (STOP + EMCCRO<EXTIN>)
b3 EMCCRO<DRVOSCH>
X2 pin
(Setting method)

The oscillator is, disabled and starts operation as buffer by writing 1 to
EMCCRO<EXTIN= register. X2 pin is always outputted 1.

By reset, <EXTIN>is.initialized to O.

Note: Do not write: EMCCRO<EXTIN> = “1” when using external resonator.

91C824-26 2008-02-20
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(4) Runaway provision with SFR protection register
(Purpose)
Provision in runaway of program by noise mixing.

Write operation to specified SFR is prohibited so that provision program in
runaway prevents that it is it in the state which is fetch impossibility by stopping of
clock, memory control register (CS/WAIT controller, MMU) is/changed.

And error handling in runaway becomes easy by INTPO interruption.

Specified SFR list

1. CS/WAIT controller
BOCS, B1CS, B2CS, B3CS, BEXCS,
MSARO, MSAR1, MSAR2, MSARS3,
MAMRO, MAMR1, MAMR2, MAMR3
2. MMU
LOCALO0/1/2/3
3. Clock gear (only EMCCR1, EMCCR2/can\be written to)
SYSCRO, SYSCR1, SYSCR2, EMCERO,, EMCCR3
4. DFM
DFMCRO, DFMCR1

(Operation explanation)

Execute and release of protection(write operation to.épecified SFR) become possible
by setting up a double key‘to EMCCR1 and EMECR2 register.

(Double key)
1st-KEY: Succession writes in 5AH at EMCCRJ1 and A5H at EMCCR2
2nd-KEY: Succession writes in ASH at EMCCR1 and 5AH at EMCCR2

A state of protection ¢an be confirmedbyreading EMCCRO<PROTECT>.
By reset| proteétion becomes OFF.

And INTPO.1nterruption occurg when write operation to specified SFR was executed
with protection,ON state:

91C824-27 2008-02-20
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(5) Runaway provision with ROM protection register

(Purpose)

Provision in runaway of program by noise mixing.

(Operation explanation)

When write operation was executed for external three kindg'of ROM by runaway of
program, INTP1 is occurred and detects runaway function.

Three kinds of ROM is fixed as for flash ROM (Option-program ROM), data ROM,
program ROM are as follows on the logical address.memory map.

1. Flash ROM:  Address 400000H to 7FFFFFH
2. Data ROM: Address 800000H to BFFFFFH
3. Program ROM: Address COO000H to FFFFFFH

For these address, admission/prohibition-ef detection of write operation sets it up
with EMCCR3<ENFROM, ENDROM, ENPROM:>. And INTP1 interruption occurred
within which ROM can confirm each with . EMCCR3<FFLAG, DFLAG, PFLAG>. This
flag is cleared when write in 0.
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3.3.7  Standby Controller

(1) HALT modes

When the HALT instruction is executed, the operating mode switches to IDLE2,
IDLE1 or STOP mode, depending on the contents of the SYSCR2<HALTM1:0>
register.

The subsequent actions performed in each mode are as follows:

a. IDLEZ2: Only the CPU halts.
The internal I/0 is available to select aoperatiotny during IDLE2 mode. By
setting the following register.
Table 3.3.2 shows the registers of setting operation during IDLE2 mode.

Table 3.3.2 SFR Seting Operation during {DLE2-Mode

Internal I/O SFR
TMRAO1 TAO01RUN<I2TA01>
TMRA23 TA23RUN<|2TA23>
SI00 SCOMOD1<I2S0>
SIo1 SCIMOD1<I2S1>
AD converter ADMODI<I|2AD>
WDT WDMOD<I2WDT>
SBI SBIOBRO<I2SBI0>

b. IDLEL: Only the oscillator_and-the RTC (Real timde’clock) and MLD continue to
operate.

c. STOP: All internal-eircuits stop operating.
The operation of each of the different HALT modes/1g described in Table 3.3.3.

Table(3.3.3\ /O Operation during"HALT Modes

HALT Mode IDLE2 IDLE1 STOP
SYSCR2<HALTM1:0> 11 10 01

CPU Stop

1/0 ports Keep.the state when the HALT

. : See Table 3.3.6, Table 3.3.7
instructionwas-executed.

TMRA
Block
SIO, SBI .
Available to select Stop
AD converter .
operation block
WBT
RTC, MLD Possible to operate
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(2) How to release the HALT mode

These halt states can be released by resetting or requesting an interrupt. The
HALT release sources are determined by the combination between the states of
interrupt mask register <IFF2:0> and the HALT modes. The details for releasing the
halt status are shown in Table 3.3.4.

e Released by requesting an interrupt

The operating released from the HALT mode depends on the interrupt enabled
status. When the interrupt request level set before~executing/the HALT instruction
exceeds the value of interrupt mask register, the interrupt due to the source is
processed after releasing the HALT mode, and CRU status’executing an instruction
that follows the HALT instruction. When the—interrupt request level set before
executing the HALT instruction is less than the value-of the interrupt maskregister,
releasing the HALT mode is not executed. (In“non-maskable intérrupts, interrupt
processing is processed after releasing the HALT mode regardless of.the-value of the
mask register.) However only for INTO to INT3 and INTREC and INTAEM interrupts,
even if the interrupt request level set before executing the HALT instruction is less
than the value of the interrupt mask register, releasing—the“the HALT mode is
executed. In this case, interrupt processing, and CPU starts executing the instruction
next to the HALT instruction, butthe interrupt request flagis held at 1.

Note: Usually, interrupts canrelease all halts status. However, the interrupts (NMI, INTO

to INT3, INTRTC, INTALMO.to INTALM4)-which can release the HALT mode may
not be able to do soif they are input'during the\period CPU is shifting to the HALT
mode (for about-5_ctlocKs of fppy) with IDLEL /or STOP mode (IDLE2 is not
applicable to\this case). (In this case, “anvinterrupt request is kept on hold
internally,)
If anotherlinterrupt is generated afterit has shifted to HALT mode completely, halt
status_can-bereleased without difficulty:, The priority of this interrupt is compared
with/that ©of the interrupt kept-on hold internally, and the interrupt with higher
priotity is handled first followed, by the’ other interrupt.

o _“Releasing by resetting
Releasing all halt‘status-is executed by resetting.

When the STOP mode’is released by reset, it is necessry enough resetting time (See
Table 3.3.5) to set the operation’ of the oscillator to be stable.

When releasing (the HALT mode by resetting, the internal RAM data keeps the
state before the HALT instruction is executed. However the other settings contents
are initialized.(Releasing due to interrupts keeps the state before the HALT
instruétion is executed.)
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Table 3.3.4 Source of Halt State Clearance and Halt Clearance Operation
. Interrupt Enabled Interrupt Disabled
Status of Received Interrupt
P (Interrupt level) > (Interrupt mask) | (Interrupt level) < (Interrupt mask)

HALT Mode IDLE2 IDLE1|STOP IDLE2 IDLE1| STOP
Q NMI . . ot - - -
& INTWDT . x x — - -
S| [INTOto INT3 (Note 1) . . ot o o ot
g S{INTALMO to INTALM4 . . x o o x
& S| INTTAO to INTTA3 . x x % x x
= | £[INTRXO to INTRX1, TXO to TX1 . x x x x x
I INTAD . x x % x x
o
8 INTRTC * * x X
g INTSBI . x % x x x
0 RESET Reset initializes.the LSI

After clearing the HALT mode, CPU starts interrupt processing:

O:  After clearing the HALT mode, CPU resumes executing/starting from instruction following the HALT

instruction.

X: It can not be used to release the HALT mode.

—:  The priority level (Interrupt request level) of Aon-maskable interrupts is fixedto 7, the highest priority
level. There is not this combination type.

*1: Releasing the HALT mode is executed-after passing the warm-up time.

Note: When the HALT mode is cleared by-an INTO interrupt/of the level mode in the interrupt enabled
status, hold level “H” until starting-interrupl processing._If.level “L" is set before holding level “L”,

interrupt processing is correctly starte

d.

(Example: Clearihg IDLE1 mode)
An INTO interrupt cléars the halt state-when the device is in IDLE1 mode.

1
Address '

8200H LD (PBFC), 08H ~Sets'PB3 to INTO.

8203H ED (IIMC), 00H ; Selects INTO interrupt rising edge.

8206H LB, (INTEOAD), 66H 7 Sets INTO interrupt level to 6.

8209H El 5 ; Sets interrupt level to 5 for CPU.

820BH LD (SYSCR2), 28H ; Sets HALT mode to IDLE1 mode.
; Halts CPU.

820EH HALT
1

INTO _/I \

INTO intgrrupt routine
1

RETI
820FH LD XX XX
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(3) Operation
a. IDLE2 mode

In IDLE2 mode only specific internal I/O operations, as designated by the IDLE2
setting register, can take place. Instruction execution by the CPU stops.

Figure 3.3.6 illustrates an example of the timing for clearance of the IDLE2 mode
halt state by an interrupt.

| |
G W WA W AW A WAWAT AW v/ W W W
AotoA23 X ! ” !
] [ n 1
1 1
1 |
I I
DO to D15 (Data : 4 - (Data)
! « L} —
RD \ / | g 1 \ []
I y :
= T 7a]
Interrupt for X « /
release :(_ IDLI,E)Z _):
| mode i

Figure 3.3.6 Timing Chart for IDLE2 Mode Halt State Cleared\by Interrupt

b. IDLE1 mode

In IDLE1 mode, only the(internal oscillator and the RTC, MLD continue to operate.
The system clock in the MCU-stops. The pinstatus in the IDLE1 mode is depended on
setting the register SYSCR2<SELDRV, DRVE>, Table/3.3.6, Table 3.3.7 summarizes
the state of these pins in the IDLE model.

In the halt state,the interrupt requestus sampled asynchronously with the system
clock; however, \clearance of the halt state \(e.g., restart of operation) is synchronous

with it.
Figure 3.8.7 illustrates the timing for clearance of the IDLE1 mode halt state by an
interrupt.
AV AW AWAW AN AT S WL WA T AW AW AW AW AW
A0toA23 X : z’z’ !
] T W T
DO'to D15 (paa ) : 22 - {(ata)
RD \ / i ) i \ Inm
WR : S
Interrupt X I ﬁ_ \
for release : Y :

Figure 3.3.7 Timing Chart for IDLE1 Mode Halt State Cleared by Interrupt
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c. STOP mode

When STOP mode is selected, all internal circuits stop, including the internal
oscillator pin status in STOP mode depends on the settings in the SYSCR2<DRVE>
register. Table 3.3.6, Table 3.3.7 summarizes the state of thege pins in STOP mode.

After STOP mode has been cleared system clock output starts when the warm-up
time has elapsed, in order to allow oscillation to stabilize. After STOP mode has been
either NORMAL mode or SLOW mode can be- selected using the
SYSCRO<RSYSCK> register. Therefore, <RSYSCK>, <RXEN> and <RXTEN> must
be set See the sample warm-up times in Table 3.3/5.

cleared,

Figure 3.3.8 illustrates the timing for clearance of-the STOP mode halt state by an

interrupt.

x1_/

AYRY

Y AV AY

Warm-up
time

R AR WA N

AOtoA23 X )!.--.gg---.:-.y,. ......... A)\
: ;
1 )
1 1
1 !
1 1
DO to D15 (Data - i $ { Data )
50 X L« «
" \ / Nefp-nA ” \ /
ey ! '« £
WR \ xS A
N
1
Interrupt for E ( ’._s (,_\
release g y
! STOP
! mode

Figure 3.3.8 Timing-Chart for STOP Mode Halt State Cleared by Interrupt

Table 3.3/5 Sample Warm-up Times-after. Clearance of STOP Mode
at foscH = 33 MHz, fs = 32.768 kHz

SYSCRO SYSCR2<WUPTM1:0>
<RSYSCK> 01 (2% 10 (2" 11 (29
0 (fc) 8.us 0.496 ms 1.986 ms
1 (fs) 7.8 ms 500 ms 2000 ms
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Example:
The STOP mode is entered when the low-frequency operates, and high-frequency
operates after releasing due to NMI.

Address
SYSCRO EQU 00EOH
SYSCR1 EQU 00E1H
SYSCR2 EQU 00E2H
8FFDH LD (SYSCR1), 08H s fsys = fs/2
9000H LD (SYSCR2), X-1001-1B ; Sets wafm-up time.to,2"/foscH
9002H LD (SYSCRO0), 011000 - -B ; Operates high frequency after released
9005H HALT )
— h Clears and starts hit
NMI . .
warm-up timer
(High frequency)
End
NMAInterrupttoutine
|
9006H LD XX, XX RETI
1
—: No change

Note: When different modes are used béfore and after STOR mode as the above mentioned,
there is possible to release the HALT mode-without \changing the operation mode by
acceptance of the halt release interrupt request during execution of HALT instruction
(during 6 states). In“the system which accepts the/interrupts during execution HALT
instruction, set/the same operation mode.before and after the STOP mode.
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Table 3.3.6 Input Buffer State Table

Input Buffer State
When the CPU is InHALT mode(IDLE1/STOP)
. In HALT mode(IDLE2) — —
Port Input operating Condition A (Nete) Condition B (Note)
Function During When When
Name N When Used | When When When [When Used| When
ame Reset ) Used as Used as )
as function | Used as . Used as ) Used as—{ as function | Used as
. function function .
Pin Input Port . Input Port . Imput,Port Pin Input Port
Pin Pin
DO0-D7 - ON upon - — < -
OFF OFF OFF
P10-P17 D8-D15 external read OFF OFF OFF
P54(*1) BUSRQ ON ON ON ON ON OFF ON ON
P55(*1) - OFF - - OFF < — OFF
P56(*1) WAIT
SCK
P70 OFF OFF
OPTRX0
ON ON ON ON ON ON ON
P71(*1) SDA
Sl
P72(*1) ON ON
SCL
P80-P82(*2) - - = - =
p— ON upon
P83(*2) ADTRG OFF ON ON OFF ON ON OFF
port read
P84-P87(*2) — - = - -
QFF
PBO TAOIN ON QN OFF ON
PB1 —
ON - - ON < - ON
PB2 -
PB3 INTO ON
PB4 INTL1
ON ON ON ON
PB5 INT2 OFF OFF OFF
PB6 INT3
PCO — £ — - —
PC1 RXDO ON
SCLKO ON ON OFF ON
PC2
CTS0 OFF
ON ON ON
PC3 - — - - -
PC4 RXD1
SCLK1 ON ON OFF ON
PC5
CTS1
PZ2(*1) -
OFF - - OFF - - OFF
PZ3(*1) -
NMI >
RESET — ON - ON -
ON ON - ON -
AMO,AM1 =
X1XTL — IDLE1: ON, STOP : OFF
ON: The-buffer is always-turned on. A current flows the . .
. . | o i *1: Port having a pull-up/pull-down resistor.
input buffer if the input pinis notdriven.
OFF: The buffer is always turned off. *2: AIN input does not cause a current to flow through the buffer.
—: No applicable
Note: Condition A/B are as follows.
SYSCR2 register setting HALT mode
<DRVE> <SELDRV> IDLE1 STOP
0 0 Condition B .
— Condition A
0 1 Condition A
1 0 - -
Condition B Condition B
1 1
91C824-35 2008-02-20
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Table 3.3.7 Output buffer State Table

Qutput Buffer State
When the CPU is In HALT mode (IDLE1/STOP)
Port Outp_ut _ Operating In HALT mode(IDLE2) Condition A (Note) Condition B (Note)
Name Function During When When When When When When When When
Name Reset Usedas | Usedas | Usedas | Usedas | Usedas | Usedas | Usedas | Usedas
function Output function Output function Output function Output
Pin Port Pin Port Pin Port Pin Port
D0-D7 — ON upon — — > —
OFF external OFF OFF
P10-P17 D8-15 write ON ON OFF ON
P20-P27 A16-23 OFF
A0-A15 _
— ON ON ON ON
RD _ - - - -
WR _
P54(*1) _ - - = >
P55(*1) BUSAK OFF ON ON QFF ON
P56(*1) — — — — —
P60 CS0
P61 CS1
P62 CS2, CS2A
P63 CS3
EA24
P64 (ﬁ ON
P65 EAS
CS2C ON ON OFE ON
P66 CS2D
P67 CS2E
P70 SCK
SDA
P71(*1) o]
OPTTX0 ON ON OFF ON
P72(*1) SCL
PBO — — — — —
Pl TALOUT ON ON OFF ON
PB2 TA30UT OFF
PB3-PB6 — = — — —
PCO TXDO ON ON OFF ON
PC1 — - = — —
pc2 SCLKO ON ON OFF ON
PC3 TXD1
PC4 - - — - -
PC5 SCLK1
PD5 SCouT
ALARM
PD6 MLDALM ON OFF ON
PD7 MLDALM ON ON
PZ2(*1) HWR OFF
PZ3(*1) RM.
X2 — ON _ B IDLE1 : ON, STOP : output "H" level
XT2 — IDLEL : ON, STOP : High-Z

ON: TFhe buffer is always turned on. When the bus is *1:

released, howevef, output\ buffers for some pins are

turned off.
OFF: The buffer is alwaysturned.off.
~.No applicable
Note: Condition A/B are as follows.
SYSCR2 register setting HALT mode
<DRVE> <SELDRV> IDLE1 STOP
0 0 Condition B .
Condition A
0 1 Condition A
1 0 - -
1 1 Condition B Condition B

Port having a pull-up/pull-down resistor.
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3.4

Interrupts

Interrupts are controlled by the CPU interrupt mask register SR<IFF2:0> and by the built-
in interrupt controller.

The TMP91C824 has a total of 37 interrupts divided into the following five types:

e Interrupts generated by CPU: 9 sources
(Software interrupts, illegal instruction interrupt)

e Internal interrupts: 23 sources

e Interrupts on external pins (NMI and INTO to INT3): 5 sources

A (Fixed) individual interrupt vector number is assigned-to-each interrupt.
One of six (Variable) priority level can be assigned teléach maskable interrupt.
The priority level of non-maskable interrupts are fixed-at-7 as the highest/level:

When an interrupt is generated, the interrupt [controller sends the piority of that interrupt
to the CPU. If multiple interrupts are generated ‘simultaneously, the “interrupt controller
sends the interrupt with the highest priority(t6 the~CPU. (The highest prioritylis1evel 7 using
for non-maskable interrupts.)

The CPU compares the priority level of the interrupt with the value of/ the CPU interrupt
mask register <IFF2:0>. If the priority-level of the interruptis-higherthan the value of the
interrupt mask register, the CPU accepts theanterrupt.

The interrupt mask register <IFF2:0> wvalue can be updated—using the value of the EI
instruction (EI num sets <IFF2:0> datato num).

For example, specifying EI(3 enables the maskable interrupts which priority level set in the
interrupt controller is 3 or higher;-and also non-maskable intérrupts.

Operationally, the DI instr{iction (<IFF2:0> ='7) is identical to the EI7 instruction. DI
instruction is used to disable maskable intertrupts because of the priority level of maskable
interrupts is 1 to 6./The Elinstruction is varldimmedidtely after execution.

In addition te_the above general-purpose-interrupt processing mode, TLCS-900/L1 has a
micro DMA interrupt processing mode (as/well.\The CPU can transfer the data (1/2/4 bytes)
automatically /it mierdc DMA mode;- thereforé this mode is used for speed-up interrupt
processing, such.as transferring data“to-the internal or external peripheral I/0. Moreover,
TMP91C824 has software startfunction for’'micro DMA processing request by the software not
by the/hhardware interrupt.

Figtre 8.4,/1)shows the overall interrupt processing flow.
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General-purpose

interrupt

processing

( Interrupt processing )

Interrupt specified Yes

request

( Micro DMA soft start )

by micro DMA
start vector?

No

Interrupt vector value V
read
Interrupt request F/F clear

|

PUSH PC
PUSH SR
SR<IFF2:0> «
Level of
accepted

interrupt + 1
INTNEST « INTNEST + 1

l

Clear interrupt request flag

——

Data transfer by
micro DMA

Count «~=Ceunt< 1

PC « (FFFFOOH + V)

7

Interrupt processing
program

RETI instruction

POP SR
POP PC
NTNEST &~ INTKEST -

Counk Yes

Micro DMA processing

No

Clear vector-fegister
generating micro DMA
transfer and interrupt
(INTTCO to INTTC3)

( End )

Figure 3,4.1 Overall'Interrupt Processing Flow
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34.1

General-purpose Interrupt Processing

When the CPU accepts an interrupt, it usually performs the following sequence of
operations. That is also the same as TLCS-900/L: and TLCS-900/H.

»

2

(3

(4)

6))

(6)

The CPU reads the interrupt vector from the interrupt controller.

If the same level interrupts occur simultaneously, the interrupt controller generates
an interrupt vector in accordance with the default priority and clears the interrupt
request.

(The default priority is already fixed for each interrupt:/The gmaller vector value has
the higher priority level.)

The CPU pushes the value of program counter (PC) and status register (SR) onto the
stack area (Indicated by XSP).

The CPU sets the value which is the priority levelof the accepted interrupt plus 1
(+1) to the interrupt mask register <IFF2:0>.\Howeveér, if the priority level of the
accepted interrupt is 7, the register’s value-is-setto 7.

The CPU increases the interrupt nesting!\codnter INTNEST by 1((41))

The CPU jumps to the address indicated-by-the-data at addre§s FFEFOOH/+ interrupt
vector and starts the interrupt processing routine.

The above processing time is 18-states(1.09 us at 33 MHz) as-the best case (16 bits
data bus width and 0 waits).

When the CPU compled the interrupt processing,-use the RETI instruction to
return to the main routine. RETI restores the contents of program counter (PC) and
status register (SR)/from “the“stack and “decreases) the interrupt nesting counter
INTNEST by 1 (-1).

Non-maskable” interrupts cannot berdisabled by a user program. Maskable
interrupts, however, can be enabled or.disabled by a user program. A program can set
the priority levelfor each interrupt source. (A priority level setting of 0 or 7 will
disable an intértupt request.)

Ifaninterrupt réquest which/has g priority level equal to or greater than the value
of/ the /CPU—interrupt dmask register | <IFF2:0> comes out, the CPU accepts its
interrupt. Then, the CPU interrupt-mask register <IFF2:0> is set to the value of the
priority level for thelaccepted interrupt plus 1 (+1).

Therefore, if an interrupt is generated with a higher level than the current
interrupt during its processing; the CPU accepts the later interrupt and goes to the
nesting status of intérrupt processing.

Moreover, if th%%‘sceives another interrupt request while performing the said
1) to (5) pro 0 s of the current interrupt, the latest interrupt request is

sampl after execution of the first instruction of the current interrupt
proces pecifying DI as the start instruction disables maskable interrupt
nesting

A reset initializes the interrupt mask register <IFF2:0> to 111, disabling all
maskable interrupts.

Table 3.4.1 shows the TMP91C824 interrupt vectors and micro DMA start vectors.
The address FFFFOOH to FFFFFFH (256 bytes) is assigned for the interrupt vector
area.
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Table 3.4.1 TMP91C824 Interrupt Vectors Table

Default Interrupt Source and Source of Micro DMA Vector Vector Micro DMA
Priority Type Request Value (V) Reference Start Vector
Address
1 Reset or “SWI 0” instruction 0000H FFEFFOOH —
2 “SWI 1" instruction 0004H FFREFO4H -
3 INTUNDEEF: lllegal instruction or “SWI 2" instruction 0008H FFEFQ8H -
4 “SWI 3" instruction 000CH FEEEOCH -
5 “SWI 4” instruction 0010H FFFF10H -
6 Non maskable “SWI 5” instruction 0014H FFFF14H -
7 “SWI 6” instruction 0018H. FFFF18H -
8 “SWI 7" instruction 001CH FFFF1CH -
9 NMI pin 0020H FFFF20H -
10 INTWD: Watchdog timer 0024H FFFF24H —
- Micro DMA (MDMA) < — -
11 INTO pin 0028H FFER28H 0AH
12 INT1 pin 002CH FFFF2CH 0BH
13 INT2 pin 0030H FFEF30H OCH
14 INT3 pin 0034H FREF34H ODH
15 INTALMO: ALMO (8 kHz) 0038H FFFE38H OEH
16 INTALM1: ALM1 (512 Hz) 003CH FFREF3CH OFH
17 INTALM2: ALM2 (64 Hz) 0040H FEEF40H 10H
18 INTALM3: ALM3 (2 Hz) 0044H FFFF44H 11H
19 INTALM4: ALM4 (1 Hz) 0048H FFFF48H 12H
20 INTTAO:  8-bit timer 0 Q04CH FFFF4ACH 13H
21 INTTAL: 8-bit timer 1 0050H FFFF50H 14H
22 INTTA2: _ 8-bit timef 2 0054H FFFF54H 15H
23 INTTA3:  8-bit timer 3 0058H FFFF58H 16H
24 Maskable INTRX0: Seriatreception (Channel 0) 005CH FFFF5CH 17H
25 INTTXO0: Serial transmission (Channel 0) 0060H FFFF60H 18H
26 INTRX1: Seriahreception (Channel 1) 0064H FFFF64H 19H
27 INTTX1:”_-Serial transmission (Channel1) 0068H FFFF68H 1AH
28 INTAD: \ /AD conversion end 006CH FFFF6CH 1BH
29 INTRTC:. RTC (Alarm interrupt) 0074H FFFF74H 1DH
30 INTSBE-—_SBI interrupt 0078H FFFF78H 1EH
31 INTPO: Protect O (WR to special SER) 0080H FFFF80H 20H
32 INTR1: Protect ¥ (WRto-ROM) 0084H FFFF84H 21H
33 INTTCO: _Micro DMA-end(Channel 0) 0088H FFFF88H -
34 INTTC1: Micro DMA end(Chaanel 1) 008CH FFFF8CH -
35 INTTC2: Micro DMA end (Chanfel 2) 0090H FFFF90H -
36 INTTC3: Micro DMA end (Channel 3) 0094H FFFF94H -
(Reserved) 0098H FFFF98H -
(Reserved) 00FCH FFFFFCH —
91C824-40 2008-02-20
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3.4.2

Micro DMA Processing

In addition to general-purpose interrupt processing, the TMP91C824 supprots a micro
DMA function. Interrupt requests set by micro DMA perform micro DMA processing at
the highest priority level (Level 6) among maskable interrupts{regardless of the priority
level of the particular interrupt source. Micro. The micro DMA has 4 channels and is
possible continuous transmission by specifing the say later burst mode.

Because the micro DMA function has been implemented with the.coopérative operation
of CPU, when CPU goes to a standby mode by HALT instfuction, the requirement of
micro DMA will be ignored (Pending).

(1) Micro DMA operation

When an interrupt request specified by the micro. DMA start vector register is
generated, the micro DMA triggers a micro DMA request to the CPU at_interrupt
priority level 6 and starts processing the réquest in~gpite of any interrupt_source’s
level. The micro DMA is ignored on <IFF2:0>= 7:

The 4 micro DMA channels allow micro\DMA) processing to be set)for up_to 4 types
of interrupts at any one time. When-micro DMA is accepted;. the-interrupt request
flip-flop assigned to that channel is cléared.

The data are automatically transferred once (1/2/4 byte$) from\the transfer source
address to the transfer destination address set in the control register, and the
transfer counter is decreased/by1¢<1):

If the decreased result/is—Q;-the ticro DMA-transfér end interrupt (INTTCO to
INTTC3) passes from thé-CPU tothe interrupt controller. In addition, the micro DMA
start vector register PMAnV-is cleared to 0, the next micro DMA is disabled and
micro DMA processing completes. If the decreased result is other than 0, the micro
DMA processing completes’if it isn’t specified the say later burst mode. In this case,
the micro DMA ftransfér end interrupt INTTCO to INTTC3) aren’t generated.

If an interrupt reguest is triggeréd for.the interrupt source in use during the
interval between the clearing of the micro DMA start vector and the next setting,
general-purpose interrupt processing executes at the interrupt level set. Therefore, if
only using the interrupt for starting the micro DMA (Not using the interrupts as a
general-purpose interrupt: Level 1.to/6), first set the interrupt level to 0 (Interrupt
requests disabled).

If using/micro DMA-.and general-purpose interrupts together, first set the level of
the interrupt used to start.micro DMA processing lower than all the other interrupt
levels, In this case, the causeé’of general interrupt is limited to the edge interrupt.
(Note)

The priority of the-micro DMA transfer end interrupt (INTTCO to INTTCS3) is
defined-by the interrupt level and the default priority as the same as the other
maskable interrupt,

Note: If the priority’level.of micro DMA is set higher than that of other interrupts, CPU operates as follows.
In case INTxxx interfupt is generated first and then INTyyy interrupt is generated between checking
“Interrupt specified by“micro DMA start vector” (in the Figure 3.4.1) and reading interrupt vector with
setting below. The vector shifts to that of INTyyy at the time.

This is because the priority level of INTyyy is higher than that of INTxxx.

In the interrupt routine, CPU reads the vector of INTyyy because cheking of micro DMA has finished.
And INTyyy is generated regardless of transfer counter of micro DMA.

INTxxx: level 1 without micro DMA

INTyyy: level 6 with micro DMA
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RD

WR /HWR

DO to D15 X Putput

States Y't03:

States4-to 5:
State 6:
States 7 to 8:

X1 WWWWWJWWWW'L

A0 to A23 Transfer SOUI’CE&B@‘G\Q Transt:dréjestination

If a micro DMA request is set for more than one channel at the same time, the
priority is not based on the interrupt priority level but on the channel number. The
smaller channel number has the higher priority (Channel 0 (High) > Channel 3 (Low)).

While the register for setting the transfer source/transfer destination addresses is a
32-bit control register, this register can only effectively output 24-bit addresses.
Accordingly, micro DMA can access 16 Mbytes (The upper 8 bits-of the 32 bits are not
valid).

Three micro DMA transfer modes are supported: 1-byte transfer; 2-byte (One word)
transfer, and 4-byte transfer. After a trangfer in\/any) mode, the transfer
source/destination addresses are increased, decreased, or remain unchanged.

This simplifies the transfer of data from I/O to memory, from memory to I/O, and
from I/O to I/O. For details of the transfer modes, see 3:4:2/4) “Detailed description of
the transfer mode register”. As the transfer coanter~is a 16-bit counter;.micro DMA
processing can be set for up to 65536 times-per interrupt source. {The micro DMA
processing count is maximized when the transfer counter initidl value is set to

0000H.)

Micro DMA processing can be started by the 24 interrupts shown in"the/micro DMA
start vectors of Table 3.4.1 and by the micro DMA soft staxt, making-4a total of 25
interrupts.

Figure 3.4.2 shows the word transfer micro DMA eycle in transfer destination
address INC mode (except for (ounter mode, the samé @s'f6x other modes).

(The conditions for this cycle are based on-an external-16:bit bus, O waits, transfer
source/transfer destination addresses both/even-numberd values.)

1 state (Note 1) (Note 2)

DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8

ress

-

[

Figure 3.4.2-Timing for Micro DMA Cycle

Instruction fetch cycle\(gets next address code).
If)3 bytes and more-instruction codes are inserted in the instruction queue buffer, this cycle
becomes a dummy cycle.

Micro DMA read-cycle
Dummy cycle (The address bus remains unchanged from state 5)

Micro DMA write cycle

Note 1: If the source address area is an 8-bit bus, it is increased by two states.

If the source address area is a 16-bit bus and the address starts from an odd number, it is increased by
two states.

Note 2: If the destination address area is an 8-bit bus, it is increased by two states.

If the destination address area is a 16-bit bus and the address starts from an odd number, it is increased
by two states.
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Soft start function

In addition to starting the micro DMA function by interrupts, TMP91C824 includes
a micro DMA software start function that starts micro DMA on the generation of the
write cycle to the DMAR register.

Writing “1” to each bit of DMAR register causes micro DMA once (If write “0” to
each bit, micro DMA doesn’t operate). At the end of transfer,/the corresponding bit of
the DMAR register which support the end channel are automatically ¢leared to “0”.

Only one-channel can be set for DMA request at once, (Do not write “1” to plural
bits.)

When writing again “1” to the DMAR register, check whether the bit is “0” before
writing “1”. If read “1”, micro DMA transfer isn’t started yet.

When a burst is specified by DMAB register, data is-coritinuously transferred until
the value in the micro DMA transfer counter s {‘0” after start up of the/micro-DMA. If
execute soft start during micro DMA transfer-by interrupt souree,.micro DMA
transfer counter doesn’t change. Don’t use’ Read-modify-write /Ainstruction to avoid
writing to other bits by mistake.

Symbol| Name [Address 7 6 5 4 3 2 1 0
DMAR3 DMAR2 DMAR1 DMARO
DMA 89H
. R/W
DMAR request (Prohibit
) oY <o | o | o
register RMW)
DMA request
(3) Transfer control registers

The transfer source\address and the transfer destination address are set in the
following registers in CPU:"Data setting for these registers is done by an LDC cr, r

instruction.
€hannel0
DMASO DMA 'sgufce address register 0 : Only use LSB 24 bits
DMADO DMA destination address register 0 : Only use LSB 24 bits
DMACOQO DMA ctounter register 0 1 1to 65536
, DMAMOQ | DMA-mode register 0
1
1
|
Channel 3
DMAS3 DMA source address register 3
DMAD3 DMA destination address register 3
| DMAC3 DMA counter register 3
DMAM3 | DMA mode register 3
8 bits
I 16 bits
32 bits
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(4) Detailed description of the transfer mode register

DMAMO to| ¢ o o g b Mode Note: When setting a value in this register, write 0 to the upper 3 bits.
DMAM3 ] ] ] ] ] ]
Number of - Numbef, of M|n|_mum_
Transfer Bytes Mode Description Execution States Execution Time
at fc = 33 MHz
000 000 00 | Byte transfer Transfer destination address INC mode 8 states 485 ns
(Fixed) | | | ] s 1/0 to memory
(DMADN+) < (DMASN)
01 | Word transfer DMACH < DMACH — 1 12 states 727 ns
If DMACnh = 0, then INTTCn is generated.
10 | 4-byte transfer
001 00 | Byte transfer Transfer destination address DEC mode 8 states 485 ns
............................................ 1/0 to memory
01 |Word transfer (DMADN-) < (DMASN) 12 states 727 ns
DMAChH <~ DMACn - 1
10 | 4-byte transfer If DMACnh = 0, then INTTCn is genérated;
010 00 ([ Byte transfer Transfer source address INC-mode 8 states 485 ns
............................................ Memarysto /0
01 |Word transfer (DMADnN) < (DMASN+) 12 (states 727 ns
DMACH < DMACn -1
10 | 4-byte transfer If DMACnh = 0, then INTTCn is.generated.
011 00 [ Byte transfer Transfer source-address-DEC mode 8 states 485 ns
............................................ Memoryto I/O
01 | Word transfer (DMADN) <~(DMASN-) 12 states 727 ns
DMACa < DMAEN= 1
10 | 4-byte transfer If DMACnh = 0y then INTTCn is generated.
100 00 ([ Byte transfer Fixed address’mode 8 states 485 ns
.................................................... 1/0 to I/O
01 | Word transfer (DMADR) « (DMASN-) 12 states 727 ns
DMAEN <~ DMACn -1
10 | 4-byte transfer 1{,/DMACn = 0, then INTTCn-is generated.
101 00 | Countermode
................... for-eaunting number of times intefrupt is generated
BMASH <~ DMASH + 1 5 states 303 ns
DMACH «- DMACn - 1
If DMACnH= 0, then INTTCn is generated.

Note 1:“n” isthe corresponding micro DMA charnels 0 to 3
DMADN+/DMASNH+: Post-increment (Increment register value after transfer)
DMADR-~/DMASNh-: Post-decrement (Decrement register value after transfer)
The-l/Osg in the table mean fixed /address and the memory means increment (INC) or decrement
(BEC) addresses.

Note 2: Execution time is’under the condition of:
16-bit bus width (Both_ translation and destination address area)/0 waits/fc = 33 MHz/selected
high-frequency mode (fc x 1)

Note 3: Do not use an undefined code for the transfer mode register except for the defined codes listed in
the above table.
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3.4.3

Interrupt Controller Operation

The block diagram in Figure 3.4.3 shows the interrupt circuits. The left-hand side of the
diagram shows the interrupt controller circuit. The right-hand side shows the CPU
interrupt request signal circuit and the halt release circuit.

For each of the 36 interrupt channels there is an interrupt request flag (Consisting of a
flip-flop), an interrupt priority setting register and a micro DMA start vector register. The
interrupt request flag latches interrupt requests from the peripherals. The flag is cleared
to 0 in the following cases:

e when reset occurs
e  when the CPU reads the channel vector after accepted its.interrupt

e when executing an instruction that clears the interrupt{Write DMA start vector to
INTCLR register)

e when the CPU receives a micro DMA request (when micro DMA is sét)

e when the micro DMA burst transfer is te¥minated

An interrupt priority can be set independently for each interrupt-source by /writing the
priority to the interrupt priority setting register’(e.g., INTEOAD or-INTE12). 6 interrupt
priorities levels (1 to 6) are provided‘Setting-an interrupt source’s prigrity level to 0 (or 7)
disables interrupt requests from/ that seurxce. The priority of nen“maskable interrupts
(NMI pin interrupts and watchdoeg timex interrupts) is fixed’at 7. If interrupt request with
the same level are generated-at the same time; the default pridrity (The interrupt with
the lowest priority or, in other~words, the intérrupt with the lowest vector value) is used
to determine which interruptrequest is accepted-first.

The 3rd and 7th bits of the interrupt priority setting register indicate the state of the
interrupt request flag-and thus whether anm interrupt request for a given channel has
occurred.

The interrupt-controler’sends the interrupt-request with the highest priority among
the simulateous imtetrrupts and its vector-address to the CPU. The CPU compares the
priority, value <IFF2:0> in the status register by the interrupt request signal with the
priority value-set;if the lattéris higher, the interrupt is accepted. Then the CPU sets a
value highgr than the priority value by-1-1) in the CPU SR<IFF2:0>. Interrupt request
where the priority value_equals™ or; is higher than the set value are accepted
simultaneously during the previous interrupt routine.

When interrupt processing is completed (after execution of the RETI instruction), the
CPU-restores the priority value saved in the stack before the interrupt was generated to
the CPU SR<IFF2:0>

The interrupt eontroller.also has registers (4 channels) used to store the micro DMA
start vector/Writing the start vector of the interrupt source for the micro DMA processing
(See Table~3:4,1), enablés the corresponding interrupt to be processed by micro DMA
processing. The-walues must be set in the micro DMA parameter register (e.g., DMAS and
DMAD) prior to thesthicro DMA processing.
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(1) Interrupt level setting registers
symbol | Name |[Address| 7 | 6 | 5 | 4 3 | 2 | 1 ] o
INTAD INTO
INTO &
IADC IADM2 | IADM1 | IADMO 10C 10M2 | 10M1 | I0MO
INTEOAD | INTAD 90H R RIW R RIW
enable
0 0 | 0 | 0 0 0 ’ 0 | 0
INTL & INT2 INTL
12C 12M2 | 12M1 | 12M0 11C M2 | 11M1 | 11MO
INTE12 INT2 91H " W
enable R R R R
0 o | o [ o 0 o/ ] o [ o
INT3 & INTALM4 INT3
1A4C 1A4M2 1AAM1 1A4AMO 13C 13M2 13M1 1I3M0
INTE3ALM4| INTALM4 92H | W | R | o |
enable R R B
0 o | o | o 0 o | (o) o
INTALM1 INTALMO
INTALMO & IA1C I1A1M2 | IAIM1 | 1AIMO IAOC IAOM2 J IAOML | IAOMO
INTEALMO1| INTALM1 93H W oy
enable R R R R
0 o | o | o 0 o. h“0))] o
INTALM3 INTALM2
INTALM2 & 1A3C I1A3M2 | IA3MI | I1A3MO 1A2C 1A2M2 I 1A2M1 | 1A2MO
INTEALM23| INTALM3 94H R S R RIW
enable
0 0 l 0 l 0 [¢] 0 | 0 | 0
INTTAO & INTTAT (TMRA1) INTTAO (TMRAOQ)
ITAL1C ITAAM2 ITAIM1 ITAIMO ITAOC. ITAOM2 ITAOM1 ITAOMO
INTETAOL| INTTA1 95H R R I R RIW |
enable
0 Q l 0 I Q 0 0 | 0 | 0
INTTA? & INTTA3 (TMRA3) INTTA2 (TMRA2)
ITA3E ITA3M2 ITASM1 ITASMO ITA2C ITA2M2 ITA2M1 ITA2MO
INTETA23| INTTA3 96H A W I W |
enable R R R
0 0 0 0 0 0 | 0 | 0
INTRTC
INTRTC IRC IRM2 | IRM1 | IRMO
INTERTC 97H
enable R R/W
0 0 | 0 | 0
Interrupt request flag
XxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
Q 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
91C824-47 2008-02-20
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Symbol | Name | Address 7 6 5 4 3 2 1 0
INTTXO0 INTRXO
Interrupt
ITX0C ITXOM2 | ITXOM1 | ITXOMO IRX0C IRXOM2 | IRXOM1 | IRXOMO
INTESO | Enable 98H
. R R/W R R/W
serial 0
0 o | o | o 0 o- | o | o
INTTX1 INTRX1
INTRX1 &
ITX1C ITX1IM2 | ITX1M1 | ITX1IMO IRX1C IRX1M2 | JIRX1IM1 | IRX1MO
INTES1 INTTX1 99H
R R/W R R/W
enable
0 0 0 0 0 o) o | o
INTSBI
INTESBI
INTES?2 S 9AH ISBIC ISBIM2 | ISBIM1 | ISBIMO
enable R R/W
0 o | o~] o
INTTC1 INTTCO
INTTCO &
ITC1C ITC1M2 | ITC1M1 | ITCIMO ITCOoC ITCOM2 | ITEOM1 | ITCOMO
INTETCO1 [ INTTC1 9BH
R R/W R R/W
enable
0 0 | 0 | Q 0 0 ’ 0 | 0
INTTC3 INTTE2
INTTC2 &
ITC3C ITC3M2 ITC3M1 l ITE3MO ITC2C 1TC2M2 [ ITC2M1 | ITC2MO
INTETC23 | NTTC3 9CH
R R/W R R/W
enable
0 o | e ] Yo 0 o/ /| o | o
INTPT INTPO
INTPO & IP1C IP1M2 | IP1M1 | IP1MO IPQC IPOM2 | IPOM1 | IPOMO
INTEPO1 NTP1 9DH
R RW R R/W
enable
0 0 | 0 l 0 Q 0 l 0 | 0
Interrupt request flag
IxxM2 | IxxM1 [ TxxMO Function (Write)
0 0 Q Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 T 0 Sets interrupt priority level to 2
o] 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 T 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
91C824-48 2008-02-20
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(2) External interrupt control
Symbol| Name [Address 7 6 5 4 3 2 1 0
— — ISBEDGE 1I2EDGE I11IEDGE I0EDGE IOLE NMIREE
W
Interrupt 8CH 0 0 0 0 0 0 0 0
input Always Always INT3EDGE | INT2EDGE [ INTLEDGE | INTOEDGE {HNTO mode [ 1: Operates
limMc mode | (Prohibit | Write 0 write 0 0: Rising | 0: Rising |0: Rising |0: Rising\_ | 0: Edge even on
control RMW) 1: Falling |1:Falling |[1:Falling |1: Falling 17 Level rising/
falling
edge of
NMI

INTO level enable

0

edge detect INT

1

H level INT

NMI 1l

sing edge enable

INT request generation at falling edge

INT request generation at rising/falling edge

(3) Interrupt request flag clear register

The interrupt request flag is eldared.-by writing the appropriate micro DMA start
vector, as given in Table 3.4.1, to the register INTCLR.,

For example, to clear the(interrupt flag INTO,| perform the following register
operation after execution;{f{fhe?ﬂl in\étruction.

INTCLR <« 0AH: Clears-interrupt requést flag INTO,

Symbol| Name |Address 7 6 5 4 3 2 1 0
CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
Interrupt 88H W
INTCLR| clear (Prohibit o | S [ 0 I 0 0 | 0
control RMW)
Interrupt vector

(4) Micro DMA start vector registers

This/ register assigns micro. DMA” processing to which interrupt source. The
interrupt-source with a_micro DMA start vector that matches the vector set in this
register is'assigned as the micro DMA start source.

When the micro DMA transfer counter value reaches zero, the micro DMA transfer
end interrupt corresponding to the channel is sent to the interrupt controller, the
micro DMA start.wvector register is cleared, and the micro DMA start source for the
channel is cleared:-Therefore, to continue micro DMA processing, set the micro DMA
start yveetor [register\again during the processing of the micro DMA transfer end
interrupt.

If the‘same-vector is set in the micro DMA start vector registers of more than one
channel, the channel with the lowest number has a higher priority.

Accordingly, if the same vector is set in the micro DMA start vector registers of two
channels, the interrupt generated in the channel with the lower number is executed
until micro DMA transfer is complete. If the micro DMA start vector for this channel
is not set again, the next micro DMA is started for the channel with the higher
number (Micro DMA chaining).
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Symbol| Name [Address 7 6 5 4 3 2 1 0
DMAOV5 | DMAOV4 | DMAOV3 | DMAQOV2 [ DMAOV1 | DMAOVO
DMAO
RIW
DMAOV start 80H
o | o o | o] o | o
vector
DMAQ start vector
DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1VO0
DMA1
R/W.
DMA1V start 81H
o | o o (/0] o | o
vector
DMAT®-start véctor
DMA2 DMA2V5 | DMA2V4 | DMA2Y3 I DMA2V2 | DMA2V1 | DMA2V0
RIW
DMA2V start 82H
o | o o~ "0 | o | o
vector
DMAZ2 start vector
DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO0
DMA3
RIW
DMA3V start 83H
o | (o o | ,0 [Cho L o
vector
DMAS start vector
(5) Micro DMA burst specification
Specifying the micro DMA burst. continues the micro DMA/ transfer until the
transfer counter register reaches zero/after micro DMA/start. Setting a bit which
corresponds to the micro DMA-channel of the DMAB registers mentioned below to 1
specifies a burst.
Symbol| Name [Address 7 6 5 4 3 2 1 0
DMA 891 DMAR3 DMAR2 DMAR1 DMARO
software " RW R/W R/W R/W
DMAR request (Prohibit 0 0 0 0
u
a RMW)
register 1: DMA software request
DMA DMAB3 | DMAB2 | DMAB1 | DMABO
RIW
DMAB burst 8AH
: o | o | o | o
register
1: DMA burst request
91C824-50 2008-02-20
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(6) Attention point

The instruction execution unit and the bus interface unit of this CPU operate
independently. Therefore, immediately before an interrupt is generated, if the CPU
fetches an instruction that clears the corresponding interrupt request flag, the CPU
may execute the instruction that clears the interrupt req\)e&\saﬂag (Note) between
accepting and reading the interrupt vector. In this case, the”CPU reads the default
vector 0008H and reads the interrupt vector address FFFFOS8H:

To avoid the avobe plogram, place instructions that elear interrupt request flags
after a DI instruction. And in the case of setting.an intérrupt enable again by EI
instruction after the execution of clearing instruction, executé EI instruction after
clearing and more than 1-instructions (e.g., “NOP” & (1 times),

In the case of changing the value of the interrupt-mask register <IFF2:0> by
execution of POP SR instruction, disable an” interrupt by DI instruction before
execution of POP SR instruction.

In addition, take care as the following 2 circuits are exceptional-and demand special
attention.

INTO Level Mode In level mode INTO is not an edge-triggered interrupt. Hence, inlevel

mode the interrupt requestflip-flop for INTO does not-function. The
peripheral interrupt request passes through the S-input of-the flip-flop
and becomes/ the~Q eutput. If the interrupt input/mode is changed
from edge,mode_ to level’'mode, the interrupt\request flag is cleared
automatically.

If the CPU~enters the interrupt #/esponse sequence as a result of
INTO ,geing~from/0 to 1, INTO~must then be held at 1 until the
interrupt response sequence has been completed. If INTO is set to
levelmodes@ as to release a halt state, INTO must be held at 1 from
the time INTO changes from{ 0.to 1 until the halt state is released.
(Hence, it is necessary to-ensure. that input noise is not interpreted
as a 0, causing INTO to revert-to O\before the halt state has been
released.)
When the mode changes from-level mode to edge mode, interrupt
request flags which Averé set in level mode will not be cleared.
Interrupt-_request. flags /must be cleared using the following
sequence.

DI

LD-(IIMC), 00H; Switches interrupt input mode from level

mode to edge mode.

LD (INTCKR), 0AH; Clears interrupt request flag.

NOP ; Wait El instruction

El

INTRX The.interrupt request flip-flop can only be cleared by a reset or by

reading the serial channel receive buffer. It cannot be cleared by
writing INTCLR register.

Note: The fallowing instructions or pin input state changes are equivalent to instructions that

clear the interrupt request flag.

INTO: Instructions which switch to level mode after an interrupt request has been
generated in edge mode.
The pin input change from high to low after interrupt request has been
generated in level mode. (H —» L)

INTRX: Instruction which read the receive buffer
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3.5 Port Functions
The TMP91C824 features 56-bit settings which relate to the various I/O ports.

As well as general-purpose I/O port functionality, the port pins also have I/O functions
which relate to the built-in CPU and internal I/Os. Table 3.5.1 lists the functions of each port
pin. Table 3.5.2 lists I/O registers and their specifications.

Table 3.5.1 Port Functions
(R: PU = with programmable pull-up/resistor/U = with pull-up resistor)

Downloaded from AFFOW.Com.

Port Name | Pin Name Num_ber Direction R Dir.ection' Pin Name fqr Built-in
of Pins Setting Unit Function
Port 1 P10 to P17 8 110 - Bit D8 to-D15
Port 2 P20 to P27 8 Output — (Fixed) Al6to A23
Port 5 P54 1 110 PU Bit BUSRQ
P55 1 110 PU Bit BUSAK
P56 1 110 PU Bit WAIT
Port 6 P60 1 Output - (Fixed) CS0
P61 1 Output - (Fixed) Csi
P62 1 Output - (Fixed) CS2',Cs2A
P63 1 Output £ (Fixed) CS3
P64 1 Output - (Fixed) EA24.-CS2B
P65 1 Output - (Fixed) EA25,Cs2C
P66 1 Output S (Fixed) Cs2D
P67 1 Output = (Fixed) CS2E,
Port 7 P70 1 /O - Bit SCK;OPTRX0
P71 1 11Q PU Bit SO/SDA,OPTTX0
P72 1 148} PU Bit SI/SCL
Port 8 P80 to P87 8 Input - (Fixed) ANO to AN7, ADTRG (P83)
Port B PBO 1 O - Bit TAOIN
PB1 1 110 - Bit TA1OUT
PB2 1 110 - Bit TA30OUT
PB3 1 110 - Bit INTO
PB4 1 110 - Bit INT1
PB5 1 110 - Bit INT2
PB6 1 /0 = Bit INT3
Port C PCO i /o L Bit TXDO
PCl 1 110 = Bit RXDO
PC2 1 110 = Bit SCLKO/CTs0
PC3 1 7o - Bit TXD1
PC4 1 1o} - Bit RXD1
PC5 1 HO - Bit SCLK1/CTs1
Port D PD5 1 Output - (Fixed) SCOUT
PD6 1 Output - (Fixed) ALARM , MLDALM
PD7 1 Output — (Fixed) MLDALM
Pert Z pPz2 1 110 PU Bit HWR
PZ3 1 110 PU Bit R/W
91C824-52 2008-02-20
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Table 3.5.2 1/0O Registers and Specifications (1/2)
i L I/0 Register
Port Pin Name Specification
Pn PnCR | PnFC |PnFC2
Port 1 P10 to P17 Input port X 0
(Note 1) Output port X 1 None
D8 to D15 bus X X
Port 2 P20 to P27 Output port X 0
None
A16 to A23 output X 1
Port 5 P54 to P56 Input port (without PU) 0. 0 0
Input port (with PU) 1 0 0 None
Output port X 1 0
P54 BUSRQ input (without PU) 0 0] 1
BUSRQ input (with PU) 1 0 1
P55 BUSAK output X 1 1
P56 WAIT input (without PU) 0 0
— None
WAIT input (with PU) 1 0
Port 6 P60 to P64 Output port X 0 0
P60 CSO0 output X 1
P61 CS1 output X 1 jone
P62 CS2 output X 1 0
CS2A output X X 1
P63 CS3 output X NoRe 1 None
P64 EA24 output X 1 0
CS2B output X X 1
P65 EA25 output X 1 0
CS2C output X X 1
P66 CS2D output X 0 1
P67 CS2E output X 0 1
Port 7 P70 to P72 Inputpoft (without PU) 0 0 0 0
Input\port (with PU) 1 0 0 0
Output-port X 1 0 0
P70 SCKdnput X 0 0 0
SCKoutput X 1 1 0
OPTRXO input (Note’2) 1 0 X 1
P SDA input X 0 0 0
SDA output (Note 3) X 1 1 0
SO output X 1 1 0
OPTTXO output (Note 2) 1 1 X 1
P72 Sl input X 0 0 0
SCL input X 0 0 0
SCLoutput (Note 3) X 1 1 0
X: Don't care
91C824-53 2008-02-20

Downloaded from AFFOW.Com.


http://www.arrow.com

TOSHIBA TMP91C824

Table 3.5.3 1/0 Registers and Specifications (2/2)

Port Pin Name Specification O Register
Pn | PnCR |PnFC |PnFC2
Port 8 P80 to P87 Input port X
ANO to 7 input (Note 4) X None
P83 ADTRG input (Note 5) X
Port B PBO to PB6 Input port X 0 0
Output port X 1 0
PBO TAOIN input X 0 None
PB1 TA1OUT output X I 1
PB2 TA3OUT output X 1 1
PB3 INTO input X 0 1
PB4 INT1 input X 0 1
PB5 INT2 input X 0 1
PB6 INT3 input X 0 1
Port C PCO to PC5 Input port X 0 Q
Output port X 1 0
PCO TXDO output (Note 2) 1 1 1
PC1 RXDO input (Note 2)~ (Note 6) 1 0 None
PC2 SCLKO input (Note 2) 1 0 0 None
SCLKO output (Note 2) 1 1 1
CTSO input (Note 2) 1 0 0
PC3 TXD1 output (Note 2) 1 1 1
PC4 RXD1 input (Note 2) 1 0 None
PC5 SCLK1 input (Note 2) 1 0 0
SCLK1 output (Note 2) 1 1 1
CTS1 input (Note 2) 1 0 0
Port D PD5 to PD7 Output-port X 0
PD5 SCOUT output X 1
PD6 ALARM_output 1 None 1
MLDACM output 0 1
PD7 MLDALM output X 1
Port Z Pz2 to PZ3 Input port (witheut PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
Pz2 HWR output X 1 1
PZ3 R/W output X 1 1

X: Don't care

Note 1:Port 1 is only use for Pott\or DATA bus (D8 to D15) by setting AM1 and AMO pins.

Note 2: As for input ports of SIOQ and, SIO1 (OPTRX0, OPTTXO0, TXD0, RXDO, SCLKO, CTS0, TXD1,
RXD1, SCKK1, CTS1), logical selection for output data or input data is determined by the
output latch.register.Pn-of £ach port.

Note 3:In case using P71 _and P72 for SDA and SCL as open-drain ports, set to P7ODE
<ODEP71:72>.

Note 4: In case using P80 to P87 for analog input ports of AD converter, set to ADMOD1 <ADCH2:0>.
Note 5: In case using P83 for ADTRG input port, set to ADMOD1<ADTRGE>.

Note 6: In case using PC1 for RXDO port, set 0 to P7FC2<P70F2>.

91C824-54 2008-02-20
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Note about bus release and programmable pull-up 1/O port pins

When the bus is released (e.g., when BUSAK = 0), the output buffers for DO to D15, A0 to
A23, and the control signals (RD, WR, HWR, R/W and CS0 to CS3, EA24, EA25, CS2A to
2E) are off and are set to high impedance.

However, the output of built-in programmable pull-up resistors are kept before the bus is

released. These programmable pull-up resistors can be selected ON/OFF. by programmable

when they are used as the input ports.

When they are used as output ports, they cannot be turned ON/OFF in software.

Table 3.5.4 shows the pin states after the bus has been released,

Table 3.5.4 Pin States (after bus release)

Pin Name

The Pin State (when the.bus is released)

Port Mode

Function Mod€g

DO to D7

Become. high impedance (High-2).

D8 to D15 (P10 to P17)

The state is not changed.

(Do not become to high impedance

(High-2).)

A0 to A15

First sets all bits te’high, then.sets them to
high impedance (High-Z).

A16 to 23 (P20 to P27)

The state is not changed.

(Do not become t@ high-impedance

(High-Z).)
RD
WR
PZ2 (HWR ), The staté is not-changed. First st_ets all bits to high, then the output
PZ3 (RIW), buffer is OFF/ The programmable pull-up

(Do not become, to high impedance

(High-2).)

resistoris’ON irrespective of the output
latch.

P60 (CS0), P61 (CS1),
P62 (CS2, CS2A ),
P63 (CS3),

First sets all bits to high, then sets them to
high impedance (High-Z).
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3.5.1 Portl (P10 to P17)

Port 1 is an 8-bit general-purpose I/0 port. Each bit can be set individually for input or
output using the control register P1CR. Resetting the control register P1CR to 0 and sets
port 1 to input mode.

In addition to functioning as a general-purpose I/O port, port 1,can also function as an
address data bus (D8 to D15).

When AM1 = 0 and AMO = 1, port 10 to 17 always operate-data bus fanction even if it
changes P1CR setting.

Reset
/\/ l
Direction control
(on bit basis)
P1CR write
Output latch > D Port 1

%) P10to P17
3 7 Output buffer (D8 to P15)
% P1 write

©

©

c

g

£

iy
T\}—CD
N
Pl/read
Eigure 3.5 Port1
91C824-56 2008-02-20
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3.5.2 Port 2 (P20 to P27)
Port 2 is an 8-bit output port. In addition to functioning as a output port, port 2 can also
function as an address bus (A16 to A23).

Each bit can be set individually for address bus using thée-function register P2FC.
Resetting sets all bits of the function register P2FC to 1 and setsport 2 to address bus.

~o Reset
’ﬁ S
Function control
(on bits basis)

2]

>

o

] P2FC write

S| ] s

g Output A

£ latch §

£ sl 8 o> \par2

) 3 buff P20to P27
P2 write Output buffer (K16 t0 A23)
5
P2 read
Internal A16 to A23
N
Figure 3.5.2Rort'2
91C824-57 2008-02-20
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Port 1 Register
7 6 5 4 3 2 1 0
P1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H) | Read/Write R/W
After reset Data from external port (Output latch register is cleared to 0:)
Port 1 Control Register
7 6 5 4 3 2 1 0
P1CR Bit symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H) | Read/Write %
After reset 0 o | o | o | o [/ o 0
Function O: Input  1: Output
| Rort 1 1/0O setting
0 Input
1 Output
Port 2 Register
7 6 5 4 3 2 1 0
p2 Bit symbol P27 P26 P25 P24 P23 P22 P21 P20
(0006H) | Read/Write RIW
After reset 1 2 ] ] o ] (4 1 1
Port 2 Function Register
7 6 5 4 3 2 1 0
P2FC Bit symbol P27F P26F P25F P24F P23F PR2F P21F P20F
(0009H) | Read/Write w
After reset 1 | o~ 1 1 [ Y1 ] s 1
Function 0: Port  1: Address.bus (A23 to A16)
Note: Read-modify-write.is prohibited for PLCR and P2FC.
Figure 3.5,3 Registefs for\Ports 1 and 2
91C824-58 2008-02-20
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3.5.3  Port5 (P54 to P56)

Port 5 1s an 3-bit general-purpose I/O port. I/O is set using control register P5CR and
P5FC. Resetting resets all bits of the output latch P5 to 1, the control register P5CR and
the function register P5FC to 0 and sets P54 to P56 to input mode with pull-up resistor.

In addition to functioning as a general-purpose I/O port, port 5 also functions as I/O for

the CPU’s control/status signal.

M\ Reset
Direction control
(on bit basis)

)

P5CR write

—

Function control
(on bit basis)

P5FC write >0 B P-ch (Programmable puti-Gp)

1 S
S
Output
latch

i

P5 write

Internal data bus

>

Ny ——{ ] /P55(BUSAK )

Output buffer

/]

Selector

o

s}
[t
()
>
X

d

4

]

P5 read

Figure 3.5.4 Port 5 (P55)
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Reset

e

Direction control
(on bit basis)

P5Cll write >0 B P-ch (Progrémmahle-pull up)

I

s
Output B AT P56 (WATT )

latch Output buffer

P5 write

Internal data bus

o

i Y

Internal P5 read
WAIT

¢ ¢

Reset

e

Direction control
(on bit basis)

)

P5CR write

Function control
(on bit basis)

P5FC write >0 B P-ch (Programmable pull up)

=

S

Gutput > ——{ | P54 (BUSRQ)

latch

Internal data bus

P5 write
e

\r_(:l—o

d

Lo |

Internal P5 read
BUSRQ

Figure 3.5.5 Port 5 (P56, P54)
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Port 5 Register
6 5 4 3 1 0
P5 Bit symbol P56 P55 P54
(000DH) | Read/Write R/W
After reset Data from external port
(Output latch register is set to “1”.)
0(Output latch register)
. : Pull-up resistor OFF
Function .
1(Output latch register)
: Pull-up resistor ON
Port 5 Control Register
6 5 4 3 1 0
P5CR Bit symbol P56C P55C P54C
(000AH) I Readwrite w
After reset 0 | 0 | 0
Function O: Input  1: Output
1/O.setting
0 [taput
1 [Qutput
Port 5 Function Register
6 5 4 3 1 0
P5FC Bit symbol P55F RB4F
(000BH) | Read/Write W
After reset 0 0

Note 1: Read-modify-write is/prohibited for register PSCR;-R5FC.

Function

0:Port 0: Port
1; BUSAK |1: BUSRQ

Note 2: When port 5 is\used-in thé input mode/ P% register controls the built-in pull-up resistor. Read-
modify-write is prohibited in the input mode’or the 1/0 mode. Setting the built-in pull-up resistor
may be depended on the states of thesinput pin:

Note 3: When P56 pin is.used as a WAIT pin,—set PSCR<P56C> to 0 and chip select/WAIT control
registér BnCS<BnW2:0> to 010.

Figure 3.5.6 Register for Port 5
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354

Port 6 (P60 to P67)
Port 60 to 67 are 8-bit output ports. Resetting sets output latch of P62 to 0 and output
latches of P60 to P61, P63 to P67 to 1.
Port 6 also function as chip-select output (CSO to CS3), extend-address output (EA24).
Writing 1 in the corresponding bit of P6FC, P6FC2 enables the réspective functions.
Resetting resets the P6FC, P6FC2 to 0, and sets all bits to output'ports.
If set port 6, be careful of a setting because of chip select funetion,

Starting memory connects to CS2 pin, but this signal function’ as P62 after reset.
Therefore initialized value of output data of P62 is set to “0”.“If manage chip select by
connection many memory to outside, after program started, must to change port function
to chip select function in this program. If outputted-“1” remain port function, program is
not run. Therefore data setting (P6) must to execute/ after function changing (R6FC).

Reset
M\ Function
control 2
(on bit basis)
P6FC2 write
Funtion
" control
2 (on bit basis)
[0
ks P6FC write
© s L
g P60 (Cs0),
£ A P61 (C31)
= Output . N csi),
|acit)h Selector % D P62 (CS2,CS2A)
c P63 (TS3),
P6 T/vrite P64 (EA24,CS2B)
P65 (EA25,CS2C )
P66 (CS2D )
1,1, CS2A1, Cs2B P67 (CS2E)
P6.read LY
X CS0, CS1/, €S2 (TS3, EA24, EA25

Figure 3:5.7 Port 6
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Port 6 Register

7 6 5 4 3 2 1 0
P6 Bit symbol P67 P66 P65 P64 P63 P62 P61 P60
(0012H) | Read/Write RIW
After reset 1 | o1 |2 | 2 ] 1 ] o [ha ] o1
Port 6 Function Register
7 6 5 4 3 2 1 0
P6FC Bit symbol - - P65F P64F P63F P62F P61F P60F
(0015H) | Read/Write W
After reset o | o 0 0 0 Q 0 0
Function Always write 0 0:Port 0: Port 0: Port 07 Port 0: Port 0: Port
1:EA25 1: EA24 |1: CS3 1; €52 1. cs1 1: CSO

Port 6 Function Register 2

7 6 5 4 3 2 1 0
P6FC2 Bit symbol P67F2 P66F2 P65F2 P64F2 - P62F2 - -
(001BH) [ Read/write w w w w W
After reset 0 0 0 0 0 0 Q 0
Function 0: <P67F> | 0: <P66F> | 0: <P65F> | 0: <P64F> Always / | 0: <P62F> Always‘write 0

1: CS2E  |1: CS2D |1: CS2C  |1: CSzB write 0 |1: cs2A

Note: Read-modify-write is prohibited for P6FC and-P6FC2.

Figure 3.5.8 Register for Port 6
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355 Port7 (P70to P72)
Port 7 is a 3-bit general-purpose I/O port. I/O can be set on bit basis using the control
register. Resetting sets port 7 to input port and all bits of output latch to 1.
In addition to functioning as a general-purpose I/O port, port %also functions as follows.
1. Input/output function for serial bus interface (SCK, SO/SDA SI/SCL)
2. Input/output function for IrDA (OPTRX0, OPTTXO0)

Writing 1 in the corresponding bit of P7TFC, P7FC2 enables\the respective functions.
Resetting resets the P7FC, P7TFC2, and P7CR to 0, and setsall bits to input ports.

(1) Port 70 (SCK, OPTRX0)

Port 70 is a general-purpose I/O port. It is~also used as SCK (Clock \signal-for SIO
mode) and OPTRXO (Receive input for IrDA mode of)SIO0).

Used as OPTRXQO, it is possible to logicalMnvert by P7<P70> = Q.
For port C1, RXDO0 or OPTRXO0 is used R7FC2<P70F2>.

Reset

-

Direction
control
(on bit basis)
T

Y

P7CR write

Function
contro|
(on bit basis)

P7FC write

S
Output latch

A S P70 (SCK, OPTRXO0)
Selector

v +— ]
PZAnrite B
SCK outputJ v J7
S-B

e Selector
W
P7 read

Internal data bus

Ve

A
— 1 SCK input «———=
Funetion

N con-trol 2‘ “LS logical invert
(onhit basis) B
T Selector ‘

P7REC2.write

RXD0 A RXDOPC1

(t6,S1Q0). (from PORTC1)

Figure 3.5.9 Port 70
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(2) Port 71 (SO/SDA/OPTTXO0)

Port 71 is a general-purpose I/O port. It is also used as SDA (Data input for 12C
mode), SO (Data output for SIO mode) for serial bus interface and OPTTXO0 (Transmit

output for IrDA mode of SIOO0).

Used as OPTTXO, it is possible to logical invert by P7<P71>=10.

™ Reset
Function

control 2
(on bit basis)

P7FC2 write
——

Direction

control
(on bit basis)

P7CR write

Function
control
(on bit basis)

Internal data bus

)
P7FC write

S

Output latch A S

Selector

P7 write B
SO output

_, l—> C
TXDO output

[

Open-drainpossible:
P7ODE<ODEP71>

Logicatinvert

d
‘rl

P7 read

S B

Selecter

A

o T g

pull up

—L]

P71
(SO/SDA, OPTTX0)

SDA input <|‘

Figure-3.5:10 Port 71
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(3) Port 72 (SI/SCL)

Port 72 is a general-purpose I/O port. It is also used as SI (Data input for SIO
mode), SCL (Clock input/output for I12C mode) for serial bus interface and input for

release hard protect.

Reset

~ —_—

Direction

control
(on bit basis)

)
P7CR write
—

Function

control
(on bit basis)

P7FC write

S

Output latch —|—>

P7 write

SCL output >

A S

Selector

P

e Programable
I:JP'Ch [pull up J

B

Internal data bus

—

d

\rl

S B

%

Selector

P7 read

Open-drain possible:
R7ODE<ODEP72>

N/

A

Sl input <}
SCL input<—<]—T

Figure 3.5,11 Port72

[ P72(Siscl)
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Port 7 Register

7 6 5 4 3 2 1 0
P7 Bit symbol P72 P71 P70
(0013H) | Read/Write R/W
After reset Data from external port

(Output latch register is set to “1".)

Function 0(Output latch register)
: Pull-up resistor-ON
1(Output latchy register)
. Pull-up resistor\OFF

Port 7 Control Register

7 6 5 4 3 2 1 0
P7CR Bit symbol R72C P71C P70C
(0016H) | Read/Write w
After reset 0 | 0 [ 0
Function 0: Input 11 Qutput

Port 7 Function Register

7 6 5 4 3 2 1 0
P7FC Bit symbol P72F P71k P70F
(0017H) | Read/Write W
After reset 0 0 0
Function 0:/Port 0: Port 0: Port
1:\ScL 1: SDA/SO| 1: SCK
output output output

Port-7 Function Register.2

7 6 5 4 3 2 1 0
P7FC2 Bit symbol — P71F2 P70F2
(001CH) | Read/Write w
After reset 0 0 0
Function Always 0: <P71F> | SIO0 RXD
write O 1:OPTTX0 | pin select
output [ o: rxpo (PC1)
1: OPTRX0
(P70)
Port 7" ©ODE Register
7 6 5 4 3 2 1 0
P7ODE | Bitsymbol ODEP72 | ODEP71
(001FH) | Read/Wite W
Afterreset 0 | 0
Fuhction 0: 3 states
1: Open drain
Note: Read-modify-write is prohibited for P7CR, P7FC, P7FC2 and P7ODE.
Figure 3.5.12 Register for Port 7
91C824-67 2008-02-20
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3.5.6 Port8 (P80to P87)

Port 8 is an 8-bit input port and can also be used as the analog input pins for the
internal AD converter. P83 can also be used as ADTRG pin for the AD converter.

N\
\/Irl D Port 8
(2]
3 Port 8 read 538 Ot(t)oPEIZW)
©
©
©
©
£
i)
k=
Conversion
AD Chanhel
result | a
) converter selector
register
AD read
~
ADTRG <]
(for P83 only)
Figure-3.5.13 Port 8
Port 8 Register
7 6 5 4 3 2 1 0
P8 Bit symbol P87 P86 P85 P84 P83 P82 P81 P80
(0018H) Read/Write R
After reset Data from external‘port

Note: The input channgl selection of AD converter_and the permission of ADTRG input are set by

AD’converter mode register ADMOD1.

Figure 3.5.14 “Register for Port 8
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3.5.7 PortB (PBO to PB6)

Port BO to PB6 is a 7-bit general-purpose I/O port. Each bit can be set individually for
input or output. Resetting sets port B to be an input port.

In addition to functioning as a general-purpose I/O port, “port BO has clock input
terminal TAOIN of 8-bit timer 0, and port B1l, B2 each has facility of 8-bit timer listing
TA10OUT, TA3OUT terminal. And, port B3 to B6 has each external interruption input
facility of INTO to INT3. Edge selection of external interruption is_establishes by IIMC
register in the interrupt controller.

Timer output function and external interrupt function can be-enabled by writing 1 to
the corresponding bits in the port B function register (PBFC):Resetting resets all bits of
the registers PBCR and PBFC to 0, and sets all bits to be input ports.

(1) PBO to PB2

Reset
(N
Direction control
(on bits basis)
PBCR write
S []PBO (TAOIN)
Output latch
T
PB write S.B
1
< Selector
PB read
A
TAOIN
Reset
[%2] R .
3 Direction Control
% (on_bits basis)
> T
s PBCR write
£ 4
c
- Function contyol
(on bits basis)
PBFE. write
S
Output latch L
7 A S
PB\write
Selector > [ pB1 (TALOUT)
Timer F/F OUT B PB2 (TASOUT)
TAL1OUT{TMRA1
TA3OUT. TMRA3 B
1
Pg\‘ - Selector
rea
Figure 3.5.15 Port BO to B2
91C824-69 2008-02-20
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(2) PB3(INT0), PB4 (INT1) to PB6 (INT3)

~ . Reset

Direction control

(on bits basis)

i)
PBCR write

Function control
(on bits basis) [ ]

PBFC write

Internal data bus

S
Output latch

. PB3 (INTO)
PB write

—

S B

1
<1 Selector
I~ PB read A

Level/edge sefect

Rising/falling select

IIMC<IOLE, IOEDGE>
Figure 3.5.16 Port B3

~ Reset

Direction control

(on bits basis)

i)
PBCR (write

Function control
(on bits-basis) [ |

PBFC write

Internal data bus

s
Output latch
PB4 to PB6

7 N
PB write % L] (INT1 to INT3)

—

S B

1
<l Selector
~ PB read A

Rising/falling
INTO to INT3‘_Cl; edge detection

IIMC<I1EDGE, I2EDGE, I3EDGE>

Figure 3.5.17 Port B4 to B6
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Port B Register
6 5 4 3 2 1 0
PB Bit symbol PB6 PB5 PB4 PB3 PB2 PB1 PBO
(0022H) | Read/Write R/W
After reset Data from external port (Output latch register is set.to-“1".)
Port B Control Register
6 5 4 3 2 1 0
PBCR Bit symbol PB6C PB5C PB4C PB3C PB2C PB1C PBOC
(0024H) ' Read/write w
After reset 0 0 o | o o] o 0
Function 0: Input  1: Output
Port B Function Register
6 5 4 3 2 1 0
PBFC Bit symbol PB6F PB5F PB4F PB3F PB2F PB1F
(0025H) | Read/Write W
After reset 0 0 0 0 0 0]
Function 0: Port 0: Port 0: Port 0>Port 0: Port 0: Rort
1: INT3 1: INT2 1: INTY 1NINTO 1: TA30UT | 1: TALOUT

Note 1: Read-Modify-Write is prohibited for the registers PBCR and PBEC:«

Note 2: PBO/TAOIN pin does not have a fegisterchanging PORT/FUNCTION-
For example, when it is used as-an input-port, the input sighal/is inputted to 8-bit timer.

Figure 3:5.18 "Register for. Part B
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3.5.8 Port C (PCO to PC5)

Port CO to C5 are 6-bit general-purpose I/O ports. Each bit can be set individually for
input or output. Resetting sets PCO to PC5 to be an input ports. It also sets all bits of the
output latch register to 1.

In addition to functioning as general-purpose I/O port pins,PCO _to PC5 can also
function as the I/O for serial channels 0 and 1. A pin can be enabled for I/Q by writing 1 to
the corresponding bit of the port C function register (PCFC).

Resetting resets all bits of the registers PCCR and PCFC(tg 0 and sets all pins to be
input ports .

(1) Port CO, C3 (TXDO/TXD1)

As well as functioning as I/O port pins, port (CO and C3 can also function.as serial
channel TXD output pins. In case of use TXDO/TXD1, it is possible toJlogical invert by
setting the register PC<PCO, 3>.

And port CO to C3 have a programmable open-drain function/ which can be
controlled by the register PCODE<ODEPCO0;-3>"

~ Reset

Ditection control
(on bit basis)

A
PCCR write

é Function contref
< (on bit basis)
©
< A
Tg PCFC write
g
£l S ¢ A S
Output latch N
T Selector [ ] Pco (TXDo)
P ri kogical invert, L~
C wrife 9 B T Open-drain PC3 (TXD1)
N0 G S/ B set possible
' P PCODE<ODEPCO, 3>
Y Selector
~ PC read A

Figure 3.5:19 Port CO and C3
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(2) Port C1, C4 (RXDO, RXD1)

Port C1 and C4 are I/O port pins and can also is used as RXD input for the serial
channels. In case of use RXD0/RXD1, it is possible to logical invert by setting the
register PC<PC1, 4>.

And input data of SIO0 can be select from RXDO0/PC1 pin.or OPTRX0/P70 by
setting the register PCFC2<P70F2>.

MM Reset

Ditection control
(on bit basis)

[}
PCCR write

S PC1 (RXDO)

Output latch PC44RXD1)
T S B|le——mm
PC write

4 Selector

Internal data bus

PC read A

RXDOPC1,
RXD1 ( (E

Logical invert

Figure 3.5.20 Peort,)C1 and C4

(3) Port C2 (CTS0, SCLKO0), C5.(¢CTST, SCLKA)

Port C2 and C4 are I/Q ‘port pins and can-also is used as CTS input or SCLK
input/output for the serial channels. In case of use CTS, SCLK, it is possible to logical
invert by setting’the’register PC<PC2, 5>.

Reset
N\
Ditection control
{onbijt basis)
)
’ PCCR write
Function gontrol
»n (on bit basis).
>
< 1
g PCFC write
% PC2 (SCLKO, CcTs0)
£ S PC5 (SCLK1, CTs1)
2 | Output latch A S
I ) N . D
PC write Selector |
Logical B
i‘)ﬁf [
< |
SCLKO,—
SCLK1 output S B
Selector
~ PC read A
CTS0, CTS1 ﬂ

SCLKO, SCLK1 input —
Logical invert

Figure 3.5.21 Port C2 and C5
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Port C Register

7 6 5 4 3 2 1 0
PC Bit symbol PC5 PC4 PC3 pPC2 PC1 PCO
(0023H) | Read/write R/W
After reset Data from external port (Output latch register is.set to “1".)

Port C Control Register

7 6 5 4 3 2 1 0
Bit symbol PC5C pc4ac PC3C PC2G PC1C PCoC
PCCR Read/Write W
(0026H) | After reset 0 | 0 I 0 0 0 0
Function 0: Input  1f Qutput

Port C Functon Register

7 6 5 4 3 2 1 0
PCFC Bit symbol PC5F PC3F PC2F PCOF
(0027H) | Read/write w W w W
After reset 0 0 0 0
Function 0: Port 0 Port 0: Port 07 Port
1: SCLK1 1:TXD1 1: sCLKo 1:\TXDO
output output

Port C ODE Registéer

7 6 5 4 3 2 1 0
Bit symbol ODEPC3 ODEPCO
pcODE | Read/Write W W
(0028H) | After reset 0 0
Function TXB1l TXDO
0: CMOS 0: CMOS
1: Open 1: Open
drain drain

Note 1: Read-modify-write 'is prohibited for the registerssPCCR, PCFC and PCODE.

Note 2: PC1/RXDO0, (RC4/RXD1 pins do not-havexa register changing PORT/FUNCTION. For
example, when it.is’used as an inpOt-port, the input signal is inputted to SIO as the cereal
receive data.

Figure 3.5.22Register for Port C
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3.5.9 PortD (PDO to PD7)

Port D is an 8-bit output port. Resetting sets the output latch PD to 1, and PD5 to PD7
pin output 1.

In addition to functioning as output port, port D also functioh.as output pin for output
pin for internal clock (SCOUT), output pin for RTC alarm (ALARM )-and output pin for
melody/alarm generator (MLDALM, MLDALM ). Above setting|is used the function
register PDFC.

Only PD6 has two output functions which ALARM and MILDALMY This selection is used
PD<PD6>. Resetting resets the function register PDFC.to.0,,ahd-é¢ets all ports to output

ports.
M\
Reset
Function control
B (on bit basis)
o
£ i
© .
o PDFC write
g ] S
[J]
c A =
= Output latch | g 'l> 1/]/PO7 (MLDALM)
B3 Output buffer
o]
PD write |_)
MLEDALM
2V PD read
Figure 3.5.23 PortD
M\
Reset—q—l
Function control
(on bit basis)
PDFC write
N
3 > S
2 Output latch A
< N
= Y PD5 (SCOUT)
= 1‘ Selector - D
g PD write B
o 1
E <
PD read
Fsclock— A v
Selector
fsys clock—B s
N SYSCR2<SCOSEL>
Figure 3.5.24 Port D
91C824-75 2008-02-20
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M\
Reset —0—1/
Function control
(on bit basis)
PDFC write
-1
3 S S
g Output latch A I~ D
= Y PD6 ( ALARM,
(_'g i Selector I/ MLDALM )
g PD write B
[J]
E < I
PD read
MLDALM — A S v
Selector
ALARM —B
N
Figure 3.5/25~Part D
Port-D-Register
7 6 5 4 3 2 1 0
PD Bit symbol PD7 PD6 PD5
(0029H) | Read/write R/W
After reset 1 I 1 | 1
Port-D Function Register
7 6 5 4 3 2 1 0
PDFC Bit symbol PD7F PD6F PD5F
(002AH) | Read/Write W
After reset 0 0 0
Function 0;Port Q: Port 0: Port
1: MLDALM_| 1: ALARM [ 1: sCouT
at<PD6>=1
1: MLDALM
at <PD6>=0
Note:; Read-modify-write is prohibited-for, the registers PDFC.
Figure 3.5.26 Register for Port D
91C824-76 2008-02-20
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3.5.10 PortZ (PZ2to PZ3)

Port Z is the 2-bit general-purpose I/0 port. I/O is set using control register PZCR and
PZFC. Resetting resets all bits of the output latch PZ to 1.

In addition to functioning as a general-purpose I/0 port, port Z also functions as output
for the CPU’s control/status signal.

Resetting initializes PZ2 and PZ3 pins to input mode with pull-up.resistotr.

When the PZ<RDE> register clearing to 0,outputs the RD-strobe(uséd for the peused
static RAM) of the RD pin even when the internal addressed.

If the <RDE> remains 1, the RD strobe signal is output only-when the external address
are is accessed.

91C824-77 2008-02-20
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M\ Reset

P

Direction control
(on bit basis)

)

PZCR write

Function conrtol
(on bit basis)

PZFC write P-ch (Rrogrammable pull up)

S
S
Output
latch

f

PZ write

Internal data bus

'l\/ . [ 1pz2 (FwR)
Output buffer

I\78

Selector

|_,LUU >

I
2
by

d

1

]

PZ read

Y Reset

P

Direction-control
(on bit basis)

PZCR write

Function’conrtol
(on bit basis)

PZFC write {>O—| P-ch (Programmable pull up)

S

S A

Output
latch

f

PZ Wwrite

N —— |Pz3 RIW)

Output buffer

Internal data bus

@
Seléctor

=
T

PZ read

Figure 3.5.27 Port Z (PZ2, PZ3)
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Port Z Register

7 6 5 4 3 2 1 0
Pz Bit symbol PZz3 Pz2 RDE
(007DH) | Read/write RIW RIW
After reset Data from external port 1
(Output latch register
is set to “1".)
Function 0(Output latch register)

: Pull-up resistor OFF
1(Output latch register)
: Pull-up resistor-ON

Port Z Control Register

7 6 5 4 3 2 1 0
PZCR Bit symbol PZ3C pPz2C
(007EH) | Read/Write W
After reset 0 [~ o
Function 0:/Input \ 1: Output

Port Z FunctionRegister

7 6 5 4 3 2 1 0
PZFC Bit symbol - PZ3F PZ2F
(007FH) | Read/Write w w
After reset 0 0 0
Function Always 0: Port 0: Rort
write 0 1: B |1 AWR

—> HWR setting

PZFC<PZ2F>
PZCR<PZ2C>

=

=

Note 1: Read-modify-write is prohihited for registers PZCR and PZFC.

Note 2: When port”Z-is~used in_input mode, the/PZ register controls the built-in pull-up resistor. Read-
modify-wtite is prohibited in input’mode \or/1/O mode. Setting the built-in pull-up resistor may be

depended on the states’of the input pin:

Figure 3.5:28 Port Register for Port Z
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3.6

Chip Select/Wait Controller

On the TM91C824, four user-specifiable address areas (CSO to CS3) can be set. The data bus
width and the number of waits can be set independently for each address area (CSO to CS3
and others).

The pins CS0 to CS3 (which can also function as port pins P60 to P63)-are the respective

output pins for the areas CS0 to CS3. When the CPU specifies an address in 'one of these areas,
the corresponding CS0 to CS3 pin outputs the chip select signal for the specified address area

(in ROM or SRAM). However, in order for the chip select sighal/to(be output, the port 6
function register P6FC must be set.

CS2A To CS2E (CS pin except CS0O toCS3) are made by MMU:

These pins are CS pin that area and BANK value is fixed without concern in setting of
CS/WAIT controller.

The areas CSO to CS3 are defined by the values™in‘the memory start address registers
MSARO to MSAR3 and the memory address mask registers MAMRO to MAMR3.

The chip select/wait control registers BOCS to B8CS and BEXCS;should be/used, to specify
the master enable/disable status the data bus'width-andthe number of waits for each address
area.

The input pin controlling these states is‘the bus'wait request pin (WAIT ).

3.6.1  Specifying an Address Area

The CS0 to CS3 address aréasare specified dsing the start address registers (MSARO to
MSARS3) and memory addfess mask registers (MAMRO to MAMRS3).

At each bus cycle, a compare operation is performed to/determine if the address on the
specified a location imthe CSO-t6 CS3 area. If.the result of the comparison is a match, this
indicates an access to the)corresponding CS\area. In this case, the CS0 to CS3 pin
outputs the chip select sighdl and the bus eycle operates in accordance with the settings in
chip select/wait/control register BOCS_to-B3CS. (See 3.6.2 “Chip Select/Wait Control
Registers”)
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(1) Memory start address registers

Figure 3.6.1 shows the memory start address registers. The memory start address
registers MSARO to MSARS3 set the start addresses for the CS0 to CS3 areas. Set the
upper 8 bits (A23 to A16) of the start address in <S23:16>, The lower 16 bits of the
start address (A15 to AO) are permanently set to 0. Accordingly; the start address can
only be set in 64-Kbyte increments, starting from 000000H. Figure 3.6.2 shows the
relationship between the start address and the start address register yalue.

Memory Start Address Registers (for areas CS0to CS3)

7 6 5 4 3 2 1 0
MSARO /MSARL | Bit symbol S23 S22 S21 S20 S19 S18 S17 S16
(00C8H)/* (00CAH) Read/Write RIW-
MSAR2 / MSARS | After reset 1 |1 | Al e [ 1 b1
(00CCH)/ (00CEH) Function Determines A23 to"Al6.of start address.
| . J
T——) Sets start addresses/for areas CSO0 to CS3.
Figure 3.6.1 Memory StartAddress Register
Address Start address Valu¢'in-start address register (MSARO-to, MSAR3)
000000H
[T —,——
le———010000H
———————020000H
l——030000H
l————040000H
l—————+ 050000H
fe—= 060000H
to
FFEFFFFH k——+4+4—FFO000H .........c0.n.... FFH

Figure 3.6.:2 /Relationship between-Start Address and Start Address Register Value

91C824-81
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(2) Memory address mask registers

Figure 3.6.3 shows the memory address mask registers. Memory address mask
registers MAMRO to MAMRS3 are used to set the size of the CSO to CS3 areas by
specifying a mask for each bit of the start address set in memory start address
registers MAMRO to MAMRS. The compare operation used to-determine if an address
is in the CSO to CS3 areas is only performed for bus address bits-eorresponding to bits
set to 0 in these registers. Also, the address bits that can be ‘masked by MAMRO to
MAMRS3 differ between CS0 to CS3 areas. Accordingly, the size that’can be each area

is different.

Memory Address Mask Register (for CS0 area)

7 6 5 4 3 2 1 0
MAMRO | Bit symbol V20 V19 V18 V17 V16 V15 V14 to V9 V8
(00C9H) Read/Write RW
After reset 1 | 1 I 1 | 1 | 1 I 1 1 1
Function Sets size of CS0 aréa’ 0;/Used for address compare
Range of possible settings for CSO area size: 256-bytes to-2-Mbytes
Memory Address-Mask Register (CS1)
7 6 5 4 3 2 1 0
MAMR1 | Bit symbol V21 V20 V19 V18 V17 V16 V15 to V9 V8
(00CBH) Read/Write RAN
After reset 1 | 1 l 1 | 1 | 1 I 1 | 1 1
Function Sets.size of CS1 area_~0Q: Used for address compare
Range of possible settings for CS1\area size: 256 bytes to 4 Mbytes.
Memory Address Mask'Register (CS2, CS3)
7 6 5 4 3 2 1 0
MAMR2  /MAMRS3 | Bit symbol V23 V21 V20 V49 V18 V17 V16 V15
(0O0OCDH)/ (0O0CFH) -
Read/MWrite R/W
After reset 1 | 1 I il l 1 | 1 I 1 | 1 1
Function Sets size 0f.CS2 or CS3 area 0: Used for address compare
Range of-possible settings for-€S2 and-CS3_ area sizes: 32 Kbytes to 8 Mbytes.
Figure 3.6.3 Memory Address Mask Registers
91C824-82 2008-02-20
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(3) Setting memory start addresses and address areas

Figure 3.6.4 show an example of specifying a 64-Kbyte address area starting from
010000H using the CSO areas.

Set 01H in memory start address register MSAR0<S23:16> (Corresponding to the
upper 8 bits of the start address). Next, calculate the difference between the start
address and the anticipated end address (01FFFFH). Bitg 20~to-8 of the result
correspond to the mask value to be set for the CS0O area. Setting this yalue in memory
address mask register MAMRO<V20:8> sets the area size This example sets 07H in
MAMRO to specify a 64-Kbyte area.

(010101010100 22111 ) 111 a1y Memory
l 0 | 1 | F | F | F | F | H end
address
CSO0 area
Size
S23 S22 S21 S20 S19 S18 S17 S16 (64 Kbytes)
MsARO [0 [o[ofofofofo]1] Mamary
0 1 H start
) | | | address
V20 V19 V18 V17 V16 V15 V14 to V9 v8
MSMROEOEOEOEO|O|O|O|O|1|111111’1|11 111 1/a Memory address
| 0 | 7 [H mask register
setting

|—>Setting of 07H specifies.a 64-Kbyte area.

Figure 3.6.4 Example Showing How to_Set the CS0 Area

After a reset, MSARO-to MSAR3 and MAMRO to MAMR3 are set to FFH.
BOCS<BOE>, B1CS<B1E> and B3CS<B3E> are reset to 0. This disabling the CSO,
CS1 and CS3 areas-—However, as B20S<B2M> to 0 and B2CS<B2E> to 1, CS2 is
enabled from DOOFEOH to 000FFEH t0-003000H to FFFFFFH in TMP91C824. Also,
the bus. width and number of waits specified in BEXCS are used for accessing
addresses outside the specified (GS0t6\ CS3 area. (See 3.6.2 “Chip Select/Wait Control
Registers™)

91C824-83 2008-02-20
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(4) Address area size specification

Table 3.6.1 shows the relationship between CS area and area size. “A” indicates
areas that cannot be set by memory start address register and address mask register
combinations. When setting an area size using a combination indicated by “A”, set the
start address mask register in the desired steps starting from-000000H.

If the CS2 area is set to 16-Mbytes or if two or more areas overlap, the smaller CS
area number has the higher priority.

Example: To set the area size for CSO to 128 Kbytest

a. Valid start addresses

000000H ) 128 Kbytes
020000H 128 Kbytes
Any of these addresses may be set as the start addréss:
040000H 128 Kbytes
060000H

b. Invalid start addresses

000000H «——This is not™an integer multiple of (the desired area size

64 Kbytes
setting.. Hence, none of-these_addreSses/can be set as
010000H 128 Kbytes the start.address.
030000H ) 128 Kbytes
050000H
1
Table 3.6.1/Valid Area Sizes for Each CS Area
Size (Bytes)
256 512 32K [ 64K | 128 K256 K| 512K | 1M 2M 4 M 8M
CS Area
CS0 o o o Q A A A A A
CS1 ¢ A A A A A A
CS2 o) A A A A A A A
CS3 O ©) A A A A A A A

Note: “A"indicates areas that cannot be set by memory start address register and address mask
register combinations.

3.6.2 . Chip Select/Wait Control Registers

Figure 3.6/5-lists the chip select/wait control registers.

The master enable/disable, chip select output waveform, data bus width and number of
wait states for each address area (CSO to CS3 and others) are set in their respective chip
select/wait control registers, BOCS to B3CS and BEXCS.

91C824-84 2008-02-20
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7 6 5 4 3 2 1 0
BOCS Bit symbol BOE BOOM1 BOOMO BOBUS BOW2 BOW1 BOWO
(00COH) Read/Write w w
After reset 0 o | o 0 o [ >~o [ o
E‘;‘;‘j‘i’f;/_ Function 0: Disable Chip select output Data bus | Number of walits
write 1: Enable waveform selection width 000: 2 waits 100; Reserved
g‘f;”‘“i""s 00: For ROM/SRAM | 0: 16 bits | 001: 1 wait 1013 waits
prohibited. 01: 1: 8 bits 010: (¥ + Ny waits, 110: 4 waits
10:} Don'’t care 011 0 walits 111: 8 waits
11:
B1CS Bit symbol B1E B1OM1 | B1OMO B1BUS BIW2 I B1W1 | BIWO
(00C1H) Read/Write W W
After reset 0 0 I 0 0 0 I 0 | 0
;?)i(ii?f;/- Function 0: Disable Chip select output Data‘bus. | Number of waits
write 1: Enable waveform selection width 000: 2 waits 100> Reserved
:f;fuctions 00: For ROM/SRAM | (0716 bits\ | 001: 1 wait 104: 3 waits
prohibited. 01: 18/bits 010: (1 +N) waits\110:4 walits
10:} Don't care 011: 0 waits 111t 8'waits
11
B2CS Bit symbol B2E B2M B20M1 | B2OMO_ . B2BUS B2W2 | B2W4L | B2WO
(00c2H) Read/Write W
After reset 1 0 o 40 0 o ol e | o
rF:]iZ‘i’f;/ i Functions 0: Disable | CS2 area | Chip select output Data bus | Numbér/of waits
write : Enable [ selection wavefofm selection width 000:.2 waits 100: Reserved
:;"ucﬁons 0: 16-Mbyte| 00:‘ForROM/SRAM | 0716 bits | 0013 1 wait 101: 3 waits
prohibited. area 01: 1. 8 hits 010: (1 + N) waits 110: 4 waits
1: CSarea | (10: Don't care 011: 0 waits 111: 8 waits
11:}
B3CS Bit symbol B3E B3OM1 | B30OMO B3BUS B3W2 | B3w1 | B3wWO0
(00C3H) | Readwrite W W
After reset 0 0 I 0 0 0 I 0 | 0
riizfi’f;/_ Functions 0: Disable Chip select output Data bus | Number of waits
write ~Enable waveform selection width 000: 2 waits 100: Reserved
:;"ucﬁons 00: For ROM/SRAM A\| 0: 16 bits | 001: 1 wait 101: 3 waits
prohibited. 01¢ 1: 8 bits 010: (1 + N) waits 110: 4 waits
10: Don't care 011: 0 waits 111: 8 waits
11:}
BEXCS | Bit symbol BEXBUS | BEXW2 | BEXW1 | BEXWO0
(00C7H) Read/\Write w
Aftersfeset 0 0 | 0 | 0
;%zfi‘f;/ ) Funetions Data bus | Number of waits
write width 000: 2 waits 100: Reserved
instrictions 0: 16 bits | 001: 1 wait 101: 3 waits
prohibited: 1:8bits | 010: (1 + N) waits 110: 4 waits
011: 0 waits 111: 8 waits
° °
N — I
Master enable bit Chip select output )
waveform selection Number of address area waits
O |Enable 00 | For ROM/SRAM (See 3.6.2, (3) Wait control.)
1 | Disable o1
CS2 area selection 10 | Don't care L Data bus width selection
11 0 |16-bit data bus

0 [16-Mbyte area

1 | Specified address area

8-bit data bus

Figure 3.6.5 Chip Select/Wait Control Registers
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(1) Master enable bits
Bit 7 (<BOE>, <B1E>, <B2E> or <B3E>) of a chip select/wait control register is the
master bit which is used to enable or disable settings for the corresponding address
area. Writing 1 to this bit enables the settings. Reset disables (Sets to 0) <BOE>,
<B1E> and <B3E>, and enabled (Sets to 1) <B2E>. This enables area CS2 only.

(2) Data bus width selection

Bit 3 (<BOBUS>, <B1BUS>, <B2BUS>, <B3BUS> 61w <BEXBUS>) of a chip
select/wait control register specifies the width of ‘the.data’lbbus./This bit should be set
to 0 when memory is to be accessed using a 16-bit-data~bus-and to 1 when an 8-bit

data bus is to be used.

This process of changing the data bus width. aceording to the address being
accessed is known as dynamic bus sizing. For\ details of this bus operation see Table
3.6.2.

Table 3.6.2 Dynamic Bus Sizing

Operand Data | Operand Start | Memory Data CPU Data
BusWidth | Address | BusWidth .|CPAddress =
0 D8 D7 to DO
8 bits 2n+0 8 bits 2n+0 XXXXX: b7 to b0
(Even number) 16 bits 2n+0 XXXKX b7 to b0
2n+1 8 hits 2n+1 XXXXX b7 to b0
(Odd number) 16-hits 2n +1 h7 to b0 XXXXX
16 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 2n+1 AXXxx b15 to b8
16 bits 2n+0 b15 to b8 b7 to b0
2n+1 8 bits 20% 1 XXXXX b7 to b0
(Odd number) 2n +2 XXXXX b15 to b8
16 bits 2n+1 b7 to b0 XXXXX
202 XXXXX b15 to b8
32 bits 2n+ 0 8 bits 2n+0 XXXXX b7 to b0
(Even number) 2n+1 XXXXX b15 to b8
2n+2 XXXXX b23 to b16
2n+3 XXXXX b31 to b24
16-bits 2n+0 b15 to b8 b7 to b0
2n+2 b31 to b24 b23 to b16
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 2n+2 XXXXX b15 to b8
2n+3 XXXXX b23 to b16
2n+4 XXXXX b31 to b24
16 bits 2n+1 b7 to b0 XXXXX
2n+2 b23 to b16 b15 to b8
2n+ 4 XXXXX b31 to b24
Note: xxxxx indicates that the input data from these bits are ignored during a read. During a write,

indicates that the bus for these bits goes too high impedance; also, that the write strobe signal
for the bus remains inactive.
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3

Walit control

Bits 0 to 2 (<BOWO0:2>, <B1W0:2>, <B2W0:2>, <B3W0:2>, <BEXW0:2>) of a chip
select/wait control register specify the number of waits that are to be inserted when

the corresponding memory area is accessed.

The following types of wait operation can be specified using-these bits. Bit settings

other than those listed in the table should not be made.

Table 3.6.3 Wait Operation Settings

<BxW2:0> [ Number of Waits Wait Operatien

000 2 Inserts a wait of 2 states, irrespective 6f the "WAIT pin state.

001 1 Inserts a wait of 1 state, irrespective of the WAJT pin state.

010 (1+N) Samples the state of the WAIT/ pin-after inserting a wait of 1 statef
the WAIT pin is low, the waitS‘continue~and the bus cycle is.extended
until the pin goes high.

011 0 Ends the bus cycle without @ wait, regardless of the WATT_pin state.

100 Reserved Invalid setting

101 3 Inserts a wait of 3 states, irrespective of the WAIT {pin stafe!

110 4 Inserts a wait of 4 states;.irrespective of the WAIT_pin‘state.

111 8 Inserts a wait(of 8 states, irrespective of the WAIT pinstate.

A reset sets these bits to 000 (2 waits).

(4) Bus width and wait control for. an area other than CS0 t0/CS3

6))

The chip select/wait control register BEXCS—controls-the-bus width and number of
waits when memory locations~which are not in one of the four user-specified address
areas (CS0 to CS3) ate aceessed. The BEXCS register settings are always enabled for

areas other than CS0.te. CS3.

Selecting 16-Mbyte area/specified addfess area

Setting B2€S<B2M> (Bit 6 of the_chip select/wait control register for CS2) to 0
designates\the 16-Mbyte area 000FEOH-to)000FFFH, 003000H to FFFFFFH as the
(CS2 area) Setting’B2CS<B2M>/to 1 désignates the address area specified by the start
address register MSAR2-and the& address mask register MAMR2 as CS2 (e.g., if
B26GS<B2M> = 1, CS2 is specified in the same manner as CS0, CS1 and CS3 are).

A reset.clears this bit te 0, specifying CS2 as a 16-Mbyte address area.
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(6) Procedure for setting chip select/wait control

When using the chip select/wait control function, set the registers in the following

order:

1.

Set the memory start address registers MSARO to MSAR3.
Set the start addresses for CSO to CS3.

Set the memory address mask registers MAMRO to MAMRS.
Set the sizes of CSO to CS3.

Set the chip select/wait control registers BOCS to B3CS;
Set the chip select output waveform, data~bus widthy number of waits and

master enable/disable status for CSO to CS3.

The CSO to CS3 pins can also function as pins P60 'to P63. To output a chip
select signal using one of these pins, set the.corresponding bit-in-the port 6
function register P6FC to 1.

If a CSO to CS3 address is specified-which-issactually an internal. IO and RAM

area address, the CPU accesses thel intetnal addregs area(and) no_chip select
signal is output on any of the CS0_to CS3-pins.

Setting example:

In this example CSO is set to be.the 64-Kbyte area 010000H to/01FFFFH. The bus
width is set to 16 bits and the numberof\waits is set to 0.

MSARO =01H Start address: 010000H
MAMRO =07H  Address area? 64 Kbytes
BOCS = 83H ROM/SRAM, 16-bit data bus, O.waits, CS0O area settings enabled.
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3.6.3

TMP91C824

Connecting External Memory

Figure 3.6.6 shows an example of how to connect external memory to the TMP91C824.

In this example the ROM is connected using a 16-bit bus. The RAM and I/O are

connected using an 8-bit bus.

€S0
Csi
Cs2 p>—
A0

Address bus

y U

P

!

Y

I

P

Cs

(9]

S

to

Upper byte
ROM

A23

D8

OF

Rl

Lower byte 8-bit 8-bit

3P

(9]

S
RAM (O

R
oé|

m
S5

to<‘I

D15

DO

T ﬂ

WE
ﬂ |

R

Figure 3.6.6 Example of External Memory Connection
(ROM uses 16-bitbus; RAM and 1/O use 8-bit bus.)

A reset clears all-bits of the port 6.controhregister P6CR and the port 6 function
register PGPC/tg 0. and disables output-of’ithe CS signal. To output the CS signal, the
appropriate bit must be set to 1.

TMP91C824FG

RD
WR
HWR

R/IW.
Cc8Q
D {150}

EE 74ACO08

. Not connect

16-bit SRAM

5 R

I c
9

/0 [16:1]

Figure 3.6.7 Example of External Memory Connection (RAM and I/O use 16-bit bus)
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3.7 8-Bit Timers (TMRA)

The TMP91C824 features 4 channel (TMRAO to TMRAS3) built-in 8-bit timers.

These timers are paired into 2 modules: TMRAO1 and TMRAZ23. Each module consists of 2
channels and can operate in any of the following 4 operating modes.

e  8-bit interval timer mode
e 16-bit interval timer mode

e  8-bit programmable square wave pulse generation outpuit.mode/(PPG: Variable duty cycle
with variable period)

e 8bit pulse width modulation output mode (PWM: Variable Jduty cycle with constant
period)

Figure 3.7.1 to Figure 3.7.2 show block diagrams for TMRAO1 and TMRAZ23.

Each channel consists of an 8-bit up counter, an 8:bit ¢omparator and an 8-bit timer register.
In addition, a timer flip-flop and a prescaler are provided for each pair of channels.

The operation mode and timer flip-flop condition.are controlled by 5-byte registers.
We call control registers SFRs: Special functionregisters.

Each of the two modules (TMRAQL and TMRA23) can be-operated’ independently. All
modules operate in the same manner; Henee only the operation/of TMRAO1 is explained here.

The contents of this chapter are ag follows.

3.7.1 Block Diagrams
3.7.2 Operation of Each Circuit
3.7.3 SFRs
3.7.4 Operation in Each-\Mode
(1) 8-bit timer-mode
(2) 167bit-timer/mode
(3) 8-bit PPG (Programmable pulse/géneration) output mode
(4)8-bit PWM (Pulse width modulation)output mode
(5) Settings-for each hode

Table 3.7.1 Registers and Pins for Each Module

Module TMRAOQO1 TMRA23
Input pin forexternal clock TAOIN None
. (shared with PB0)
External pin - - -
Qutput pin for timer flip-flop TA1OUT TA30UT
(shared with PB1) (shared with PB2)
Timer run register TAO1RUN (0100H) | TA23RUN (0108H)
) ) TAOREG (0102H) TA2REG (010AH)
SFR Timer register
(Address) TAL1REG (0103H) TA3REG (010BH)
Timer mode register TA01MOD (0104H) | TA23MOD (010CH)
Timer flip-flop control register TAL1FFCR (0105H) | TA3FFCR (010DH)
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Block Diagrams

3.7.1
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3.7.2
oy

Operation of Each Circuit

Prescalers

A 9-bit prescaler generates the input clock to TMRAO1.

The ¢TO as the input clock to prescaler is a clock divided by 4 which selected using
the prescaler clock selection register SYSCRO<PRCK1:0>.

The prescaler’s operation can be controlled using TAOIRUN<TAOTIPRUN> in the
timer control register. Setting <TAOIPRUN> to 1 starts —the count; setting
<TAO01PRUN> to 0 clears the prescaler to zero and-stops operation. Table 3.7.2 shows
the various prescaler output clock resolutions.

Table 3.7.2 Prescaler Output Clock Resalution
at fc = 33 MHz, fs £/32:768 kHz

System Clock | Prescaler Clock PrescalerQutput Clock Resolution
Selecti Selecti Gear Value
election election SYSCR1
SYSCR1 SYSCRO <GEAR2:0> oT1 oT4 $T16 $T256
<SYSCK> <PRCK1:0>
1 (fs) XXX 2%fs (244 yis) 1\2%fs (977 ps) | 2'/fs (3.9 ms)-| 2™ s (62.5 ms)
000 (fc) 2¥fe(0.2us) | 2°c (1.0 ps) | /e (3.9ps) [2'fc (62.1 ps)
00 001 (fc/2) 2°fc (0.5 ns)’| 2%c (1.9 ps) | 2%fc (78 ys) [2"/c (248.2 us)
(frPH) 010 (fc/4) 25/fe(L0.us) | 27/c (3.9 us)y 2% (16.54s) [2"/fc (496.5 us)
0 (fc) 011 (fc/8) 2°HC (.9 us) | 2%fc (7.8 uis) [2°1f6 (81.0 us) | 2"/fc (1024 ps)
100 (fc/16) 2'/fc (3.9 us) | 2%fc(15.5 us) (215 (62.1 us)| 2"#c (993 us)
lo 7 9 11 15
XXX 2'ffc (3.9 2%fc (15.5 2%fc (62.1 2%fc (993
(fc/16 clock) ¢ (3.9 ps) ¢ (15.5'us) c (62.1 ps) € (993 ps)

xxx: Don’t care

2

Up counters (UCO.and UCT)

These are 8-bit\binary counters which _count up the input clock pulses for the clock
specified by TAO1MOD:.

The-input.¢lock) for UCO is selectable-andycan be either the external clock input via
thHe/TAOQIN pin or-one of the three internal clocks ¢T1, ¢T4 or $T16. The clock setting
1s'specified by-the value setin TAOLMOD<TAOCLK1:0>.

The 9nput clock for UC1 depends on the operation mode. In 16-bit timer mode, the
overflow~output from~UC0 is-used-as the input clock. In any mode other than 16-bit
timer mode, the input cloek'is selectable and can either be one of the internal clocks
¢T1,.4T16 or ¢T256, or the eomparator output (The match detection signal) from
TMRAOQ.

For each interval timer the timer operation control vregister bits
TAO1IRUN<TAORUN>and TAOIRUN<TA1RUN> can be used to stop and clear the

up counters and to control their count. A reset clears both up counters, stopping the
timers.
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(3) Timer registers (TAOREG and TA1REG)

These are 8-bit registers which can be used to set a time interval. When the value
set in the timer register TAOREG or TA1REG matches the value in the corresponding
up counter, the comparator match detect signal goes active. If the value set in the
timer register is 00H, the signal goes active when the up counter overflows.

The TAOREG are double buffer structure, each of which makesa pair with register
buffer.

The setting of the bit TAOIRUN<TAORDE> determings-whether TAOREG’s double
buffer structure is enabled or disabled. It is disabled if <TAORDE> = 0 and enabled if
<TAORDE> = 1.

When the double buffer is enabled, data is transferred from the register buffer to
the timer register when a 2» overflow occurs in PWM-mode, or at the start of the PPG
cycle in PPG mode. Hence the double buffer canhot beused in timer mode:

A reset initializes <TAORDE> to 0, disabling.the double buffer./To.use the double

buffer, write data to the timer register, set KTAORDE> to 1, and write the following
data to the register buffer. Figure 3.7.3 show the configuration of TAOREG,

| Timer registers 0 (TAOREG) |

B
7< Matching-detection in PPG cycle
Y "5 overfiow of PWM
Shift trigger Sgigetor
X Writeto TAOREG
Register buffers 0 | IS
AN
Write
Internal data bus ' TAO1RUN<TAGRDE>

Figure 37.3 Configuration of TAOREG

Note: ~The same/memory address is-allocated.to the timer register and the register buffer.

When <TAORDE> = Q, the same/value is written to the register buffer and the timer
register;;-when <TAORDE> = 1, only the register buffer is written to.

The address of each timer register is as follows.

TAOREG: 000102H  TA1REG: 000103H
TA2REG: 00010AH TA3REG: 00010BH

Allthese registers are Write-only and cannot be read.

Downloaded from AFFOW.Com.

91C824-94 2008-02-20


http://www.arrow.com

TOSHIBA

TMP91C824

4

()

Comparator (CP0)

The comparator compares the value in an up counter with the value set in a timer
register. If they match, the up counter is cleared to zero and an interrupt signal
(INTTAO or INTTA1) is generated. If timer flip-flop inversion is enabled, the timer
flip-flop is inverted at the same time.

Timer flip-flop (TA1FF)

The timer flip-flop (TA1FF) is a flip-flop inverted by the match detects signal (8-bit
comparator output) of each interval timer.

Whether inversion is enabled or disabled is determined-by the setting of the bit
TA1FFCR<TA1FFIE> in the timer flip-flop control (register,

A reset clears the value of TA1FF1 to 0.

Writing 01 or 10 to TA1FFCR<TA1FFC1:0> sets"TA1FF to 0 or 1. Writing 00 to
these bits inverts the value of TA1FF. (This is known as software inyersion.)

The TA1FF signal is output via the TATOUT {in (Concurrent with, RB1):"When this
pin is used as the timer output, the timer\flip-flop should bé set beforéhand) using the
port B function register PBCR, PBFC,

Note: When the double buffer is enabled-for an 8-bit timer in/PWM .or PPG mode, caution is

required as explained below.

If new data is written to the register-huffer immediately. before-an overflow occurs by a
match between the timer register.value and the ép-counter value, the timer flip-flop may
output an unexpected valug.

For this reason, make sure-that/in PWM mode new data’is written to the register buffer
by six cycles (fsys x/6)-beforethe next overflow occurs by using an overflow interrupt.

In the case of using RPG mode, make sure-that hew data is written to the register buffer
by six cycles befere the next cycle compare-match occurs by using a cycle compare
match interrupt.

Example when4sing PWM mode

Match between A.I il "
TAOREG and up-counter ( /
2" overflow intérrupt /ﬂ )ﬂ
(INTTAQ) ( ! \ (
1

TAL1OUT \‘| NI_‘| town \|_|

(PWM cycle) T

Desired PWM cycle
change point

Write new data to the register buffer
before the next overflow occurs by
using an overflow interrupt
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3.7.3 SFRs
TMRAOL Run Register
7 6 5 4 3 2 1 0
TAO1RUN | Bit symbol TAORDE 1I2TAO01 | TA0IPRUN| TAIRUN | TAORUN
(0100H) | Read/write RIW RIW,
After reset 0 0 0 l 0 | 0
Function Double IDLE2 8-bit timerrun/stop-control
buffer 0: Stop 0: Stop and’clear
0: Disable 1: Operate N1 Run (Count up)
1: Enable
TAOREG double buffer control |—> Timer run/stop control
0 | Disable 0 | Stop and-clear
1 Enable 1 Run (Count.up)
12TA01; Operatien in IDLE2 mode
TAO1PRUN: Run prescaler
TAL1IRUN: Run TMRA1
TAORUN:  Run TMRAQ
Note: The values of bits 4, 5, 6 of TAOIRUN-are undefined when read:
TMRA23-Run Register
7 6 5 4 3 2 1 0
TA23RUN | Bit symbol | TA2RDE I2TA23-_| TA23PRUN | TA3RUN | TA2RUN
(0108H) | Readmwrite | RW RIW
After reset 0 0 0 I 0 | 0
Function Double IDLE2 8-bit timer run/stop control
buffer 0:-Stop 0: Stop and clear
0: Disable 1; Operate | 1: Run (Count up)
1: Enable
TA2REG double buffer contro) L Timer run/stop control
0 Disable 0 Stop and clear
1 Enable 1 Run (Count up)
12TA23: Operation in IDLE2 mode
TA23PRUN: Run prescaler
TA3RUN: Run TMRA3
TA2RUN:  Run TMRA2
Note:—The values of bits4,-5,°6 0f’ TA23RUN are undefined when read.

Figure 3.7.4 TMRA Registers
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TMRAO1 Mode Register
7 6 5 4 3 2 1 0
TAO1IMOD| Bit symbol TA01M1 TA01MO PWMO01 PWMO0O | TA1CLK1 | TA1CLKO [ TAOCLK1 | TAOCLKO
(0104H) Read/Write RIW
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRAL | Soufce ctlock-for TMRAO
00: 8-bit timer mode 00: Reserved 00: TAOTRG 00:\TAOIN pin
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10/¢T4
11: 8-bit PWM mode 11: 28 11: $T256 116116
I °

]

|—> TMRAQO source clock selection

00— TAQINL(External input)
01/ | ¢T1 (Prescaler)

10 [ $T4 (Prescalef)

11 [$T16 (Prescaler)

———>TMRA1 source clock selection

TAO01MOD TAO01MOD
<TA01IM1:0> # 01 <TA01M1:0>=01

00 Comparator Overflow output from
output from/TMRAQ TMRAO

01 OTL

10 $T16

11 $T256 (16-bit timer mode)

L——— PWM-cycle selection
00 [Reserved

01 |2° x séurce clock

10 |2” x source clock

11.\] 2® x source clock

TMRAO1 operation mode selection

00 [ Two 8-bit timers

01 | 16-bit timer

10 [8-bit PPG

11 [ 8-bit PWM (TMRAO) + 8-hit timer (TMRA1)

Figure 3:7.5, TMRA Registers
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TMRA23 Mode Register

7 6 5 4 3 2 1 0
TA23MOD | Bit symbol TA23M1 TA23MO PWM21 PWM20 | TA3CLK1 [ TA3CLKO | TA2CLK1 | TA2CLKO
(010CH) Read/Write RIW
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle TMRAS3 clock for TMRA3 | TMRAZ2 tlock for TMRA2
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00:'Reseryed
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10/¢T4
11: 8-bit PWM mode | 11: 28 11: $T256 11,6116

]

|—> TMRAZ2 (spurce clock selection
00 | Do not set

01 —{¢T1 (Prescaler)

10/ /| T4 (Prescaler)

114_| ¢T16 (Prescaler)

——> TMRA3 source clock selection

TA23MOD TA23MOD
<TA23M1:0> ¥ 0k <TA23M1:0> =01

00 |Comparator-output Overflow output from

from TMRA2 TMRA2
01 |¢T1
10 ¢T16
11 | ¢T256 (16-bit timer mode)

———— PWNMcycle selection

00 |Reserved
01 |2° x source clock

10 | 2" x source clock

11 \[2® x source clock

TMRAZ23 operation mode selection

00 | Two 8-bit timers

01 | 16-bit timer

10 |8-bit PPG

11 [8-bit PWM (TMRAZ2) + 8-bit timer (TMRA3)

Figure 3.7.6 TMRA Registers
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TMRAL Flip-Flop Control Register
6 5 4 3 2 1 0
TALFFCR | Bit symbol TA1FFC1 | TA1FFCO | TALFFIE | TAL1FFIS
(0105H) Read/Write R/W R/W
After reset 1 | 1 0 0
Read- -
modify-write | FuUnction 00: Invert TA1TFF TAWFF~_|TALFF
instructions 01: Set TA1FF control for ) [inversion
are 10: Clear TA1FF inversion_~|select
prohibited. 11: Don't care 0/Disable |0: TMRAO
1: Enable [1: TMRAL

] |

Inverse signal for timer flip-flop L (TA1FF)
(Don’t-care except in 8-bit timer mode)

Q Inversion by TMRAD

1 Inversion by TMRA1
Inversion of TALFF

0 Disabled

1 Enabled

Control of TALIEF

00 Mnverts thé value of TALFF
01 [ [Sets TALFF to 1

10 \|Clears’'TA1FF to 0

11 | Don't care

Rigure 3.7.7 TMRA Registers
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TMRAS3 Flip-Flop Control Register

7 6 5 4 3 2 1 0
TA3FFCR | Bit symbol TA3FFC1 | TABFFCO | TA3FFIE | TA3FFIS
(010DH) Read/Write RIW RIW
Read- After reset 1 | 1 0 0
modify-write | Function 00: Invert TA3FF TA3FF TA3FF
instructions 01: Set TA3FF control for ) |irfversion
Z:shibited. 10: Clear TA3FF iAversion_~|select
11: Don't care 07/Disable [0: TMRA2
1: Enable |1: TMRA3

]

Inverse signal for timer flip-flop-3-(TA3FF)
(Don't.care except in 8-bit timef mode)

0 Inversion by TMRA2
1 Inversion by TMRA3

—Inversion of TA3FF

0 Disabled
1 Enabled

——> Control of TA3FF

00 inverts the value of TA3FF
01 \/| Sets) TA3FF to 1

10 | Clears TA3FF to 0

11 \ | Don't care

Figure 3:7.8 TMRA Registers
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TMRA register
5 | 4 | 3 0
TAOREG bit Symbol —
(0102H) Read/Write W
After reset Undefined
TA1REG bit Symbol —
(0103H) Read/Write W
After reset Undefined
TA2REG bit Symbol —
(010AH) Read/Write W
After reset Undefined
TA3REG bit Symbol —
(010BH) Read/Write W
After reset Undefined
Note: The above registers are prohibited read-modify-write instruction.
Figure 3.7.9 TMRA Registers
91C824-101 2008-02-20
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3.7.4  Operation in Each Mode

(1) 8-bit timer mode
Both TMRAO and TMRA1 can be used independently as 8-bit interval timers.

Setting its function or counter data for TMRAO and TMRA1 after stop these
registers.

a. Generating interrupts at a fixed interval (using TMRAT)

To generate interrupts at constant intervals-using TMRA1 (INTTAL1), first stop
TMRA1 then set the operation mode, input clock~and a cycle to TAOIMOD and
TA1REG register, respectively. Then, enable the interrupt INTTA1 and start
TMRA1 counting.

Example: To generate an INTTA1 interrupt_every 10 useconds at(fe\= 33"MHz, set
each register as follows:

* Clock state System'clock:  High frequency (fc)
—Prescalertclock: frpy

MSB LSB
7 6 5 4 3 2 0
TAO1RUN “«— - X X - -0 Stop TMRA1 and clear it to 0-
TAOLIMOD «+ 0 0 X X 1 0 X/ X Select 8-bit timef mode’and select ¢T1
((2%fc)s at fc = 33 MHz) as the input clock.
TALREG <~ 0 0 1 0 1 0100 Set TATREG t0.10" s + 11 (2°/c)s = 40 = 28H.
INTETAOL «~ -1 0 1 - —=_- Enable INTTAI and set it to level 5.

TAO1RUN — - X X X/>—1 1>/ Start TMRAL counting.

X: Don't care, —: No change

Select the input clock\using in Table 3:7.2.

Note: The input clocks for TMRAO and TMRAL are different from as follows.
TMRAO: TAOIN input, ¢T1, ¢T4 or ¢T16
TMRAZL: Match-autput of TMRAQ, ¢TL, 6T16, $T256

91C824-102 2008-02-20
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b. Generating a 50% duty ratio square wave pulse

The state of the timer flip-flop (TA1FF) is inverted at constant intervals and
its status output via the timer output pin (TA10UT).

Example: To output a 1.5 us square wave pulse from the TA1OUT pin at fc = 33
MHz, use the following procedure to make the appropriate register
settings. This example uses TMRA1; however, either TMRAO or TMRA1
may be used.

* Clock state System clock:._“High fregdency (fc)

Clock gear: Ixfc)
| Prescaler clock: frpH

["TAOLRUN «~ - X X X - - 0 - Stop TMRA1 and.clear it to 0.

TAOLIMOD «+ 0 0 X X 0 1 - - Select 8=hit timer mode and select $T1
((23/fc)s at fc'=/33 MHz) as the input-elock:

TALIREG <~ 0 0 0 O 0 1 Set thé timer register to-1.5 us + §T1(2%fc)s+ 2 = 3.

TALFFCR <« X 0 1 1 Clear TALFF to 0 and set it to_invert an/thé match detects
signal from TMRAL.

PBCR “« X - - - - - 1 - ) 4
Set PBL1 to function as(thie TATOUT pin.

PBFC “« X - - - - - 1 X }

TAO1RUN «— - X X X - 1 1 - Start TMRAL counting.

X: Don't care, —: No change

oT1

TAO1RUN
<TA1IRUN>

Bit7 to 2
counter
Bit0 o | 1 2 a3 o 1 2 |
C t
Comparator r| |—| &I_I N=Ap
Comparator output /+—| I_I
I—I

(Match detect) L
INTTAL

B

L 111

UC1 clear

TALFF +

—
—

FALOUT

0.75 ps at fc = 33 MHz

Figure-3.7:10 Square Wave Output Timing Chart (50% duty)
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c¢. Making TMRA1 count up on the match signal from the TMRAO comparator

Select 8-bit timer mode and set the comparator output from TMRAO to be the
input clock to TMRAL.

Comparaot output
(TMRAO match)

TMRAO up counter
(when TAOREG =5)

TMRAL up counter

(when TALREG = 2) . <ﬁ7 g\

TMRAL match output

Figure 3.7.11 TMRAL Count up on Signal fro @A

91C824-104 2008-02-20
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(2) 16-bit timer mode

A 16-bit interval timer is configured by pairing the two 8-bit timers TMRAO and
TMRAL.

To make a 16-bit interval timer in which TMRAO and. TMRA1l are cascaded
together, set TAOIMOD<TAO01M1:0> to O1.

In 16-bit timer mode, the overflow output from TMRAO is‘\used as the input clock
for TMRA1, regardless of the value set in TAO1IMOD<TA01CLK1:0>. Table 3.7.2
shows the relationship between the timer (Interrupt)\cycle) and the input clock
selection.

LSB 8 bits set to TAOREG and MSB 8 bits set to TAIREG. Please keep setting
TAOREG first because setting data for TAOREG inhibit/its compare function and
setting data for TA1IREG permit it.

Example: To generate an INTTA1/interrupt.every 0.24 [s]-at-fc =33 MHz, set
the timer registers TAOREG and) TA1REG-as follows:
* Clock state System-elock:  High frequency~(fc)

Cloek gear: 1 (fc)
Rrescaler clock: fgpy

If $T16 ((27/fc)s at 33 MHz)/is used-as the input cloek forycotinting, set the following
value in the registers: 0.24 s+\(27/fc)s =~ 62500 = F424H

(e.g., set TAIREG to F4H andTAOREG to 24H):

As a result, INTTAL interiupt,can be génerated every 0.24 [s].

The comparator match signal is output fromTMRAQ each time the up counter UCO
matches TAOREG, though the up counter UCO is ndt be cleared and also INTTAO is
not generated.

In the case of\the TMRA1 comparater,-the match detect signal is output on each
comparator pulge~ron which the values in the up counter UC1 and TAIREG match.
When the \‘match detect signal is—output-simultaneously from both the comparators
TMRAO and TMRA1, the.up counters UCO and UC1 are cleared to 0 and the interrupt

INTTAYV 1s-generated. Also,~if inversion is enabled, the value of the timer flip-flop
TATEF.\s inverted.

Example: When TA1IREG = 04H and TAOREG = 80H

Value of up counter
(UC1, UCo)

TMRAQ_comparator-match
detect signal " " " "

0080H 0180H 0280H 0380H 0480H  0080H

N

TMRAQ_comparator match
detect signal

> T i s g |

Downloaded from AFFOW.Com.

INTTAO
INTTAL
TA1OUT Inversion
Figure 3.7.12 Timer Output by 16-Bit Timer Mode
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(3) 8-bit PPG (Programmable pulse generation) output mode

Square wave pulses can be generated at any frequency and duty ratio by TMRAO.
The output pulses may be active-Low or active-High. In this mode TMRA1 cannot be
used.

TMRAO outputs pulses on the TA1IOUT pin.

When <TA1FFC1:0>="01" | I

()
When <TA1FFC1:0>="10" I_l ,'I_l
>

Example when <TA1FFC1:0>="01"

TAOREG and UCO match A
(Interrupt INTTAO) /

TA1REG and UCO match

(Interruput INTTAL)
TA1OUT

) b

TAOREG
TALREG

Figure-3.7.1378-Bit PPG Output Waveforms
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In this mode, a programmable square wave is generated by inverting the timer
output each time the 8-bit up counter (UCO) matches the value in one of the timer
registers TAOREG or TA1REG.

The value set in TAOREG must be smaller than the value set in TA1REG.

Although the up counter for TMRA1l (UC1) is not- used in this mode,
TAO1RUN<TA1RUN> should be set to 1, so that UC1 is set for,counting.

Figure 3.7.14 shows a block diagram representing this mode.

TAL1O0UT,
Selector TAO1RUN<TAORUN>

TAOIN
0Tl —f 8-bit <—| TALEF|<TA1FFCR<TA1FFIE>
T4 —> up counter (UC 0)

$T16 —>|
T 1 I ¢ Iversion

TAO1MOD<TAOCLK1:0>
M d U

| Comparator | Comparator lr INTFAL
LSelector

3 T
TAOREG-WR—>{

INTTAO

Shift trigger

0 |Registerbuffer| | TALREG |
TAO1RUN<TAORDE>

Internal data-bus

Figure 3.7.14 Block Diagram of 8-Bit PPG.Output Mode

If the TAOREG double-buffer is enabled in this mode, the value of the register
buffer will be shifted into TAOREG each time TAIREG matches UCO.

Use of the-double buffer facilitates the-handling of low-duty waves (when duty is
varied).

Match with TAOREG
and’up_counteg

(Up ceunter =Qy) (Up countner = Q)
Match with TAIREG
TAOREG ()A Shift to register buffer
(Value to be compared) Q x,f\ Q>
)
Register buffer Q. | Qs
k TAOREG (Register buffer)
write
Figure 3.7:15 Operation of Register Buffer
91C824-107 2008-02-20
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Example: To generate 1/4-duty 50-kHz pulses (at fc = 33 MHz)

I

20 ps

* Clock state System clock:  High frequency-(fc)
Clock gear: 1 (fc)
Prescaler clock: fepy

Calculate the value which should be set in the timer registér.
To obtain a frequency of 50 kHz, the pulse cycle t-should be:t = 1/50 kHz = 20 us
oT1 = (28/fc)s (at 33 MHz);
20 us + (23/fc)s ~ 83
Therefore set TAIREG = 83 = 53H
The duty is to be set to 1/4: t x 1/4 =20 pus x 144'=5 us
5 s + (23/fc)s = 10
Therefore, set TAOREG = 21 =15H.

. 7 6 5 4 3 2 1 0
TAO1RUN «~ - X X X 0 0 O Stop TMRAO and TMRAO1 and-¢lear’it to 0.
TAOIMOD «+ 1 0 X X X X 0 % Set the 8-bit PPG mode, and select ¢T1 as input clock.
TAOREG «~ 0 0 0 1 0 1 0% Write 15H
TALREG <~ 0 1 0 1 0 0 1(1 Write 53H
TA1FFCR « X X X X 0 ¥V 12X Set TALFF;,-enabling.both inversion and the double buffer.
I_|_'—> Writing 10 prevides negative logic pulse.
PBCR «— X - - - — -1~ .
Set.PB1 as the TA1IOUT pin.
PBFC « X - - —/F =1 X }
| TAOLIRUN «~ 1 X X X\x 1)1 1 Start TMRAO and/TMRAO1 counting.
X: Don't care, —: No change
91C824-108 2008-02-20
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(4) 8-bit PWM (Pulse width modulation) output mode

This mode is only valid for TMRAO. In this mode, a PWM pulse with the maximum
resolution of 8 bits can be output.

When TMRAO is used the PWM pulse is output on the TAIOUT pin. TMRA1 can
also be used as an 8-bit timer.

The timer output is inverted when the up counter (UCO0) matches the value set in
the timer register TAOREG or when 2» counter overflow oecursAn = 6, 7 or 8 as
specified by TAOIMOD<PWMO01:00>). The up counter UC0-is ¢leared when 2» counter
overflow occurs.

The following conditions must be satisfied before this PWMmode can be used.

Value set in TAOREG < Value set for 2r counter overflow
Value set in TAOREG # 0

TAOREG and ﬂ )ﬂ
UCO match / (
27]
overflow ﬂ )ﬂ
(INTTAO interrupt) ( (

TALOUT ‘| \|_‘| A \|_|

T (PWMcycle)

Figure 3.7.16_ 8-Bit PWM Waveforms

Figure 3.7.17 shows a block diagram representing this mode.

TAOLRUN<TAORUK> TAlTOUT
TAOIN—> 8bit up counter
$T1— Selector (UCO) Clear TAFF1 [« TALFFCR
OT4—] <TA1FFIE>
¢T16 T T on Invert
TAOIMOD<TAOCLK1:0> :> overflow [« TAO1IMOD
control <PWMO01:00>
Overflow
| Comparator I
{”} INTTAO
L | TADREG |
Selector ——
TAOREG-WR_| Shift trigger
| Register buffer |
TAO0O1RUN<TAORDE>
{ Internal data bus §
Figure 3.7.17 Block Diagram of 8-Bit PWM Mode
91C824-109 2008-02-20
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In this mode, the value of the register buffer will be shifted into TAOREG if 2»
overflow is detected when the TAOREG double buffer is enabled.

Use of the double buffer facilitates the handling of low duty ratio waves.

Match with TAOREG M N
Up counter = Q1 Up counter = Q2
2" overflow A1
TAOREG { shift into TAOREG
A
(Value to be compared) Q1 er Q2
Register buffer Q2 X Q3
~ TAOREG (Register buffer)

write

Figure 3.7.18 Register Buffer Operation

Example: To output the following PWM waves onthe TA10UT pin atfc= 33MHz:

N I N

179 us
31.0 s

* Clock state System clock:  Hligh freqdency (fc)
Clock gear: 1\(fc)
Prescaler cloek: frpH

To achieve a 31.0 s/ PWcycle by setting ¢T1 = (23/f¢)s (at fc = 33 MHz):
31.0 us + (2%/fc)s = 128 = 2»
Therefore n should be getto 7.
Since the low-level period is 37.0 ps when'¢T1 = (2%/fc)s,
set the following value for TAOREG:
17(9'ué £ (23/fc)s ~ 74 = 4AH

MSB LSB
_ 7 6 5 4 3 210
TAO1RUN = X X X ==—20 Stop TMRAO and clear it to 0.
TAOIMOD « ¥ 1 1 0 ="~< 0 1T Select 8-bit PWM mode (Cycle: 27) and select ¢T1 as the
input clock.
TAOREG «< 0 1 0 0 1 0 rvO0 Write 4AH.
TA1FFER «— X X X1 0 1 X Clear TAL1FF to 0, enable the inversion and double buffer.
PBCR X - = AN - 1 - } )
Set PB1 and the TA1OUT pin.
PBFC e X L/~ Y-
I~TAO1RUN “«“ 1 XX X - 1 - 1 Start TMRAO counting.

X: Don't care, —"NoO change

91C824-110 2008-02-20
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Table 3.7.3 PWM Cycle
at fc = 33 MHz, fs = 32.768 kHz

Select Select PWM Cycle
System Prescaler Gear Value 26 o7 28
Clock Clock <GEAR2:0>
<SYSCK> | <PRCK1:0> 6T1 | oT4 | ¢T16 [ ¢T1 | oT4 | ¢T16- ¢T1 | oT4 | ¢T16
1 (fs) XXX 15.6ms | 62.5ms [ 250ms | 31.3ms | 125ms | 500 ms\| 62.5 ms/| 250 ms | 1000 ms
000 (fc) 15.5us | 62.1us | 248.2 us | 31.0 us | 124.1 ps [ 496.5 us | 62.1.4s | 248.2 us | 993.0 us
00 001 (fc/2) 31.0ps [124.1pus | 496.5 us | 62.1 us [ 248.2 us | 993/041s/[\124.1 us | 496.5 us | 1986 us
(frPH) 010 (fc/4) 32.1pus | 248.2 us | 993.0 s | 124.1 ps | 496:5 us |\ 1986 us/| 248.2 us | 993.0 us | 3972 us
0 (fc) 011 (fc/8) 124.1 pus | 496.5 us | 1986 us | 248.2 us | 9930 us [~3972us | 496.5 us | 1986 us | 7944 us
100 (fc/16) | 248.2 us [ 993.0 us | 3972 us [ 496.5 us | 1986 us [ 7944 us | 993 us | 3972 us | 15888 us
10
XXX 248.2 993.0 3972 496.5 1986 7944 993 3972 15888
(fc/16 clock) ks he Hs o e K Hs - -
XXX: Don't care
(5) Settings for each mode
Table 3.7.4 shows the SFR settings for each-miode.
Table 3.7.4 Timer Mode Setting Registers
Register Name TAO1MOD TALFFCR
<Bit Symbol> <TA01M1:0> <PWM01:00> <TA1CLK1:0> <TAQCLK1;0> TALFFIS
. . Upper Timer Input Lower-Timer Timer F/F Invert Signal
Function Timer Mode PWM €ycle
Cloek Input Clock Select
Lower timermateh| External clock )
o 0: Lower timer output
8-bit timer x 2 channels 00 ’ ¢0T1, $T16, ¢T256 | 7 ¢T1, $T4, ¢T16 )
1: Upper timer output
(00, 01, 10, 11) | (00, 01, 10, 11)
External clock
16-bit timer mode 01 - < ¢T1, ¢T4, ¢T16 -
(00, 01, 10, 11)
External clock
8-bit PPG x 1 channel 10 - - 0T1, ¢T4, $T16 -
(00, 01, 10, 11)
& 0N s External clock
. 20,252
8-bit PWM x 1 channel 11 - 0T1, 0T4, $T16 -
(01,10, 11)
(00, 01, 10, 11)
T1, $T16, $T256 .
8-bit Timer x“1 charinel 11 ~ oTL. ¢ ¢ - Output disabled
(01, 10, 11)
—: Don't care
91C824-111 2008-02-20
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3.8

External Memory Extension Function (MMU)

This is MMU function which can expand program/data area to 106 Mbytes by having 4 local

areas.

Address pins to external memory are 2 extended address bus pins (EA24, EA25) and 8
extended chip select pins (CS2A to CS2E) in addition to 24 address buspins (A0 to A23) which
are common specification of TLCS-900 family and 4 chip select pins (CSO to\CS3) output from
CS/WAIT controller.

The feature and the recommendation setting method of twotypes-are shown below.

In addition, AH in the table is the value which number address 23 to 16 displayed as hex.

Purpose

Item

(A): For-Standard
Extended-Memory

(B): For Many-Pieces
Extended Memory

Program ROM

Maximum memory size

2 Mbytes: COMMON2 + 14 Mbytes: bank (16, Mbytesx 1 pcs)

Used local area, BANK number

LOCAL2 (AH= CO0 / DF: 2 Mbyte$ x 7 BANK)

Setting CS/WAIT

SetupAH= CO — FF to CS2

Setup AH =80 — FF to CS2

Used CS pin

CS2

C82A

Data ROM

Maximum memory size

64 Mbytes,(64 Mbytes x 1 pcs)

64 Mbytes (16 Mbytes x 4 pcs)

Used local area, BANK number

LOCAL3 (AH = 80 — BF;
2Mbytes x 16 BANK)

LOEALS (AH = 80 - BF:
4 Mbytes x 16 BANK)

Setting CS/WAIT

Setup AH = 80 — BF to CS3

Setup AH = 80 — FF to CS2

Used CS pins

CS3, EA24/EA25

cs2B, Cs2C, Cs2Db, CS2E

Option program ROM

Maximum memory size

2 Mbytes{ COMMON1 +'14\Mbytes : bank (16 Mbytes x 1 pcs)

Used local area/BANK-number

LOCAL1 (AH'= 40— 5F: 2 Mbytes x 7 BANK)

Setting CS/WAIT

Setup AH =40 — 7R t0-C31

Used CS pin

Cs1

Data RAM

Maximum memory, size

1 Mbyte "\COMMONO + 7 Mbytes: bank (8 Mbytes x 1 pcs)

Used locaharea, BANK number

LOCALO (AH =10 — 1F: 1 Mbyte x 7 BANK)

Setting- CSIWAIT

Setup AH.= 00~ 3F to CS0O

Setup AH =00 - 1F to CS3

Used,CS pin

CSOo

CS3

Extended memory 1

Maximum mémory size

COMMONOa

2 Mbytes (2 Mbytes x 1 pcs)

Usedecal area, BANK humber

Overlapped data RAM

None

Setting CS/WAIT

Setup AH = 00 — 3F to CS0O

Setup AH = 20 — 3F to CS0

Used CS pin

€S0

Cso

Total memory size

16M + 64M + 16M + 8M = 104
Mbytes

16M + (16M + 16M + 16M +
16M) + 16M + 8M + 2M = 106
Mbytes
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3.8.1 Recommendable Memory Map

The recommendation logic address memory map at the time of varieties extension
memory correspondence is shown in Figure 3.8.1. And, a physical-address map is shown
in Figure 3.8.2.

However, when memory area is less than 16 Mbytes and is not expanded] please refer to
section of CS/WAIT controller. Setting of register in MMU is notnecessary.

Since it is being fixed, the address of a local area cannot be chanhged.

BANK (CS/WAIT) (CSIWAIT)
Pin setA Pin set B
000000H - =g — - - - m o - - - LS
IMbyeel  commone  fe—g (CS0) (53)
100000H1 Ml; 'e J L | J L | J 1 | CSo Cs3
200000H" Y LOCALO S 41816)7
2 Mbytes]  (COMMONOG (cso) (csb)
Pin set A case) Cso Cs0
400000H == R TPy
ol1[2]3]456]7
2 Mbytes LOCAL1
(cst) (cs1)
600000H - et ==
2Mbytes|  commON1
800000H — - Ry LT .
o\1]2 14[15
(cs2)
(C33) TS2B (BANKO to BANK3)
4 Mbytes LOCAL3 - CS3 TS2C (BANKA4 to BANKTY)
EA24 CS2D (BANKS to BANK11)
EA25 CS2E (BANKL2 to BANK15)
CO0000H ~—~ - = N <
011123 [4|5]|6]|7
2 Mbytes LOGALZ
Fo00aet (cs2) (cs2)
2 Mbytes COMMON?2 cs2 CS2A
FFFFOOH —-— -: Internal area
256 bytes Vector area ) [[_1: overlapped with COMMON area
FEEFFFH 7~ b—— - -

Figure 3.8.1 Logical Address Map
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LOCALO LOCAL1 LOCAL2 LOCAL3
Cs3 Cs1 CS2A for data ROM
for data RAM for option for program ROM (16 Mbytes x 6)
(8 Mbytes) program ROM (16 Mbytes) Cs2B ooz
000000H (16 Mbytes)
_____ BANKQ
_____ BANKL | | ___ BANKO p | __ BANKO_
_____ BANK2 |
T BANK3 | b---- BANKL [ | ___ BANKL | | ____BANKO) )7 BANK12
BANK4
ntemallfo & RAM I~ 1 sanks | |- Bankz | | BANK2_
""" ] BANK13
BANKY7 BANK3 BANK1
800000H = -2 }---- BANKS | boos 2] p--------5
_____ BANK4 | | ____BANK4_
BANKS BANKS | | ____BANK2} | - BANK14
_____ BANK6 | | ___ BANKE
BANK? ,//‘37,*Nb\ BANK3 BANK15
1000000H
cs2c
000000H
Reset & interupt | | ?’f":‘ 'f‘_‘ _
vectorarea
BANKS5
BANK6
BANK?7
1000000H
Cs2b
000000H
BANKS8
BANK9
- "Internal area  S~_N~_ TR
II * Overlapped with COMMON area
BANK10
BANK11
1000000H
Figure 3.8.2 Physical Address Map
91C824-114 2008-02-20
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3.8.2

Control Registers

Setup bank value and bank use in bank setting register of each local area of LOCAL
register in common area. Moreover, in that case, a combination pin is set up and mapping
is simultaneously setup by the CS/WAIT controller. When CPU<utputs logical address of
the local area, MMU outputs physical address to the outside address bus pin according to
value of bank setting register. Access of external memory becomes possible therefore.

LOCALDO Register

LOCALO | Bit symbol

(0350H) | Read/write

LOCAL1 | Bit symbol

(0351H)

LOCAL2 | Bit symbol

(0352H) Read/Write

LOCAL3 | Bit'symbol

(0353H) ~|.Read/Writé

7 5 4 3 2 1 0
LOE LOEA22 LOEA21 LOEA20
R/W R/IW
After reset 0 0 | 0 | 0
Function BANK for Setting BANK number for LOCALO
LOCALO
0: Disable
1: Enable “000” setting is prohibited because
it pretend €COMMON 0O/area
LOCAL1/Register
7 5 4 3 2 i 0
L1E LIEA23 L1EA22 L1EA21
Read/Write R/W R/W
After reset 0 0 | 0 | 0
Function BANK for Setting BANK number for LOCAL1
LOCAL1
0: Disable “001" setting is prohibited because
1: Enable it pretend COMMON 0 area
LOCAL2 Register
7 5 4 3 2 1 0
L2E L2EA23 L2EA22 L2EA21
RIW R/W
After reset 0 0 | 0 | 0
Function BANK for Setting BANK number for LOCAL2
LOCAL2
0: Disable “111” setting is prohibited because
1: Enable it pretend COMMON 0 area
LOCALS3 Register
7 5 4 3 2 1 0
L3E L3EA26 L3EA25 L3EA24 L3EA23 L3EA22
RIW R/W R/W R/W R/W R/IW
Afterreset 0 0 0 0 0 0
Function BANK ™ for 01000 to 01011: CS2D 01100 to 01111: CS2E
LOCAL3 00000 to 00011: CS2B
0: Disable 00100 to 00111: Cs2C
1: Enable 10000 to 11111: Set prohibition

Note: In case of this TMP91C824, because most upper address bit of physical address is EA25,

most upper address bit of BANK register is meaningless. 4 bits of upper 5-bit address
means 16 BANKS.
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Data/Stack RAM
CS0

&S0 BSI\/IRt;MtVI 000000H to 1FFFFFH (Logical)
Y€ | 000000H to 7FEFFFH (Physical)
8 bits
Cs1
Optional ROM
Cs1
FLASH 400000H to.7FFFFFH (Logical)
Data : 16 Mbytes | 000000H to FFFFFFH (Physical)
Address 16 bits
TMP91C824 RD, (WR , HWR : SRAM)
MROM Pr_ogram ROM
16 Mbyte$/ | °F?
¢ 16-bits C00000H to FFFEFEH (togical)
s 000000H to FFFFFFH (Rhysical)
EA24, EA25
cs3 MROM
64 Mbytes Data ROM
16 bits Cs3
800000H to BFFFFFH (Logical)
©000000H to 3FFFFFFH (Physical)
* In case of 16-bit bus memory * In case of 8-bit bus memory
TMP91C824 Memory TMR91C824 Memory
Control signals Contro)/signals Centrol signals Control signals
D [0:15] D [0:15] D [0:7] D [0:7]
A0 Open A0 A0
Al A0 Al Al
A2 Al A2 - A2
Al6 Al5 A7 : A7

* In case of 16-bit bus memory, address connection is ... ~CPU A1 = Memory A0, CPU A2 = Memory Al...
* In case of 8-bit bus memory, address conngction is ... : CPU A0 = Memory A0, CPU A1 = Memory Al...

Figure 3.8.3 H/W Setting Example
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At Figure 3.8.3, it shows example of connection TMP91C824 and some memories:
Program ROM: MROM, 16 Mbytes, data ROM: MROM, 64 Mbytes, data RAM: SRAM, 8
Mbytes, 8-bit bus, option ROM: Flash, 16 Mbytes.

In case of 16-bit bus memory connection, it need to shift 1-bit address bus from
TMP91C824 and 8-bit bus case, direct connection address bus from TMP91C824.

In that figure, logical address and physical address are shown/ And.each memory allot
each chip select signal, RAM: CSO, FLASH ROM: CS1, program MROM: CS2, data
MROM: CS3. In case of this example, as data MROM is 64 Mbytes, this MROM connect to
EA24 and EA25.

Initial condition after reset, because TMP91C824 access from CS2 area, CS2 area allot

to program ROM. It can set free setting except program ROM:

;Initial Setting
;CS0
LD (MSARO0),00H ; Logical address area: 000000H to 1FFEFFEH
LD (MAMRO),FFH ; Logical address\siZe: 2 Mbytes
LD (BoCS),89H ; Condition:8 bits;-1 wait (8 Mbytes,{(SRAM)
;CS1
LD (MSAR1),40H ; Logical address.area: 400000H (to 7EFFFFH
LD (MAMR1),FFH ; Logical address size: 4 Mbytes
LD (B1CS),80H ; Corfdition: 16 bits, 2 waits((16'Mkytes, Flash ROM)
;CS2
LD (MSAR2),COH ;Logical*address/area: COO000H to FFFFFFH
LD (MAMRZ2),7FH—; Logical address size: 4 Mbytes
LD (B2CS),C3H ; Condition: 16 bits, 0 waits (16 Mbytes, MROM)
;CS3
LD (MSARB),80H) ) ; Logical address.area: 800000H to BFFFFFH
LD (MAMR3),7FH/ ; Logical addrésssize: 4 Mbytes

LD (B3C8)/85H ; Condition: 16-bits, 3 waits (64 Mbytes, MROM)
;CSX

D (BEXCS),00H <3Other 16 bits, 2 waits (Don’t care)
;Port

LD (P6FC), 3FH ;CS0 toCS3, EA24, EA25: Port 6 setting

Figure 3:8.4 BANK Operation S/W Example 1

Secondly, it shows-example of initial setting at Figure 3.8.4.

Because,/CS0 connect\to RAM: 8-bit bus, 8 Mbytes, it need to set 8-bit bus. At this
example, it set/I-wait-sétting. In the same way CS1 set to 16-bit bus and 2 waits, CS2 set
16-bit bus ard~0'waits, CS3 set 16-bit bus and 3 waits.

By CS/WAIT controller, each chip selection signal’'s memory size, don’t set actual
connect memory size, need to set that logical address size: fitting to each local area. Actual
physical address is set by each area’s BANK register setting.

CSX setting of CS/WAIT controller is except above CSO to CS3’s setting. This program
example isn’t used CSX setting.

Finally pin condition is set. Port 60 to 65 set to CSO,CS1, CS2,CS3, EA24, EA25.
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I ;BANK Operation I
;***** CSz *kkkk I
I ORG  000000H ; Program ROM: Start address at BANKO of LOCALZ2 I
I ORG 200000H ; Program ROM: Start address at BANK1 of LOCAL2
I ORG 400000H ; Program ROM: Start address at BANK2 of LOCALZ I
| ORG 600000H ; Program ROM: Start address at BANKS3 of LOCALZ2 |
| ORG 800000H ; Program ROM: Start address at BANK4 of LOCALZ2 I
I ORG a00000H ; Program ROM: Start address at BANKS5 of LOCALZ2 [
: ORG c00000H ; Program ROM: Start address at BANK6 of LOCAL2 |
I ORG E00000H ; Program ROM: Start address at BANKZ7 (= COMMON2) of LOCALZ2 !
I ; Logical address E00000H to FFFFFEH I
| ; Physical address 0EOOOOOH to OFFFFFEH 1
| LD (LOCAL3),85H ; LOCALS3 BANKS5 set 14xxxxH |
I LDW HL,(800000H) — ; Load data (5555H) form BANKS5 [
(140000H: Physicaladdress) of LOCAL3 (T83) |
| LD  (LOCALS3),88H |: LOCAL3 BANKS set 20xxxxH |
I LDW BC,(800000H) | ; Load data (AAAAH) form BANKS
| (200000H% Physical address) of LOGATL3\(€S3) I
| ~ I
) ORG FRFFFRH _ _ _ _| | Program ROM: Bnd address at BANKT (C COMMONS) ol LOCAL? I
= - - - - --ar----° NN 1EAY 775 I
I ;***** CSS *kkkk
I ORG 0000000H ; Data ROM: Start-address at BANKO/of LOCAL3 I
I ORG 0400000H ; Data ROM:+-Start address at BANK1 of KOCALS3 I
ORG 0800000H ; Data ROM: Start.address at BANK2 of LOCALS3 I
I ORG 0C00000H ; Data ROM>Start-address/at BANKS3 of LOCAL3 |
I ORG 1000000H ; Data ROM: Start address~at-BANK4\of LOCAL3 [
I ORG 1400000H ; Data ROM: Start address at BANKS of LOCALS3 I
I dw  5555H :
: ORG 1800000H ; Data ROM: Start address at BANK6 of LOCAL3 |
ORG 1C00000H ;' DataROM: Start address-at BANK7 of LOCAL3 I
I ORG 2000000H yData ROM: Start address at BANKS of LOCAL3 |
I dw  AAAAH I
I ~
| ORG 2400000H ; Data ROM: Start' address at BANK9 of LOCALS3 !
| ORG 2800000H ; Data ROM: Start-address at BANK10 of LOCAL3 I
I ORG 2C00000H ; Data ROM: Start-address at BANK11 of LOCAL3 I
ORG 3000000H ; Data-ROM: Start-dddress at BANK12 of LOCAL3 [
I ORG 3400000H ; Data ROM>Start address at BANK13 of LOCALS3 |
I ORG 38000006H ; Data ROM: Start address at BANK14 of LOCAL3 I
I ORG 3CO00000H ; Ddta ROM: Start address at BANK15 of LOCALS3 I
| ORG 3FFFEFEH ; Data ROM: End address at BANK15 of LOCALS

Figure 3.8.5 BANK Operation S/W Example 2

Here show$example of data access between one BANK and other BANK. Figure 3.8.5 is
one software example. A dot line square area shows one memory and each dot line square
shows CS2’s program ROM and CS3’s data ROM. Program start from EO0000H address,
firstly, write to BANK register of LOCALS3 area upper 5-bit address of access point.

In case of this TMP91C824, because most upper address bit of physical address is EA25,
most upper address bit of BANK register is meaningless. 4 bits of upper 5-bit address
means 16 BANKSs. After setting BANKS5, accessing 800000H to BFFFFFH address:
Logical LOCALS3 address, actually access to physical 1400000H to 1700000H address.

Downloaded from AFFOW.Com.

91C824-118 2008-02-20


http://www.arrow.com

TOSHIBA TMP91C824
I .BANK Operation .~~~ — - —-—============
| jrkkxx Q9 *kkkx
I ORG 000000H ; Program ROM: Start address at BANKO of LOCALZ2
| ORG 200000H ; Program ROM: Start address at BANK1 of LOCAL2 «——
NOP ; Operation at BANK1of LOCALZ2
JP E00100H ; Jump to BANK7 (= COMMONZ2) of LOCAL2
ORG 400000H ; Program ROM: Start address at BANK2 of LOCALZ2
ORG 600000H ; Program ROM: Start address at BANKS of LOCAL2
NOP ; Operation at BANK3 of LOCALZ2
JP E00200H ; Jump to BANK7 (= COMMONZ2) of LOCAL2
ORG 800000H ; Program ROM: Start address at BANK#4.of LOCALZ2
ORG a00000H ; Program ROM: Start address at BANKS5 of LOCALZ2
ORG c00000H ; Program ROM: Start address at BANK6-of LOCAL2
M Program Start !
E00000H ; Program ROM: Start addregs at BANKY (= COMMONZ2) of LOCAL2

ORG

I

I

I

I

I

I

I

I

I

I

I

I ORG
[

I

I

I

I

I

I

I

I ORG
I
I

LD  (LOCAL2),81H
JP  C00000H

; Logical address EOOO00H(to FEFFFFH

; Physical address 0EOOOO0OH-to OFFFFFFH
; LOCAL2 BANKI1 set 20xxxxH
; Jump to BANK1 (200000H: Physical address) of LQCAE2 ——

E00100H
LD (LOCAL2),83H
JP C00000H

; LOCAL2 BANK3-set-60xxxxH
; Jump to BANKS3 (600000H: Physical address) of LOCAL2

E00200H
LD (LOCAL1),84H
JP 400000H
FFFFFFH

;***** CSl *kkkx

000000H

200000H

400000H

600000H.

LD (LOCALY,87TH
JP 400000H
800000H

NOP

JP 600000H

a00000H

c00000H

E00000H

ED (LOCAIL{1);80H
JP 400000H

It's prohibit-to-set other BANK setting in except common area

Figure 3.8.6 BANK Operation S/W Example 3

; LOCALT-BANK4 set 80xxxxH
; Jump (to BANK4 (800000H: Physical addréss) of LOCAL1
; Program ROM: End address at BANK7 (¢ COMMON2) of LOCALZ2

yProgram ROM: Start-address’at BANKO of LOCAL1
; Program ROM: Start address at BANK1 of LOCAL1
;i Program ROM! Start,address at BANK2 of LOCAL1
; Progranf ROM: Start address at BANK3 (= COMMONT1) of LOCAL1 <—
; LOCAL1 BANK7-set-EOxxxxH
; Junip to- BANK7(E00000H: Physical address) of LOCAL1
; Program- ROM:Start address at BANK4 of LOCAL1
; Operation. at. BANK4 of LOCAL1

; Jump to BANK3 (= COMMONT1) of LOCALL1
; Program ROM: Start address at BANKS5 of LOCAL1
; Program ROM: Start address at BANK6 of LOCAL1
; Program ROM: Start address at BANK7 of LOCAL1
; LOCAL1 BANKO set 00xxxxH
;. Junip to BANKO (000000H: Physical address) of LOCAL1

Program run away
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At Figure 3.8.6, it shows example of program jump.

In the same way with before example, two dot line squares show each CS2’s program
ROM and CS1’s option ROM. Program start from E0O0000H common address, firstly, write
to BANK register of LOCALZ2 area upper 3-bit address of jumping point.

After setting BANKI1, jumping CO0000H to DFFFFFH address: Logical LOCALZ2
address, actually jump to physical 2000000H to 3FFFFFH address. When return to
common area, it can only jump to EO0O0O00H to FFFFFFH without writing to BANK
register of LOCALZ2 area.

By a way of setting of BANK register, the setting that BANK) address and common
address conflict with is possible. When two kinds or -more logical addresses to show

common area exist, management of BANK is confused. We\ recommend not using The
BANK setting, BANK address and common address conflict-with.

When it jumps to one memory from other different memaory, it can set §ame.as_the last
time setting. It needs to write to BANK register-of locall area upper-3-hbit address of
jumping point. After setting BANK4, jumping-400000H to 5FFFFFH~address: Logical
LOCAL1 address, actually jump to physical 8000000H to 9FFFPEFH address,

It is a mark paid attention to here, it needs. to-go by way of common area by all means
when moves from a bank to a bank. Inother words, it must write to BANK register only
in common area and It is prohibit writing the BANK register in BANK area. If it modify

the BANK register’s data in BANK area, program run-away:
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3.9 Serial Channels

TMP91C824 includes 2 serial I/O channels. For both channels either UART mode
(Asynchronous transmission) or I/O interface mode (Synchronous transmission) can be

selected.
¢ |/O interface mode — Mode 0: For transmitting and receiving KO ,data using the
synchronizing signal SCLK for-extending 1/O.
Mode 1: 7-bit data
e UART mode AE Mode 2: 8-bit data
Mode 3: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode-3 has a wakeup function for making
the master controller start slave controllers via a serial link (A~multi-controller system).

Figure 3.9.2, Figure 3.9.3 are block diagrams for each ehannel.
Serial channels 0 and 1 can be used independently:
Both channels operate in the same fashion except-for/the following points; /hénce only the

operation of channel 0 is explained below.

Table 3.9.1 Differences-between.Channels 0 to 1

Channel-0 Channel 1
Pin Name TXDO (PCO) TXD1 (PC3)
RXDO (PC1) RXD1(PC4)
CTS0 /SCLKQ (PC2) CTS1/SCLK1 (RC5)
IrDA Mode Yes No

This chapter contains the following’sections:
3.9.1 Block Didgrams
3.9.2 Operation-of Each Circuit
3.9.3 SFRs
394 Operationin Each Modé
3.9.5 / Support for IrDA

91C824-121 2008-02-20
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e Mode 0 (I/O interface mode)

e

<—Transfer direction

)]

e

e Mode 1 (7-bit UART mode)

No parity \Start/<B|tOX 1 X 2
Parity \Start/<BitOX 1

e Mode 2 (8-bit UART mode)

No parity \Start /<B|t0

Parity \Start

\:<|

top

6 XParlt YStop

o
G e
A
X

y
3D
o)

Step

Stop

> ><]

. Mode 3 (9 bit UAR

\

@
2
>\>u>_'>\
3
> >
> > > S =<
N

When Bit8 = 1, address (Select code) is denoted.
When Bit8 = 0, data is deneted.

Figure.3:9.k Data Formats
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3.9.1 Block Diagrams
Figure 3.9.2 is a block diagram representing serial channel 0.
Prescaler
Ul [2]4]8]16[32]64
$T2  ¢T8 ¢T32
1= -~ Serial clock generation GirCuit - - -=======------onmnmmmo-
1
! BROCR TAOTRG |
! <BROCK1:0> (from TMRAO) :
' " TTBROCR T TBROADD 1} i
: <BR0S3:0><BROK3:0> ! :
| | _ |
1
! _ = i _|uART| _ |
i g s : g [ mode | £ |~ tsIOCLK
(3] %] (3] (5] T
! © o ' © © i
1 n a 1 0 %] 1
| | ’
| BROCR | i
! <BROADDE> ' SCOMODO SCOMODO
! Baud rate —-b____. <SC1:0> <SM1:0> i
fsys + generator I
1 6 :
1 -
1 - O] | 1
, L :
| 9| 1/0 !
SCLKO D : . 1
1 interface mode !
Concurrent\ [ T '
With PC2 /[ '========= === mmmmm oo oo o oo m oo m oo
SCOCR
<loC>
1/0 interface mode
SCLKO[] INT request
Concurrent INTRXO0
( with PC2 ) L INTTXO
Receive SCOMODO 1 Serial channel Trahsmision
counter <WU> "= interrupt counter
(UART only + 16) control (UART only + 16)
reoctk | ] Txock | I}
SCOMODO <
<RXE> —{Receive control/1 r\ Transmission
control —{] cTso
N SCOCR I/ Concurrent
<PE> <EVEN> SCOMODO with PC2
<CTSE>
Parity eontrol
RXDO D !Receive buffer.1 (Shift register)|
Concurrent
with PC1
| KBs | Receive buffer 2 (SCOBUF) | | Error ftag | | TB8 | Transmission buffer (SCOBUF) |——>|:| TXDO

T
SCi

<OERR><PERR><FERR>

T 1
OCR

(

Concurrent
with PCO

l

Ll

Internal data bus

Figure 3.9.2 Block Diagram of the Serial Channel 0 (SI00)
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Prescaler
470 [2]4]8]16[32]64
6T2  ¢T8 ¢T32
1= Serial clock generation circuit ‘== ==-=~"--~---=---------=----=2
! BRLCR TAOTRG i
! <BR1CK1:0> (from TMRADO) I
\ Y 1
! BRICR BRIADD | |
! <BR1S3:0><BR1K3:0> ! .
1 ! !
1
| _ - i _ luArT| _ !
| S S | S | mode | € rSIOGLK
H o o 1 o o 1
Q a | <@ <@ T
, © 1< \ [} o) 1
1 n o 1 2] n :
! : !
1
| BRICR | :
| <BR1ADDE> 1| |scimopo |scimoDo !
R ISP Baudrate .l ____ ; <SC1:.0> | <€M1.0> |
i generator :
fsys - ;
: 5 .
! - Q 1
: 2 & :
SCLK1[ -~ 2o :
L | interface mode 1
Concurrent |, !
with PC5 R e e e e e T
3CI1CR
<l0oC>
1/0 interface mode
SCLK1[] ) INT request
Concurren :“$$))<<]:-L
with PC5 [
Receive Serial channel Transmision
counter EVCV{J"QO% interrupt counter
(UART only + 16) control (UART\only + 16)
rxoclk | 1 ook ] 1
-
35)1(:\54329 Receive control /1 r\ I Tgnsmission
control ] cTs1
\ SC1CR (Concurrent )
<PE> <EVEN> SC1MODO with PC5
<CTSE>
Parity control
RXD1 D !Receive buffer 1\(Shift register)|
Concurrent
with PC4
| RB8 | Recejve buffer 2 (sc1BUF) | | Erorfiag. | | B8 | Transmission buffer (SC1BUF) |——>I:| TXD1
T T 1 = ~ Concurrent
SCICR (with PC3 )
<OERR><PERR><FERR>
v
N Internal data bus 5
Figure 3,9-:3-Block-Diagram of the Serial Channel 1 (SIO1)
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3.9.2

Operation of Each Circuit

(1) Prescaler

There is a 6-bit prescaler for generating a clock to SIO0. The clock selected using
SYSCR<PRCK1:0> is divided by 4 and input to the prescaler.as ¢T0. The prescaler
can be run by selecting the baud rate generator as the serial transfer clock.

Table 3.9.2 shows prescaler clock resolution into the baud rate generator.

Table 3.9.2 Prescaler Clock Resolution to Baud Rate Generator

Select System | Select Prescaler Prescaler-Qutput Clock Resolution
Clock Clock Gear Value
SYSCR1 SYSCRO SYSCRI<GEAR2:0>| 4FQ oT2 T8 0T32
<SYSCK> <PRCK1:0>
1 (fs) XXX 2%/fs 2%s 2%s 2°is
000 (fc) 2%c 2*c 2%Jic 28Jic
00 001 (fc/2) 2%1c 2%c 2/Tfe 2%c
(frPH) 010 (fc/4) 2}ifc 2% 28lic 21%c
0 (fc) 011 (f¢/8) 2%l 2'lfc 2%/fc 2 Ifc
100-(fc/16) 2%fc 28i¢ 2%c 2%rc
10
(fe/16 clock) XXX - 2%c 2Yifc 2%ifc

X: Don't care, —: Cannot be used

The baud rate generator\selects) between 4-clock inputs: ¢T0, ¢T2, ¢T8, and ¢T32
among the prescaler outputs:
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(2) Baud rate generator

The baud rate generator is the circuit which generates transmission and receiving
clocks which determine the transfer rate of the serial channels.

The input clock to the baud rate generator, ¢TO, T2, $T8 or ¢T32, is generated by
the 6-bit prescaler which is shared by the timers. One of thesedinput clocks is selected
using the BROCR<BROCK1:0> field in the baud rate generator control register.

The baud rate generator includes a frequency divider, which divides the frequency
by 1 or N + (16 — K)/16 to 16 values, determining the transfer rate.

The transfer rate is determined by the settings of BROCR<BROADDE, BR0S3:0>
and BROADD<BROK3:0>.

e In UART mode
(1) When BROCR<BROADDE> =0
The settings BROADD<BROK3:0> are 4gnored. The baud rate generator divides

the selected prescaler clock by N, which-is set,in BROCK<BR0S3:0>. (N = 1, 2,
3...16)

(2) When BROCR<BROADDE> =1

The N + (16 — K)/16 divisien| function is enabled,The baud rate generator
divides the selected prescaler ¢lock by N + (16 — K)/16(using the value of N set in
BROCR<BRO0S3:0> (N = 2, 3 :.15) and the value of K set,in’ BROADD<BROK3:0>
(K=1,2,3..15)

Note: If N =1 or N\= 16;.the N + (16~ —K)/16_division function is disabled. Set
BROCR<BROADDE> to 0.
e In I/O interface mede

The N + (16 — K)/16-division function is not available in I/O interface mode. Set
BROCR<BROADDE> tp 0 before dividing’by N.
The method forcalculating the tranmsfer rate when the baud rate generator is used
is explained below.
o In\UART mode

Baud-rate = Input/cloek/of baud rate generator .16

Fréquency 'divider for baud rate generator

¢ ~InJ/O interfacesmode

Input clock of baud rate generator

Baud rate = — +
Frequeney divider for baud rate generator
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o Integer divider (N divider)

For example, when the source clock frequency (fc) = 12.288 MHz, the input clock
frequency = ¢T2 (fc/16), the frequency divider N (BROCR<BR0S3:0>) = 5, and
BROCR<BROADDE> = 0, the baud rate in UART mode is as follows:

* Clock state System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock

fc/16
Baud rate = 5 + 16

=12.288 x 106 = 16 + 5 + 16 = 9600 (hps)

Note: The N + (16 - K)/16 division function)is disabled and setting
BROADD<BROK3:0> is invalid.

e N+ (16 - K)/16 divider (UART mode only)

Accordingly, when the source clock frequency (fc) = 4.8 MHz, the“input clock
frequency = ¢TO, the frequency dividér{\N (BROCR<BR0S3:0>) "= 7, K
(BROADD<BROK3:0>) = 3, and BROCR <BROADDE> = 1] the baud/rdte)in UART
mode is as follows:

* Clock state System clock:  High fréqueney (fc)

Cleck gear: 1 (fc)
Prescaler clock: System-¢lock

_ fc/4
7 +(16 >3)116

=4.8x 105 4 = (7 + 13/16) + 16 29600 (bps)

Baud rate +16

Table 3.9.3 show examples of UART mode transfer rates.

Additionally, /the’ external clock inpiit is available in the serial clock (Serial
channels 0, 1). The method for calculating the baud rate is explained below:

e InUART mode

Baud'rdte = External clock-input frequency + 16

It is necessary to satisfy (Extérnal clock input cycle) > 4/fc
¢ / In T/O interface mode

Baud rate = External clock input frequency

It is necessary to satisfy (External clock input cycle) > 16/fc
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Table 3.9.3 Transfer Rate Selection
(when baud rate generator Is used and BROCR<BROADDE> = 0)
Unit (kbps)
Input Clock
fc [MHz]  |Frequency Divi ¢TO ¢T2 ¢F8 $T32
(set to BR1ICR<BR1S3:0>)

9.830400 2 76.800 19.200 4.800 1.200
1 4 38.400 9.600 2,400 0.600

1 8 19.200 4:800 1.200 0.300

1 0 9.600 2.400 0-600 0.150
12.288000 5 38.400 9.600 2.400 0.600
1 A 19.200 4.800 1.200 0.300
14.745600 2 115.200 28:800 7.200 1.800
1 3 76.800 19.200 4.800 1.200

1 6 38.400 9.600 2.400 0600

T C 19.200 4:800 1.200 0.300
19.6608 1 307.200 76.800 19.200 4,800
1 2 153:600 38.400 9.660 2.400

1 4 76.800 19.200 4.800 1200

1 8 38:400 9.600 2400 0.600

T 10 19.200 4.800 1.200 0.300
22.1184 3 115.200 28.800 7:200 1.800
24.576 1 384.000 96.000 24.000 6.000
T 2 192.000 48.000 12.000 3.000

1 4 96.000 24:000 6.000 1.500

1 5 76.800. 19.200 4.800 1.200

1 8 48.000 12.000 3.000 0.750

1 A 38.400 9.600 2.400 0.600

1 10 24000 6.000 1.500 0.375
27.0336 B 38.400Q 9.600 2.400 0.600
29.4912 1 460,800 115.200 28.800 7.200
1 3 153.600 38.400 9.600 2.400

T 4 115.200 28.800 7.200 1.800

1 6 76.800 19.200 4.800 1.200

1 9 51.200 12.800 3.200 0.800

1 C 38.400 9.600 2.400 0.600

1 F 30.720 7.680 1.920 0.480

7 10 28.800 7.200 1.800 0.450
31.9488 D 38.400 9.600 2.400 0.600

Note I:-Transfer rates in I/0,interface mode are eight times faster than the values given above.

Note 2: The values in this-table~are calculated for when fc is selected as the system clock, the clock

gear is setfor fc/l and\the system clock is the prescaler clock input fepy.

Timer-éut-clock (TAOTRG) can be used for source clock of UART mode only.

Frequency of TAOTRG =

Calculation method the frequency of TAOTRG

Baud rate x 16

Note 1:The TMRAO match detects signal cannot be used as the transfer clock in I/O interface mode.
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3

(4

(5)

Serial clock generation circuit
This circuit generates the basic clock for transmitting and receiving data.
e In I/O interface mode

In SCLK output mode with the setting SCOCR<IOC>"= 0, the basic clock is
generated by dividing the output of the baud rate generater-by 2, as described
previously.

In SCLK input mode with the setting SCOCR<IOC> = 1, the rising edge or falling
edge will be detected according to the setting of the SCOCR<SCLKS> register to
generate the basic clock.

e In UART mode

The SCOMODO0<SC1:0> setting determines whether the baud rate generator clock,
the internal system clock fsys, the match detect signal from timer TMRAO or the
external clock (SCLKO) is used to generate the basic clock SIOCLK.

Receiving counter

The receiving counter is a 4-bit binary counten used in UART mode which counts up
the pulses of the SIOCLK clock. It takes 16-SIOCLK pulses&o.receive’1/bit of data;
each data bit is sampled three times' on the,7th, 8th and 9th clock eycles.

The value of the data bit is determined from these three samples using the majority
rule.

For example, if the data bit is sampled respectively a¢ ¥,'0 and 1 on 7th, 8th and
9th clock cycles, the received data bit is taken to be 1. A-data bit sampled as 0, 0 and
1 is taken to be 0.

Receiving control
e In I/O interface mode

In SCLK output‘mode with the setting SCOCR<IOC> = 0, the RXDO signal is
sampled on the\rising)edge or falling-edge ‘of the shift clock which is output on the
SCLKO pin,-accerdingto the SCOCR<SCLKS> setting.

In-SCLK\input jmode with the setting) SCOCR<IOC> = 1, the RXDO signal is
sampled \on~the ‘rising or falling/edge of the SCLKO input, according to the
SCOCR<SCLKS> setting:

o “In‘UART mode

The receiving control block hascircuit which detects a start bit using the majority
rule. Received bits are sampled three times; when two or more out of three samples
are 0;the bit is recognized as the start bit and the receiving operation commences.

The values of the data bits that are received are also determined using the majority
rule.
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SIOCLK

TXDCLK

(6) The receiving buffers

(7

®

To prevent overrun errors, the receiving buffers are arranged in a double-buffer
structure.

Received data is stored one bit at a time in receiving buffer 1 (which is a shift
register). When 7 or 8 bits of data have been stored in receiving buffer 1, the stored
data is transferred to receiving buffer 2 (SCOBUF); this cause/an INTRXO interrupt to
be generated. The CPU only reads receiving buffer 2 (SCOBUF). Evenbefore the CPU
reads receiving buffer 2 (SCOBUF), the received data can‘be stored-in receiving buffer
1. However, unless receiving buffer 2 (SCOBUF) ig'read befére all bits of the next data
are received by receiving buffer 1, an overrun error occurs. If an overrun error occurs,
the contents of receiving buffer 1 will be lost, although the contents of receiving buffer
2 and SCOCR<RBS8> will be preserved.

SCOCR<RBS8> is used to store either the parity bit~added in 8-bit UART-mode — or
the most significant bit (MSB) —in 9-bit UART. mode.

In 9-bit UART mode the wakeup function for the slave controller is enabled by
setting SCOMODO<WU> to 1; in this modé ANTRXO interrupts'\occur/ only, when the
value of SCOCR<RB8&8> is 1.

Transmission counter

The transmission counter is g 4:bit binary counter which is ugsed in UART mode
and which, like the receiving-counter;.counts the SIOCEK clock pulses; a TXDCLK
pulse is generated every 16 SIOCEK clock pulses.

15 16 M 2 3 (4 56 7 8 9 1041 12/13 14 15 16 1 2

1 l

Figure\3,.9.4 Generation of the Transmission Clock

Transmission centroller
e In I/Olinterface mode

In SCLK “eutput mode with( thé {setting SCOCR<IOC> = 0, the data in the
transmission buffer is output one bit-at' a time to the TXDO pin on the rising edge or

fallingledge of the shift clock which is output on the SCLKO pin, according to the
SCOCR<SCLKS> setting..

In SCLK input mode~with the setting SCOCR<IOC> = 1, the data in the
trangmission buffer is output‘one bit at a time on the TXDO pin on the rising or
falling edge of the SCLKO input, according to the SCOCR<SCLKS> setting.

¢ In UART mode

When transmission data sent from the CPU is written to the transmission buffer,
transmission starts/on the rising edge of the next TXDCLK.
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Handshake function

Use of CTS pin allows data can be sent in units of one frame; thus, overrun errors
can be avoided. The handshake functions is enabled or disabled by the
SCOMOD<CTSE> setting.

When the CTSO pin goes high on completion of the current data send, data
transmission is halted until the CTSO pin goes low again./ However, the INTTXO0
interrupt is generated, it requests the next data send to the CPU., The next data is
written in the transmission buffer and data sending is halted:

Though there is no RTS pin, a handshake funection\can be Jeasily configured by
setting any port assigned to be the RTS function. The RTS_shduld be output high to
request send data halt after data receive is completed “by software in the RXD

interrupt routine.

TMP91C824 TMP91€824
TXD RXD
CTS RTS (Any port)
Sender Recejver

Figure 3.9\5 Handshake Function

Timing to writing to the I | « «

transmission buffer

W )y
Voos )
Send is’suspended «
o during(this period W
CTS b

N
~
=
(6]

a 13 14 15 16 T 2 3 16 1 2 3
SR (2| NN T | NN PO O I O
K« |-| <« |-|

» »

TIXDCLK

TXD Y \ Start bit « /< Bit0
)Y

Note 1: [fthe~CTS signal goes high during transmission, no more data will be sent after completion of the
current/transmission.

Note 2:Transmission starts,on the first falling edge of the TXDCLK clock after the CTS signal has fallen.

Figure 3.9.6 CTS (Clear to send) Timing
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(9) Transmission buffer

The transmission buffer (SCOBUF) shifts out and sends the transmission data
written from the CPU form the least significant bit (LSB) in order. When all the bits
are shifted out, the transmission buffer becomes empty and generates an INTTXO0
interrupt.

(10) Parity control circuit

When SCOCR<PE> in the serial channel control register is ‘set-to/l) it is possible to
transmit and receive data with parity. However, parity can’be added only in 7-bit
UART mode or 8-bit UART mode. The SCOCR<EVEN>field)in the serial channel
control register allows either even or odd parity to beselected.

In the case of transmission, parity is automatically generated when data is written
to the transmission buffer SCOBUF. The data is-transmitted after the parity bit has
been stored in SCOBUF<TB7> in 7-bit UART (mode or in SCOMODO<TB8>_in 8-bit
UART mode. SCOCR<PE> and SCOCR<EVEN>"must be set before‘the transmission
data is written to the transmission buffer;

In the case of receiving, data is shifted’into/veceiving{buffer\Iy-and the parity is
added after the data has been transferred toréceiving buffet2-(SCOBUF), and then
compared with SCOBUF<RB7> in~7-bhit UART mode or with SCOCR<RB8> in 8-bit
UART mode. If they are ngt (equal;, a parity error -is—generated and the
SCOCR<PERR> flag is set.

(11) Error flags

Three error flags are pravided te increase the reliability of’data reception.
1. Overrun error <OERR>

If all the bits of the next data item have been/ received in receiving buffer 1
while valid data'still remains stored in receiving buffer 2 (SCOBUF), an overrun
error is generated:

The below is a recommended flow-when the overrun error is generated.
(INTRX interrupt routine)
1) Read receiving buffer
9) Read error flag
3) If <OERR> = 1
then
a) Set to disable receiving (Write 0 to SCOMODO<RXE>)
b) Wait to terminate current frame
c)/Read receiving buffer
d)-Read error flag
e) Set to enable receiving (Write 1 to SCOMODO<RXE>)
f) Request to transmit again
4) Other
2. Parity error <PERR>

The parity generated for the data shifted into receiving buffer 2 (SCOBUF) is
compared with the parity bit received via the RXD pin. If they are not equal, a
parity error is generated.

3. Framing error <FERR>

The stop bit for the received data is sampled three times around the center. If
the majority of the samples are 0, a Framing error is generated.
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(12) Timing generation
a. In UART mode

Receiving
Mode . 8 Bits + Parity 8 Bits, 7 Bits + Parity
B N ) ; )
9 Bits (Note) (Note) 7 Bits
Interrupt timing Center of last bit Center of last bit Center of stop bit
(Bit8) (Parity bit)

Framing error timing

Center of stop bit

Center of stop bit

Center of stop bit

Parity error timing

Center of last hit

Ceénter of|stop bit

(Parity bit)
Overrun error timing Center of last bit Center of last bit Center of stop bit
(Bit8) (Parity bit)

Note: In 9-Bit and 8-Bit+Parity mode, interrupts coincide with the ninth bit palse:Thus,
when servicing the interrupt, it is necessary to wait for a 1-bit period (to alfow, the stop bit to
be transferred) to allow checking for a framing-error.

Transmitting

Mode

9 Bits

8 Bits + Parity

8 Bits;, -7 Bits—+(Parity, 7 Bits

Interrupt timing

Just before stop
bit is transmitted

Just before stop bit is
transmitted

Just before stop bit is transmitted

b. T/O interface

Downloaded from AFFOW.Com.

Transmission | SCLK output mode Immediately after the lastbit. (See Eigure 3.9.19.)

interrupt SCLK input mode Immediately after rise of last'SCLK signal rising mode, or

timing immediately afterfall in falling mode. (See Figure 3.9.20.)

Receiving SCLK output mode, | Timing used to transferrecéived to data receive buffer 2 (SCOBUF)

interrupt (e.g., immediately afterast SCLK). (See Figure 3.9.21.)

timing SCLKinput mode Timing used\to transfer received data to receive buffer 2 (SCOBUF)
(e.g., immediately after last SCLK). (See Figure 3.9.22.)
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3.9.3 SFRs
7 6 5 4 3 2 1 0
SComMoDo | Bit symbol TB8 CTSE RXE WU SM1 SMO SC1 SCO
(0202H) | Read/Write R/W
After reset 0 0 0 0 o [ o o | o
Function Transfer Handshake | Receive Wakeup Serial transmission Serial transpission clock
data bit8 0:CTS function function mode (UART)
disable 0: Receive |0: Disable 00: 1/O interface mode, | 00: TMRAO trigger
1:CTS disable 1: Enable 01: 7-bivART modg /| 01:\Baud rate
enable 1: Receive 10: 8-bit UART.mode generator
enable 11: 9-bit UART-mode | 10: Internal clock fsys

11: External clcok
(SCLKO input)

— [T

——5\Serial transmission ¢lock-saurce (UART)

00

Timer TMRAO match detect signal

01

Baud rate generator

10

Internalclock fsys

11

External clock(SCLKO input)

Note: The clock/selection for the I1/0
interface mode is controlled by the
serial control register (SCOCR).

————>"Serial transmission mode

00 |\ I/O Interface mode

101 | 7-bit mode
| 20/] /JUART mode | 8-bit mode
11 9-bit mode

L 5 Wakeup function

9-bit UART

Other modes

Interrupt generated when
data is received

1

Interrupt generated only

Don'’t care

when RB8 = 1

Receiving function

0 | Receive disabled

1 | Receive enabled

Handshake function (CTS pin)

0 | Disabled (Always transferable)

1 | Enabled

Transmission data bit8

Figure' 3.9:7_"Serial Mode Control Register (SIO0, SCOMODO)
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7 6 5 4 3 2 1 0
SC1MODO | Bit symbol TB8 CTSE RXE WU SM1 SMO SC1 SCO
(020AH) | Read/Write R/W
After reset 0 0 0 0 0 | 0 0 | 0
Function Transfer Handshake [Receive Wakeup Serial transmission Serial transmission
data bit8 0: CTS function function mode clock (UART)
disable 0: Receive |0: Disable [00: I/O interface mode |00:-TMRAQ trigger
1: CTS disable [1: Enable [01: 7-bit UART mode__ [01: Baud rate
enable 1: Receive 10: 8-bit VART mode generator
enable 11: 9-bit UART-mode “-}10:/nternal clock fsys

11: External clcok
(SCLK1 input)

— 1

L — 5 Serial transmission clock source~(for UART)

00

Timer TMRAO Imatch deteet.signal

01

Baud rate generatar

10

Internal clock-fsys

11

External elock (SCLK1 input)

Note: The eloCkselection for the I/O
interface.mode is controlled by the
serial control register (SC1CR).

L Serial transmission mode

00

1/O Interface mode

01

10
11

7-bit mode

UART mode 8-bit mode

9-bit mode

Wakeup function

9-bit UART

Other modes

Interrupt generated when
data is received

1

Interrupt generated only
when RB8 =1

Don'’t care

Receiving function

Receive disabled

Receive enabled

Handshake function (CTsS pin)

Disabled (Always transferable)

Enabled

Transmission data bit8

Figure 3.9.8-_Serial Mode Control Register (SIO1, SC1MODO)
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7 6 5 4 3 2 1 0
SCOCR | Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0201H) Read/Write R R/W R (Cleared to 0 when read) R/W
After reset Undefined 0 0 0 0 I 0 0 0
Function Received | Parity Parity 1: Error 0;-SCLKO (0: Baud
data bit8 [ 0: Odd addition [ T_] rate
1: Even 0: Disable generator
1: Enable Overrun Parity Framifg 1; SCLKO |1: S-CI_.KO
pin input
O

—

I——> I/Q.interface input clock selection

0 [ Baud rate generator.
1 | SCLKO pinipput

————> Edge selection for SCLK pin(IfO mode)

0 Transmits-and.receivers [ r]

data‘onrising ‘edge of SCLKO.

1 Transmits-and receivers [_¢_]

data-enfalling’ edge SCLKO.

— Rraming €rror flag
—— = Parity.error flag Cleared to 0

7 > Overrunerror flag when read

Parity addition enable

0/| Disabled
1 | Enabled

Even parity addition/check

0 | Odd parity
1 [ Even parity

Received data 8

Note: As all errorflags are cleared after reading-do not test only a single bit with a bit-testing instruction.

Figure 3.9.9 Serial €ontrol Register (SIO0, SCOCR)
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7 6 5 4 3 2 1 0
SCI1CR | Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(0209H) | Read/write R R/W R (Cleared to 0 when) R/W
After reset Undefined 0 0 0 0 0 0 0
Function Received |Parity Parity 1: Error 0: SCLK1 |0: Baud rate
data bit8 0: Odd addition generator
1: Even 0: Disable [—T_] 1: SCLK1
1: Enable Overrun Parity Framifg 1:,SCLKT pin input
v

—

I——> 1/0 interface input clock’select

0

Baud rate generator

1

SCLK1 pin input

L———> Edge selection.for SCKL/pin(1/0)mode)

Transmits and-receives
1]

data’on-fising edge of SCLK1.

Transmits-and\receives [ ]
data on falling’ edge of SCLK1.

— > Framing exror flag
————>_Parity-error flag

Cleared to O
when read

L </ < 5 Overrun error flag

Parity addition enable

0

Disabled

1

Enabled

Even parity addition/check

0

QOdd parity

1

Even parity

Received data bit8

Note: As all errorflags’arecleared after reading do nottest only a single bit with a bit-testing instruction.

Figure 3.9.10 Serial*Control Register (SIO1, SC1CR)
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TOSHIBA
7 6 5 4 3 2 1 0
BROCR Bit symbol — BROADDE | BROCK1 BROCKO BROS3 BR0S2 BR0OS1 BROSO
(0203H) Read/Write RW
After reset 0 0 0 | 0 0 | 0 [ 0 | 0
Function Always +(16 - K)/16 | 00: ¢TO Setting the divided freguency “N”
write 0 division 01: ¢T2 (Oto F)
0: Disable | 10: ¢T8
1: Enable | 11: ¢T32
+ (16 — K)/16 division enable Setting the input clock of baud rate generator
0 | Disable 00 [ Internal clock ¢TO
1 | Enable 01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock¢T32
7 6 5 4 3 2 1 0
BROADD | Bit symbol BROK3 BROK2 BROK1 BROKO
(0204H) Read/Write RW
After reset 0 | 0 | 0 | 0
Function Sets the frequency divisor “K”
(Divided by N + (16 — K)/16)
Sets baud rate generatof ffequency divisor
BROCR<BROADDE>=1 { BROGR<BRUADDE> =0
BROCR 0000 (N=16)| 0010 (N = 2)—-0001(N-='1) (UART only)
<BROS3:0> or to to
BROADD 0001 (N=1) | 1111 (N =15) 1111(N = 15)
<BROK3:0> 0000(N = 16)
0000 Disable Disable
=D Disable | 2vided by Divided by N
to N+ (16 -K)/16 ¥
111NK = 15)

Notel: Availability of +(16-K)/16 division-function

N UART Mode 1/0 Mode
2to 15 O x
1,16 X X

The baud rate generator can be set “1” in UART mode and disable +(16-K)/16 division function.Don'’t use in

1/0 interface mode.
Note2: Set BROCR <BROADDE> to 1 after setting K (K = 1 to 15) to BROADD<BROK3:0> when +(16-K)/16 division

function is used. Writes to unused bits in the BROADD register do not affext operation, and undefined data is

read from these unused bits.

Figure 3.9.11 Baud Rate Generator Control (SIO0, BROCR, BROADD)
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7 6 5 4 3 2 1 0
BR1CR Bit symbol — BR1ADDE| BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(020BH) | Read/write RW
After reset 0 0 0 | 0 0 | 0 [ 0 | 0
Function Always + (16 - K)/16| 00: ¢TO Setting the divided freguency “N”
write 0 division 01: ¢T2 (Oto F)
0: Disable | 10: ¢T8
1: Enable | 11: ¢T32
+ (16 — K)/16 division enable Input clock selection for baud rate generator
Disabled 00 | Internal clock ¢TO
Enabled 01 | Internal clock ¢T2
10 | Internal clock ¢T8
11 | Internal clock-¢T32
7 6 5 4 3 2 1 0
BR1ADD | Bit symbol BR1K3 BR1K2 BR1K1 BR1KO
(020CH) | Read/write RIW
After reset 0 | 0 | 0 | 0
Function Sets the frequency divisor “K”
(Divided by N + (16 — K)/16)
Baud rate generatorfrequency divisor settifig
BR1CR<BR1ADDE>=1 BR1CR<BR1ADDE>=0
BROCR 0000(N =16) | 0010 (N'=2) 0001 (N = 1) (UART only)
<BR183:0> or to to
BR1ADD 0001 (N=1) | 111N =15) 1111 (N =15)
<BR1K3:0> 0000 (N = 16)
0000 Disable Disable
0001 (K=1) Disable Disabled by Divided by N
to N + (16'- K)/16
1111 = 15)
Notel:=Availability of +(16-K)/16-division furiction
N UART Mode 1/0 Mode
2t0 15 o) X
1,16 x x

The baud rate generator can be set “1” in UART mode and disable +(16-K)/16 division function.Don'’t use in

1/0 interface mode.
Note2: Set BR1CR <BR1ADDE> to 1 after setting K (K = 1 to 15) to BRIADD<BR1K3:0> when +(16-K)/16 division
function is used. Writes to unused bits in the BROADD register do not affext operation, and undefined data is
read from these unused bits.

Figure 3.9.12 Baud Rate Generator Control (SIO1, BR1CR, BR1ADD)
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SCOBUF
(0200H)

(Transmission)

7 6 5 4 3 2 1 0
TB7 ! TB6 ! TB5 ' TB4 ! TB3 ! TB2 ! TB1 ! TBO
7 6 5 4 3 2 1 0
RB7 , RB6 ; RB5 ; RB4 , RB3 , RB2 , RB1 , RBO

(Receiving)

Note: Prohibit read modify write for SCOBUF.

Figure 3.9.13 Serial Transmission/Receiving Buffer Registers (SIQ0, SCOBUF)

7 6 5 4 3 2 1 0
SCOMOD1 Bit symbol 12S0 FDPX0
(0205H) Read/Write RIW RIW
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full
Figure 3.9.14 Serial Mode Control Register 1 (SIO0, SCOMOD1)
91C824-140 2008-02-20
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TB7 | TB6 |, TB5 |, TB4 | TB3 | TB2 | TB1 | TBO | (Transmission)

SC1BUF

(0208H) 7 6 5 4 3 2 1 0

RB7 , RB6 , RB5 , RB4 , RB3 |, RB2 , RB1 , RBO [ (Réceiving)

Note: Prohibit read modify write for SC1BUF.
Figure 3.9.15 Serial Transmission/Receiving Buffer Registers (SIQ1, SC1BUF)

7 6 5 4 3 2 1 0
SCIMOD1 | Bit symbol 1251 FDPX1
(0200H) [ peadmwiie | RW RIW
After reset 0 0
Function IDLE2 Duplex
0: Stop 0: Half
1: Run 1: Full

Figure 3.9.16 Serial Mode Control Register 1 (SIO1, SCIMOD1)
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3.9.4  Operation in Each Mode

(1) Mode 0 (I/0 interface mode)

This mode allows an increase in the number of I/O pins available for transmitting
data to or receiving data from an external shift register.

This mode includes the SCLK output mode to output synchronous clock SCLK and

SCLK input mode to input external synchronous clock SCLK.

Qutput extension

TMP91C824 Shift register Al — TMP91C824 Shift register Al <—
B| — B| <

TXD Sl c|— RXD QH C| <

D| — D| <

SCLK SCK E| — SCLK CLOCK E| <

El — |l «—

Port RCK G|— Port S/IL G| <

H —_— H Pa—

Input extension

Figure 3.9.17 SCLK Output Mode-Connection Example

Output extension

TMP91C824 Shift register Al = TMP91C824 Shift register Al <
BN B| <

TXD Sl C|— RXD QH C| <

D —™ D| <

SCLK SCK E| — SCLK CLOCK E| <

F|l — Fl «—

Port RCK G| — Port S/IL G| <

H| — H| «—

TC74HC595 or equivalent

Input extension

TC74HC1650r equivalent

External clock

TC74HES95 or equivalent

External clock

Figure-3.9.18 SCLK.Input'Mode Connection Example

TC74HC165 or equivalent
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a. Transmission

In SCLK output mode 8-bit data and a synchronous clock are output on the
TXDO0O and SCLKO pins respectively each time the CPU writes the data to the
transmission buffer. When all data is output, INTESO<ITX0C> will be set to
generate the INTTXO interrupt.

Timing to write
9 n\ «

transmission data \ )]

SCLKO output
(<SCLKS>=0 ~—¢ |
|
|
1
1
1

T 1 1

| I
(Internal clock
timing)

Rising edge mode)
SCLKO output
(<SCLKS>=1
Falling edge mode)

)
)
A
3
«—

TXDO X B0 ! Bitl X Bite/ )X Bit7

ITX0C ,—
«

(INTTXO
Interrupt request) )]

ety >t w

Figure 3.9.19 Transmitting Operation in I/O Interfacé Mode (SCLKQ output mode)

In SCLK input mode, 8-bit-data is output on the TXDO pin when the SCLKO
input becomes active after the data has been written ‘te the transmission buffer

by the CPU.
When all data is output, INTESO<ITX0C> will be\ set to generate INTTXO0
interrupt.
SCLKOinput
(<SCLKS>=0
Rising edge mode) ! T ! T !_()S_T ! T ! T
SCLKO input
(LKoo 1 = N e A e N
Falling edge mode) ' ' ' « ' ' '
TXDO X Bito— X Bitl X\ Bits> W Bite X  Bit7

ITXOC
(INTTXO « I

Interrupt request)

Figure-3:9/20 Transmitting Operation.in"/O_Interface Mode (SCLKO input mode)
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b. Receiving

In SCLK output mode, the synchronous clock is outputted from SCLKO pin
and the data is shifted to receiving buffer 1. This starts when the receive
interrupt flag INTESO<IRX0C> is cleared by reading the received data. When 8-
bit data are received, the data will be transferred to receiving buffer 2 (SCOBUF
according to the timing shown below) and INTESO<IRX0C>.will be set to
generate INTRXO interrupt.

The outputting for the first SCLKO starts by setting SCOMODO<RXE> to 1.

IRXOC

(INTRXO - |

interrupt request) ) 1

SCLKO output \ < .

(<SCLKS>=0 —

Rising edge mode) ? T ! T ! > ! T ! ?

SCLKO output ! ' ! y ' ! '

(cSclKemt S e N )5 s N

Fallingf edge mode) ' ' : ' ' :

___________ . X \ _ X X N mm e
RXDO . >( Bit0 EX Bitl EX \) X___Bit6 A Bii7 P
Figure 3.9.21 Receiving Operation in HO\nterface Mode (SCLKO-autput mode)

In SCLK input mode; the data is shifted to receiying buffer 1 when the SCLK
input becomes active-after-the receive mterrupt flag INTESO<IRX0C> is cleared
by reading the received.data. When 8-bit data is\received, the data will be shifted
to receiving buffer 2 (SCOBUF according to the timing shown below) and
INTESO<IRX0C>'will be set again to be generate/ INTRXO interrupt.

SCLKOinput
<SCLKS>=0:
I(Qising edge mode) ! T ! T !—SS—T ! T ! T
SCLKO input
SOkl ST . s N
Falling edge mode) ' ' > ' ' '
RXDO Lo Xm0 X Ei/ /X Bits X Bt X Btz W T
iy -l T 1 i 1 A
IRX0C T 1 [} 1 1
(INTRX0)

Figure 3.9.22 Receiving Operation.in 1/0 Interface Mode (SCLKO input mode)

Note: The system. must be put in the receive enable state (SCMODO<RXE> = 1)
before-data can be received.
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Transmission and receiving (Full duplex mode)

When the full duplex mode is used, set the level of Receive Interrupt to O and
set enable the interrupt level (1 to 6) to the transfer interrupt. In the transfer
interrupt program, The receiving operation should “be done like the above
example before setting the next transfer data.

Example: Channel 0, SCLK output

Baud rate = 9600 bps
fc = 14.7456 MHz

* Clock state System clock: [ High frequency (fc)
Clock gear: 1\fc)
Prescaler/Clock: fepy

Downloaded from AFFOW.Com.

Main routine
7 6 5 4 3 2 1 0 Set the NTTXO level to 1.

INTESO - 0 0 1 - 0 0 O Set'the INTRXO level to O,

PCCR - - - = 1 0 1 Set PCO, PC1 and'PC2 to function as the TXDO,
RXDO0 and SCLKO pins respectively.

PCFC X X - X - 1 X1

scoMobDO - - - - 0 0 /= - Select I/O interface mode:

SCOMOD1 1 1 X X X X XX Select full duplex mode.

SCOCR - - - = = [+/~0- - SCLK output; trapsmit on negative edge, receive on
positive edge

BROCR 0O 0 1 1,0 O % 1 Baud rate = 9600 bps

SCOMODO - - 1 - "<>~—- — - Enable receiving

SCOBUF * * * 7% % = )*x * Set the transmit data and start.

INTTXO interrupt routine

Acc SCOBUF Read the-regeiving buffer.

SCOBUF * */ *x/ * ¥ % x % Set the next transmit data.

X: Don't care, - No change

91C824-145 2008-02-20


http://www.arrow.com

TOSHIBA

TMP91C824

(2) Mode 1 (7-bit UART mode)

7-bit UART mode 1is selected by setting serial channel

SCOMODO0<SM1:0> to 01.

In this mode, a parity bit can be added. Use of a parity bit.is enabled or disabled by
the setting of the serial channel control register SCOCR<PE>bit; whether even parity
or odd parity will be used is determined by the SCOCR<EVEN> setting when
SCOCR<PE> is set to 1 (Enabled).

Example:

AT o000 000

<« Transmission direction (Transmission rate: 2400 bps at fc =12.288 MHz)

* Clock state System/clock:  High frequency (fc)

PCCR
PCFC
SCOMODO
SCOCR
BROCR
INTESO
SCOBUF <«

SO N N N

xX X N
x

o |
==

*

x

Clock gear: 1 (fc)
Préscaler’clock:/System clock

mode register

When transmitting data of the following format, the control registers
should be set as described below. This explanation applies to channel 0.

543210

_____ ! } Set PCOto function as the TXDPO pin.

-X--X1

--0101 Select 7:bit UART mode.

1----- Add even parity.

100101 Set'the transfer rate to' 2400 bps:

00 - - -/~ Enable the INTTXO interrlpt and set it to interrupt level 4.
Y N ¢ Set data for transmission.

X: Don't care, —: No change

(3) Mode 2 (8-bit UART mode)

8-bit UART mode’is.selected by setting SCOMODO<SM1:0> to 10. In this mode, a
parity bit can be\added)(use of a parity hit is enabled or disabled by the setting of
SCOCR<PE>);-whether’even parity o odd parity will be used is determined by the

SCOCR<EVEN getting when SCOCRZPE> is set to 1 (Enabled).

Example: "\When receiving data of the following format, the control registers should
be_set as described below.

AV OO CO 0000,

<« Transmission direction (Fransmission rate: 9600 bps at fc = 12.288 MHz)
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4)

* Clock state System clock:  High frequency (fc)
Clock gear: 1 (fc)

Prescaler clock: System clock

Main settings

76543210
PCCR —XX----0 - Set PC1 to function as the RXDO pin.
SCOMODO <~ - -1-1001 Enable receiving in 8-bit UART mode:
SCOCR «~-01----- Add even parity.
BROCR «<~00010101 Set the transfer rate to 9600/bps.
INTESO « - - - — - 100 Enable the INTTXO interrupt.andset it to interrupt level 4.

Interrupt processing

Acc < SCOCR AND 00011100

. Check for errors.

if Acc # 0then ERROR

Acc <« SCOBUF Read the received data:

X: Don't care, —: No change

Mode 3 (9-bit UART mode)

9-bit UART mode is selected by setting-SCOMODO<SM1:0> to \11,/Ir /this mode

parity bit cannot be added.

In the case of transmission the MSB(9th bit) is written te-SCOMODO<TBS8>. In the
case of receiving it is stored iIn-SCOCR<RB8>. When the bufferis written and read,

the MSB is read or written firsét, before the rest of the SCOBUF data.

Wakeup function

In 9-bit UART mode, the ' wakeup functiond for slave controllers is enabled by setting

SCOMODO<WU> to 1./ Theanterrupt INTRX0.0ecurs only when<RB8> = 1.

H

TXD RXD TXD RXD TXD RXD TXD RXD
Master Stave-1 Slave 2 Slave 3
Nate:The TXD pin of edch slave controller must be in Open-drain output mode.
Figure 3.9.23_Serial Link Using Wakeup Function
91C824-147 2008-02-20
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Protocol

(1) Select 9-bit UART mode on the master and slave controllers.
(2) Set the SCOMODO<WU> bit on each slave controller to 1 to enable data receiving.

(3) The master controller transmits one-frame data including the 8-bit select code
for the slave controllers. The MSB (Bit8) <TB8> is set to

o006 00000T)

Select code of slave controller

(4) Each slave controller receives the above framé.(Each controller checks the above
select code against its own select code. The controller whose code matches clears
its WU bit to O.

(5) The master controller transmits data to_the specified slave‘controller’ whose
SCOMOD<WU> bit is cleared to 0. THe-MSB (Bit8) <TB8> is eléared-to-0.

N\ DEOOEED /e

(6) The other slave controllers-Gwvhose <WU> bits remainsat 1) ignore the received
data because their MSBs_(Bit8 or <RB8>) axe¢'&et/to 0, disabling INTRXO0
interrupts.

The slave controller (WU bit = 0) cari.transmit data to the master controller, and
it is possible to indicate\the end of data receiving to the master controller by this
transmission.

Downloaded from AFFOW.Com.
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Example: To link two slave controllers serially with the master controller using the

internal clock fSYS as the transfer clock.

Master

TXD RXD

i

TXD RXD TXD RXD
Slave 1 Slave 2
Select code Select.code
00000001 00001010

Since serial channels 0 and 1 operate in exdctly~the same way, chiannel0 only is
used for the purposes of this explanation.

Setting the master controller

Downloaded from AFFOW.Com.

Main
PCCR — X X - - -01 Set PCO and PC1 to fungction as the TXDO and RXDO pins
PCFC «— X X - X - X1 respectively.
INTESO «<-100 1071 Enable the INTTXO interrupt and-sét it to interrupt level 4.
Enable the INTRXO interrlpt and set it to interrupt level 5.
SCOMODO « 1 - 1 - 110 Set fgys-asthe-transmission clock for 9-bit UART mode.
SCOBUF «+000O0 0 Set the select code for slave controller 1.
INTTXO interrupt
SCOMOD0 « @ —)— ==< — — Set.TB8 to 0.
SCOBUF  «{ % * *(* *oE X Set\data for transmission.
e Settingthe slavecontroller
Main
PCCR «— X X - - ~ 01
PCFC «— X X/ X=——X21 Set PC1 to RXDO0 and PCO to TXDO (Open-drain output).
PCODE — X X XX = X X1
INTESO «~-101 10 Enable INTRXO0 and INTTXO.
SCOMODO « - - 11 1°1/0 Set <WU> to 1 in 9-bit UART transmission mode using fsys
as the transfer clock.
INTRXO interrupt
Acc« SCOBUF
if Acc = select code
Then SCOMODO << — — 0 — — — — Clear <WU>to 0.
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3.95

Support for IrDA
SIOO0 includes support for the IrDA 1.0 infrared data communication specification.
Figure 3.9.24 shows the block diagram.
Transmisison data| F-----------1 TXDO | r===========~~f==<-=
1 IR modulator : 1 IR transmitter & LED —
———————————————————————————————— ! IR output
SI00 Modem
Receive data F---—--------- RXDO | r---=<—=-=>c-==-4----
1 IR demodulator : ' IR receiver —
———————————————————————————————— ! IR input
TMP91C824
Figure 3.9.24 IrDA Block Diagram
(1) Modulation of the transmission data
When the transfer data is 0, the'\modem outputs 1 to TXDO pin with either 3/16 or
1/16 times for width of baud rate-The pulse width is gelected bythe SIRCR<PLSEL>.
When the transfer data is 1,-the modem outputs 0.

L. 1 | | T | T
Transmission data| Start L0 1 o ¢ o 1 N\ o ! 0 Stop !
moopn [l L e S e

Figure’3(9,25 Modulation Example of Transfer Data
(2) Modulation-of the receivé data
When the receive data has-the effective high level pulse width (Software selectable),
the modem outputs ‘0_te-SIO0, Otherwise the modem outputs 1 to SIO0. The receive
pulse logic is also selectable-by STIRCR<RXSEL>.
Receivi |
Gl W £ W G i

1\

1\

'\

Receiving pulse
<RXSEL~/1">

L§

Data-after

+
1
1) o

)

0

1

modulation

Figure 3:9.26 Demodulation Example of Receive Data

| 0 | Stop
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(3) Data format
The data format is fixed as follows:
e Data length: 8-bit
e  Parity bits: none
e Stop bits: 1

Any other settings don’t guarantee the normal operation.

(4) SFR

Figure 3.9.27 shows the control register SIRCR. Set the-datd SIRCR during SIOO0 is
inhibited (Both TXEN and RXEN of this register shotald be'set to 0).

Any changing for this register during transmission-ey receiving operation don’t
guarantee the normal operation.

The following example describes how to set this.register:

1) SIO setting ; Set the SIO t6 YART Mode/
\
2) LD (SIRCR), 07H ; Set the receive-datapulse width to 16x.
3) LD (SIRCR), 37H ; TXEN, (RXEN.Enable the Transmission and-reeeiving-ef S10.
{
4) Start transmission ; The modem.operates as follows:
and receiving for SIO0 » SIO0-starts transmitting.

# TR.receiver starts receiving.

(5) Notes
1) Baud rate generator-for IrDA

To generate baud rate for [rDA, use baud rate-generator in SIO0 by setting 01 to
SCOMODO0<SC1:0>. Toaise another source (TAOTR&, fsys and SCLKO input) are not
allowed.

2) As the IrDA 1.0-phyéical layer spécification, the data transfer speed and infra-red
pulse width i§ specified.

Table 3:974/ Baud Rate and Pulse Width Specifications

. Rate Tolerance <] Pulse Width | Pulse Width | Pulse Width
Baud Rate. |~ Modulation o : ;
(% of rate) (Minimum) (Typical) (Maximum)
2.4 kbps RZI ¥0.87 1.41 us 78.13 s 88.55 us
9.6 kbps RZI +0.87 1.41 us 19.53 us 22.13 ps
19,2 Kbps RZI +0.87 1.41 us 9.77 us 11.07 us
384 kbps RZI +0.87 1.41 ps 4.88 us 5.96 us
57-6 kbps RZI +0.87 1.41 ps 3.26 us 4.34 s
115.2 kbps RZI +0.87 1.41 us 1.63 us 2.23 us

The(infra-red pulse width is specified either baud rate T x 3/16 or 1.6 us (1.6 ps is
equal t0°8/16 pulsewidth when baud rate is 115.2 kbps).

The TMP91C824FG has the function selects the pulse width on the transmission
either 3/16 or 1/16. But 1/16 pulse width can be selected when the baud rate is equal
or less than 38.4 kbps only. When 57.6 kbps and 115.2 kbps, the output pulse width
should not be set to T x 1/16.

91C824-151 2008-02-20

Downloaded from AFFOW.Com.


http://www.arrow.com

TOSHIBA TMP91C824

As the same reason, + (16 — k)/16 division functions in the baud rate generator of
SIOO0 can not be used to generate 115.2 kbps baud rate.

Also when the 38.4 kbps and 1/16 pulse width, + (16 — k)/16 division function can

not be used. Table 3.9.5 shows Baud rate and pulse width for (16 — k)/16 division
function.

Table 3.9.5 Baud Rate and Pulse Width for (16 — k)/16 Division Function

i Baud Rate
Pulse Width
115.2 kbps| 57.6 kbps | 38.4 kbps | 19.2 kbps1.9:6 kbps—{ 2.4 kbps

T x 3/16 x [} ¢} ¢} Q o

T x 1/16 — — X o o o
O: Can be used (16 — k)/16 division function
x: Can not be used (16 — k)/16 division function
—: Can not be set to 1/16 pulse width

91C824-152 2008-02-20
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3 2 1 0

SIRCR |_Bit symbol

PLSEL

RXSEL TXEN

RXEN

SIRWD3 | SIRWD2 | SIRWD1 | SIRWDO

(0207H) | Read/Write

After reset

0

0 0

0

o | o F 0o | o

Function

Select
transmit
pulse width
0: 3/16
1:1/16

Transmit
0: Disable
1: Enable

Receive
data
0: H pulse

Receive
0: Disable
1: Enable

Select receive pulse width
Set effective pulse width for equal or more than
2x x (value + 1) + 100ns

1: L pulse

Canbe set: 1t0 4
Can not be set: 0, 15

L Select receive pulse-width

X = THgpH

Formula: Effective pulse'width > 2x x (Value—1) + 100ns

0000 Cannot be set

0001
to
1110

Equal or more than 4x~ 100~ns

Equal or more than 30x # 100 ns

1111 Can not be set

L - -
Receive operation

0 Disabled

1 Enabled

——F————>Transmit operation

0 Disabled

1 Enabled

Select.transmit pulse width

0 3/16

1 1146

Figure 3.9.27 IrDA Contrel'Register
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3.10 Serial Bus Interface (SBI)

The TMP91C824FG has a 1-channel serial bus interface which employs a clocked-
synchronous 8-bit SIO mode and an I2C bus mode.

The serial bus interface is connected to an external device through P71 (SDA) and P72
(SCL) in the I2C bus mode; and through P70 (SCK), P71 (SO) and P72 (SI) in the clocked-

synchronous 8-bit SIO mode.

Each pin is specified as follows.

P7ODE<ODE72:71> P7CR<P72C;70C> P7FC<P72F:70F>
I°C bus mode 11 11X 11X
Clocked synchronous 011
. XX 11%
8-bit SIO mode 010
X: Don'’t care
3.10.1 Configuration
——> INTSBI interruptrequest
SCL
l | SCK
sio —Jr70
clock (SCK)
control
< Input/
T l Output
4T ——| Divider control —Dpn
l —s|  sio o) (SO/SDA)
Transfelr 1 | data control S|
1C bus control /K
lock 8 circuit
: clock sync | l
Noise | + PZAN —DP72
canceller control Shift 12C bus (SI/scL)
. Noise
register, data control j«— SDA
canceller
2 | |
SBIOCR2/
12COAR SBIODBR SBIOCR1 SBIOBRO, 1
SBIOSR
SBI contrdl register2/ I°C bus SBI data SBI control SBI baud rate
SBI sfatus-reyister address régister buffer register register 1 register 0, 1
Figure\3.10.1 Serial Bus Interface (SBI)
91C824-154 2008-02-20
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3.10.2 Serial Bus Interface (SBI) Control
The following registers are used to control the serial bus interface and monitor the
operation status.
e Serial bus interface control register 1 (SBIOCR1)
e Serial bus interface control register 2 (SBIOCR2)
e Serial bus interface data buffer register (SBIODBR)
e I2C bus address register (I2COAR)
e Serial bus interface status register (SBIOSR)
e Serial bus interface baud rate register 0 (SBIOBRO)
e Serial bus interface baud rate register 1 (SBIOBR1)
The above registers differ depending on a mode to/be-used.

Refer to section 3.10.4 “I2C Bus Mode Control™and 3.10.7 “Clocked Synchronous 8-Bit
SIO Mode Control”.

3.10.3 The Data Formats in the I°C Bus Mode

The data formats in the I2C bus mode-is_ shown below.

(a) Addressing format

[e—— 8bits ——{1— 1t08hits —=}1[<— 1to 8 bhits —>1
T TTTTTIRr A A A

S| Slave address I'c Data C Data ClpP
V_V K K K
1 1 or more —~————+>

(b) Addressing format (with restart)

[ 8bits —={T|< 1to8bits —>{L|ij<—= 8bits —|1|<— 1to8bits —|1
T T TV IR[A A T T TTTIRIA A

S| _-slave address/ [ |C Data cls| Vslaveaddress |/|C Data C(pP
Wi K K wiK K
1 1 or morg 1 1 or more —>

(¢) “Free data format(Data transferred from master device to slave device)

je—— 8 bits ——>|1j«— Ito8bits —>1|«— 1to 8 bhits —>1
[T T T 171 A A A

S Data C Data C Data C|P
K K K
1 1 or more — >

S: Start-.condition
R/ W Direction bit
ACK: Acknowledge bit

P: Stop condition

Figure 3.10.2 Data Format in the 1°C Bus Mode
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3.10.4 I°C Bus Mode Control
The following registers are used to control and monitor the operation status when using
the serial bus interface (SBI) in the I2C bus mode.
Seirial Bus Interface Conrol Register 1
7 6 5 4 3 2 T 0
f SCKo/
(SolzlngR)l Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SWRMON
Read/Write w R/W W R/W
After reset 0 | 0 I 0 0 Q 0 0/1 (Note 3)
Z:Q_Iblt Function Number of transferred bits (Note 1) |Acknowledge Internal Serial-Clock selection and
modify- mode software reset monitor (Note 2)
write specification
0: Not
generate
1: Generate
Internal serial tlock selection.<SCK2:0>at write
000 fn=5-1 - Note4d
001 o=6 | - Note4d System clock:Afc
030 [ n=7 | - Note4 Clock gear: fc/1
011 |wnw=8| - Note4d fc= 33 MHz
100 |'n=9 | 63.5 kHz (intefnal SCL output)
101 | n=10| 32.0 kHz ts6l =——rC— [HZ]
110 ( n=11| 16.1 kHz 2 +8
111 (Resened)
Software feset statexmenitor <SWRMON> at read
0 During software reset
1 Initial data
—> Acknewledge mode specification
0 Not generate clock pulse for acknowledge signal
1 Generate clock pulse for acknowledge signal
Number. of bits transferred
<ACK>=0 <ACK>=1
<BC2:0> | Number of . Number of .
Bits Bits
clock pulses clock pulses
000 8 8 9 8
001 1 2
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 5
110 6 6 7 6
111 7 7 8 7
Note 1:/ Set the <BC2:0>t0 000 before switching to a clock-synchronous 8-bit SIO mode.
Note 2: For the frequency of the SCL line clock, see 3.10.5 (3) Serial clock.
Note 3: Initial data,0f’'SCK0is“0” SWRMON is “1".
Note 4: This 1*’C{buis_circuit does not support fast mode, it supports standard mode only. Although the I°C bus

circuit itself allows.the setting of a baud rate over 100kbps, the compliance with the I°C specification is not

guraranteed in that case.

Figure 3.10.3 Registers for the I°C Bus Mode
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 1 0
SBIOCR2 | Bit symbol MST TRX BB PIN SBIM1 SBIMO | SWRST1 | SWRSTO
(0243H) Read/Write w W (Note 1) W (Note 1)
After reset 0 0 0 1 o | o o | o
Prohibit Function Master/slave | Transmitter/ | Start/stop Cancel Serial bus interface Software reset generate
ﬁggi_fy selection receiver condition INTSBI operating mode selection [ write:10 and 0%, then an
write selection generation | interrupt (Note2) internal.reset signal is
request 00: Port mode genérated.
01: SIO mode
10: 1°C bus mode
11: (Reserved)
Serial bus interface operating mode selection (Note 2)
00 | Port mode (Serial bus interfacetoutput disabled)
01 | Clocked.synchronous 8-bit SIO-mode
10 ['1’C hus mode
11 | (Resetved)
L 5 INTSBI interrupt request
0 |Don't care
1 | Cancel interrupt request
L[~ ~ ~ 4 Start/stop condition genefation
0 [ Generates the stop condition
1 /| Generates-the start condition
Transmitter/receiver selection
0 | Receiver
1 | Transmitter
Master/slave selection
0.\ Slave
1 |Master
Note 1: ,Reading this registerfunction as SBIOSRregister,
Note 2/ <Switch/a mode-to port mode after-confirming that the bus is free.

Switch’a mode between 1°C bus mede-and ctock-synchronous 8-bit SIO mode after confirming that input

signals-via-port are high‘level;

Figure 3.10.4 Reyisters for the 1°C Bus Mode
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Serial Bus Interface Status Register
7 6 5 4 3 2 1 0
SBIOSR | Bit symbol MST TRX BB PIN AL AAS ADO LRB
(0243H) Read/Write R
o After reset 0 0 0 1 0 0 0 0
;rgg_'b't Function Master/  |Transmitter/| 1°C bus INTSBI  |Arbitration |Slave GENERAL._|Last
modify- slave receiver status interrupt  |lost address CALL received bit
write status status monitor request |detection [match deteetion monitor
monitor  [monitor monitor  |monitor detectian mahitor 0:0
0: - monitor 0: Undetected [1: 1
1: Detected |0: Undetected-{1:-Detected
1: Detected

—

|—-> Last received bit monitor.

0y | Last received bijt was 0

1 | Last received|bit was\1

——> GENERAL CALL detection monitor

0 [Undetected

1 | GENERAL-CALL detected

L——— Slave address match detection monitor

0 /| Undetected

1
CALL detected

Slave address match or GENERAL

'—————> Arbitration lost detection monitor

0 A~

1 /| Arbitration lost

———————> INTSBI interrupt request monitor

0 _[Interrupt requested

1 [Interrupt canceled

1°C bus status monitor

0 |Free

1 [Busy

Transmitter/receiver status monitor

0 |Receiver

1 | Transmitter

Note: Writing in this register functions as SBIOCR2.

Master/slave status monitor

0 |Slave

1 [Master

Figure 3.10.5 Registers for the I°C Bus Mode
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Serial Bus Interface Baud Rate Regster 0
7 6 5 4 3 2 1 0
SBIOBRO | Bit symbol - 12SBIO
(0244H) Read/Write w R/W
Prohibit After reset 0 0
read-
modify- Function Always IDLE2
write write 0 0: Stop
1: Run
Operation\during JIDLE 2 mode
0 | Stop
1 \|\Operatian
Serial Bus Interface Baud Rate Register-1
7 6 5 4 3 2 1 0]
SBIOBR1 | Bit symbol P4EN -
(0245H) Read/Write w w
Prohibit After reset 0 0
read- .
modify- Function Internal Always
write clock write 0
0: Stop
1: Operate
Baud rate clockK control
0 [\Stop
1 | Operate
Sirial-Bus-Intefface Data Buffer Register
7 6 5 4 3 2 1 0
SBIODBR| Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(0241H) Read/Write R (Received)W (Transfer)
Prohibit After reset Undefined
:ﬁggi-fy— Note 1/ WWhen writing transmitted data;, start from\the MSB| (Bit7). Receiving data is placed from LSB (Bit0).
write Note 2: “SBIDBR can't bé read the written-data. Therefefe read-modify-write instruction (e.g., “BIT” instruction) is
prohibitted.
Note 3: Written data in SBIODBR is cleared by INTSBI signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0
I2COAR | Bit'symboal SA6 SAL SA4 SA3 SA2 SAl SAO0 ALS
(02421) Read/Write w
Afterreset 0 l 0 l 0 | 0 | 0 I 0 I 0 0
Prohibit Function Slave address selection for when device is operating as slave device IAddress
read- recognition
modify-
write mode
specification

|

Address recognition mode specification

0 [ Slave address recognition

1 | Non slave address recognition

Figure 3.10.6 Registers for the I°C Bus Mode
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3.10.5 Control in I’C Bus Mode

(1) Acknowledge mode specification

Set the SBIOCR1<ACK> to 1 for operation in the acknowledge mode. The
TMP91C824 generates an additional clock pulse for an acknowledge signal when
operating in master mode. In the transmitter mode during the clock pulse cycle, the
SDA pin is released in order to receive the acknowledge signal from the receiver. In
the receiver mode during the clock pulse cycle, the SDA pin is'set to’the low in order
to generate the acknowledge signal.

Clear the <ACK> to 0 for operation in the non-acknowledge-mode, The TMP91C824
does not generate a clock pulse for the acknowledge signal when operating in the
master mode.

(2) Number of transfer bits

The SBIOCR1<BC2:0> is used to select a number of’bits for next 4ransmitting and
receiving data.

Since the <BC2:0> is cleared to 000\ as/a start condition, ‘a\slaye-address and
direction bit transmission are executed. in-8 bits. Other than_ these,/ the <BC2:0>
retains a specified value.

(3) Serial clock
a. Clock source
The SBIOCR1<SCK2:0> is~used to select a'\maximum transfer frequency
outputted on the SCL (pin-in.master mode.-Set. a~communication baud rate that
meets the 12C bus specification, such’ ds the shortest pulse width of tLow, based
on the equations’shown below.

F tHIGAH 1 trow 1/fscl

SBIOER1<SCK2:0> n

000 5

tLow=2""sgi 001 6
thien 72" fsgl + Bl 812 ;
fscl = U(tLow +tHIGH) 100 9
3 fsmi 101 10

- 2” +8 110 11

Note 1:  fgpg)/iS;the clock frpn.
Note 2: It prohibited to use fc/16 prescaler clock when using SBI block. (I°C bus and clock

synchroneus.)

Figure 3.10.7 Clock Source
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b.

Internal SCL output

(Master A)

Internal SCL output

(Master B)

SCL line

Clock synchronization

In the I2C bus mode, in order to wired-AND a bus, a master device which pulls
down a clock line to low level, in the first place, invalidate a clock pulse of
another master device which generates a high-level clock pulse. The master
device with a high-level clock pulse needs to detect thesituation and implement
the following procedure.

The TMP91C824 has a clock synchronization function for.normal data transfer

even when more than one master exists on the bus.

The example explains the clock synchronization procedures when two masters
simultaneously exist on a bus.

Wait counting high-level
widtlh of a clocll< pulse
r————Statt counting high-level width of alclockpulse

|
|
| 1
1Reset a counter of !

thigh-level width of i

%'a clock pulse
1
1
U

Figure 3.10.8' Clock . Synchronization

©- -
o lr- s - - =) -

As master A pulls dewn the internal SCL output to the low level at point a, the
SCL line of the pus-becomes the low Ievel. After)detecting this situation, master
B resets a counter of high-level width of an-own’ ¢lock pulse and sets the internal
SCL output to the low-level.

Master A finishes counting low:;level'width of an own clock pulse at point b and
sets the internal SCL output to thethigh level. Since master B holds the SCL line
of the/bug dt/the low level, master-Awwait for counting high-level width of an own
clock pulse./After master B finishes tounting low-level width of an own clock
pulse_at point ¢ and~master A/detects the SCL line of the bus at the high level,
and starts counting high-level of @n own clock pulse. The clock pulse on the bus
is_determined by the-master-device with the shortest high-level width and the
master device with the longest low-level width from among those master devices
connected to the bus.

(4)~Slave/address and #@ddress recognition mode specification

When the TMP91€824 is used as a slave device, set the slave address <SA6:0> and
<ALS> to the I2CO0AR. €lear the <ALS> to 0 for the address recognition mode.

(5) Master/slave|selection
Set the’ SBIOCR2<MST> to 1 for operating the TMP91C824 as a master device.

Clear the SBIOCR2<MST> to 0 for operation as a slave device. The <MST> is cleared
to 0 by the hardware after a stop condition on the bus is detected or arbitration is lost.
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(6) Transmitter/receiver selection

Set the SBIOCR2<TRX> to 1 for operating the TMP91C824 as a transmitter. Clear
the <TRX> to 0 for operation as a receiver. When data with an addressing format is
transferred in slave mode, when a slave address with the same value that an I2COAR
or a GENERAL CALL is received (All 8-bit data are 0 after a start condition), the
<TRX> is set to 1 by the hardware if the direction bit (R/W) sent from the master
device is 1, and is cleared to 0 by the hardware if the bit is 0, In thé master mode,
after an acknowledge signal is returned from the slave device, the <PRX> is cleared to
0 by the hardware if a transmitted direction bit is-1, and is/66t €0 1 by the hardware if
it is 0. When an acknowledge signal is not returned, “th¢ /current condition is
maintained.

The <TRX> is cleared to 0 by the hardware after\a“stop condition on the I2C bus is
detected or arbitration is lost.
(7) Start/stop condition generation
When the SBIOSR<BB> is 0, slave addregs. and direction bit“which are set to
SBIODBR are output on a bus after generdting) a start condition'\by writing 1 to the

SBIOCR2<MST, TRX, BB, PIN>. It is necessary to set transmitted 'data/to the data
buffer register SBIODBR and set 1 to KACK> beforehand.

r---
1
1

SCLline 1 2 3 2 5 6 7 8 AN

SDAIine"_é_\, / a6 X a5 X /pae X A7 X Az X—ar X a0 X riw /

' |Acknow|edge

[ |

Start condition} Stave.address and theé direction bit i signal

Figure 3.10.9 Start Condition)Generation and Slave Addréss Generation

When the <BB?% is 1| a sequence of generating a stop condition is started by writing
1 to the <MST, TRX, PIN>, and 0 to the <BB>. Do not modify the contents of <MST,
TRX, BB, PIN> until a stop condition-is generated on a bus.

_____

Stop condition

Figure 3.10.10 Stop Condition Generation

The state of the-bus can be ascertained by reading the contents of SBIODSR<BB>.
SBIOSR<BB> will be set to 1 if a start condition has been detected on the bus, and
will b€ ¢leared\to O 1f a stop condition has been detected.

And about generdtion of stop condition in master mode, there are some limitation
points. Please refer to the 3.10.6 (4) “Stop condition generation”.
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SCL line

Internal SDA output \ / N\

(Master A)

Internal SDA output

(Master B)
SDA line

®

9

Interrupt service requests and interrupt cancellation

When a serial bus interface interrupt request (INTSBI) occurs, the SBIOCR2<PIN>
is cleared to 0. During the time that the SBIOCR2<PIN> is 0, the SCL line is pulled
down to the low level.

The <PIN> is cleared to 0 when a 1 word of data is transmitted or received. Either
writing/reading data to/from SBIODBR sets the <PIN> to 1.
The time from the <PIN> being set to 1 until the SCL line is\released takes tLOW.

In the address recognition mode (<ALS> = 0), <PIN¥ is’cleared to 0 when the
received slave address is the same as the value“set\at_ _the/I2COAR or when a
GENERAL CALL is received (All 8-bit data are 0 after a start condition). Although
SBIOCR2<PIN> can be set to 1 by the program, the <PIN>i$ not clear it to 0 when it
is written O.

Serial bus interface operation mode selection

SBIOCR2<SBIM1:0> is used to specify the-sertal\bus interface opération mode. Set

SBIOCR2<SBIM1:0> to 10 when the devide is\to be used in/I2ZC\ bus mode after

confirming pin condition of serial bus interfdee to/“H”.

Switch a mode to port after confirming a bus is free.

(10) Arbitration lost detection monitor

Since more than one master device-can exist simultaneouslyon the bus in 12C bus
mode, a bus arbitration procedure-has been implemented 4n order to guarantee the
integrity of transferred data-

Data on the SDA line issused for/12C bus/arbitration:

The following shows an examiple of a bus.arbitration procedure when two master
devices exist simultaneously on the bus. Master A and master B output the same data
until point a. After master-A outputs “L.” and master B, “H”, the SDA line of the bus is
wire-AND and the SDA line is pulled down to the low level by master A. When the
SCL line of the busispulled up at point:b, the slave device reads the data on the SDA
line, that s, datanin master A. A data transmitted from master B becomes invalid.
The state \in/ master B is called -arbitration lost. Master B device which loses
arPitration releases the internal SDAS output in order not to affect data transmitted
from dther-masters with arbitration” When more than one master sends the same
dataat the first word;-arbitration-occurs continuously after the second word.

|

o-F---
o-F---

Figure 3.10.11 Arbitration Lost
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The TMP91C824 compares the levels on the bus’s SDA line with those of the
internal SDA output on the rising edge of the SCL line. If the levels do not match,
arbitration is lost and SBIOSR<AL> is set to 1.

When SBIOSR<AL> is set to 1, SBIODSR<MST, TRX> are cleared to 00 and the mode
is switched to slave receiver mode. Thus, clock output is stopped.in data transfer after
setting <AL> = “1".

SBIOSR<AL> is cleared to O when data is written to or read\from SBIODBR or when
data is written to SBIOCR2.

Master <
A
Internal  \ D7A XD6A\  /D4AXD3AXD2AXD1AXDoA/ \D7A’XD6A’XD5A’XD4A’

SDA output
|—> Stop the clock,pulse
Internal
< scLouput____/1\_/2\_/3\ /4
Master
B

Internal
SDA output \ D7B >< D6B / 3 Keep internal SBA eutput to high levelvas Josing-arbitration

<AL> 4
<MST> \

<TRX>

I
Accessed to |'|
SBIODBR or SBIOCR2

Figure 3.10.12 (Examfple of when TMP91CW12 is a Master Device B
(D7A=D7B, D6A =-D6B)

(11) Slave-address‘mate¢h detection monitor
SBIOSR<AAS> is set £0~1 in\slave mode, in address recognition mode (e.g., when
I[2COAR<ALS> = 0), when a_ GENERAL CALL is received, or when a slave address
matchesthe value sét in I2COAR. When I2COAR<ALS> = 1, SBIOSR<AAS> is set to 1
after the first word of ‘data has been received. SBIOSR<AAS> is cleared to 0 when
data is written to or read fromthe data buffer register SBIODBR.
(12) GENERAL CALL detection monitor
SBIOSR<ADO>is set to 1 in slave mode, when a GENERAL CALL is received (All 8-
bit received data is.Oyafter a start condition). SBIOSR<ADO> is cleared to 0 when a
start gondition or stop condition is detected on the bus.
(13) Last receivéd bit-menitor
The SDA™line value stored at the rising edge of the SCL line is set to the
SBIOSR<LRB>. In the acknowledge mode, immediately after an INTSBI interrupt
request is generated, an acknowledge signal is read by reading the contents of the
SBIOSR<LRB>.
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(14) Software reset function

The software reset function is used to initialize the SBI circuit, when SBI is locked
by external noises, etc.

An internal reset signal pulse can be generated by setting-SBIOCR2<SWRST1:0> to
10 and O01. This initializes the SBI circuit internally.~All command (except
SBIOCR2<SBIM1:0>) registers and status registers are initialized-as well.

SBIOCR1<SWRMON> is automatically set to “1” after the SBY ¢ircuit has been
initialized.
(15) Serial bus interface data buffer register (SBIODBR)

The received data can be read and transferred data-can be written by reading or
writing the SBIODBR.

In the master mode, after the start condition/is-generated the slave address and the
direction bit are set in this register.

(16) I2C bus address register 12C0AR)

I2C0AR<SAG6:0> is used to set the slave 'address when the TMP91(0824 functions as
a slave device.

The slave address output from-the master device is recognized by setting the
I2COAR<ALS> to 0. The data formatis the addressing format. When the slave
address is not recognized at the <ALLS> = 1, the data formatis the/free data format.

(17) Baud rate register (SBIOBR1)
Write 1 to SBIODBR1<P4EN>before operation commences.
(18) Setting register for IDLE2 mode operation (SBIOBRO)

SBIOBRO<I2SBIO> (is the register setting “eperation/stop during IDLE2 mode.
Therefore, setting <I2SBI0> is necessary before the HHALT instruction is executed.

91C824-165 2008-02-20
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3.10.6 Data Transfer in I’°C Bus Mode

(1) Device initialization
Set the SBIOBR1<P4EN>, SBIOCR1<ACK, SCK2:0>, Set SBIOBR1 to 1 and clear
bits 7 to 5 and 3 in the SBIOCR1 to 0.
Set a slave address <SA6:0> and the <ALS> (<ALS> =/0-when an addressing
format) to the I2COAR.

For specifying the default setting to a slave receiver,mode, clear 0 to the <MST,
TRX, BB> and set 1 to the <PIN>, 10 to the <SBIM1:0>.

(2) Start condition and slave address generation

a.

Master mode

In the master mode, the start condition and-the-slave address are generated as
follows.

Check a bus free status (when <BB>=0).

Set the SBIOCR1<ACK> to 1 (Acknowledge mode) and specify a slave address
and a direction bit to be transmitted to the’'SBIODBR.

When SBIOCR2<BB> = 0, the start.condition are generated-by writing 1111 to
SBIOCR2<MST, TRX, BB, PIN>:Subsequently to thé start condition, nine clocks
are output from the SCL pin."While’eight clocks are-eutput, the slave address
and the direction bit which areset to the SBIODBR, At the 9th clock, the SDA
line is released and the acknowledge signal is received from the slave device.

An INTSBI interrupt request occurs at the fallingedge of the 9th clock. The
<PIN> is cleared te-0. In.the master mode, the SCL pin is pulled down to the low
level while <PIN* is 0. When an interrupt request occurs, the <TRX> is changed
according to the direction bit only when an ackrowledge signal is returned from
the slave dgvice.

Slave mode

In theslave mode, the start condition and the slave address are received.

After the start condition is receivedfrom the master device, while eight clocks
are output from the~SCL pin/ the slave address and the direction bit which are
output frem the master deviee arereceived.

When a GENERAL-CALL or the same address as the slave address set in
I2COAR 1is received, the SDA Iine is pulled down to the low level at the 9th clock,
and the acknowledge signal is output.

An INTSBI interrupt request occurs on the falling edge of the 9th clock. The

<PIN> is cleared to 0. In slave mode the SCL line is pulled down to the low level
while the <PIN>=\4.

SCLine : 1 2 3 4 5 6 7 8 9
1

1
SDA ling ro\ /A6 X A5 X A4 X A3 X A2 X AL X A0 X Rw A ACK

' Bt N

s- "\'_' AN Y J cknowledge

Start condtion Slave address + Derection bit signal from a
slave device

<PIN> |—
INTSBI C

interrupt request

.

- — — = Output of slave

Output of master

Figure 3.10.13 Start Condition Generation and Slave Address Transfer
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(3) 1-word data transfer

Check the <MST> by the INTSBI interrupt process after the 1-word data transfer
is completed, and determine whether the mode is a master or slave.

a. If <MST> =1 (Master mode)
Check the <TRX> and determine whether the mode is atransmitter or receiver.
When the <TRX> = 1 (Transmitter mode)

Check the <LRB>. When <LRB> is 1, a receiver-does not request data.
Implement the process to generate a stop condition/(Réfer to 3.10.6 (4)) and
terminate data transfer.

When the <LRB> is 0, the receiver is requests new data. When the next
transmitted data is 8 bits, write the transmitted data to SBIODBR. When the
next transmitted data is other than 8 bits/set the BC<2:0> <ACK>and write the
transmitted data to SBIODBR. After written the-data, <PIN> becomes™1,"a serial
clock pulse is generated for transferring-a new. 1 word of data/from the SCL pin,
and then the 1-word data is transmitted) After the datd Is. transmitted, an
INTSBI interrupt request occurs. The' <PIN> becomés 0 and the SCL line is
pulled down to the low level. If the-data to be transferredis more than 1 word in
length, repeat the procedure from-the <IZRB> checking above.

— Write to SBIODBR

SCL line 1 2 3 4 5 6 7 8 9
SDA line D7 X b6 X D5 X D& X D3 X/B2 X D1 \X D0 A ACK ,
- _K'Acknowledge signal
from a receive
<PIN> I

(

INTSBI |-|
interrupt request

Output from master
= === Output from slave

Figure 3/10.14 \Example-inh which,BC<2:0& £,000 and <ACK> = 1 in Transmitter Mode
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SCL line

When the <TRX> is 0 (Receiver mode)

When the next transmitted data is other than 8 bits, set <BC2:0> <ACK> and
read the received data from SBIODBR to release the SCL line (data which is read
immediately after a slave address is sent is undefined). After the data is read,
<PIN> becomes 1. Serial clock pulse for transferring~new 1 word of data is
defined SCL and outputs “L” level from SDA pin with acknewledge timing.

An INTSBI interrupt request then occurs and the <PIN> bedoimes 0, Then the
TMP91C824FG pulls down the SCL pin to the low level."The TMP91C824

outputs a clock pulse for 1 word of data transfer and the’acknowledge signal each
time that received data is read from the SBIODBR:

Read SBIODBR

SpAline  _____B7 A D6 W D5 W D4 A D3 % D2 b1 W 00 HN'ev'v b7

<P

Acknowledge signal

IN> I l {0 a transmitter

INTSBI n
interrupt request

Output from master

- = == Output from slave

Figure 3.10.15 Example of when<BC2:0>= 000, <ACK=> = 1 in. Receiver Mode

In order to terminate the transmission of data to a transmitter, clear <ACK>
to 0 before reading data\ which is 1 word before/the last data to be received. The
last data word doesnot/ generate a clock pulse/as the acknowledge signal. After
the data hds’beentransmitted and‘an interrupt request has been generated, set
BC<2:0> t0\001 and read the datd.The TMP91C824 generates a clock pulse for a
1-bit data transfer. Since the master.deviée is a receiver, the SDA line on the bus
remains/high.\The transmitter interprets the high signal as an ACK signal. The
receiverindieates to the tramsmitter that data transfer is complete.

‘After_the one data bit \has been received and an interrupt request been
génerated, the TMP91C824 generates a stop condition (See Section 3.10.6 (4))
and-terminates data transfer.

SCL line 1 2 3 4 5 6 7 8 1

140 i A Yalw'solnth Valntelais VaaiaSalh W allaiolai Walheloais ¥ aieiiolaiis Voot 2l
SDAline >N\ _ _ __ _ & D _7_ N _D_G_ A _D_5_ N _D_4_ N_ _D_3_ N _D_2_ A _D_l_ A _D_O_ o \_ Acknowledge signal
sent to a transmitter

<PIN> _<|_! <|_! CI-||_

INTSBI I | : I-l ,
T—O — <ACK> L 001 —» <BC2:0>

interrupt request
Read SBIODBR Read SBIODBR

Output of master
— = = = Output of slave

Figure 3.10.16 Termination of Data Transfer in Master Receiver Mode

91C824-168 2008-02-20

Downloaded from AFFOW.Com.


http://www.arrow.com

TOSHIBA

TMP91C824

b. If <MST> = 0 (Slave mode)
In the slave mode the TMP91C824 operates either in normal slave mode or in
slave mode after losing arbitration.
In the slave mode, an INTSBI interrupt request occurs when the TMP91(C824
receives a slave address or a GENERAL CALL from the master device, or when a
GENERAL CALL is received and data transfer is complete; or after matching
received address. In the master mode, the TMP91C824 operates|in a slave mode
if it losing arbitration. An INTSBI interrupt request oceurs-when a word data
transfer terminates after losing arbitration./When \an/ INTSBI interrupt request
occurs the <PIN> is cleared to 0 and the SCL pinis pulleddown to the low level.
Either reading/writing from/to the SBIODBR (or setting the <PIN> to 1 will
release the SCL pin after taking tI,ow time.
Check the SBIOSR<AL>, <TRX>, <AAS> “~and <ADO> and-implements
processes according to conditions listed in-the next table.
Table 3.10.1 Operation in the Slave Mode
<TRX>| <AL> |<AAS>|<ADO> Conditions Process
1 1 1 0 The TMP91C824.JoSes arbitration when [Set the number-of bits a word in
transmitting a slave address and <BC2:0>"and write’the transmitted data
receives a slave address for which the |to/SBIODBR
value of the-direction.bit sent from
another master.is-1.
0 1 0 In salvereceiver mode the TMP91C824
receives-a slave,address for which the
value of the\direction bit sent from'the
master is .
0 0 In salve transmitter mode a/single word |Check the <LRB> setting. If <LRB> is
of is transmitted. set to 1, set <PIN> to 1 since the
Set BC<2:0> to the number.of-bits.in a  [receiver win no request the data which
word. follows. Then, cleat <TRX> to 0 to
release the bus. If <LRB> is cleared to 0
of and write the transmitted data to
SBIODBR since the receiver requests
next data.
0 1 1 1/0 The TMP91C824 leses arbitration when |Read the SBIODBR for setting the <PIN>
transmitting a slave‘address and to 1 (Reading dummy data) or set the
receives.a slave address or GENERAL |<PIN>to 1.
CALL for whieh' the value of the direction
bit sent from another master is 0.
0 0 The TMP91C824 loses arbitration when
transmitting a slave address or data and
terminates word data transfer.
0 1 0 In/slave receiver mode the TMP91C824

receives a slave address or GENERAL
CALL for which the value of the direction
bit sent from the master is 0.
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(4) Stop condition generation

When SBIOSR<BB> = 1, the sequence for generating a stop condition can be
initiated by writing 1 to SBIOCR2<MST, TRX, PIN> and 0 to SBIOCR2<BB>. Do not
modify the contents of SBIOCR2<MST, TRX, PIN, BB> until a stop condition has been
generated on the bus. When the bus’s SCL line has been pulled low by another device,
the TMP91C824 generates a stop condition when the other device has released the

SCL line.

When SBIOCR2<MST, TRX, PIN> are written 1 and <BB>"is written 0, <BB>

changes to 0 by internal SCL changes to 1, without-waiting/stop ¢ondition.

To check whether SCL and SDA pin are 1 by sensing their ports is needed to detect

bus free condition.

1 — <MST>
1 — <TRX>
0 —» <BB>
1 — <PIN>

Internal SCL

SCL pin

SDA pin

<PIN>

<BB> (Read)

Stop condition

Figure 3.10.17 (Stop Condition Generation-(Single master)

1 > <MST>
1 - <TRX>
0 — <BB>

1 ' <PIN>

Internal‘'SCL

SCL pin

SDA pin

<PIN>

<BB> (Read)

- \ TThe case of pulled low _ /

Stop condition

' by another device r
} D T 1 i
1 1
L 1 1
1 1 1
1
1 1
1 1
1

_|¢
~ 1

Figure 3.10.18/ Stop Condition Generation (Multi master)
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6Y)

Restart

Restart is used during data transfer between a master device and a slave device to
change the data transfer direction. The following description explains how to restart
when the TMP91C824 is in master mode.

Clear SBIOCR2<MST, TRX, BB> to 0 and set SBIOCR2<PIN> to 1 to release the
bus. The SDA line remains high and the SCL pin is released./Since-a stop condition
has not been generated on the bus, other devices assume the\bus to be in busy state.
Monitor the value of SBIOSR<BB> until it becomes 0 g0_as to ascertain when the
TMP91C824’s SCL pin is released. Check the <LRB> until/it becomes 1 to check that
the SCL line on a bus is not pulled down to the low level by other devices. After
confirming that the bus remains in a free state, génerate a start condition using the
procedure described in 3.10.6 (2).

In order to satisfy the setup time requirdments~when restarting, take at least
4.7 us of waiting time by software from the time.of restarting to confirm that.the bus
is free until the time to generate the start.condition.

0 — <MST> 1 —> <MST>
0 — <TRX> 1 — <TRX>
0 — <BB> 1 > <BB>
1 > <PIN> 1 > <PIN>
r=r- 1
vl f— 47 [us] (Min) — Start codnition
SCL line / \ : : / /
1 1 \ [<=—=———==
1 1 1
Internal SCL == L T
output / 2\ \ / i ) |
(TMP91C824) \ | :
SDA line / ( ! /\ :
[y i
<LRB> I \
<BB> I / ]
<PIN> | I Y

Figure 3.10.19 “Timing-Diagram for TMP91C824FG Restart
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3.10.7 Clocked Synchronous 8-Bit SIO Mode Control

SBIOCR1
(0240H)

Prohibit
read-
modify-
write

SBIODBR
(0241H)

Prohibit
read-
modify=
write

The following registers are used to control and monitor the operation status when the

serial bus interface (SBI) is being operated in clocked synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

6

5 4

3

Bit symbol

SIOS

SIOINH

SIoM1 SIOMO

SCK2

SCK1 SCKO

Read/Write

W

W W

After reset

0

0

o | 0

0

0 0

Function

Transfer start
0: Stop
1: Start

Continue/

abort transfer

0: Continue
transfer

1: Abort
transfer

Transfer mode select

00: Transmit mode

01: (Reserved)

10: Transmit/receive mode
11: Receive mode

Serial.cloek selection and reset monitor

l

Serial clock'selection <SCK2:0> at write

000
001
010
011
100
10t
119
111

n=4
n=5
n==6
n=7
n=8
n=9
n=10

2.1 MHz
1031.3 kHz
515.6 kHz
257.8 kHz
128.9 kHz

64.5 /kHz

32.2\ kHz
Externalmode

System-clock: fc
Clock\gear: fc/1

fc /38 MHz
{Qutput to SCK pin)
fscl = —2%— [HZ]

(Input from SCK terminal)

—>" Transfer m@de selection

00

8-bittransmit mode

01

(Reserved)

10

8-bit transmit/received mode

11

8-bit received mode

Continue/abort transfer

0 “|Continuejtransfer

1__[Abort transfer (Automatically cleared after transfer
aborted)

Tranhsfer start/stop

0~ |Stopped

1 [Started

NoteSet the tranfer mode and the serial clock after setting <SIOS> to 0 and <SIOINH> to 1.

Serial Bus Interface Data Buffer Register

6

5 4

3

2

Bit symbol

DBY

DB6

DB5 DB4

DB3

DB2

DB1 DBO

Read/Write

R (Receiven)/W (Transfer)

After reset

Undefined

Figure 3.10.20 Register for the SIO Mode
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Serial Bus Interface Control Register 2

7 6 5 4 3 2 1 0
SBIOCR2 | Bit symbol SBIM1 SBIMO - -
(0243H) Read/Write w W W
After reset 0 | 0 0 0
Prohibit Function Serial bus interface (Note 2) (Note 2)
read- )
operation mode
modify- P _I
write selection
00: Port mode
01: SIO mode
10: I°C bus mode
11: (Reserved)
Serial bus jinterface operation mode selection
00 [ Port mode (Serial bus interface ottput disabled)
01 {Clocked.synchronous 8-bit SIQ mode
10 (| I’C/b¥s\mode
11\ | (Reserved)
Note 1: Set the SBIOCR1<BC2:0> 000 before switchingto-a clocked synchronous 8-bit SIO~mode
Note 2: Please always write SBICR2<1:0> to “007,
Serial Bus Interface.Status’Register
7 6 5 4 3 2 1 0
SBIOSR | Bit symbol SIOF SEF
(0243H) Read/Write R
After reset 0 0
Function Serial transfer._ | Shift operation
operation status’monitor
status monitor

l

Shift operation status monitor

0 | Shift operation terminated

1 | Shift operation in progress

—— Serial transfer operating status monitor

0 | Transfer terminated

1 | Transfer in progress

Figure 3.10.21 "Registers for the SIO Mode

91C824-173 2008-02-20
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Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIOBRO | Bit symbol - 12SBI0
(0244H) Read/Write w R/W
Prohibit After reset 0 0
read- i
modify- Function Always IDLE2
write write 0 0: Stop
1: Operate
Operation\inMDLE2)mode
0 [Stop
1 (| Operate
Serial Bus Interface Baud Rate Register'l
7 6 5 4 3 2 1 0
SBIOBR1 | Bit symbol P4EN -
(0245H) | Read/Write w W
After reset 0 0
Prohibit X
read- Function Internal Always
modify- clock write 0
write
0: Stop
1: Operate
Baud rate’clock ¢ontrol
0-| Step
1 | Operate
Figure 3.10.22) Registers for the SIO Mode
91C824-174 2008-02-20
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(1) Serial clock
a. Clock source
SBIOCR1<SCK2:0> is used to select the following functions:
Internal clock

In internal clock mode one of seven frequencies can be selected. The serial
clock signal is output to the outside on the SCK pin. (The SCK pin goes high
when data transfer starts. When the device is writing \(in—transmit mode) or
reading (in receive mode), data cannot follow theé /sérial clock rate, so an
automatic wait function is executed which autematically stops the serial clock
and holds the next shift operation until readingor writing has been completed.

Automatic wait function
[ —

SCK pin output HANBENERNEEEE 1] [ [6] [7] [8]\[x] 2[5
sopinouput — \ 80X a1 Xaz asKas Xar [ XbaXbr bax(bs X be X7 Xico Xoi X2

Write
trarllsmitteddata:x a X b X ¢

Figure 3.10.23 Autematic-Wait Function

External clock (<SCK2:0> £111)

An external clock input.via the SCK pin is-used as-theé serial clock. In order to

ensure the integrity of shift operations, both the\high and low-level serial clock
pulse widths shown below must be maintained. The maximum data transfer
frequency is 2.1 MHz (vhen fc = 33 MHz).

Ay B B NN I

1
D

tscKLISCKH

tgckLtseky > 8lfc

Figure 3:10.24 Maximum Data Transfer Frequency when External Clock Input Used

91C824-175 2008-02-20
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b. Shift edge

Data is transmitted on the leading edge of the clock and received on the
trailing edge.
Leading edge shift

Data is shifted on the leading edge of the serial clock (on.the falling edge of the
SCK pin input/output).

Trailing edge shift
Data is shifted on the trailing edge of the serial clgck (ofi\the rising edge of the
SCK pin input/output).

SCKpinoutput_l I_l I_l I_l I_l I_l I_l I_l I_

1
1
SO pin output N Bito X Bitt X Biz X Bit3a X Bit4 X.Bits X Bit6 X Bit7

Shift register X76543210(- 7654321+ 765432 ) +++76543K - 27652 **++765 X ++++++ 76 X *wres7

(a) Leading edge

|
Sl pin \ Bito X Bitt( X Bit2 X Bita3 X Bit4a X (Bits/ X \Bit6 X Bit7
|

Shift register wrevwnns Xgreires Wgrerrinl 9100werr WBo10w+++ X 432107 X 543210+ X 6543210 X 76543210

*: Don't care (b), Trailing edge

Figure 3.10.25 ShiftEdge
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(2) Transfer modes

The SBIOCR1<SIOM1:0> is used to select a transmit, receive or transmit/receive
mode.

a. 8-bit transmit mode

Set a control register to a transmit mode and write~transmit data to the
SBIODBR.

After the transmit data is written, set the SBIOCR1<SIOS>"to 1 to start data
transfer. The transmitted data is transferred from SBIODBR to the shift register
and output to the SO pin in synchronized with the serral ¢lock, starting from the
least significant bit (LSB), When the transmission datais transferred to the shift
register, the SBIODBR becomes empty. An \INTSBI (Buffer empty) interrupt
request is generated to request new data.

When the internal clock is used, the gerial cleck will stop and| automatic-wait
function will be initiated if new data is not-loaded to the data buffer register
after the specified 8-bit data is trangmittéd: When new transmit.data is written,
automatic-wait function is canceled.

When the external clock is used, data should be written-to SBIODBR before
new data is shifted. The transfer speed is determined by the /maximum delay
time between the time when\ an interrupt request\is“geéngerated and the time
when data is written to SBIODBR by the interrupt seryicé program.

When the transmit is-started, after the SBIOSR<STIOF> goes 1 output from the
SO pin holds final bit\df the tast data until falling edge of the SCK.

Transmitting data 1s-ended by clearing the <SIOS> to 0 by the buffer empty
interrupt service program or setting the <SIOINH> to 1. When the <SIOS> is
cleared, the transmitted/mode ends when albdata is output. In order to confirm if
data is surely transmitted by the program, set the <SIOF> (Bit3 of SBIOSR) to be
sensed. The SBIOSR<SIOF> is cleared to 0 when transmitting is complete. When
the <SIOINH=>1s set to 1, transmitting data stops. SBIOSR<SIOF> turns 0.

When an éxternal clock is used;-it'is also necessary to clear SBIOSR<SIOS> to
0~before new data is shiftedy otherwise, dummy data is transmitted and
opération ends.

91C824-177 2008-02-20
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Example: Program to stop data transmission (when an external clock is used)

Clear <SIOS>

<SIOS>

<SIOF>

<SEF>

SCK pin (Output)

SO pin

INTSBI interrupt

request
SBIODBR
T T (a) Internal ¢lock
Write transmitted data
Clear <SIOS>

<SIOS>

<SIOF>

<SEF>

SCK pin (Input)

SO pin

INTSBI interrupt
request

SBIODBR

T T (b) External clock
Write tfansmitted data

Figure-3:10.26 Transfer Mode

STESTL1: BIT 2, (SBIOSR) ; If <SEF> = 1 then loop
JR NZ, STEST1
STEST2:  BIT 0, (P7) ; If SCK = 0 then loop
JR Z, STEST2
LD (SBIOCR1),/00000111B ; <SIOS> « 0
91C824-178 2008-02-20
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8-bit receive mode

sckpin |
SIOF i l
5 7

—
tsopH = 3.5/frpH [s]'

SO pin Bit6 X Bit7

Figure 3.10.27 Transmitted Data Hold Time at End.of. Transmission

Set the control register to receive mode and set SBIOCR1<SIOS> to 1 for
switching to receive mode. Data is received-into-the shift register via the SI pin
and synchronized with the serial clock, (starting from the least ssignificant bit
(LSB). When 8-bit data is received, the datais transferred from‘the shiftregister
to SBIODBR. An INTSBI (Buffer full)-interrupt request is generated-to request
that the received data be read. The\ddta)is then read from SBIODBR by the
interrupt service program.

When an internal clock is used, the serial clock will stop~and-the automatic
wait function will be in efféct until the received| data—has been read from
SBIODBR.

When an external clock is~used, since shift opérdtion\is synchronized with an
external clock pulse, the received data should beréad’from SBIODBR before the
next serial clock pulse is input. If the/réceived data is not read, any further data
which is to be received~is canceledThe maximum transfer speed when an
external clock is used 1is determined by the.delay time between the time when an
interrupt requestis generated and the time when the received data is read.

Receiving bf data ends when <SIOSx is cleared to 0 by the buffer full interrupt
service program-or when <SIOINH>is set to 1. If <SIOS> is cleared to O,
received data.is transferred t6_ SBIODBR in complete blocks. The received mode
ends when the transfer is eompleteIn order to confirm whether data is being
recewved properly by the program, set SBIOSR<SIOF> to be sensed. <SIOF> is
cleared-to’ 0 when receiving “has/been completed. When it is confirmed that
receiving has been completed, the last data is read. When <SIOINH> is set to 1,
datareceiving stops. <STOF>is cleared to 0 (The received data becomes invalid,
therefore no need to read.it).

Note: When the transfer mode is changed, the contents of SBIODBR will be lost. If
the mode must be changed, conclude data receiving by clearing <SIOS> to 0,
read-the last.data, then change the mode.
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<SIOS>

<SIOF>

<SEF>

SCK pin (Output)

Sl pin

INTSBI interrupt
request

SBIODBR

fe———— Clear <SIOS> —

C.

Read receiver data Read receiver data

Figure 3.10.28 Receiver Mode (Example; Internal clock)

8-bit transmit/receive mode

Set a control register to a pransmit/receive mode and write-data to SBIODBR.
After the data has been( written, set SBIOCR<SIOS> to 1 to start
transmitting/receiving. When data is transmitted,-the data is output via the SO
pin, starting from the (éast. significant bit (LSB) Add synchronized with the
leading edge of the sérial clock signal. When data4s received, the data is input
via the SI pin on ‘the trailing edge’ ¢f the“serial clock signal. 8-bit data is
transferred from the shift register to SBIODBR and an INTSBI interrupt request
is generated. The interrupt service program reéads the received data from the
data buffer register-and writes the data which.is to be transmitted. SBIODBR is
used for both trahsmitting and receiving. Transmitted data should always be
written after received data has béen-read.

Whenan/internal clock is used, \the automatic wait function will be in effect
until the receiyed data has been read-and the next data has been written.

When an external-clock iis dged, since the shift operation is synchronized with
the external clock, received datais read and transmitted data is written before a
new_shift operation-is_exeeuted. The maximum transfer speed when an external
clock/is used is“determined”by the delay time between the time when an
interrupt request is generated and the time at which received data is read and
transmitted data is written.

When the transmit is started, after the SBIOSR<SIOF> goes 1 output from the
SO pin holds final.bit of the last data until falling edge of the SCK.

Transmitting/receiving data ends when <SIOS> is cleared to 0 by the INTS2
interrUpt.service program or when SBIOCR1<SIOINH> is set to 1. When <SIOS>
is cleared to O, received data is transferred to SBIODBR in complete blocks. The
transmit/regeive mode ends when the transfer is complete. In order to confirm
whether data is being transmitted/received properly by the program, set SBIOSR
to be sensed. <SIOF> is set to 0 when transmitting/receiving has been completed.
When <SIOINH> is set to 1, data transmitting/receiving stops. <SIOF> is then
cleared to O.

Note: When the transfer mode is changed, the contents of SBIODBR will be lost. If
the mode must be changed, conclude data transmitting/receiving by clearing
<SIOS> to 0, read the last data, then change the transfer mode.
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j—— Clear<SIOS> ——
<SIOS> X |

<SIOF>

<SEF>

SCK pin (Output)

SO pin
Sl pin (oo Xer X oz Xea X ea X o5 Xeo X o7 ] Xdo Xd1 X d2 X d3 X daXds X ds X 7
INTSBI interrupt n n
request
SBIODBR X a b X-d
1 v
Write transmitted Read received Write-transmitted Read received
data (a) data () datd (b) data (d)

Figure 3.10.29 Transmit/Received Modg (Example using internal clock)

SCK pin I

SIOF

1

SO pin Bit6 X Bit7-in“last transmitted word

1,

— )

1 1
tsopH = Min 4/fepi [s]

Figure 3.10.30 Transmitted Data Hold Time.at End of Transmit/Receive
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3.11 Analog/Digital Converter

The TMP91C824
converter (AD converter) with 8-channel analog input.

incorporates a 10-bit successive approximation-type analog/digital

Figure 3.11.1 is a block diagram of the AD converter. The 8-channel analog input pins (ANO
to AN7) are shared with the input only port 8 and can thus be used as an input port.

Note: When IDLE2, IDLE1 or STOP mode is selected, so as to reduce the/power, with some
timings the system may enter a standby mode even though/the; internal comparator is still
enabled. Therefore be sure to check that AD converter opetations are halted before a
HALT instruction is executed.

Internal data bus

ZAN

{}
N/

ADMOD1

IAD mode control register 1 ADMOD1

<ADTRGE>

<ADCH2:0><VREFON>

AD mode control register 0 ADMODO

<EOCF> <ADBF> <ITM0> <REPEAT> <SCAN> <ADS>

hannel
elector

Analog input

AN7 (PET)_|— |
AN6 (P8E) |
AN5 (P85 |

AN4 (P84 ]

End

S5 <4

Repeat

Interrupt

Busy

Scan

ADTRG

Start

AN3/ADTRG (P83)

AN2 (PSZ)D_)
AN1 (P8l)|:|_>
ANO (P80)|:|__,

Multiplexer

Sample and

circuit

AD taonverter control

INTAD

hold

oo

Comparator

interrupt

VREFH[ |

VREFL] ]

DA converter

AD conversion result
register
ADREGO04L to ADREG37L
ADREGO04H to ADREG37H

Figure 3.11.1 Block Diagram of AD Converter
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3.11.1 Analog/Digital Converter Registers

The AD converter is controlled by the two AD mode control registers: ADMODO and
ADMOD1. The AD conversion results are stored in 8 kinds of AD conversion data upper
and lower registers: ADREG0O4H/L, ADREG15H/L, ADREG26H/L-and ADREG37H/L.

Figure 3.11.2 shows the registers related to the AD converter.

AD Mode Control Register 0

7 6 5 4 3 2 1 0
ADMODO | Bit symbol EOCF ADBF - - ITMO REPEAT SCAN ADS
(02B0H) Read/Write R R/W
After reset 0 0 0 0 0 0 0 0
Function IAD IAD Always Always Interrupt Repeat-modg [Scan mode  |AD
conversion  |conversion write 0 write 0 specification “|specification |specification [conversion
end flag busy flag in contersion |0: Single 0: Conversion|start

0: Conversion
in progress
1: Conversion

complete

0: Conversion
stopped
1: Conversion

in progress

channel fixed [~._conversion| channel > [0:.Don’t care

repeat mode |1:'Repeat fixed 1: Start

0: Every conversign'y mode conversion
conversion| mode 1: Conversion Altvays/0

1. Every channet Wherf read
fourth scan
conversion mode

———> AD scan mode setting

—— > AD repeat mode setting

——=————> Specify AD conversion interrupt for channel fixed

|—> AD conversion-start

0 [Don'tcare

1] Start AD conversion

Note: Always read as 0.

0 | AD conversion channel fixed mode

AD conversion channel scan mode

0 | AD single conversion mode

1 | AD repeat conversion mode

repeat conversion mode

Channel fixed repeat conversion mode
<SCAN> =0, <REPEAT>=1

Generates interrupt every conversion.

Generates interrupt every fourth conversion.

AD conversion busy flag

AD conversion stopped

AD conversion in progress

AD conversion end flag

0 | Before or during AD conversion

AD conversion complete

Figure 3.11.2 AD Converter Related Register
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ADMOD1
(02B1H)

Note:

AD Mode Control Register 1

7 6

5

4

3 2 1

Bit symbol VREFON

ADTRGE | ADCH2 ADCH1

ADCHO

Read/Write R/W

RIW

After reset 0 0

o | o [>e |

0

VREF IDLE2
application | 0: Stop
control 1: Operate
0: OFF
1: ON

Function

AD external
trigger start
control

0: Disable
1: Enable

Analog input ¢channel.selection

| !

Analog input:channel selection

<SCAN> 0 1

<ADCH2:0>

(Channel) (Channel
fixed scanned

)

000

ANO ANO

001

ANL ANO~ AN1

010

AN2 ANO — ANL —» AN2

011 (Note)

AN3

ANO - ANT - "AN2'> AN3

100

AN4 AN4

101

ANS5 AN4—> ANS

110

ANG6 AN4>> AN5 ANG

111

AN7

AN4 5 AN5 - AN6 — AN7

((ADTRG input)

AD conversien start control by external trigger

0_ |Disabled

1 |Enabled

IDLE2 control

0 |Stopped

1)]In operation

AD converter

Control of application of reference voltage to

0 |OFF

1 [ON

Before starting conversion (before writing 1 to
ADMODO<ADS>), set the <VREFON> bit to 1.

As pin AN3 also functions (as the ADTRG input pin, do not set <ADCH2:0> = 011 when using

ADTRG \Wwith <ADTRGE><0.

Figure 3)11.3 AD Converter Related Registers
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AD Conversion Data Low Register 0/4
7 6 5 4 3 2 1 0
ADREGOAL | Bit symbol ADRO1 ADRO0O ADRORF
(02A0H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD
AD conversion result conversion
data storage
flag
1: Conversion
result
stored
AD Conversion Data Upper Regijster 0/4
7 6 5 4 3 2 1 0
ADREGO4H| Bit symbol ADRO9 ADROS8 ADRO7 ADRO6 ADRO5, |’ ADR04 ADRG3 ADRD2
(02A1H) Read/Write R
After reset Undefined
Function Stores upper-8 bits AD.conversion result.
AD Conversion Data t.ower Register 1/5
7 6 5 4 3 2 1 0
ADREGI5L | Bit symbol ADR11 ADR10 ADRI1RF
(02A2H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD
AD conversion result conversion
result flag
1: Conversion|
result
stored
AD Convefsion Data Upper Register 1/5
7 6 5 4 3 2 1 0
ADREGI15H | Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(02A3H) Read/Write R
Afterreset Undefined
Functien Stores upper 8 bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x
cenversion result
| I J
ADREGXH l l ADREGXL
76 5 4 3 2 1 0 7 6 5 4 3 2 1 0
[N Y

~
Bits 5 to 1 are always read as 1.

Bit0 is the AD conversion data storage flag <ADRxRF>. When the AD
conversion result is stored, the flag is set to 1. When either of the
registers (ADREGxH, ADREGxL) is read, the flag is cleared to 0.

Figure 3.11.4 AD Converter Related Registers
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AD Conversion Result Lower Register 2/6

7 6 5 4 3 2 1 0
ADREG26L | Bit symbol ADR21 ADR20 ADR2RF
(02A4H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD conversion
AD conversion result. data storage
flag
1: Conversion
result stored
AD Conversion Data upper Register 2/6
7 6 5 4 3 2 1 0
ADREG26H] Bjt symbol ADR29 ADR28 | ADR27 ADR26 | ADRZ25 ADR24 ADR23 ADR22
(02A5H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD/conversion result.
AD Conversion Data Lower Registef 3/7
7 6 5 4 3 2 1 0
ADREGS37L| Bit symbol ADR31 ADR30 ADR3RF
(02A6H) Read/Write R R
After reset Undefined 0
Function Stores lower 2 bits of AD Conversion
AD conversion result. Data Storage
flag
1: conversion
result stored
ADConversion Result Upper Register 3/7
7 6 5 4 3 2 1 0
ADREG37H| Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
(02A7H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.

Channel x conversion
result

ADREGXH ! ) ADREGHXL
7 65 4 3 2 1 0 7 6 5 4 3 2 1 0

N J
e Bits 5tol are always read as 1. S
e BitO is the AD conversion data storage flag <ADRxRF>. When the
AD conversion result is stored, the flag is set to 1. When either of the
registers (ADREGxH, ADREGXxL) is read, the flag is cleared to 0.

Figure 3.11.5 AD Converter Related Registers
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3.11.2 Description of Operation

(1) Analog reference voltage

A high-level analog reference voltage is applied to the VREFH pin; a low-level
analog reference voltage is applied to the VREFL pin. To perform AD conversion, the
reference voltage as the difference between VREFH and VREFL, is divided by 1024
using string resistance. The result of the division is then compared with the analog
input voltage.

To turn off the switch between VREFH and VREFL/ @write 0 to ADMOD1
<VREFON> in AD mode control register 1. To start~AD.conversion in the off state,
first write 1 to ADMOD1<VREFON>, wait 3 ps until the.internal reference voltage
stabilizes (This is not related to fc), then set ADMODO<ADS> to 1.

(2) Analog input channel selection

The analog input channel selection varies depends on the operatiofni‘mode of the AD
converter.

¢ In analog input channel fixed mode (ADMODO0<SCAN>= 0)

Setting ADMOD1<ADCHZ2:0> selects-one of the input pins ANQ_to\AN7 4s the input
channel.

e In analog input channel scari mode (tADMODO0<SCAN>'="1)
Setting ADMOD1<ADCHZ2:0> selects-one of the 8 sean modes:
Table 3.11.1 illustrates analog input channel selection, in each operation mode.

After reset, ADMODO<SCAN>=0 and ADMOD1<ADCH2:0> = 000. Thus pin ANO
is selected as the fixed-input-channel. Pins not used ‘as analog input channels can be
used as standard input port pins.

Table 3.1¥ 1 Analog Input Channel Selection

<ADCH2:0> Channel Fixed Channel Scan
<SCAN>=0 <SCAN>=1
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 — AN2
011 AN3 ANO — AN1 — AN2 - AN3
100 AN4 AN4
101 AN5 AN4 —> AN5
110 ANG AN4 — AN5 — AN6
111 AN7 AN4 — AN5 —> AN6 — AN7
91C824-187 2008-02-20
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3

(4

Starting AD conversion

To start AD conversion, write 1 to ADMODO<ADS> in AD mode control register 0
or ADMOD1<ADTRGE> in AD mode control register 1 and input falling edge on
ADTRG pin. When AD conversion starts, the AD conversion busy flag

ADMODO<ADBF> will be set to 1, indicating that AD conversion is in progress.

Writing 1 to ADMODO<ADS> during AD conversion restarts eonversion. At that
time, to determine whether the AD conversion results have been presérved, check the
value of the conversion data storage flag ADREGxL<ADRXRF>.

During AD conversion, a falling edge input on the- ADTRG/pin will be ignored.
AD conversion modes and the AD conversion end interrupt
The 4 AD conversion modes are:
e  Channel fixed single conversion mode
e  Channel scan single conversion mode
e  Channel fixed repeat conversion modge

e Channel scan repeat conversion mode

The ADMODO<REPEAT> and ADMODO<SCAN> settings_in AD( mode control
register 0 determine the AD mode setting.

Completion of AD conversion_triggersyan INTAD AD conversion end interrupt
request. Also, ADMODO<EOCF>will be set to 1 to indicate ¢hat AD conversion has
been completed.

a. Channel fixed single conversion mode
Setting ADMODO<REPEAT> and ADMODO<SCAN> to 00 selects channel

fixed single conversion mode.

In this mode, data-on/ one specified channel i§ converted once only. When the
conversion/ has been completed, {the ADMODO<EOCF> flag is set to 1,
ADMODO<ADBF=> is cleared to 0;and\an INTAD interrupt request is generated.

b. Channel scan single conversion ‘mode
Setting ADMODO<REPEAT>_ and~ADMODO<SCAN> to 01 selects channel

scan) single-conversion modé.

In this-mode, data on_the specified scan channels is converted once only. When
scan_ conversign —has— been. completed, ADMODO<EOCF> 1is set to 1,
ADMODO<ADBF>uis-cleared to 0, and an INTAD interrupt request is generated.
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C.

Channel fixed repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to 10 selects channel
fixed repeat conversion mode.

In this mode, data on one specified channel is converted repeatedly. When
conversion has been completed, ADMODO<EOCF>_is set to 1 and
ADMODO<ADBF> is not cleared to 0 but held 1. INPAD interrupt request
generation timing is determined by the setting of ADMODO<ITMO>.

Setting <ITMO> to 0 generates an interrupt /fequest every time an AD
conversion is completed.

Setting <ITMO> to 1 generates an interrupt request-on completion of every
fourth conversion.

Channel scan repeat conversion mode

Setting ADMODO<REPEAT> and ADMODO<SCAN> to 11-selects channel
scan repeat conversion mode.

In this mode, data on the specified Scan channels is donverted repeatedly.
When each scan conversion has been _completed, ADMODO<EQCF>)is set to 1
and an INTAD interrupt request is~generated. ADMODO<ADBF>-i¢/not cleared
to 0 but held 1.

To stop conversion in a repeat.conversion mode (e.g);-4n cases c. and d.), write a
0 to ADMODO<REPEAT>-Afterthe current conversion has been completed, the
repeat conversion mode terminates and ADMODO<ADBEF> is cleared to 0.

Switching to a halt\state-(IDLE2 mede with- ADMOD1<I2AD> cleared to 0,
IDLE1 mode or STOP mode) immediately stops operation of the AD converter
even when AD dofnversion is still in progress. In répeat conversion modes (e.g., in
cases c. and d.), when the halt is released, conversion restarts from the beginning.
In single conversion modes (e.g., inlcases a. and b.), conversion does not restart
when the halt is released (The converter remains stopped).

Tabl€ 3.11,2 shows the relationship bétween the AD conversion modes and
nterrupt requests.

Table~3.11.2" Relationship between AD €onversion Modes and Interrupt Requests

Downloaded from AFFOW.Com.

Mods Intefrupt Request ADMODO
Generation <ITMO> |<REPEAT>| <SCAN>
Channel fixed single After completion of X 0 0
conversion’ mode conversion
Channel scan single After‘completion of scan X 0 1
conversion mode CONVersion
Channel fixed repeat Every conversion 0 1 0
conversion mode Every forth conversion 1
Channel scan repeat After-eompletion of every X 1 1
conversion mode scan conversion
X: Don't care
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AD conversion time
84 states (5.1 us at frpH = 33 MHz) are required for the AD conversion for one
channel.
Storing and reading the results of AD conversion

The AD conversion data upper and lower registers “(ADREGO4H/L to
ADREG37H/L) store the AD conversion results. (ADREGO4H/L to~ADREG37H/L are
read-only registers.)

In channel fixed repeat conversion mode, the conhvergign results are stored
successively in registers ADREG04H/L to ADREG37H/L. dn_other modes, the ANO
and AN4, AN1 and AN5, AN2 and ANG6, and AN3 and~AN7 conversion results are
stored in ADREGO4H/L, ADREG15H/L, ADREG26H/LL. and ADREG37H/L
respectively.

Table 3.11.3 shows the correspondence betsveen the analog input channels-and the
registers which are used to hold the results of AD conversion.

Table 3.11.3 Correspondence between Analog’Input Channels
and AD Conversion Result'Registers

AD,Conversion Result Register
Analog Input Conversion Modes | Channel Fixed Repeat
Channel (Port 8) Other-than at Right Conversion Mode
9 (<ITMO> = 1)
ANO ADREGO4H/L ADREGO4H/L
AN1 ADREG15H/L
AN2 ADREG26H/L ADREG15H/L
AN3 ADREG3T7H/L
AN4 ADREGO4H/L ADREG26H/L
AN5 ADREG15H/L ADREG37HIL
ANG ADREG26H/L
AN7 ADREG37H#L

<ADRxRF>, bit0 of the AD( donyersion data lower register, is used as the AD
conversion data storage flag. Theéstorage flag indicates whether the AD conversion
result 4egister has been read or not. When a conversion result is stored in the AD
conversionyresult register;,the-flag 15 set to 1. When either of the AD conversion result
registers (ADREGxH or ADREGxL) is read, the flag is cleared to 0.

Reading the AD conversion result also clears the AD conversion end flag
ADMODO<EOCF>(to 0.
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Example:

a. Convert the analog input voltage on the AN3 pin and write the result, to memory
address 0800H using the AD interrupt (INTAD) processing routine.

Main routine:
76543210
[INTEOAD « - 100 - — — — Enable INTAD and set it to intertupt level 4.
ADMOD1 «+ 1 1 XX0011 Set pin AN3 to be the analog input-chanhpel.
LADMODO < - -00 X001 Start conversion in chanhetfixed,single conversion mode.

_Interrupt routine processing example:

WA < ADREG37 Read value of /ADREG37L and ADREG37H into 16-bit
general-purpose \register WA
WA >>6 Shift contents—read~into WA six times to right and zero-fill
upper bits.
|_(0800H) «~— WA Write contents_of WA'to memory address ‘0800H.

b. This example repeatedly converts the/andlog input voltages on)the three pins
ANO, AN1 and ANZ2, using channel scaiirepeat conversion mode.

INTEOAD <~ -000 - - - — Disable INTAD.
ADMOD1 « 1 - XX 001a@ Set pins ANO to AN2 to be the anhalog input channels.
ADMODO « - -00 X1 1-1 Start conversion in channel scanfepeat conversion mode.

X: Don't care; — No change

91C824-191 2008-02-20
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3.12 Watchdog Timer (Runaway detection timer)

The TMP91C824 features a watchdog timer for detecting runaway.

The watchdog timer (WDT) is used to return the CPU to normal state when it detects that
the CPU has started to malfunction (Runaway) due to causes such as-noise.

When the watchdog timer detects a malfunction, it generates a mon-maskable interrupt
INTWD to notify the CPU. Connecting the watchdog timer output to\the reset pin internally
forces a reset. (The level of external RESET pin is not changed)

3.12.1 Configuration

Figure 3.12.1 is a block diagram of he watchdog timey (WDT)-

WDMOD<RESCR> RESET

Reset control Internal reset

F—>WDTI interrupt

WDMOD  _| Selector
<WDTP1:0>

215 217 219 221

fsys Binary counter Q
(frpH/2) (22 stages) R S
Reset (5
Internal resgt ®
Write Write WDMOD<WDTE>
4EH B1H

WDT control register WDCR

ZAN
U

Internal data bus

Figure 3712.1 Block Diagram of Watchdog Timer

Note: It needs to care designing the total machine set, because watchdog timer can't
operate completely by external noise.

91C824-192 2008-02-20
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The watchdog timer consists of a 22-stage binary counter which uses the system clock
(fsys) as the input clock. The binary counter can output fSys/215, fsys/217, fsys/219 and
fgys/221.

£

12
WDT counter n X Overflow X «

12 X
WDT interrupt I | « <

128
Write_clear code'— V)_\
WDT clear %
)

(Software) )

Figure 3.12.2 NORMAL Mode

The runaway is detected when an overflow/ ocecurs, and the watchdog timer  can reset
device. In this case, the reset time will be betweén 22/and 29 states (21.3+28,1 us at fOSCH
=33MHz, frpH = 2.2 MHz) is frpH/2, whérefFpPH is generated by diving|thé high-speed
oscillator clock (fosCH) by sixteen thrdugh the clock gear function.

Overflow

WDT counter n x \ «

"N

WDT interrupt «

n

Internal reset

22,1029 states
(21.3 to 28.1ps atfgscH =33 MHz, fgppy = 2.2 MHz)

Figure 3.12,3 Reset Made

91C824-193 2008-02-20
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3.12.2 Control Registers

The watchdog timer WDT is controlled by two control registers WDMOD and WDCR.
(1) Watchdog timer mode register (WDMOD)
a. Setting the detection time for the watchdog timer in <WDTP1:0>

This 2-bit register is used for setting the watchdog timer interrupt time used
when detecting runaway. After reset, this register is)’ initialized to
WDMOD<WDTP1:0> = 00.

The detection times for WDT are shown indFigure 3/12.4,

b. Watchdog timer enable/disable control register <WDTE>

After reset, WDMOD<WDTE> is initialized to. 1, enabling the watchdog timer.
To disable the watchdog timer, it is necessary-to set-this bit to 0 and.to write the
disable code (B1H) to the watchdog timen contirelvegister WDCR. This makes it
difficult for the watchdog timer to be disabled-by runaway.

However, it is possible to return thé¢ watéhdog timer from/the disabléd state to
the enabled state merely by setting <WDTE> to 1.

c. Watchdog timer out reset connection <RESCR>

This register is used to commect-the output of the/watchdog timer with the
RESET terminal internally."Stnce WDMOD<RESCR>-is1nitialized to 0 on reset,
a reset by the watchdog timer-will_not be performed;
(2) Watchdog timer control register (WDCR)
This register is used to-disable and clear/tiie binaxry counter for the watchdog timer.
Disable control the'watchdog/timer can be disabled by clearing WDMOD<WDTE>
to 0 and then writing the disable code (B1H) to the WD CR register.

WDMOD < 0 —)— XX~ — — Clear WDMOD<WDTE> to 0.
WDCR «<1021130001 Write the disable code (B1H).

e Enable'control
Set WDMOD<WDTE> to 1.

o~ Watchdogtimer clear control

To elear the binatry counter~and cause counting to resume, write the clear code
(4EH) to the WDCR register.

WDCR «<01001x150 Write the clear code (4EH).

Notel:\f it is used disable coentrol, set the disable code (B1H) to WDCR after write the clear code (4EH) once.
(Please refer to settingexample,)

NoteZ: If it is changed Watchdog\timer setting, change setting after set to disable condition once.

91C824-194 2008-02-20
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7 6 5 4 3 2 1 0
WDMOD | it symbol | WDTE | WDTPL | WDTPO 12WDT RESCR -
(0300H) | Read/Write RIW RIW R/W RIW
After reset 1 0 I 0 0 0 0
Function WDT Select detecting time IDLE2 [L: Internally | Always
control 00: 2%/fsys 0: Stop connects | write 0
1: Enable [01: 2"/fsys 1: Operate. " WDL out to
10: 2%/fsys the reset
11: 2%Yfgys pin

!

— Watchdog timer detection time

|—> Watchdog-timer out control

0 —

1 Connects WDT out t0-a reset

IDLEZ2 control

0 Stop
1 Operation

at fc= 33 MHz, fs = 32.768 kHz

Downloaded from AFFOW.Com.

SYSCR1 SYSCR1 Watchdog, Timer Détection Time
System Clock Selection Gear Value WDMOD<WDTP1:0>
<SYSCK> <GEAR2:0> 00 01 10 11
1 (fs) XXX 20 s 80\ s 320 s 1280 s
000 (fc) 1.99 ms 7.94'ms 31.78 ms 127.10 ms
001\(fel2) 3.97 ms 15.89'ms 63.55 ms 254.20 ms
0 (fc) 010 (fc/4) 7.94/ms 31.78 ms 127.10 ms 508.40 ms
011 (fc/8) 15,89 ms 63.55 ms 254.20 ms 1016.80 ms
100-(fe/16) 31.78-ms 127.10 ms 508.40 ms 2033.60 ms
Watchdog timer enable/disable control
Disabled
Enabled
Figure 3.12.4 Watchdeg Timer Mode Register
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7 | e | s | 4 | 3 | 2 | 1 | o
WDCR Bit symbol -
(0301H) Read/Write W
After reset =
Prohibit K X
read- Function B1H: WDT disable code
modify- 4AEH: WDT clear code
write
L Disable/clear WDT

B1H Disable’code

4EH Clear code

Others Don't care

Figure 3.12.5 Watchdog Timer Control Register
91C824-196 2008-02-20
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3.12.3

Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the
WDMOD<WDTP1:0> has elapsed. The watchdog timer must be cleared 0 by software
before an INTWD interrupt will be generated. If the CPU malfunctions (e.g., if runaway
occurs) due to causes such as noise, but does not execute the instritetion used to clear the
binary counter, the binary counter will overflow and an INTWD Ninterrupt will be
generated. The CPU will detect malfunction (Runaway) due to the INPWD interrupt and
in this case it is possible to return to the CPU to normal operation by means of an anti-
malfunction program.

The watchdog timer works immediately after reset.
The watchdog timer does not operate in IDLE1 or STOP mode, as the binary counter

continues counting during bus release (when BUSAK goes low).

When the device is in IDLE2 mode, thel operation of WDT depends . on the
WDMOD<I2WDT> setting. Ensure that WDMOD<I2WDT> is set before’the device enters
IDLE2 mode.

Example:

a. Clear the binary counter.
WDCR «< 01001110 Write_the clear code (4EH).
b. Set the watchdog timer detection time to 217/fSysS.

WDMOD «1 0 1 X X —\+ —
c. Disable the watchdog-timer.
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WDMOD < 0 — = X X ~— — CleayWDTE to 0.
WDCR «+ 10 1210001 Write-disable code (B1H).
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3.13 Real Time Clock (RTC)

3.13.1 Function Description for RTC

(1) Clock function (Second, minute, Hour, day of the week, day; Month and leap year)

(2) Calendar function
(3) 24- or 12-hour (AM/PM) clock function

(4) + 30 second adjustment function (by software)
(5) Alarm output 1Hz/16Hz (from ALARM pin)

(6) Interrupt generate by Alarm output 1Hz/16Hz

3.13.2 Block Diagram

16 Hzclock

32 kHz N Divider
Clock: fs 1 Hz:clock
Alarm register

Carry hold Comparator
@s) ALARM
Address
Data bus
Adjust

Read/Write control

! f

RD WR DO-to D7 Address
Figure 3.13.:. RTC Block Diagram

Alarm
Select

—— ALARM

——> INTRTC

Note 2:-Leap year:

Note 1: Thé Christian era year column:
This.product has year column teward only lower two columns. Therefore the next year in 99
warksas 00 yedars. In(system to use it, please manage upper two columns with the system
side when handle year celumn./in the Christian era.

A leap year is the year, which is divisible with 4, but the year, which there is exception, and is
divisible with 100 is not a leap year. However, the year, which is divisible with 400, is a leap
year. But there is not this product for the correspondence to the above exception. Because
there are only with the year which is divisible with 4 as a leap year, please cope with the
system side if this function is problem.
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3.13.3 Control Registers
Table 3.13.1 PAGE 0 (Clock function) Registers
Symbol | Address | Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Function Read/Write
SECR 0320H 40 s 20s 10s 8s 4s 2s 1ls Second column R/W
MINR 0321H 40 min. [ 20 min. [ 10 min. [ 8 min. [ 4 min. [ 2min. | 1 min. |/ Minute column R/W
20
HOURR 0322H 10 hours| 8 hours | 4 hours | 2 hours | 1 hour Hour-eolumn R/W
/PM/AM
Day, of the week
DAYR 0323H w2 W1 wo R/W
column
DATER 0324H Day 20 [ Day 10 | Day8 | Day4 | Day 2| Dayl Day column RIW
MONTHR | 0325H Oct. Aug. Apr. Feb\ Jan. Month column RIW
Year column
YEARR 0326H |Year80|Year40|Year20|Year 10| Year8 | Year4 |/Year2| Year1l (Lower two, R/W
columns)
Adjust-
Interrupt Clock Alarm PAGE .
PAGER 0327H ment . PAGE-+egister W, RIW
enable . enable epablé setting
function
1HZ 16HZ Clock Alarm : . .
RESTR 0328H Always write “0” Reset register’ /| Write only
enable enable reset reset
Note: As for SECR, MINR, HOURR, DAYR, MONTHR;-YEARR of PAGEQ,-current state is read when
read it.
Table 3.13.2 PAGE 1 (Alarm function) Registers
Symbol | Address | Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Function Read/Write
SECR 0320H R/W
. . / . . ) . Minute column
MINR 0321H 40 min. |20 min. [10-min. [ 8 min. | 4min. | 2 min. | 1 min. R/W
for alarm
20 Hour column
HOURR 0322H 10 hours| 8 hours\| 4. hours"| 2 hours | 1 hour R/W
/PM/AM for alarm
Day of the week
DAYR 0323H W2 w1 WO column for R/W
alarm
Day column for
DATER 0324H Day 20 | Day-10+{ Day 8 { Day4 | Day2 | Day1 alarm R/W
24-hour clock
MONTHR | 0325H 24112 R/W
mode
YEARR 0326H Leap-year setting [ Leap-year mode R/W
Interrupt Clock Alarm PAGE .
PAGER 0327H . PAGE register W, RIW
enable enable enable setting
1HZ 16HZ Clock Alarm . . i
RESTR 0328H Always write “0” Reset register | Write only
enable enable reset reset

Note:

Asfor MINR, HOURR}DAYR, MONTHR, YEARR of PAGEL1, current state is read when read it.
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3.13.4 Detailed Explanation of Control Register

RTC is not initialized by reset.

Therefore, all registers must be initialized at the beginning of the program.

(1) Second column register (for PAGEO only)

7 6 5 4 3 2 T 0
SECR Bit symbol SE6 SE5 SE4 SE3 SE2 SE1 SEO
(0320H) Read/Write R\
After reset Undefined
Function "0" is read. 40 sec. 20 sec. 10 sec. 8 sec/ 4'sec. 2 sec. 1 sec.
column column column column cglymn column column

0 0 0 0 0 0 0 0s

0 0 0 0 0 0 1 1ls

0 0 0 0 0 1 0 2s

0 0 0 0 0 1 1 3s

0 0 0 Q 1 0 0 4s

0 0 0 0 1 0 1 5s

0 0 0 0 1 1 0 6s

0 0 0] 0 1 1 1 7s

0 0 0 1 0 0 0 8s

0 0 0 1 0 0 1 9s

0 0 1 0 0 Q 0 10 s

0 0 1 1 0 0 1 19s

0 1 0 0 8] 0 0 20 s

0 0 Y 0 0 1 29s

0 1 0 0 0 0 30 s

1 1 1 39s

0 0 0 40 s

0 0 1 0 0 49s

0 1 0 0 0 50 s

1 0 1 1 0 0 1 59s

Note: Do not set'the data other than showing above.
91C824-200 2008-02-20

Downloaded from AFFOW.Com.


http://www.arrow.com

TOSHIBA TMP91C824
(2) Minute column register (for PAGE0/1)
7 6 5 4 3 2 1 0
MINR Bit symbol MI6 MI5 MI4 MI3 MI2 MI1 MIO
(0321H) Read/Write R/W
After reset Undefined
Function "0" is read. 40 min, 20 min, 10 min, 8 min, 4 min; 2.min, 1 min,
column column column column column column column

0 0 0 0 0 0 0 0 min.

0 0 0 0 0 0 1 1 min.

0 0 0 0 0 1 0 2 min.

0 0 0 0 0 1 1 3 min.

0 0 0 0 1 0 0 4 min.

0 0 0 0 1 0 1 5-min.

0 0 0 0 1 1 0 6 min.

0 0 0 0 1 1 1 7 min.

0 0 0 1 0 0 0 8-min.

0 0 0 1 0 0 1 9 min.

0 0 1 0 0 0 0 10 'min.

0 0 1 1 0 0] 1 19 min.

0 1 0 0 0 0 0 20 min.

0 0 1 0 0 29 min.

0 1 0 0 (0] 30 min.

0 1 1 1 0 0 39 min.

1 0 0 0 Q 0 40 min.

0 0 1 0 0 1 49 min.

0 1 0 0 0 0 50 min.

[ b 0 1 1 0 0 1 59 min.

Note: Do not setthe data other than showing above.
91C824-201 2008-02-20
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(3) Hour column register (for PAGEO0/1)
In case of 24-hour clock mode MONTHR<MOO0>=1) of PAGE1
7 6 5 4 3 2 1 0
HOURR Bit symbol HO5 HO4 HO3 HO2 HO1 HOO
(0322H) Read/Write R/W
After reset Undefined
Function "0" is read. 20 hour 10 hour 8 hour 4hour 2’hour 1 hour
column column column columh column column
0 0 0 0 0 0 0 o’clock
0 0 0 0 0 1 1 o'clock
0 0 0 0 1 0 2 o’clock
0 0 1 0. 0 0 8 o'cloek
0 0 1 0 0 1 9 o'clock
0 1 0 0 0 0 10-0'clock
0 1 1 0 0 19 o'clock
1 0 0 0 0 20 o'clock
| 1 | 0 l 0 | 0 | 1 I 1 I 23 o’clock
Note: Do not set the-data other than showing| above’
In case of 12-hout. clock mode (MOXNTHR<MOO0>=0) of PAGE1
7 6 5 4 3 2 1 0
HOURR Bit symbol HO5 HO4 HO3 HO2 HO1 HOO
(0322H) Read/Write R/W
After reset Undefined
Function "0" is read: 10¢thqur 8 hour 4 hour 2 hour 1 hour
PM/AM
column column column column column
0 o'clock
0 0 0 0 0 0
(AM)
0 0 0 0 0 1 1 o'clock
0 0 0 0 1 0 2 o'clock
Q 0 1 0 0 1 9 o'clock
0 1 0 0 0 0 10 o'clock
0 1 0 0 0 1 11 o'clock
1 0 0 0 0 0 0 o'clock
(PM)
1 0 0 0 0 1 1 o’clock
Note: Do not set the data other than showing above.
91C824-202 2008-02-20
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(4) Day of the week column register (for PAGE0/1)
7 6 5 4 3 2 1 0
DAYR Bit symbol WE2 WE1 WEO
(0323H) Read/Write R/W
After reset Undefined
Function "0" is read. W2 w1l WO
0 0 0 Sunday
0 0 1 Monday
0 1 0 Tuesday
0 1 1 Wednesday
1 0 0 Thursday
1 0 1 Friday
i 1 0 Saturday.
Note: Donot'set the data other than showing above.
(5) Day column register (for PAGE0/1)
7 6 5 4 3 2 1 0
DATER Bit symbol DA5 DA4 DA3 DA2 DAL DAO
(0324H) Read/Write R/W
After reset Undefined
Function "0" is read. Day 20 Day 10 Day 8 Day.4 Day 2 Day 1
0 Q 0 0 0 0 0
0 0 0 0 0 1 1st day
0 0 0 0 1 0 2nd day
0 0 0 0 1 1 3rd day
0 0 0 1 0 0 4th day
0 0 1 0 0 1 9th day
0 1 0 0 0 0 10th day
0 1 0 0 0 1 11th day
0 1 1 0 0 19th day
1 0 0 0 0 20th day
1 0 1 0 0 29th day
1 1 0 0 0 30th day
1 1 0 0 0 31st day
Notel: Do not set the data other than showing above.
Note2: Do not set the day which is not existed. (ex: 30" Feb)
91C824-203 2008-02-20
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(6) Month column register (for PAGEO only)
7 6 5 4 3 2 1 0
MONTHR | Bit symbol MO4 MO4 MO2 MO1 MO0
(0325H) Read/Write R/W
After reset Undefined
Function "0" is read. 10 months | 8 months 4 months 2 months 1 month
0 0 0 0 1 January
0 0 0 1 0 February
0 0 0 1 il March
0 0 1 0 0 April
0 0 1 0 1 May
0 0 1 5 0 June
0 0 1 1 1 July
0 1 0 0 0 August
0 1 0. 0 1 September
1 0 Q 0 0 Octobef
1 0] 0 0 1 November
1 0 0 1 0 December
Note: Donot set the data other than showing above.
(7) Select 24-hour clock or 12-hotirelock (for PAGE1 only)
7 6 5 4 3 2 1 0
MONTHR | Bit symbol MO0
(0325H) Read/Write R/W
After reset Undefined
Function . 1: 24-hour
"0" is read.
0: 12-hour
91C824-204 2008-02-20
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(8) Year column register (for PAGEO only)
7 6 5 4 3 2 1 0
YEARR Bit symbol YE7 YE6 YE5 YE4 YE3 YE2 YE1 YEO
(0326H) Read/Write R/W
After reset Undefined
Function 80 Years 40 Years 20 Years 10 Years 8 Years 4 Years 2 Years 1 Year
0 0 0 0 0 0 0 0 00 years
0 0 0 0 0 0 0 1 01 years
0 0 0 0 0 0 1 0 02 years
0 0 0 0 0 0 1 1 03 years
0 0 0 0 0 1 0 0 04 years
0 0 0 0 0 1 0 1 05 years
1 | o | o | 1 &2 |6 | o [A4 | ooyeas
Note: Do not set the data other than showing,above;
(9) Leap-year register (for PAGE1 only)
7 6 5 4 3 2 1 0
YEARR Bit symbol LEAP1 LEAPO
(0326H) Read/Write RIW
After reset Undefined
Function 00:"Leap’year
01: One year after
leap year
0is_read. 10: Two years after
leap year
11: Three years
after leap year
0} 0 Current year is leap year
5 1 Present is next year of a leap
year
Present is two years after a
1 0 leap year
1 1 Present is three years after
leap year
91C824-205 2008-02-20
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(10) PAGE register setting (for PAGE0/1)
7 6 5 4 3 2 1 0
PAGER Bit symbol INTENA ADJUST ENATMR ENAALM PAGE
(0327H) Read/Write R/W w R/W R/IW
Read-modify | After reset 0 Undefined Undefined Undefined
write Function INTRTC 0:Don’'tcare | Clock ALARM ‘O%is read. | PAGE
instruction 0: Disable ) 1:Adjust 0: Disable 0: Disable selection
“0" is read.
are 1: Enable 1: Enable 1: Enable
prohibited
Note: Pleas keep the setting order below and don’t set same time.
(Set difference time to Clock/Alarm setting and interrupt setting)
(Example) Clock setting/Alarm setting
Id (pager), Och Clock, Alarm enable
Id (pager), 8ch Interrupt enable
0 Select Page0
PAGE
1 Select Pagel
0 Don't care
1 Adjust sec. counter-
When set this-bit)to “I"the sec. counter become to
“0” when the ¥alue of sec. counter is 0 — 29. And in
ADJUET Case thét vaIL'Je of’ sec. counter is 30-59, min.
counteris carried and become sec. counter to "0".
Output Adjust signal during 1 cycle of fgys. After
being. adjusted once, Adjust is released
automatically.
(PAGEQ only)
(11) Reset register setting (for PAGE0/1)
7 6 5 4 3 2 1 0
RESTR Bit symbol DIS1iHz DIS16Hz RSTTMR RSTALM RE3 RE2 RE1 REO
(1328H) Read/Wiite W
Read-modify | After reset Undefined
write Function 1Hz 16Hz 1: Clock 1:
instruction 0: Enable [ 0: Enable |reset Alarm reset .
. . Always write “0”
are 1: Disable [ 1: Disable
prohibited
0 Unused
RSTALM -
1 Reset alarm register
Note: When write\"1%, reset/alarm during 1 cycle of fsys. After that, reset is released automatically.
0 Unused
RSTIMR —
1 Reset divider
Note: When write “1”, reset alarm during 1 cycle of fsys. After that, reset is released automatically.
(PAGER) .
<DIS1HZ> <DIS16HZ> Source signal
<ENAALM>
1 1 Alarm
1 0 1Hz
0 0 16Hz
Others Output “0”
91C824-206 2008-02-20
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3.13.5 Operational Description
(1) Reading Clock data

There is the case which reads wrong data when carry of theinside counter happens
during the operation which Clock data reads. Therefore, please read two times with
the following way for reading correct data.

( Start )

PAGER<PAGE> = “0",
Select PAGEO

Read the clock/data
(1st)

Readthe-clock data
(2nd)

1st data = 2nd data

End

Figure 3.13.2 Flowchart of Clock Data Read

91C824-207 2008-02-20
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(2) Timing of INTRTC and Clock data

When time is read by interrupt, read clock data within 0.5s(s) after generating

interrupt. This is because count up of clock data occurs by rising edge of 1Hz pulse
cycle.

ALARM

INTRTC l,_|

1s counter

(Internal signal) X 56 X 57 X 58 X 59 X Q X 1 X 2 X 3 X 4

1s count UP

(Internal signal) I_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_

Figure 3.13.3 Timing of INTRTC.&nd Clock data
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(3) Writing Clock data

When there is carry on the way of write operation, expecting data can not be wrote
exactly.

Therefore, in order to write in data exactly please follow the below way.
1. Reset for a divider

Inside of RTC, there is 15-stage divider which generates\1 ;Hz clock from
32.768 kHz. Carry of a Clock is not done for 0.5 second whenreset this divider.
So write in data during this interval.

( Start )

PAGER<PAGE>="“0"
Select PAGEO

RESTR<RSTTMR=> £ “1”
Divider reset

Write the clock data Note: This period is within 0.5 [s].

End

Figure 3.13.4 Flowchart of Data Write

91C824-209 2008-02-20
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2.

Disabling the Clock

Carry of a clock is prohibited when write “0” to PAGER<ENATMR> and can
prevent malfunction by 1s carry hold circuit. During a clock prohibited, 1s carry
hold circuit holds one second carry signal, which is generated from divider. After
becoming clock enable state, output the carry signal to clock and revise time and
continue operation. However, clock is late when clock-disabling state continues
for one second or more.

( Start )

Disable the clock

Write the clock/data

Enable the clock

End

Figure 3.13.5 Flowchart of Clock Disable
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3.13.6

Explanation of the Alarm Function

Can use alarm function by setting of register of PAGE1l and output either of three

signals from ALARM pin as follows by write “1” to PAGER<PAGE>. INTRTC outputs
1shot pulse when the falling edge is detected. RTC is not initializes by RESET. Therefore,
when clock or alarm function is used, clear interrupt request flag in INTC (interrupt

controller).

(1) In accordance of alarm register and the Clock, output 0
(2) Output clock of 1 Hz
(3) Output clock of 16 Hz

(1) In accordance with alarm register and a clock, output\“0”

Note:

When value of a clock of PAGEO accorded with alarm’register of PAGE1 with a
state of PAGER<ENAALM>= “1”, output “0” to, ALARM-pin and occur INTRTC.

Follows are ways using alarm.

Initialization of alarm is done by writing m/“1"\at RESTR<RSTALM?>, setting value
of all alarm becomes don’t care. In this case,-always accorded with-yalue)of a clock
and request INTRTC interrupt if PAGER<SENAALM> is “1”.

Setting alarm min., alarm hour,/alarm day and alarm’ the-day week are done by
writing in data at each register of PAGET:

When all setting contents~accorded, RTC generates. INTRTC interrupt, if
PAGER<INTENA><ENAATLM> is “1¥ However, contents (don't care state) which does
not set it up is considered to_always accord,

The contents, which set it up once, cannot be returned to don't care state in
independence. Initialization \of alarm and resetting’ of alarm register set to “Don’t
care”.

The following is an ‘example program for outputting alarm from ALARM -pin at
noon (PM12:00) every day.

LD (PAGER), 09H . —Alarm disable, setting PAGE1
LD (RESTR), DOH i~ Alarm_initialize
LD (DAYR), 01H 7/ WO
LD (DATAR),01H 1 day
LD (HOURR), 12H :——Setting 12 o’clock
LD (MINR), O0H ;. Setting 00 min
; Setup time 31 ps (Note)
LD (PAGER), OCH ;. Alarm enable
(.LD (PAGER), 8CH Interrupt enable )

When CPU is operated by high frequency oscillation, it may take a maximum of one
clock at 32 kHz (about 30us) for the time register setting to become valid. In the above
example, it is/necessary to set 31us of set up time between setting the time register
and enabling the alarm register.

This set up.time is unnecessary when you use only internal interruption.
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(4) When output clock of 1 Hz

RTC outputs clock of 1 Hz to ALARM pin by setting up PAGER<ENAALM> =0,
RESTR<DIS1HZ> =0, <DIS16HZ> =1. And RTC generates INTRTC interrupt by
falling edge of the clock.

(5) When output clock of 16 Hz
RTC outputs clock of 16 Hz to ALARM pin by setting up

falling edge of the clock.

91C824-212 2008-02-20
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3.14 Melody/Alarm Generator (MLD)

TMP91C824 incorporates melody function and alarm function, both of which are output
from the MLDALM pin. 5 kinds of fixed cycle interrupts are generated by the 15-bit free-run
counter, which is used for alarm generator.

Features are as follows.

e Melody generator

The melody function generates signals of any frequenéy (4 Hz4d 5461 Hz) based on low-
speed clock (32.768 kHz) and outputs several signals from the-MLDALM pin.

By connecting a loud speaker outside, melody tone can sound easily.

e Alarm generator

The alarm function generates 8 kinds of alarm waveform having a modulation frequency
(4096 Hz) determined by the low-speed clock (32.768kHz), And this waveférm is able to invert
by setting a value to a register.

By connecting a loud speaker outside, alarm( tone.¢an sound easily.

And also 5 kinds of fixed cycle (1 Hz,2 Hz, 64 Hz, 512 Hz and 8192 Hz) interrupts are
generated by the free-run counter which isused for alarm generator.

This section is constituted as follows:
3.14.1 Block Diagram
3.14.2 Control Registers
3.14.3 Operational Description
(1) Melody/gendrator

(2) Alarm'generator
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3.14.1 Block Diagram

Internal data bus

[Melody generator] Reset
| MELFH, MELFL register |<—"
MELFH
<MELON> @ MECOUR
Invert
Comparator (CPO0) FIF
Stop&clear ﬁ
Clear
Low-speed I 12-bit counter (UCO)
clock
(32.76 kHz)
Q INTAYMO (8192 Hz)
Edge INTAKM1 (512 Hz)
Hetector — INTALM2 (64 Hz)
|—’ D), INTALM3 (2 Hz)
(N | INTALM4 (1 Hz)
__)I 15-bit counter (UCL) ALKINT é}——) INTALMH
2096 Hz <IALMAEOE> (Halt release)
<FC1:0> -llll Selectorl—s MLDALM pin
Alarm wave form
generator ALMOUT T
1T =
ALM resistor. SALMINV>
[Alarm generator] Internal data. bus Reset
Figure 3.14.1 MLD Block Diagram
91C824-214 2008-02-20
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3.14.2 Control Registers
ALM Register
7 6 5 4 3 2 1 0
ALM Bit symbol AL8 AL7 AL6 AL5 AL4 AL3 AL2 AL1
(0330H) Read/Write R/W
After reset 0 l 0 | 0 I 0 I 0 l 0 Q | 0
Function Setting alarm pattern
MELALMC Register
7 6 5 4 3 2 1 0
MELALMC| Bit symbol FC1 FCO ALMINV — — — — MELALM
(0331H) | Read/Write RIW RIW RIW RIW RIW. RIW RIW
After reset o | o 0 0 0 0 0 0
Function Free-run counter control | Alarm Always write 0. Qutput
00: Hold waveform waveform
01: Restart invert select
10: Clear 1: Invert 0! Alarm
11: Clear and start 1% Melody
Note 1: MELALMEC<FC1> is read always 0.
Note 2: When setting MELALMC register except <FC1:0> during the free-run counter is running,
<FC1:0> is kept O1.
MELFL-Register
7 6 5 4 3 2 1 0
MELFL Bit symbol ML7 ML6 ML5 ML4 ML3 ML2 ML1 MLO
(0332H) Read/Write R/W
After reset o | oA 0o ] o ko | o | o | o
Function Setting melody frequency (Lower 8 bits)
MELFH Register.
7 6 5 4 3 2 1 0
MELFH Bit symbol MELON ML11 ML10 ML9 ML8
(0333H) | Readmwrité {. R RIW
After reset 0] 0 I 0 | 0 | 0
Function Contrel Setting melody frequency (Upper 4 bits)
melody
counter
0: Stop &
clear
1: Start
ALMINT Register
7 6 5 4 3 2 1 0
ALMINT Bit symbol — IALM4E IALM3E IALM2E IALM1E IALMOE
(0334H) " Read/write RIW RIW
After reset 0 0 | 0 | 0 | 0 | 0
) Always 1: Interrupt enable for INTALM4 to INTALMO
Function write 0
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3.14.3 Operational Description

(1) Melody generator

The melody function generates signals of any frequency (4 Hz to 5461 Hz) based on
low-speed clock (32.768 kHz) and outputs the signals from the MLDALM pin.

By connecting a loud speaker outside, melody tone can sound-easily.

(Operation)

At first, MELALMC<MELALM> have to be ‘set.as\l’in order to select melody
waveform as output waveform from MLDALM. Then melody output frequency has to
be set to 12-bit register MELFH, MELFL.

Followings are setting example and calculation of melody output frequency.

(Formula for calculating of melody waveform-frequency)
at fs,= 32.768 [kHzl
melody output waveform fMLD [Hz} = 32768/(2 x N+4)
setting value for melody N = (16384/fMLD) — 2
(notice: N = 1 to 4095(004H to FEFH), 0 is not acceptable)

(Example program)
In case of outputting Ia musicalscale (440 Hz)
LD (MELAEMC), >XXXX1B jselect melody waveform
LD (MELEKL), 23H ; N=16384/440 — 2 = 35.2 = 023H
LD (MELFH);80H ; start to generate waveform

(Refer to Basic musical scale setting table)

Scale Frequency [Hz] Register Value: N
c 264 03CH
D 297 035H
E 330 030H
F 352 02DH
G 396 027H
A 440 023H
B 495 01FH
C 528 01DH
91C824-216 2008-02-20
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(2) Alarm generator

The alarm function generates 8 kinds of alarm waveform having a modulation
frequency 4096 Hz determined by the low-speed clock (32.768 kHz). And this
waveform is reversible by setting a value to a register.

By connecting a loud speaker outside, alarm tone can sound-easily.

5 kinds of fixed cycle (1 Hz, 2 Hz, 64 Hz, 512 Hz and 8192 Hz) interrupts are
generated by the free-run counter, which is used for alarm generator.

(Operation)

At first, MELALMC<MELALM> have to be s¢tas~0~in orders to select alarm
waveform as output waveform from MLDALM.) )Then 10 be set on
MELALMC<FC1:0> register, and clear internal eounter. Finally alarm-pattern has to
be set on 8-bit register of ALM. If it is invertéd 'outputsdata, set <ALMINV>as invert.

Followings are example program, setting value of alarm pattern’and waveform of
each setting value.

(Setting value of alarm pattern)

S,itlfll\r;lgRVeaglius?ef?r Alarm Wavefofm
00H 0.fixed
01H AL1 pattern
02H AL2 pattern
04H AL3 pattern
08H AL4 pattern
10H ALS pattern
20H AL6pattern
40H AL7 pattern
80H ALS8 pattern
Other, Undefined

(do-naot set)

(Example program)

In case of outputting AL2-pattern (31.25 ms/8 times/1 s)

LD (MELALMC),.CoH ; set output alarm waveform
; free-run counter start
LD (ALM), 02H ; set AL2 pattern, start
91C824-217 2008-02-20
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Example: Waveform of alarm pattern for each setting value: Not invert

AL1 pattern
(Continuous output)

AL? pattern |_|_|_| |'|_|_| - - |'|_|_| ‘_|_|_|

(8 times/1 s)

I||||||||||||IModulat.onfrequency«meHz>||||||||||||||||||I

1
3t 3128 ms i
1
AL pattern ||||||||||||||||||||| =<
(once) : 500 ms |
1
i )
b1 2 L
AL4 pattern I | | |
(Twice/1 s) > '
! 62.5'ms 1s |
b 2 3 ) 4
ALS5 pattern | | | | | | | | | | |
(3 times/1 s) > |
) 62.5'ms ls !
' 1
) .
ALG pattern | | 75
(once) —
1 62.5 ms
1 2
AL7 pattern | | | | | | T
(Twice) >
:62.5 ms
AL patter IRRENERNEE - -
(once) ! 250 ms

91C824-218 2008-02-20
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4. Electrical Characteristics

4.1

Note:

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Power supply voltage Vce -0.5t04.0 v
Input voltage VIN —0.5to Vcc + 0.5
Output current 10L 2
Output current I0H -2 A
Output current (total) >I0oL 80
Qutput current (total) 2IOH -80
Power dissipation (Ta = 85°C) PD 600 mw
Soldering temperature (10 s) TSOLDER 260
Storage temperature TSTG —65 to150 °C
Operating temperature TOPR —40.t0 85

The absolute maximum ratings are rated values which-must.not be exceeded during operation,
even for an instant. Any one of the ratings must not be’exceeded. If any absolute \maximum rating
is exceeded, a device may break down or its performanee/may be degraded, causing)it to catch
fire or explode resulting in injury to the user.(Thus,~when designing products which/include this
device, ensure that no absolute maximum rating-value will ever be exceeded.

Solderability of lead free products

Test
parameter

Test condition

Note

Solderability

Use of Sn-37Pb solder Bath
Solder bath temperature £ 230%C) Dipping time = 5 seconds
The number of times = ane, Use'of R-type flux

Use of Sn-3.0Ag-05Cu solder-bath
Solder bath temperature s 245°C, Dipping time = 5 seconds
The number of times-= one/ Use of R-type flux (use-of. lead free)

Pass:

solderability rate until forming >

95%
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4.2 DC Characteristics (1/2)
.. . Typ. .
Parameter Symbol Condition Min yp Max Unit
(Note
Power supply voltage fc=2t033MHz | fs—3010 27
(AVCC = DVCC) vcC 34 kH 3.6 v
(AVSS = DVSS =0 V) fc =2 to 10 MHz z 1.8
Vce > 2.7V 0.6
DO to D15 VIL
Vcec < 2.7V 0.2 Vcc
) P52 to PD7 VILL Vce > 2.7V 0.3 Vcc
[=2]
8 (Except PB3) Vee <2.7V 0.2 Vcc
[=]
> _ >
> |RESET, \WWi, PB3 (INTO) viLp  pKez2 v ~0.3 0.25 Vee
g Vee < 2.7V 0.15 Vcc
3 Ve > 2.7V 0.3
£ | AMOto AM1 VIL3
Vcec <2.7V 0.3
Vce > 2.7V 0.2 Vcec
X1 VIL4
Vee < 2.7V 0.1, Vee
3.6V >Vce > 3.3V 2.4 \
DO to D15 VIH 3.3V >Vce > 2.7V 2.0
Vcec < 2.7V 0.7 Vcc
S | P52 to PD7 Vee > 2.7V 0.7 Vo
£ VIH1
2 (Except PB3) Vee < 2.7V 0.8 Vce
= — : ) Vee + 0.3
2 |RESET, NMi, PB3 (INTO) VIH2 Vee 22 R 0.75¥cs *
5 Ve (2.7 0.85Xc¢cc
g Ve > 29V vee 0.3
AMO to AM1 VIH3
\Vce < 2.7V Vee - 0.3
Ve 2.7V 0.8 Vcc
X1 VIH4
Vec'< 2.7V 0:9/Vcc
IOL 1.6 mA Vce > 2.7V 0.45
Output low voltage VOL
IOL =0.4mA Vee < 2.7V 0.15 Vcc Y
. IOH =-400 pA | Vce>2.7V Vce - 0.3
Output high voltage VOH
I0H = -200 pA |\ Vfec 2.7V 0.8 Vcc
Note: Typical values are for wheh Ta = 25°C and Vcc=-3.0 V uncles otherwise noted.
91C824-220 2008-02-20
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4.2 DC Characteristics (2/2)
-, . Typ. .
Parameter Symbol Condition Min yp Max Unit
(Notel)
Input leakage current ILI 0.0 < VIN < Vce 0.02 5 WA
Output leakage current ILO 0.2 <VIN <Vce - 0.2 0:05 +10
Power down voltage VIL2 = 0.2 Vce,
VSTOP 1.8 3.6 \%
(at STOP, RAM back up) VIH2 = 0.8 Vcc
RESET pull-up resistor RRST 3.6V>Vcc>2.7V 80 400 O
Vec=2V £ 10% 200 1000
Pin capacitance Clo fc=1MHz 10 pF
Schmitt width RESET , NMI, Vee > 2.7V 04 0.9
VTH \%
INTO Vee < 2.7V 0:3 0.7
. 3.6V>Vcc>27V 80 400
Programmable pull-up resistor | RKH kQ
Vee=2V+10% 200 1000
NORMAL (Note 2) 14.0 20.0
DLE2 36V>Vcc>2.7V 40 o
fc = 33 MHz - -
IDLE1 1.2 2.2 mA
NORMAL (Note 2) Vee=2V+10% 2.6 3,0
IDLE2 fc =10 MHz 0.7 12
IDLE1 (Typ.: Vec = 2.0 V) 0:2 0.4
SLOW (Note 2) Icc 17.5 30.5
— 3.6 V>Vcc>2.7 W =0 .
fs = 32.768 KHz - -
IDLE1 5.0 10.0
SLOW (Note 2) Vce =2V £10% 10.5 13.0 LA
IDLE2 fs = 32.768 kHz 4.5 6.5
IDLE1 (Typ--Vee =2:0.V) 3.0 45
STOP 3.6/V>Vecx>18V 0.2 15

Note 1: Typical values are for when-Ta =25°C’and Vcc = 3,0 V unless otherwise noted.

Note 2: Icc measurement conditions (NORMAL, SLOW);
All functions are operational;_output pins are open-and. input pins are fixed. Data and address bus

CL = 30 pF loaded.
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4.3 AC Characteristics
(1) Vee=3.0V+10%
Variable f - 33 MHz
No. Parameter Symbol FPH Unit
Min Max Min Max
1 | fepy period (=X) tEPH 30.3 31250 30.3 ns
2 | A0to A23valid —» RD/WR fall tac x—23 7 ns
3 | RD rise - AOto A23 hold tcAR 0.5x -13 2 ns
4 | WR rise > A0 to A23 hold tcaw x—13 17 ns
5 | AOto A23valid — DO to D15 input taD 3.5x-24 82 ns
6 | RD fall » DO to D15 input tRD 2.5x — 24 51 ns
7 | RD low width tRR 2.5x - 15 60 ns
8 | RD rise - DO to A15 hold tHR 0 0 ns
9 | WR low width tww 2.0x - 15 45 ns
10 | DO to D15 valid - WR rise tow 1.5x — 35 10 ns
11 | WR rise — DO to D15 hold twpD X — 25 5 ns
12 | A0 to A23valid > WATT input [0 WATf ¢y, 3.5¢-/60 46 ns
13 | RD/WR fall > WATT hold  (AxNWAT o\ 25X £ 0 76 ns
14 | A0 to A23 valid — Port input tAPH 3.5x - 89 17 ns
15 | AO to A23 valid — Port hold tAPH2 3.5x 106 ns
16 | AO to A23valid — Port valid tAPO 3.5x + 60 166 ns
AC measuring conditions
e  Output level: High =0.7 Vec, Low = 0.3 Vee, €L = 50 pE
e Inputlevel: High=0.9 Vce,)Low = 0.1 Vce
Note: Symbol x in the above table means the period/of-clock fgpy, it's half period of the system clock

fsyg for CPU core/ The,period of frpy depends on-the clock gear setting or the selection of

high/low oscillator frequency.
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(2) Vee=2.0V+10%
Variable 10 MHz .
No. Parameter Symbol Unit
Min Max Min Max
1 | fepy period (= x) tFPH 100 31250 | 100 ns
2| AO to A15 valid —>RD / WR fall tAC X — 46 54 ns
3| RD rise —» A0 to A23 hold tCAR 0.5x — 30 20 ns
4| WR rise — A0 to A23 hold tCAW X —26 74 ns
5| AO to A23 valid ->RD / WR fall tAD 3.5x — 48 302 ns
6| RD fall » DO to D15 input tRD 2.5x,~.48 202 ns
7| RD low width tRR 2.5x - 30 220 ns
8| RD rise - DO to D15 hold tHR 0 0 ns
9| WR low width tWwW 2.0x - 30 170 ns
10 | DO to D15 valid —» WR rise tDW 1.5x — 70 80 ns
11 | WR rise —DO0 to D15 Hold tWD X — 50 50 ns
12] A0 to A23 valid > WAt input [V [raw 3.5%< 120 230 ns
13| RD /WR fall > WA hold [ VWAT Ticw 2,540 250 ns
14 | A0 to A23 valid — Port input tAPH 3.5x)-50 300 ns
15| A0 to A23 valid — Port hold tAPH2 3.5X 350 ns
16 | A0 to A23 valid — Port valid tAPO 3.5x + 60 410 ns

Note:

AC measuring conditions

e  Output level: High =0.7V, Low =Q.3.V, CL = 50 pF

o Input level:

High =0.9 V,[Low =0.1V

Symbol x in the above table means\the period of clock-fgpy, it's’ half period of the system clock
fsys for CPU core. The period of fgpy depends on the clack gear setting or the selection of
high/low oscillator frequehcy.
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(3) Read cycle

frPH

1
1
1
1
1
1
1
:
EA24, EA25, A
A23t0A0 __ K
l~
1
1

CSn

taw

WAIT

1
1
|
b
1
1
+
|
)
1
|
tAp ' K !
1
) tAPH2
Portinput = aft=-=====-=-- T[T =T bommmmmmfm = E --
(Note)

tRR

DOtoD15 =F======— == e e mm—— - - —

1
1
i
1
—————————— < potwopis P----
N——————

o+
Y]
O

Note: Since the CPU accesses the internal area to read data from a port, the control signals of external
pins such/asRD\and €S are not enabled. Therefore, the above waveform diagram should be
regarded as depijcting-internal operation.\Plgase also note that the timing and AC characteristics
of port input/output shown above are typical representation. For details, contact your local Toshiba
sales representative.
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(4) Write cycle

RPN Y NP PR I P S A ) N [ I U 1L I 0 I AP P NI (.

frPH

EA24, EA25,
A23 to AO

CSn

‘.'\""Tﬂ"}"&’""""" D

' i
! 1
! |
! 1
___ | :
WAIT ! g
1
! n 1
! tAPO |
Port output '
(Note) | !
! T
— | tcaw X
WR , HWR . |

' tww V 1
- |
! 1

i : ' tow twp >

| N

DOto D15 | DO to/D15 :}}
1

' | 1
1
1

Note: Since the CPU accesses the internal area to write* data to a port, the control signals of external
pins such/as WR and-€S are not enabjéd. Therefore, the above waveform diagram should be
regarded as depicting-internal operation.\Plgase also note that the timing and AC characteristics
of port input/output shown above aretypical representation. For details, contact your local Toshiba
sales representative.
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4.4 AD Conversion Characteristics

AVcc = Vcc, AVss = Vss

Parameter Symbol Condition Min Typ: Max Unit
36V>Vce227V |Vcc-0.2V Vcce Vce
Analog reference voltage (+) VREFH L L
Veec =2V £ 10% Vce Vce Vec
36V>Vec 227V Vss Vss Vssh02V| Vv
Analog reference voltage (-) VREFL
Vec =2V £10% Vss Vss Vss
Analog input voltage range VAIN VREED VREFH
Analog current for analog 3.6V>Vec227V 0:94 1.35
reference voltage IREF Ve = 2V 4 10% o0 0.90 mA
<VREFON> = 1 (VREFL=0V)['CC ™" =77 ) ‘
<VREFON> =0 36V>Vee227V 0.02 5,0 pA
Error 3.6V> Vce 2 2.7V +1.0 +4.0
- LSB
(Not including quantizing errors) Vcc=2V+10% +1.0 +4.0
Note 1:1 LSB = (VREFH - VREFL)/1024 [V]
Note 2: The operation above is guaranteed for fgpg=4 MHz.
Note 3: The value for Icc includes the current whiehflows through the AYCC pin.
91C824-226 2008-02-20
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4.5 Serial Channel Timing (I/O Internal Mode)

(1) SCLK input mode

Variable 10 MHz | 27 MHz .
Parameter Symbol - - . Unit
Min Max | Mip-Max | Min |Max

SCLK period tscy 16X 1.6 0.59 us

Output data Vec =3Vt 10% |loss tscy/2 — 4X — 110 290 38 ns
— SCLK rising/falling edge*

Vec=2V +10% tscy/2 — 4X - 180 220 - ns

SCLK rising/falling edge* — Output data hold toHs tscy/2 +2X+0 1000 370 ns

SCLK rising/falling edge* — Input data hold tHSR 3X+10 310 121 ns

SCLK rising/falling edge* — Valid data input tsrD tscy -0 1600 592 | ns

. ) - i tRDS
Valid data input — SCLK rising/falling edge* 0 0 0 ns

Note: SCLK rising/falling edge: The rising edge is.used’in SCLK rising mode.
The falling edge-is-used in SCLK falling'mode.

(2) SCLK output mode

Variable 1@ MHz 27 MHz .
Parameter Symbol - . . Unit
Min Max Min/| Max | Min | Max
SCLK period tsCy 16X 8192X 1.6 | 819 | 0.59 | 303 us
Output data — SCLK rising/falling edge* toss tscy/2 — 40 760 256 ns
SCLK rising/falling edge* — Output data hold | tops tscy/2 — 40 760 256 ns
SCLK rising/falling edge* — Input datashold thsSR 0 0 0 ns
- I . . tscy - 1X -
SCLK rising/falling edge* — Valid data input | tsrp 180 1320 375 ns
Valid data input — SCLK rising/falling edge* |trps 1X +2180 280 217 ns
tscy
SCLK
( Output mode/) | | | | | |

input mode i )

SCLK [ [ | L I

(input mode) foss| toHs

Output data n

XD 3 0 X 1 X 2 X 3

— tsrD —’l—’l_r— tHSR
Input data
RXD X o X Xt X X 2 X X3 X
Valid Valid Valid Valid
91C824-227 2008-02-20
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4.6 Event Counter (TAOIN)

Variable 10 MHz 27 MHz )
Parameter Symbol . - . Unit
Min Max Min | Max | Min | Max
Clock period tveK 8X + 100 900 396 ns
Clock low level width tveKL 4X + 40 440 188 ns
Clock high level width tVCKH 4X + 40 440 188 ns
4.7 Interrupt, Capture
(1) NMI, INTO to INTS3 interrupts
Variable 10 MHz 27 MHz .
Parameter Symbol Unit
Min Max Min | Max | Min/ }[-Max
NMI, INTO to INT3 low level width fINTAL 4X + 40 440 188 ns
NMI, INTO to INT3 high level width {INTAH 4X + 40 440 188 ns
4.8 SCOUT Pin AC Characteristics
Variable 10MHz 27 MHz o )
Parameter Symbol - - - Condition Unit
Min Max Min Max Min Max
Low level width tsch 0.5T-10 90 27 Vee 227V ns
0.5T-30 70 - Vee<2.7V
0.5T - 10 90 27 Vee >2.7V
High level width tscL ns
0.5T — 30 70 — Vee<2.7V

Note: T = Period of SCOUT
Measuring conditions

e  Output level: High =07V, Low=0.3 Y, CL,= 10 pF

91C824-228 2008-02-20
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4.9 Bus Request/Bus Acknowledge
BUSRQ \
BUSAK (Note 1)
- tcBAL
\ $9
<— 1BAA
ADO to AD15 5}}’*_'3/_* e mmmmm e Note2) oo _ {‘
— 7 N
A0 to A23, (Note'2) —
RD, WR ; - R e e el 7]
TS5 to €83, 7 """" oo b S—
R/W, HWR
ALE £ / \
Variable fepn = 4 MHz /| fepp= 16 MHz
Symbol Parameter FPH FoH Unit
Min Max Min Max Min Max
tABA Output buffer off to BUSAK low 0 80 0 80 0 80 ns
tBAA BUSAK high to output buffer on 0 80 0 80 0 80 ns

Note 1: Even if the BUSRQ signal goes-low, the*bus will het be released while the WAIT signal is low.

The bus will only be released-when BUSRQ goes-low while WAIT is high.

Note 2: This line shows only that the~output buffer is in the off state.
It does not indicate that-the signal level is fixed;

Just after the bus is\released, the signal level set\before the bus was released is maintained
dynamically by the-external’capacitance. Therefore, to fix the signal level using an external
resister during (bug’ release, careful design-is-hecessary, since fixing of the level is delayed.
The internal programmable pull-up/pull-dewn resistor is switched between the active and non-
actiye/states by-the internal signal.
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4.10 Recommended Crystal Oscillation Circuit

TMP91C824 is evaluated by below oscillator vender. When selecting external parts, make
use of this information.

Note: Total loads value of oscillator is sum of external loads (C1 and €2).and floating loads of
actual assemble board. There is a possibility of miss-operating using~C1.and C2 value in
below table. When designing board, it should design minimum ength” pattern around
oscillator. And we recommend that oscillator evaluation try orvyouractual using board.

(1) Connection example

X1 X2 XT1 XT2
L1 & [
SRd Rd
t+—— [
c1l c2l Ct (o7
el ad l l
High-frequency oscillator Low-frequency oscillator
91C824-230 2008-02-20
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(2) TMP91C824 recommended ceramic oscillator: Murata Manufacturing Co., Ltd. (JAPAN)

Circuit parameter recommended

Oscillation Parameter of Elements Running Condition
MCU Frequency | Item of Oscillator c1 c2 Rf Rd | Aoltage of Q)
(MHz] [PF1 | [PF] | [Q] | [Q] | Power[V]
2.00 CSTLS2M00G56-B0 (47 (47) | Open 0
2.50 CSTLS2M50G56-B0 (47 (47) | Open Q
10.00 CSTS1000MGO3 (15) a5 | open 0
) N ]
TMP91C824 CSTLS10MOGS3-B0 1.8t02.2 —40 to +85
CSA12.5MTZ093 20 20 Open 0
1250 *CSALA12M5T55093-B0 P
' CST12.0MTW093 30) 30) pen 0
*CSTLA12M5T55093-B0 R
Oscillation Parametef 0f Elements Running Cendition
MCU Frequency Item of Oscillator c1 c2 Rf Rd | Voltage'of
T o
[MHZ) el | R @) | @) fpowerpv | T
CSTS0400MG06
4.00 *CSTLS4M00G56-B0 “n (47) | Open 0
CSTS0675MG06
6750 |\ coTiS6M75G56-80 @)~ (1) | Open | ( 0
CSA12.5MTZ N 20 Soon 5
*CSALA12M5T55-B0 P
TMP91C824 12.50 271036 —40 to +85
CST12.0MTW (30) 30 open 0
*CSTLA12M5T55-B0 P
20,00 CSALS20M0X53-B0 5 5 Opeh 0
' CSTLS20MOX51<B0 (5) (5 Open 0
27.00 CSALS27M0X511B0 Open |~Opeén\| 10k 0
32.00 CSALA32MOX51-B0 3 3 Open 0

NOTE: In CST ***type- oscillator, Capacitance C1,C2 is/built in

* After 2001/06;new products-will be made;.and the otd products (Now in production) will not be made in
Murata Manufacturing.Co., Ltd. (JAPAN)

e /~_The product numbers and specifications of the resonators by Murata Manufacturing Co.,
Ltd. are-subject to change.
For up-to-date information, please refer to the following URL:
http://www.murata.co:jp/search/index.html

91C824-231 2008-02-20
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5.

Table of SFRs

The SFRs (Special function registers) include the I/O ports and peripheral control registers
allocated to the 4-Kbyte address space from 000FEOH to OO0OFFFH.

(1
©)
(3
(4
(5)
(6)
(7
®
9

I/0 port

I/O port control
Interrupt control

Chip select/wait control
Clock gear

DFM (Clock doubler)
8-bit timer
UART/Serial channel

I2C bus/serial channel

(10) AD converter

(11) Watchdog timer
(12) RTC (Real time clock)

(13) Melody/alarm generator

(149) MMU
Table layout
Symbol Name Address 7 : 6 | // w1 Vo

i i \\ i i _— Bit symbol
| | \\ I ____, Read/Write
! n )] 1 |—— Initial value after reset
| i // P —> Remarks

Note: Prohibit RMW in the table-means that you cannot'use RMW instructions on these register.

Example: When-setting bitQ only of the-register PxCR, the instruction SET 0, (PxCR) cannot

be used. The LD (Transfer) instruction must be used to write all eight bits.

Read/Write

R/W: ~Both read and writé are possible.

R: Only read is possible.

W: Only write ig possible.

W*:  Bothreadrand write are possible (when this bit is read as 1).

Prohibit RMW: ~Read-modify-write instructions are prohibited. (The EX, ADD, ADC, BUS,
SBE,JINC, DEC, AND, OR, XOR, STCF, RES, SET, CHG, TSET, RLC, RRC,
RL, RR, SLA, SRA, SLL, SRL, RLD and RRD instruction are read-modify-

write instructions.)

R/W*: Read-modify-write instructions are prohibited when controlling the pull-up resistor.
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Table 5.1 Address Map SFRs

[1], [2] Port
Address Name Address Name Address Name
0000H 0010H 0022H
1H | P1 1H IH
2H 2H | P6 20 |-PB
3H 3H | P7 3H\| PC
4H | P1CR 4H 4H PBCR
5H 5H | P6FC 5K | PBFC
6H | P2 6H | P7CR 6H | PCCR
7H 7H | P7FC 7H } PCFC
8H 8H | P8 8H | PCODE
9H | P2FC 9H 9H | PD
AH | P5CR AH AH | PDFC
BH | PsFC BH | P6FC2 BH
CH CH | P7FC2 CH
DH | P5 DH DH
EH EH EH
FH FH | P7ODE FH
[3] INTC
Address Name Address Name Addréss Name
0070H 0080H | DMAQV 0090H-_JANTEOAD
1H 1H | BMALYV AH | INTE12
2H 2H-| \DMA2V. 2H | INTE3ALM4
3H 3H | DMA3V 3H | INTEALMO1
4H 4H 4H | INTEALM23
5H 5H 5H | INTETAO1
6H 6H 6H | INTETA23
7H ™ 7H | INTERTC
8H 8H | INTCLR 8H | INTESO
9H 9H | DMAR 9H | INTES1
AH AH | DMAB AH | INTES2
BH BH BH | INTETCO1
CH CH | umMC CH | INTETC23
DH | PZ DH DH | INTEPO1
EH | PZCR EH EH
FH | PzFC FH FH
[4] CSIWAIT [5},.[6FCGEAR, DEM
Address Name Address Name
00COH | BoCS 00EOH [NSYSCRO
1H | B1CS 1H | SYSCR1
2A/1 B2CS 2H | syscr2
3H\] B3Cs 3H | EMCCRO
4H 4H | EMCCR1
5H 5H | EMCCR2
6H 6H | EMCCR3
7H | BEXCS 7H
8H | MSARO 8H | DFMCRO
9H | MAMRO 9H | DFMCR1
AH | MSAR1 AH
BH | MAMR1 BH
CH | MSAR2 CH
DH | MAMR2 DH
EH | MSAR3 EH
FH | MAMR3 FH

Note: Do not access to the unnamed addresses, e.g., addresses to which no register has been allocated.

91C824-233 2008-02-20
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Note:

Table 5.2 Address Map SFRs

[7] TMRA
Address Name
0100H | TAOIRUN
1H
2H | TAOREG
3H | TAIREG
4H | TAOIMOD
5H | TAO1FFCR
6H
7H
8H | TA23RUN
9H
AH | TA2REG
BH | TASREG
CH | TA23MOD
DH | TA3FFCR
EH
FH
[8] UART/SIO [9] I%€ bus/SIO
Address Name Address Name
0200H | SCOBUF 0240H | SBIOCR1
1H | Scocr 1H | SBIODBR
2H | scoMoDo 2H | 12coar
3H | BROCR 3H-|-SBIOCR2/SBIOSR
4H | BROADD 4H | SBIOBRO
5H | SCOMOD1 54 | SBIOBR1
6H 6H
7H | SIRCR 7H
8H | SCiBUF 8H
9H | SCICR 9H
AH_|_SC1MOD0 AH
BH | BRICR BH
CH}/ BRLADD CH
DH~]_SCIMOD1 DH
EH EH
FH FH
[10] 10-hit ADC
Address Name Address Name
02A0H | ADREGO4L 02BOH | ADMODO
1H | ADREGO4H 1H | AbmoD1
2H | ADREG15L 2H
3H |- ADREG15H 3H
4H( |/ ADREG26L 4H
5H \| "ADREG26H 5H
6H | ADREG37L 6H
7H_NADREG37H 7H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH

Do not access to the unnamed addresses, e.g., addresses to which no register has been allocated.
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Note:

Table 5.3 Address Map SFRs

[11] WDT [12] RTC
Address Name Address Name
0300H | WDMOD 0320H | SECR
1H | WDCR 1H | MINR
2H 2H | HOURR
3H 3H | DAYR
4H 4H | DATER
5H 5H | MONTHR
6H 6H | YEARR
7H 7H | PAGER
8H 8H | RESTR

9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH
[13] MLD [14] MMU
Address Name Address Name!

0330H | ALM 0350H | LOCALO
1H | MELALMC 1H | LocArt
2H | MELFL 2H | LoCcALZ
3H | MELFH 3H|-LOGALS
4H | ALMINT 4H
5H 5H
6H 6H
7H 7H
8H 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH

Do nttaccess to the unnamed addresses;€.g., addresses to which no register has been allocated.
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(1) T/O ports
Symbol| Name |Address 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10
P1 Port 1 01H R/W
Data from external port (Output latch register cleared.to-“0".)
P27 P26 P25 | P24 | P23 P22 | p21 | P20
P2 Port 2 06H R/W
1 1 1 1 1 1 T 1
P56 P55 P54
R/W
Data from external port
p5 PoIt 5 ODH (Output latch register is set to “1".)
0 (Output latch register)
: Pull-up resistor OFF
1 (Output latch register)
: Pull-up resistor ON
P67 P66 | Pes | Pped P63 P62 P61 P60
P6 Port 6 12H RIW
1 1 1 1 1 0 1 1
P72 P71 P70
R/W
Data from external port
p7 Port 7 13H {Output latch register is set to “1".)
0 (Output latch register)
. Pull-up resistor OFF
1 (Output latch register) -
: Pull-up resistor ON
P87 Pgé P85 P84 P83 pg2 | P81 P80
P8 Port 8 18H R
Data ftom external port
PB6 PB5 | PB4 | PB3 | PB2 | PB1 | PBO
PB Port B 22H R/W
Data from externakport (Output latch register is set to “1".)
PC5 | PC4 | PC3 | PC2 | PC1 | PCO
PC Port C 23H R/W
Data-from’ external port (Output latch register is set to “1”.)
PD7 PDB6 PD5
PD Port D 29H R,
1 1 1
PZ3 PZz2 RDE
R/W R/W
Data from external port
(Output latch register 1
Pz Port Z 7DH is set to “1".)
0 (Output latch register)
: Pull-up resistor OFF
1 (Output latch register) -
: Pull-up resistor ON
91C824-236 2008-02-20
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(2) T/O port control (1/2)
Symbol[ Name [Address| 7 6 5 4 3 2 1 0
04H P17C P16C P15C P14C P13C P12C P11C P10C
Port 1 L W
P1CR control (Prohibit | | | | | | |
RMW) 0 0 0 0 0 0 0 0
0: Input  1: Output
0oH po7e | p2sE | p2se | paar | P23 | pooE\| porE | pooF
Port 2 . W
P2FC function (Prohibit I | I I I I |
RMW) 1 1 1 1 1 1 1 1
0: Port 1: Address bus (A23.to A16)
Ps6C | P55C | Psac
Port 5 OAH W
P5CR control (Prohibit | I
RMW) 0 0 0
0: Input  1: Output
P55F | Po54F
OBH W
PSEC Port 5
function | (Prohibit 0 Q
RMW) 0: Port 0: Port
1: BUSAK [ 1BUSRQ
- - P65F P64F P63F P62F PB1F P60F
15H
W W W
PSEC Port 6
function | (Prohibit 0 0 0 0 0 0 0 0
RMW) Always write 0 0:\Rort 0: Port 0: Port 0;/Paort 0: Port 0: Port
1-EA25 1: EA24 _|1:CS3 1: C82 1: cs1 1: CSO
P67F2 P66F2 P65F2 P64F2 > P62F2 — —
1BH W W W W W
perco | Forte N 0 q 0 0 0 0 0 0
function 2| (Prohibit f _pg7rs | 0: <PeBE> |0: <P65F> | 0: <P64F> | Always /| 0: <P62F> | Always write 0
RMW) 1. 528 {1 cs2p (1. CS2¢ | 1: C82B | write O 1: CS2A
P72C P71C | P70C
Port 7 16H W
P7CR control (Prohibit | |
RMW) 0 0 0
0: Input  1: Output
17H P72F P71F P70F
W
Port 7
P7FC . 0 0 0
function -
(Prohibit 0: Port 0: Port 0: Port
RMW) 1: SCL | 1: SDA/SO| 1: SCK
- P71F2 P70F2
1€H
W
Rort 7
P7FC2 . 0 0 0
function 2 (Prohibit Always 0: <P71F> [PIN SELECT
RMW) write O 1: OPTTXO0|o0: RXDO (PC1)
1: PTRX0 (P70)
91C824-237 2008-02-20
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(2) T/O port control (2/2)

Symbol| Name |Address 7 6 5 4 3 2 1 0
ODEP72 | ODEP71
1FH
Port 7 W
P70ODE open
drpain (Prohibit oo [ o
RMW) 0: 3 states
1: Open drain
24H PB6C PB5C PB4C PB3C PB2C | PB1C PBOC
Port B
PBCR control (Prohibit W l
RMW) 0 0 0 Q 0 0 0
0: Input  1:-Output
25H PB6F PB5F PB4F PB3FE PB2F PB1F
W W W w W W
PBEC Port B
function | (Prohibit 0 0 0 0 0 0
RMW) 0: Port 0: Port 0: Port O\Port 0: Port 0: Port
1: INT3 1: INT2 1: INTL 1INTOQ  1: TA3OUT [1:/TATOUT
26H PC5C PC4C RC3C pPC2C PC1C PCOC
Port C W
PCCR control (Prohibit
RMW) 0 0 0 0 0 0
0: Input  1: Qutput
PC5k PC3F PC2F PCOF
27H
W w W w
PCEC Port C
function | (Prohibit o 0 % 0
RMW) 0: Rort 0: Port 0: Port 0: Port
1: SELK1 1:-TXD1 1. SCLKO 1: TXDO
ODEPC3 ODEPCO
28H w w
Port C
PCODE | open . 0 .
drain (Prohibit 0: CMOS 0: CMOS
RMW) 1: Open 1: Open
drain drain
PD7F PD6F PD5F
W W W
0 0 0
2AH ) - )
PDFC port D 2 o 2 " 2 Zocr(tj T
function | (Rrohibif [ MEDAM | L NEBU
RMW) ALARM
@<PD6>=1
MLDALM
@<PD6>=0
7EH Pz3C pPz2C
port-Z
PZCR - w
control ) || (Prohibit 0 I 0
RMW) 0: Input  1: Output
PZ3F | PZ2F
7FH
w
PZEC Port Z
function | (Prohibit 0 0
RMW) 0: Poi 0: Port
1:RIW 1: HWR
91C824-238 2008-02-20
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(3) Interrupt control (1/3)

Symbol | Name [Address| 7 | 6 | 5 | 4 3 | 2 | 1 ] o
INTO INTAD INTO
and IADC IADM2 | IADM1 | IADMO 10C 1oM2 | 10M1 | 10MO
INTEOAD 90H
INTAD R | R/W I R ] R/W |
enable 0 0 0 0 0 0 0 0
1: INTAD Interrupt level 1: INTO Interrupt level
INT1 INT2 INTZ
and 12C 12M2 | 12M1 I 12MO 11C 1YM2 I 11M1 | 11MO
INTE12 91H
INT2 R | R/IW | R | R/W |
enable 0 0 0 0 0 0 0 0
1: INT2 Interrupt level 11INT1 Interrupt level
INT3 INTALM4 INT3
and IA4C IA4M2 | IA4M1 | IA4MQ 13C 13M2 | 13M1T | 13M0
INTE3ALM4 92H R R/W R R
INTALM | 4 I ' Ay I
4 enable 0 0 0 0 0 0 0 0
1: INTALM4 Interrupt level 1: INT3 Interrupt level
INTALM1 INTALMO
INTALM
0 and IA1C IAIM2 | IAIM1 l 1A1MO IAOC IAOM2 l TAOMY | IAOMO
INTEALMO1| 93H
INTALM R | RIW l R I R/W |
1 enable 0 0 0 0 0 0 0 0
1: INTALM1 Interruptlevel L:INTALMO Interrupt level
INTALM3 INTALM2
INTALM2
and IA3C IA3MZ I 1A3M1 I IA3MQ IA2C IA2M2 I 1A2M1 | IA2MO
INTEALM23 94H
INTALM3 R ROY R RIW
0 0 | 0 I 0 0 0 I 0 | 0
enable
1:INTALM3 Interrupt level 1:INTALM2 Interrupt level
INTTAG INTTAL(TMRAL) INTTAO (TMRAO)
and ITALC ITATM2 | ITAIM1 I ITAIMO ITAOC ITAOM2 I ITAOM1 | ITAOMO
INTETAO1 95H
INTTAL R | R/W ] R I R/W |
enable 0 0 0 0 0 0 0 0
1ANTTAL Interrupt/level 1: INTTAO Interrupt level
INTTAZ INTTA3 (TMRA3) INTTA2 (TMRA2)
and ITA3C ITA3M2 ITA3MY l ITA3MO ITA2C ITA2M2 ITA2M1 | ITA2MO
INTETA23 96H
INTTA3 R | RW | R | R/W |
enable 0 0 0 0 0 0 0 0
1: INTTA3 Interruptjevel 1: INTTA2 Interrupt level
— INTRTC
- - I - | - IRC IRM2 | IRM1 | IRMO
INTRTC
INTERTC 97H - — R RIW
enable
- - - 1T - 0 o | o | o
Always write “0” 1. INTRTC Interrupt level
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(3) Interrupt control (2/3)
Symbol | Name | Address 7 6 | 5 | 4 3 | 2 | 1 | 0
INTTXO0 INTRX0
INTTXO0
and ITX0C ITXOM2 | ITXOM1 | ITXOMO IRX0C IRXOM2 | IRXOM1 | IRXOMO
INTESO 98H
INTTRXO R RIW R RIW
0 0 I 0 | 0 0 0 | 0 I 0
enable
1: INTTXO Interrupt level 1: INTRXO0 Interrapt level
INTTX1 INTRX1
INTTX1
and ITX1C ITX1M2 I ITX1IM1 | ITX1MO IRX1C IRX1M2 | IRX1M1 I IRX1MO
INTES1 99H
INTTRX1 R | RIW | R | RIW |
enable 0 0 0 0 0 0 0 0
1: INTTX1 Interrupt level 1: INTRX1 Interrupt level
— INTSBI
- - | - | - ISBIE ISBIM2 | ISBIM1 | ISBIMO
INTESBI
INTES2 9AH — — R R/W
enable
- = 0 o [Z o] o
Always write “0” 1: INTSBI Interrupt level
INTTCO INTTC1 INTTCO
and
INTETCOL 9BH ITC1C ITC1M2 I ITCiIM1 | ITC1IMO ITCOC ITCOM2 | ITCOML I ITCOMO
INTTC1 R = R R/W
enable 0 0 | 0 | 0 0 0 | 0 | 0
INTTC2 INTTC3 INTTC2
and
INTETC23 9CH ITC3C ITC3M2 [ ITC3ML | ITC3MO ITC2C ITC2M2 | ITC2M1 I ITC2MO
INTTC3 R R/W R R/W
enable 0 0 | 0 | 0 0 0 | 0 | 0
INTPO INTP1 INTPO
and IP1C IP1IM2 I IP1IM1 | IP1MO IPOC IPOM2 | IPOM1 I IPOMO
INTEPO1 9DH
INTP1 R R/W R R/W
enable 0 0 | 0 | 0 0 0 | 0 | 0
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(3) Interrupt control (3/3)

Symbol[ Name |Address 7 6 5 4 3 2 1 0
DMA 0 DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 [ DMAOVO
R/W
DMAOV request 80H
voctor o | o | o | o] o [ o
DMAO start vector
DMA 1 DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1 | DMA1V0
RIW
DMA1V request 81H
vector 0 | 0 I 0 [ 0 I 0 I 0
DMAL start vector
DMA 2 DMA2V5 | DMA2V4 | DMA2V3 I DMA2V2 | DMA2V1 | DMA2V0
R/W
DMA2V request 82H
vector 0 | 0 l 0 l 0 I 0 I 0
DMAZ start vector
DMA 3 DMA3V5 | DMA3V4 I DMA3V3 | DMA3V2 | DMA3V1 I DMA3V0
R/W
DMA3V request 83H
vector 0 | 0 i 0 | 0 l 0 | 0
DMAZ start Vector
CLRV5 | CLRV4 | CLRV3 | CLRV2 | CLRVY | CLRVO
Interrupt 88H
INTCLR clear (Prohibit
control RMW) 9 | P | 0 | g l 0 | 0
Clears interrupt request flag-by writing to' DMA start vector
DMA 89H DMARS3 DMAR2 DMAR1 DMARO
software . R/W R/W R/W R/W
DMAR (Prohibit
request RMW) 0 0 0 0
register 1: DMA request in software
DMA DMAB3 DMAB2 DMAB1 DMABO
burst
DMAB 8AH RW R/W R/W R/W
request 0 0 0 0
register 1 : DMA request on burst mode
— / I3EDGE |\ {2EDGE\ | I11EDGE | I0EDGE I0LE NMIREE
W W W W W W W W
Interrupt 8CH 0 0 0 Q 0 0 0 0
IMC input Always Always |INT3/edge [INT2 edge [INT1 edge |INTO edge |[INTO 1: Operation
mode (ProhiBit_|—write 0 write.0 ] 0: Rising  |0;/Rising |0: Rising |0: Rising [0: Edge even on
control RMW) 1 Falling—{1: Falling |1: Falling |1: Falling [1: Level NMI
rising
edge
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(4) Chip select/wait control (1/2)
Symbol| Name [Address 7 6 5 4 3 2 1 0
BOE BOOM1 BOOMO BOBUS BOW2 BOW1 BOWO
COH W W W W W W
Block 0 W
CS/WAIT 0 0 0 0 0 0 0
BOCS control 0: Disable 00: ROM/SRAM Data bus | 00072 waits 100: Reserved
register (Prohibit |1: Enable 01: width 001} I\wait 101: 3 waits
RMW) 10: } Reserved 0: 16 bits | 010; (1+N) waits 110: 4 waits
11: 1: 8 bits 0117 0Q/waits 111: 8 waits
C1H B1E B1OM1 B1OMO B1BUS B1W2 B1W1 B1WO
W W W W W W W
Block 1
CS/WAIT 0 0 0 0 0 0 0
B1CS control 0: Disable 00: ROM/SRAM Data-bus— 000: 2 waits 100: Reserved
register (Prohibit 1: Enable 01: width 001: 1 wait ( 101: 3 Wa!ts
RMW) 10:  Reserved 0: 16 bits | 010: (1 + N) waits 1104 waits
11: 18 bits 011: 0 waitg 111: 8 waits
CoH B2E B2M B20M1 B20OMO B2BUS B2W2 B2W1 B2WO
W W W W, W W W W
Block 2
CSWAIT 1 0 0 0 0 0. 0 0
B2CS control 0: Disable | 0: 16 M | 00: ROM/SRAM Data bus | 000:,2 waits 100: Reserved
register (Prohibit 1: Enable area 01: width 001:1 wait . 101: 3 Wa!ts
RMW) 1: Area 10: Reserved 0: 16 bits | '010:(1 # N) waits 110: 4 waits
set 11 1: 8 bits 011-0-waits 111: 8 waits
C3H B3E B3OM1 B3OMO B3BUS B3W2 B3W1 B3WO
W W W W W W W
Block 3
CSWAIT 0 0 0 0 0 0 0
B3CS control 0: Disable 00: ROM/SRAM Data bus | 000: 2 waits 100: Reserved
register (Prohibit 1: Enable 01: width 001: 1 wait . 101: 3 Wa!ts
RMW) 10: Reserved 0:16/bits | 010: (1 + N) waits 110: 4 waits
11: 1: 8 bits 011: 0 waits 111: 8 waits
C7H BEXBUS BEXW?2 BEXW1 BEXWO
W W W W
External
CS/WAIT 0 0 0 0
BEXCS control Data bus | 000: 2 waits 100: Reserved
register (Prohibit width ' 001: 1 wait . 101: 3 Wa!ts
RM(Y) 0: 16 bits | 010: (1 + N) waits 110: 4 waits
1: 8 bits 011: 0 waits 111: 8 waits
Memory S23 S22 S21 S20 S19 S18 | S17 | S16
start
MSARO C8H RV
dddress 1 1 I 1 | 1 | 1 | 1 | 1 | 1
register.0 Start address A23 to A16
Memory, V20 V19 | V18 | V17 | V16 | V15 |v14 to V9 | V8
address R
MAMRO C9H w
mask 1 1 | 1 | 1 | 1 | 1 | 1 | 1
register 0 CSO0 area size  0: enable to address comparison
Memory S23 S22 | S21 | S20 | S19 | S18 | S17 | S16
start
MSARZT CAH RV
address 1 1 | 1 | 1 | 1 | 1 | 1 I 1
register 1 Start address A23 to A16
Memory V21 V20 | V19 | V18 | V17 | V16 |v15 to VO | V8
address R/W
MAMR1 CBH
mask 1 1 | 1 | 1 | 1 | 1 | 1 I
register 1 CS1 area size  0: Enable to address comparison
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(4) Chip select/wait control (2/2)
Symbol| Name | Address 7 6 5 4 3 2 1 0
Memory S23 S22 S21 S20 S19 S18 S17 S16
start R
MSAR2 CCH W
address 1 1 l 1 l 1 l 1 l 1 1 | 1
register 2 Start address A23 to A16
Memory V22 V21 | V20 | V19 | V18 | V17 V16 | V15
address
MAMR2 CDH RIW
mask 1 1 l 1 l 1 l 1 l 1 1 | 1
register 2 CS2 area size  0: Enable to.address camparison
Memory S23 S22 | S21 | S20 | $19 | S18 S17 | S16
start
MSAR3 CEH RIW
address 1 1 l 1 l 1 l 1 | 1 1 | 1
register 3 Start addréss A23 to. A16
Memory V22 V21 | V20 | V19 | V18 | V17 V16 | V15
address R/W
MAMR3 CFH
mask 1 1 | 1 | 1 l 1 | 1 1 | 1
register 3 CS3 area size 0: Enable/to address comparison
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(5) Clock gear (1/2)

Symbol Name |Address 7 6 5 4 3 2 1 0
XEN XTEN RXEN RXTEN | RSYSCK WUEF PRCK1 PRCKO
R/W
1 1 1 0 0 0 o | o
High- Low- High- Low- Select Warm-up Select prescaler clock
frequency frequency frequency |frequency clock after |timer 005fFpH
System oscillator (fc) | oscillator (fs) |oscillator (fc) [oscillator (fs)| release of | O-write: 01: Reserved
clock 0: Stopped | 0: Stopped |after release |after release | STOP Don'tcare | 10: fc/16
SYSCRO control EOH 1: Oscillation | 1: Oscillation [of STOP of STOP mede 1 write: 11: Reserved
register 0 mode mode 0: fc Starttimer
0: Stopped |0: Stopped | 1:fs 0 read:
1: Oscillation [1: Oscillation End
warm-up
1 read:
Not end
warm-up,
SYSCK GEAR2 GEARL | GEARO
R
0 1 | 0 I 0
System High-frequeney gear value
System clock selection (fc)
clock selection—-000:4¢
SYSCRLl nirol E1H 0: fc 002 fc/2
register 1 1. fs 010; fc/4
(Nete 2)1-011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
SCOSEL | WUPTM1 | wuPTMO0 | HALTM1 | HALTMO | SELDRV DRVE
R/W R/W RAM R/W R/W R/W R/W
System 0 1 0 1 1 0 0
SYSCR2 clock £aK 0:fs Warm-up-time 00: Reserved <Drive>  [1: Drive
control 1: fepH 007 Reserved 01: STOP mode mode IDLE1
register 2 01:\2% input frequency | 10: IDLE1 mode select mode
1002 11: IDLE2 mode 0: STOP
112" 1: IDLE
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(5) Clock gear (2/2)

Symbol| Name [Address 7 6 5 4 3 2 1 0
PROTECT — — — — EXTIN DRVOSCH [DRVOSCL
R R/W R/W R/W R/W R/W R/W R/W
EMC 0 1 1 0 0 8] 1 1
EMcCRo|  control E3H Protection | Always Always Always Always 1: Externat~] fc.oscillator | fs oscillator
register 0 flag write 0 write 1 write O write 0 drivability driver
0: OFF 1:Normal | ability
1: ON 0: Weak 1: Normal
0: Weak
EMC
EMCCR1| control E4H

Switching the protect ON/OFF by write to\following): \1st-KEY and 2nd-KEY

register 1 / . .
1st-KEY: EMCCR1 = 5AH, EMCCR2 = A5H"IY succession write
S 2nd-KEY: EMCCR1 = A5H, EMCCR2 =5AH in succession write
EMCCR2| control E5H
register 2
ENFROM ENDROM ENPROM FFLAG DFLAG PFLAG
R/W R/W R/W R/W R/W R/W
0 0 0 (0] 0 0
CS1A CS2B-2G CS2A CS1A €S2B-2G CS2A
EMC area detect | area detect. |"area detect Write Write Write
EMCCR3| control E6H enable enable enaple operation operation operation
register 3 0: Disable |07 Disable. “}.0: Disable flag flag flag
1: Enable 1: Enable 1: Enable 'When read mode
0:/No write
1% Write
When write mode
0: Flag area
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(6) DFM (Clock doubler)
Symbol| Name |Address 7 6 5 4 3 2 1 0
ACT1 ACTO DLUPFG | DLUPTM
R/W RIW R R/W
0 0 0 0
DFM ; -
DEMCRO control ESH DFM | LUP | frpH  |Lockup flag ;?:T;fp time
register 0 00|STOP|STOP| foscH |0: End LUP |O: - OSCH
01| RUN | RUN | foscH |1: Do not 1: 277 foscH
10| RUN |STOP| fpEm
11| RUN |STOP| foscH
D7 D6 D5 D4 bP3 D2 D1 DO
DFM R/W R/W R/W R/W RIW R/W R/W R/W
DFMCR1| control E9H 0 0 0 L _0 0 L L
register 1 DFM correction
Input frequency 4 to 8.25"MHz (at 2.7-t0 3.6 V): Write OBH
Input frequency 2 to 2.5-MHz(at-2.0V + 10%): Write 1BH
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(7) 8-bit timer
(7-1) TMRAO1
Symbol | Name |Address 7 6 5 4 3 2 1 0
TAORDE I2TAO1 [TAO1IPRUN| TAIRUN | TAORUN
o RIW RIW RAW RW |RMW
8-bit timer
TAOIRUN| RUN 100H 0 0 2 0 0
register Double buffer IDLE2 8-bit\timer run/stop control
0: Disable 0: Stop 0: Stop-and-Clear
1: Enable 1: Operate/| A7 Ruh(Count up)
- 102H _
8-bit timer o
TAOREG ) (Prohibit W
register 0
RMW) Undefined
- 103H _
8-bit timer o
TAIREG ) (Prohibit W
register 1
RMW) Undefined
TAO01IM1 | TA0IMO | PWMO1 | PWMOO._ | FATCLK1 |TA1CLKO TAOCLKl| TAOCLKO
R/W
8-bit timer o | o o | \o o |[$o o -] o
TAOIMOD [source CLK| ~ 104H [ 00: 8-bit timer 00: Resefved 00: TAOTRG 00: TAOIN/pin
& mode 01: 16-hit timer 01: 2° PWM cycle 01: ¢T1 01; T
10: 8-bit PPG 10: 2" 10: $T16 10: ¢T4
11: 8-bit PWM 11:2° 11: $T256 11: ¢T16
TALFRFCL lTAlFFCO TALFFIE | TALFFIS
RIWN R/W
8-bit timer 105H 1 | 1 0 0
TALIFFCR | flip-flop | (Prohibit 00: Invert TALFF 1: TAIFF | 0: TMRAO
control RMW) 01: Set\TA1FF enable | 1: TMRA1
16: Cleay TALFF inversion
11:-Don't care
(7-2) TMRA23
Symbol | Name |Address 7 6 5 4 3 2 1 0
TA2RDE I2TA23 [TA23PRUN| TASRUN | TA2RUN
8-bit timer RIW RIW RIW RIW RIW
TA23RUN| RUN 108H 0 0 0 0 0
register Double buffer IDLE2 8-bit timer run/stop control
0:-Disable 0: Stop 0: Stop and clear
1: Enable 1: Operate | 1: Run (Count up)
- 10AH _
TA2REG ?:z;itstt';?%r (Prohibit w
RMW) Undefined
> 10BH _
TA3REG E::z;:;t:ir (Prohibit W
RMW) Undefined
TA23M1 JTA23M0 | Pwm21 | Pwm20 | TA3CLKL | TA3CLKO | TA2CLKL | TA2CLKO
R/W
8-bit timer 0 | 0 0 I 0 0 I 0 0 I 0
TA23MOD Jsource CLK|  10CH /| 00: 8-bit timer 00: Reserved 00: TA2TRG 00: Reserved
& mode 01 16-hit timer 01: 2° PWMcycle |01: ¢T1 01: ¢T1
10:8-bit PPG 10: 27 10: §T16 10: T4
11: 8-bit PWM 11: 28 11: $T256 11: ¢T16
TA3FFCL | TA3FFCO | TASFFIE | TA3FFIS
R/W R/W
8-bit timer | 10DH 1 | 1 0 0
TASFFCR [ flip-flop | (Prohibit 00: Invert TA3FF 1: TA3FF | 0: TMRA2
control RMW) 01: Set TA3FF invert | 1: TMRA3
10: Clear TA3FF enable inversion
11: Don'’t care
91C824-247 2008-02-20

Downloaded from AFFOW.Com.


http://www.arrow.com

TOSHIBA TMP91C824
(8) UART/serial channel (1/2)
(8-1) UART/SIO channel 0
Symbol | Name |Address 7 6 5 4 3 2 1 0
Serial 200H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 [ RB1/TB1 | RBO/TBO
SCOBUF [ channel 0 | (Prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
RB8 EVEN PE OERR | PERR | FERR SCLKS | 10C
Serial R RIW R (Cleared to 0 by reading) R/W
SCOCR |chamnelo| 201n [ndefined] 0O 0 0 o (/6 0 0
control Receiving | Parity 1: Parity 1: Error 0: SCLKO™|1: Input
data bit8 | 0: Odd Enable | overrun Parity Framing |1: SCLKOY| SCLKO
1: Even
TB8 CTSE RXE WU SM1 SM0 SC1 SCO
RIW
Serial 0 0 0 0 0 0 0 0
SCOMODO| channel 0 | 202H  [Transmission| 1: CTS 1: Receive |1: Wakeup [00:/O interface 00: TAOTRG
mode0 data bit8 enable enable enaple’ {01: UART 7 bits 01: Baudrate
10: UART 8hits 10: Internal clock fsys
11: UART 9 bits 14: External clock
= BROADDE| BROCK1\ | BROCKO BROS3 | BR0OS2 BROS1 | BROSO
R/W
Baud rate 0 0 0 0 | & | 0 | 0
BROCR control 203H [ Always  [1: (16 -K)/16] 00: $TO Setting the divided frequency “N”
write 0 divided——['01: $T2 (Oto F)
10:¢T8
11: 132
) BROK3 | BROK2 | BROK1 | BROKO
Serial
R/W
BroADD | MO o0 6 | o | o | o
K setting
register Sets the frequency divisor “K”
(Divided by N + (16 — K)/16)
12S0 FDPX0
Serial R RIW
SCOMOD1| channel 0 205H 0 0
model IDLE2 Duplex
0:-Stop 0: Half
1: Operate [1: Full
(8-2) IrDA
Symbol | Name_ | Address 7 6 5 4 3 2 1 0
PLSEL RXSEL TXEN RXEN SIRWD3 | SIRWD2 | SIRWD1 | SIRWDO
R/W R/W R/W R/W R/W
DA 0 0 0 0 0 | 0 | 0 | 0
SIRCR control 207~ |Transmission Receiving [Transmission|Receiving [Set the effective SIRRXD pulse width
register pulse width /[data 0: Disable |0: Disable |Pulse width more than 2x x (Set value + 1) H
0; 3/16 0: H pulse |1: Enable |1: Enable [100ns
1-1/16 1: L pulse Possible: 1 to 14
Not possible: 0, 15
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(8) UART/serial channel (2/2)
(8-3) UART/SIO channell
Symbol | Name |Address 7 6 5 4 3 2 1 0
Serial 208H RB7/TB7 | RB6/TB6 | RB5/TB5 | RB4/TB4 | RB3/TB3 | RB2/TB2 [ RB1/TB1 | RBO/TBO
SCI1BUF [ channel 1 | (Prohibit R (Receiving)/W (Transmission)
buffer RMW) Undefined
RB8 EVEN PE OERR | PERR | FERR SCLKS | 10C
) R R/W R (Cleared to 0 by reading) R/W
Serial
SCICR |channel1| 209y [Undefined| 0O 0 o [ o s 0 0
control Receiving | Parity 1: Parity 1. Error 0: SCLK1T | 1: Input
data bit8 | 0: Odd Enable | Overrun Parity Framing [1: SCLK1)
1: Even
TB8 CTSE RXE WU SMT SM0 SC1 SCO
RW
Serial 0 0 0 0 0 0 0 [ 0
SCIMODO| channel 1 | 20AH  [rransmission| 1: CTS 1: Receive |1: Wakeup [Q0://O interface 00: TAOTRG
mode data bit8 enable enable 01: UART 7 bits 01. Baud raté generator
10: UART 8 bits 10/ Intefnal-clock fsys
11: UART 9 bits 11:External clock SCLK1
— BR1ADDE [ BR1CK1 BR1EK BR1S3 | BR1S2 BR1S1 | BR1S0
R/W
Baud rate 0 0 Q | 0 0 | 0 | 0 | 0
BR1CR control 20BH Always [1: (16 - K)/16{00: $TO Setting the-divided frequency “N”
write 0 divided —[\01: $T2 (OtoF)
enable 10-¢T8
11:$T32
. BR1K3 | BR1K2 | BR1K1 | BR1KO
Serial
channel 1 RIW
BR1ADD . 20CH o | o | o | o
K setting
register Sets the frequency divisor “K”
(Divided by N + (16 — K)/16)
12ST FDPX1
Serial RN RIW
SC1MOD1| channel 1 20DH 0 0
mode1 IDLE2 Duplex
0: Stop 0: Half
1: Operate|1: Full
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(9) I2C bus/serial interface
Symbol| Name |Address 7 6 5 4 3 2 1 0
240H BC2 BC1 BCO ACK SCK2 SCK1 | queKOl
(I*C bus
R/W W, W R/W
mode)
o [ o 0 0 0 0 0/1
Number of transfer bits Acknowledge Setting for/the-devisor value n
(Prohibit 000:8, 001:1, 010:2 mode 000: 4, 001:5, 010:6
Serial bus 011:3, 100:4, 101:5 0: Disable 011:7, 1Q0:8, 1019
interface |L_"MW) |110:6, 111:7 1: Enable 110; 10, 111:(Reserved)
SBIOCRL| = ol 240H SI0S | SIOINH | SIOML1 | SIOMO 5CK2 SCK1 SCKO
register 1 (Sio w w w w w w w
mode) 0 0 0 0 0 0 0
Transfer Transfer Transfer mode Setting for the divisor value n
0: Stop 0: Continue | 00: 8-bit transmit mode 000:'8,./001: 4, 010: 5
1: Start 1: Abort gé: ;‘?ewed recei 01176/ 100:7, 101:8
(Pr0h|b|t : 8-bit transmit/receive 110° 111: K pi
RMW) 11: 8-bit received mode 09, SCKpin
SBI 241H DB7 DB6 DB5 | DB4 DB3 pDB2 | DB1i\ | “DBO
SBIODBR| buffer (Prohibit R (Receiving)W-(Transmission)
register RMW) Undefinéd
SA6 SA5 SA4 SA3 SA2 SAL SAQ ALS
242H W W W W W W W W
I”C bus 0 0 0 0 0 0 0 0
I2COAR | address Address
register (Prohibit . recognition
RMW) Setting slaveraddress 0: Enable
1: Disable
Serial bus MST TRX BB PIN | AL/SBIML |AASISBIMO| Aot | ohR,
Vr\g;%n interface RIW RIW RW, RIW RIW. RAW RIW RIW
status 0 0 0 1 0 0 0 0
SBIOSR ) 243H - — ——
register 5 0: Slave 0: Recejver-{ Bus'status INTSBI reduest}. Arbitration lost, [ Slave address | GENERAL Lost receive bit
(I"C bus 1: Master 1: Transmit-fmonjtor monitor detection match detection| CALL detection| monitor
mOde) 0:'Free 0: Request mOoRitor monitor monitor 0:0
1;/Busy 1: Cancel 1: Detect 1: Detect 1: Detect 1:1
Start/stop SBI operating mode selection Software reset generate write 10
Serial bus (Prohibit condition 00: Port mode and 01, then an internal reset
When interface RMW) generation 01: SIO mode signal is generated.
write trol 0: Start 10: 12C bus mode
SBIOCR2 an 1o condition 1V (Reserved)
register 2 1: Stop
condition
SIOF/SBIM1 | SEF/SBIM2 — —
) R/W R/W W W
When Sgnal bus 0 0 0 0
read interface 2435 Transfer status [Shift operation
SBIOSR Status (slo monitor Istatus monitor
register 0: Stopped 0: Stopped
mOde) 1: Terminated | 1: Terminated
. in process in process
] (Rrohipit Serial bus interface Always Always
When Serial bus RMW) operating mode selection write O write 0
write intefface 00: Port mode
control 01: SIO mode
SBIOCR2 register.2 10: 1°C bus mode
11: (Reserved
< 125BI0
Soimbis | g [0 o
SBIOBRO (Prohibit 0 0
baudrate | "oy [T AlwaysJIDLE2
register 0 write 0 ~|0: Abort
1. Operate
P4EN —
i W W
Serlal bus 245H 5 5
SBIOBR1 interface Prohibi
baud rate | (Frohibit finternal Always
register 1 RMW)  [ciock write O
0: Abort
1: Operate
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(10) AD converter

Symbol | Name |Address 7 6 5 4 3 2 1 0
EOCF ADBF - - ITMO REPEAT SCAN ADS
R R/W R/W R/W RIW R/W R/W
AD 2BOH 0 0 0 0 0 0 0 0
ADMODO | MODE AD AD Always Always |Interrupt in |Repedt Scan mode |AD
register 0 conversion |conversion | write O write 0 [repeat mode spetification [conversion
end flag burst flag mode specification_|1..Scan Star
1: End 1: Busy 1: Repedt 1: Start
VREFON 12AD ADTRGE | "ADCH?2 ADCH1 ADCHO
RW R/W RN RAW RW R/W
0 0 0 0 0 0
VREF IDLE2 AD control Input channel
AD control 0: Abort 1: Enable for [ 000: ANO ANO
ADMOD1 MODE 2B1H 1: VREF on | 1: Operate 001: AN1 ANO »AN1
register 1 010: AN2 ANQ > ANI<> AN2
011: AN3 ANO-—>"AN1 > AN2 — AN3
100: AN4 AN4
101: AN5 AN4 L S-ANS
110: AN6AN4.—> AN5 4 ANG
114 AN7-AN4 5 AN5 — AN6 — AN7
AD result ADRO1 ADROO ADRORF
ADREGOA4L [register 0/4] 2A0H R R
low Undefined 0
AD result ADRO09 | ADRO08 ABDRO7 ADR06 ADROS ADR0O4 ADRO3 ADRO02
ADREGO4H(|register 0/4| 2A1H R
high Undefined
AD result ADR11 | ADR10 ADR1RF
ADREGI15L [register 1/5| 2A2H R R
low Undefined 0
AD result ADR19 | ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREG15H(|register 1/5[ 2A3H R
high Undefined
AD result ADR21 | ADR20 ADR2RF
ADREG26L |register 2/6|/ 2A4H R R
low Undefined 0
AD result ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
ADREG26H|register 2/6( 2A5H R
high Undefined
AD result ADR31 | ADR30 ADR3RF
ADREG37L [register 3/7[-2A6H R R
low Undefined 0
AD result ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
ADREG37H[register3/7| 2A7H R
high Undefined
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(11) Watchdog timer
Symbol| Name |Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO 12WDT RESCR —
RIW R/W R/W R/W R/W R/W
WDT 1 0 0 0 0 0
WDMOD|  mode 300H  [1:wDT 00: 2%%/fsys IDLE2 1:RESET Always
register enable | 01:2Y/fsys 0: Abort write 0
10: 2%/fsys 1:-Operate
11: 221/fsys
301H —
WDCR woT (Prohibit w
control -
RMW)
B1H: WDT disable _4EH: WDT clear

91C824-252 2008-02-20

Downloaded from AFFOW.Com.


http://www.arrow.com

TOSHIBA TMP91C824

(12) RTC (Real time clock)

Symbol| Name |Address 7 6 5 4 3 2 1 0
SE6 SE5 SE4 SE3 SE2 SE1 SEO
Second R/W
SECR . 320H -
register Undefined
0 is read 40 s 20 s 10s 8s 4/s 2s 1ls
MI6 MI5 Mi4 MI3 Mi2 Mi1 MIO
Minute R/W
MINR . 321H
register Undefined
0 is read 40 min 20 min 10 min 8-min. 4_min 2 min imin
HO5 HO4 HO3 HO2 HO1 HOO
R/W
Hour
HOURR . 322H Undefined
register
0 is read 20H 10H 8.H 4H 2H 1H
(PM/AM)
WE2 WEL WEO
Da
DAYR ) Y 323H RV
register Undefinéd
0 is read W2 l WL W0
DA5 DA4 DA3 DA2 | DAl DAO
Date R/IW
DATER . 324H
register Undefined
0 is read 20 days 10 days 8 days 4'days 2 days 1 day
MO4 MO3 MO2 MO1 MO0
325H R/W
Month Undefined
MONTHR ; -
register Page 0 0is read 10 month l 8 month I 4 month I 2 month 1 month
Page 1 0 is read 0: Indicator for
1: Indicator for
YEY | YE6 | YE5 | YE4 | YE3 | YE2 | YE1 YEO
326H R/W
Year -
YEARR . Undefined
register
Page 0|\ 80 years l 40 years | 20 years | 10.years | 8 years | 4 years 2 years 1 year
Page 1 0 s read Leap year setting
INTENA Adjust ENATMR | ENAALM PAGE
R/W W R/W R/W
page 327H - - -
PAGER .g (Prohibit 0 Undefined Undefined Undefined
register RMW) INTRTC Ois read 0:Don't Clock Alarm Oisread |select
0: Disable care | O: Disable | O: Disable PAGE
1: Enable 1: Adjust [ 1: Enable |1: Enable
DIS1HZ || [DIS16HZ | RSTTMR | RSTALM RE3 RE2 RE1 REO
W
Reset 328H Undefined
RESTR , (Prohibit noene
register RMW) 1Hz 16 Hz 1: Clock | 1:Alarm Always write 0
0/ Enabte—{ 0: Enable | reset reset
1-Disable | 1: Disable
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(13) Melody/alarm generator

Symbol| Name |Address 7 6 5 4 3 2 1 0
AL8 AL7 AL6 AL5 AL4 AL3 AL2 AL1
Alarm
R/W
ALM pattern 330H
) o | o | o | o | o | o] o | o
register
Alarm pattern set
FC1 | FCO ALMINV - - X - MELALM
R/W R/W R/W R/W RAV R/W R/W
Melody/ 0 0 0 0 : 0 0 0
AL alarm 331H Free-run counter Alarm Always write O Output
control control Trequency frequency
register 00: Hold invert 0: Alarm
01: Restart 1: Invert 1: Melody
10: Clear
11: Clear and start
ML7 | ML6 ML5 ML4 | ML3 | ML2 | ML1 MLO
Melody A
MELFL | frequency 332H
. 0 I 0 0 0 | 0 I 0 ] 0 l 0
register-L
Melody frequency set (Low 8 bits)
MELON ML11 | ML10 | ML9 | ML8
R/W RIW
0 0 I 0 | 0 I 0
Melody Melody Melody frequency set (High 4 bits)
MELFH | frequency 333H counter
register-H control
0: Stop and
clear
1: Start
- IALM4E IALM3E | IALM2E | IALM1E | IALMOE
Alarm
, RIW RIW
interrupt
ALMINT 334H 0 0 0 | 0 | 0 | 0
enable -
register Always INTALM4 to INTALMO alarm interrupt enable
write ©
91C824-254 2008-02-20

Downloaded from AFFOW.Com.


http://www.arrow.com

TOSHIBA TMP91C824

(149) MMU
Symbol| Name |Address 7 6 5 4 3 2 1 0
LOE LOEA22 LOEA21 LOEA20
R/W R/W
LOCALO 0 o~ ] o | o
LOCALO | control 350H [ BANK for LOCALQ area BANK set
register LOCALO
0: Disable “000"setting isprohibited because
1: Enable it pretend COMMON 0 area
L1E [1EA23 | L1EA22 | L1EA21
R/W R/W
LOCAL1 0 0 | 0 | 0
LOCAL1 [ control 351H [ BANK for LOCAL1 area ANK set
register LOCAL1
0: Disable “001” setting is prohibitedbecause
1: Enable it pretend/COMMON 0 area
L2E L2EA23 | L2EA22 | L2EA21
R/W RIW
LOCAL2 0 o] W /N o
LOCAL2 | control 352H | BANK for EOCAL2 area-BANK set
register LOCAL2
0: Disable “141"setting is prohibited because
1: Enable it pretehd COMMON 0 area
L3E L3EA26 L3EA25 L3EA24 | L3EA23 | L3EA22
R/W RIW
LOCAL3 0 0 0 0 | 0 | 0
LOCAL3 control 353H BANK for 01000t 01011: CS2D 01100 to 01111: CS2E
register LOCAL3 00000 to 00011:. CS2B
0: Disable 00100 to 00111:~CS2¢€
1: Enable 10000 to 11111: Set prohibition
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6. Points of Note and Restrictions

(1) Notation
a. The notation for built-in I/O registers is as follows register symbol <Bit symbol>
e.g) TAO01RUN<TAORUN> denotes bit TAORUN of register TAO1IRUN.
b. Read-modify-write instructions

An instruction in which the CPU reads data from memory and writes the data to the
same memory location in one instruction.

Example 1: SET 3, (TAOIRUN) ... Set bit3“of TAOIRUN;
Example 2: INC 1, (100H) ... Increment the data at TOOH.
e Examples of read-modify-write instructions on the TLCS-900
Exchange instruction
EX (mem); R

Arithmetic operations

ADD (mem), R/# ADC (mem), Ri#
SUB (mem), R/# SBC , (mem);RA#
INC  #3, (mem) DEG \_#3,(mem)

Logic operations
AND  (mem), Ri# OR (mem), R/#
XOR  (mem), Ri#

Bit manipulation operations
STCF #3/A,\(mem) RES  #3, (mem)
SET  #3, (mem) CHG ,#3)(mem)
TSET  #3/(mem)

Rotate and shift gperations

REC ™ (mem) RRC™_ (mem)
RL (mem) RR (mem)
SLA  (mem) SRA  (mem)
SLL (mem) SRL  (mem)
RLD (mem) RRD (mem)

e~ fe, fs, fFPH, fSySand-on€ state

The clock “frequency input on pins X1 and 2 is called foSCH. The clock selected by
DFMCRO<ACT1:0>4s called fe.

The clock selected by SYSCR1<SYSCK> is called fFPH. The clock frequency give by fFrPH
divided by 2 is called fsys.

One cycle of fSYS is referred to as one state.
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(2) Points of note

a.

AMO and AM1 pins

This pin is connected to the VCC or the VSS pin. Do not alter the level when the pin is
active.

EMUO and EMU1

Open pins.
Reserved address areas

The TMP91C824 does not have any reserved areas.
HALT mode (IDLE1)

When IDLE1 mode is used (in which oscillator operation.only occurs), set RTCCR
<RTCRUN> to 0 stop the timer for the real-time clock before the HALT instructions is
executed.

Warm-up counter

The warm-up counter operates when STOP modé 1s released, even if/the\system is using
an external oscillator. As a result a time equivalent/to the warm-up time elapses between
input of the release request and output of the system clock.

Programmable pull-up resistance

The programmable pull-up resistorean be turned ON/OFF by-aprogram when the ports
are set for use as input ports. When-the perts are set for liseyas,output ports, they cannot
be turned on/off by a program.

The data registers (e.g., PX) are used to turn the pull~up/pull-down resistors ON/OFF.
Consequently read-modify-write instructions areprohibited)

Bus release function

It is described note—peint in-3.5 “Port Function” that pin’s conditions at bus release
condition.

Please refer that.
Watchdog timer

The/watchdog-timer’ starts operatiory ymmediately after a reset is released. When the
watcéhdog timerisnot to be used, disable it/

When-the bus is released, neither.internal memory nor internal I/O can be accessed.
However, the internal I/O_continues to’ operate. Hence the watchdog timer continues to
run, Therefore be careful abeut.the bus releasing time and set the detection timer of
watchdog timer.

AD converter

The string resistor between the VREFH and VREFL pins can be cut by a program so as
toréduce power consumption. When STOP mode is used, disable the resistor using the
program before.the\HALT)instruction is executed.

CPU (Micro DMA)

Only the LDC cr;ayand LDC r, cr instructions can be used to access the control registers
in the CPU (e.g., the transfer source address register (DMASn)).

Undefined SFR
The value of an undefined bit in an SFR is undefined when read.
POP SR instruction

Please execute the POP SR instruction during DI condition.
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m. Releasing the HALT mode by requesting an interruption

Usually, interrupts can release all halts status. However, the interrupts (NMI, INTO to
INT3, INTRTC, INTALMO to INTALM4) which can release the HALT mode may not be
able to do so if they are input during the period CPU is shifting to the HALT mode (for
about 5 clocks of frpH) with IDLE1 or STOP mode (IDLE2 is not-applicable to this case).
(In this case, an interrupt request is kept on hold internally.)

If another interrupt is generated after it has shifted to HALT ‘\mode Jcompletely, halt
status can be released without difficulty. The priority of this-interrupt-is compared with
that of the interrupt kept on hold internally, and the_interrupt with higher priority is
handled first followed by the other interrupt.
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7. Package Dimensions

LQFP100-P-1414-0.50F
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