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PC16552D

General Description

The PC16552D is a dual version of the PC16550D Universal
Asynchronous Receiver/Transmitter (UART). The two serial
channels are completely independent except for a common
CPU interface and crystal input. On power-up both channels
are functionally identical to the 16450*. Each channel can
operate with on-chip transmitter and receiver FIFOs (FIFO
mode) to relieve the CPU of excessive software overhead.
In FIFO mode each channel is capable of buffering 16 bytes
(plus 3 bits of error data per byte in the RCVR FIFO) of data
in both the transmitter and receiver. All the FIFO control
logic is on-chip to minimize system overhead and maximize
system efficiency.

Signalling for DMA transfers is done through two pins per
channel (TXRDY and RXRDY). The RXRDY function is mul-
tiplexed on one pin with the OUT 2 and BAUDOUT func-
tions. The CPU can select these functions through a new
register (Alternate Function Register).

Each channel performs serial-to-parallel conversion on data
characters received from a peripheral device or a MODEM,
and parallel-to-serial conversion on data characters re-
ceived from the CPU. The CPU can read the complete
status of each channel at any time. Status information re-
ported includes the type and condition of the transfer opera-
tions being performed by the DUART, as well as any error
conditions (parity, overrun, framing, or break interrupt).

The DUART includes one programmable baud rate genera-
tor for each channel. Each is capable of dividing the clock
input by divisors of 1 to (216 — 1), and producing a 16 X
clock for driving the internal transmitter logic. Provisions are
also included to use this 16 X clock to drive the receiver
logic. The DUART has complete MODEM-control capability,
and a processor-interrupt system. Interrupts can be pro-
grammed to the user’s requirements, minimizing the com-
puting required to handle the communications link.

The DUART is fabricated using National Semiconductor’s
advanced M2CMOST™.

&National Semiconductor

Dual Universal Asynchronous
Receiver/Transmitter with FIFOs

June 1995

Features

m Dual independent UARTs

B Capable of running all existing 16450 and PC16550D
software

W After reset, all registers are identical to the 16450 reg-
ister set

B Read and write cycle times of 84 ns

m In the FIFO mode transmitter and receiver are each
buffered with 16-byte FIFOs to reduce the number of
interrupts presented to the CPU

W Holding and shift registers in the 16450 Mode eliminate
the need for precise synchronization between the CPU
and serial data

B Adds or deletes standard asynchronous communication
bits (start, stop, and parity) to or from the serial data

W Independently controlled transmit, receive, line status,
and data set interrupts

B Programmable baud generators divide any input clock
by 1 to (216 — 1) and generate the 16 X clock

®m MODEM control functions (CTS, RTS, DSR, DTR, R,
and DCD)

W Fully programmable serial-interface characteristics:

— 5-, 6-, 7-, or 8-bit characters

— Even, odd, or no-parity bit generation and detection

—1-, 11,-, or 2-stop bit generation

— Baud generation (DC to 1.5M baud) with 16 X clock

False start bit detection

Complete status reporting capabilities

TRI-STATE® TTL drive for the data and control buses

Line break generation and detection

Internal diagnostic capabilities:

— Loopback controls for communications link fault
isolation

— Break, parity, overrun, framing error simulation

B Full prioritized interrupt system controls

*Can also be reset to 16450 Mode under software control.
‘TNote: This part is patented.

TRI-STATE® is a registered trademark of National Semiconductor Corporation
M2CMOS™ is a trademark of National Semiconductor Corporation

©1995 National Semiconductor Corporation TL/C/9426
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1.0 Absolute Maximum Ratings

Temperature under Bias 0°Cto +70°C Note: Maximum ratings indicate limits beyond which perma-
Storage Temperature —65°C to + 150°C nent damage may occur. Continuous operation at these lim-
its is not intended and should be limited to those conditions

All Input or Output Voltages specified under DC electrical characteristics.

with Respect to Vgg —0.5Vto +7.0V
Power Dissipation 1w

2.0 DC Electrical Characteristics
Ta = 0°Cto +70°C, Vpp = +5V £10%, Vgg = 0V, unless otherwise specified

Symbol Parameter Conditions Min Max Units
ViLx Clock Input Low Voltage —-0.5 0.8
ViHx Clock Input High Voltage 2 Veco \"
ViL Input Low Voltage —0.5 0.8 Vv
ViH Input High Voltage 2 Vee \"
VoL Output Low Voltage loL = 1.6 mA on all (Note 1) 0.4 \"
VoH Output High Voltage loy = —1 mA (Note 1) 2.4 \"
Icc(AV) Average Power Supply Vpp = 5.5V
Current No Loads on Output;
CS, RD, WR,
SIN, DSR, DCD,
CTS,RI = 2V % mA
All Other Inputs = 0.8V
XIN = 24 MHz
Divisor = EFFF
I Input Leakage Vpp = 5.5V, Vgg = OV 10 wA
oL Clock Leakage ViN = 0V, 5.5V £10 A
loz TRI-STATE Leakage Vpp = 5.5V, Vgg = OV
Vout = 0V, 5.5V
1) Chip Deselected +20 rA
2) WRITE Mode,
Chip Selected
VILMR MR Schmitt V_ 0.8
VIHMR MR Schmitt V|4 2 \Y

Note 1: Does not apply to XOUT
Note 2: Tp = 25°C

Capacitance T, = 25:C, vpp = Vss = 0V

Symbol Parameter Conditions Min Typ Max Units
CxIN Clock Input Capacitance 7 9 pF
CxouT Clock Output Capacitance fo = 1MHz 7 9 pF
Unmeasured Pins
CiN Input Capacitance Returned to Vsg 5 7 pF
Cout Output Capacitance 6 8 pF
Ci/o Input/Output Capacitance 10 12 pF
3
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3.0 AC Electrical Characteristics 1, = 0°Gto +70°C, vpp = +5V £10%
Symbol Parameter Conditions Min Max Units
tAR RD Delay from Address 15 ns
taw WR Delay from Address 15 ns
tbH Data Hold Time 5 ns
tps Data Setup Time 15 ns
thz RD to Floating Data Delay (Note 2) 10 20 ns
tMR Master Reset Pulse Width 500 ns
tRA Address Hold Time from RD 0 ns
trc Read Cycle Update 29 ns
tRD RD Strobe Width 40 ns
tRvD Delay from RD to Data 25 ns
twa Address Hold Time from WR 0 ns
twe Write Cycle Update 29 ns
twR WR Strobe Width 40 ns
txH Duration of Clock High Pulse External Clock (24 MHz Max) 17 ns
txL Duration of Clock Low Pulse External Clock (24 MHz Max) 17 ns
RC Read Cycle = tar + trp + tRc 84 ns
WC Write Cycle = taw + twr + twc 84 ns
BAUD GENERATOR
N Baud Divisor 1 216 — 1
tBHD Baud Output Positive Edge Delay fx = 24 MHz,+2 45 ns
tBLD Baud Output Negative Edge Delay fx = 24 MHz,+2 45 ns
RECEIVER
tRAI Delay from Active Edge of RD to
78 ns
Reset Interrupt
tRINT Delay from Inactive Edge of RD
(RD LSR) 40 ns
to Reset Interrupt
tRx1 Delay from READ to RXRDY Inactive 55 ns
tscp Delay from RCLK to Sample Time 33 ns
tSINT Delay from Stop to Set Interrupt (Note 1) 2 BAUDOUT
Cycles
Note 1: In the FIFO mode (FCRO = 1) the trigger level interrupts, the receiver data available indication, the active RXRDY indication and the overrun error
indication will be delayed 3 RCLKs. Status indicators (PE, FE, Bl) will be delayed 3 RCLKs after the first byte has been received. For subsequently received bytes
these indicators will be updated immediately after RDRBR goes inactive. Timeout interrupt is delayed 8 RCLKs.
Note 2: Charge and discharge time is determined by Vo[, Von and the external loading.
Note 3: All AC timings can be met with current loads that don’t exceed 3.2 mA or —80 pA at 100 pF capacitive loading.
Note 4: For capacitive loads that exceed 100 pF the following typical derating factors should be used:
100 pF < C_ < 150 pF t = (0.1 ns/pF)(CL — 100 pF) AC Testing Load Circuit
150 pF < C_ < 200 pF t = (0.08 ns/pF)(C — 100 pF) SEvIcE
ISINK t = (0.5 ns/mA)(Isink MA) UNDER 1
IsouRcE t = (0.5 ns/mA)(Isource MA) TEST 100 pF
Limits: IsouRck is negative, Ignk < 4.8 MA, Isource = — 120 pA, CL < 250 pF g
TL/C/9426-22
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3.0 AC Electrical Characteristics 1, = 0°Gto +70°C, Vpp = +5V +10% (Gontinued)

Symbol | Parameter Conditions Min Max Units
TRANSMITTER
tHR Delay from WR (WR THR)
40 ns
to Reset Interrupt
tiR Delay from RD (RD IIR) to Reset 40 ns
Interrupt (THRE)
tirs Delay from Initial INTR Reset s 24 BAUDOUT
to Transmit Start Cycles
tg| Delay from Initial Write to Interrupt (Note 1) 16 24 BAUDOUT
Cycles
tsT Delay from Start to Interrupt (THRE) (Note 1) 8 BAUDOUT
Cycles
tsxa Delay from Start to TXRDY Active s BAUDOUT
Cycles
twxi Delay from Write to TXRDY Inactive 25 ns
MODEM CONTROL
tvpo Delay from WR (WR MCR) 40 ns
to Output
tRiM Delay to Reset Interrupt from 78 ns
RD (RD MSR)
tsim Delay to Set Interrupt from MODEM Input 40 ns

Note 1: This delay will be lengthened by 1 character time, minus the last stop bit time if the transmitter interrupt delay circuit is active. (See FIFO Interrupt Mode
Operation).

4.0 Timing Waveforms Ail timings are referenced to valid 0 and valid 1

External Clock Input (24 MHz Max) AC Test Points
IXH 24v
4 20V

’ 20v NOTE 2 NOTE 3

XIN 0.8V
0.4V
0.8V
0.4v TL/C/9426-3
— 1L —|

TL/C/9426-2
Note 2: The 2.4V and 0.4V levels are the voltages that the inputs are driven to during AC testing.

Note 3: The 2.0V and 0.8V levels are the voltages at which the timing tests are made.

BAUDOUT Timing

1BHO —»| |=—
wLO—> [+

SAUD OUT
[B]

—»| be—1gmH0
—| je—tw10

ww— | LT LT LT

e T e N e B o }

—+| fe—t8L0 —=| fe—taup

TL/C/9426-4
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4.0 Tlmlng Waveforms ai timings are referenced to valid 0 and valid 1 (Continued)

(e

Read Cycle
CHSL, CS
A2, AT, AO VALID %r/ /////) VALID
f tar +—"tRa
RC |
tro tre
{C
_ 55
RD \ ACTIVE 71 ACTIVE
’
OR
{C *
— ER)
WR \ ACTIVE
trvp tuz
DATA
Do~y VALID DATA
TL/C/9426-6
Write Cycle
CHSL, CS
A2, A1, AO VALID T/ /////) VALID
. taw —tya
we
twr twe
{
—_— 17
WR X aemve A ACTIVE
{5 \
RD \ ACTIVE
tps —t=—tpy
DATA ;
D=0, VALID DATA

Transmitter Timing

TL/C/9426-5

SERIAL -
oUT (SOUT) \fﬂy DATA (5-8)

e

INTERRUPT
(THRE)

STOP(1-2) \STAR/

— |<— 18TI

Note 1: See Write Cycle Timing.
Note 2: See Read Cycle Timing.

-—tHR —.‘ ! l
<— [HR —>
- !‘;ts‘—’
WR }
{WR THR)
NOTE 1
| |
R '4—
RD
(RD NR)
NOTE 2

TL/C/9426-8
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4.0 Tlmlng Waveforms ai timings are referenced to valid 0 and valid 1 (Continued)
Receiver Timing

RCLK JI_I I_I I—l_

. 8 CLKS | - tsco

SAMPLE CLK I_I—

NS16450 MODE:

SIN

SAMPLE CLOCK I I I I | I I I I I

RDR INTERRUPT \—
R tral
LSI INTERRUPT
tRINT
RD
(RORBR) N\ acve /

RD
(ROLSR) \ acmve

MODEM Control Timing

TL/C/9426-7

-

—>| MDD

RTS, DTR,
uT 2

< WMD) —

/

1 €73, D3R DCD / \

nTeRueT /—\_M
|"|SIM‘> lRIM‘-l I"'SIM* 'RIM"‘ I"—'SIM‘_‘
RD

(RD MSR)
NOTE 2

: \ /

TL/C/9426-9
Note 1: See Write Cycle Timing.
Note 2: See Read Cycle Timing.
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SAMPLE CLOCK I

4.0 Tlmlng Waveforms ai timings are referenced to valid 0 and valid 1 (Continued)

RCVR FIFO First Byte (This Sets RDR)

SIN
DATA (5-8) AR

TRIGGER LEVEL
INTERRUPT

(FIFO AT OR
ABOVE TRIGGER LEVEL)

(FCRE, 7=0, 0)

LSI INTERRUPT

N (FIFO BELOW
tpal TRIGGER LEVEL)

RD
(RDLSR)

\ ACTIVE /_

RD
(RDRBR)

SIN

SAMPLE CLOCK

TIMEOUT OR
TRIGGER LEVEL
INTERRUPT

LS! INTERRUPT
RD
(RDLSR)

RD
(RDRBR)

N\ acmve /

RCVR FIFO Bytes Other Than the First Byte (RDR Is Already Set)

>< >STOP\ /

TL/C/9426-10

(FIFO AT OR
2 \ ABOVE TRIGGER LEVEL)
NOTE 2 N (FIFO' BELOW
tsinT tgy  TRIGGER LEVEL)

cemecco=a

TOP BYTE OF FIFO

tsin

tRINT

\ Acve )/
N\ acmve /

ACTIVE

PREVIOUS BYTE
READ FROM FIFO

TL/C/9426-11

Receiver Ready FCRO = 0 or FCRO = 1 and FCR3 = 0 (Mode 0)

£ C

RD
(RORBR) N ACTIVE
NOTE 1
SIN
(FIRST BYTE) STOP
__ [fr—
RXRDY . /
tSiNT try
NOTE 2

TL/C/9426-12

Note 1: This is the reading of the last byte in the FIFO.
Note 2: If FCRO = 1, then tgyt = 3 RCLKs. For a timeout interrupt, tgjy7 = 8 RCLKSs.
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4.0 Tlmlng Waveforms ai timings are referenced to valid 0 and valid 1 (Continued)

Receiver Ready FCRO = 1 and FCR3 = 1 (Mode 1)

% ‘.
(RORBR) N ACTIVE
NOTE 1
SIN
(FIRST BYTE THAT pes
REACHES THE
TRIGGER LEVEL)
—
RXRDY . /
tsinT tRy
NOTE 2

Note 1: This is the reading of the last byte in the FIFO.
Note 2: If FCRO = 1, tgjyt = 3 RCLKs.

TL/C/9426-13

Transmitter Ready FCRO = 0 or FCRO = 1 and FCR3 = 0 (Mode 0)

WR — 2 2
(WRTHR) BYTE #1
Sout DATA X ey Y srop N\ START /
TXRDY
— tyy— —| |=—tsxa
TL/C/9426-14
Transmitter Ready FCRO = 1 and FCR3 = 1 (Mode 1)
W 4 2 {(
(WRTHR) \_EYTE #16 / "
START OF
BYTE
SouT DATA X PR Y sop \ START / 15 \ #6 /
TXRDY FIFO FULL
l— wa' — > —— tSXA

TL/C/9426-15
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INTERNAL |3
patA BUS |E

5.0 Block Diagram of a Single Channel

RECEIVER
FIFO

INTERRUPT
ID
REGISTER

FIFO
CONTROL

REGISTER

DATA RECEIVER RECEIVER
D7-Dp (| BUS BUFFER SHFT  |¢—— SN
BUFFER REGISTER REGISTER
T F 3
v
LINE
)| controL > REF;,',:’ER
N REGISTER  |— %
0 ' CONTROL
. DIVISOR == 1 S
Ay = LATCH (LS) R RDY »E
CHSL > DIVISOR BAUD E _
> — W
= ) LATCH (MS) GENERATOR oz N $
SELECT ALTERNATE
MR ——> & FUNCTION 4
= CONTROL REGISTER
? E— LOGIC y
WR —— > TRANSMITTER
TXRDY <—— LINE < TIMING
]| stars &
XIN —] REGISTER ¢ CONTROL
XOUT 4—— 3
> TRANSMITTER
FIFO
A4
TRANSMITTER TRANSMITTER
ﬁ HOLDING SHIFT —— sour
REGISTER REGISTER
MODEM o
| contrOL g — RS
REGISTER _
l——CTs
MODEM  |— bR
CONTROL _
MODEM p Logic  [¢—— DsR
| 1S < ==
POWER | = Vop REGISTER pcp
SUPPLY > Vs — R
INTERRUPT INTERRUPT
| EnreLE CONTROL > INTR
REGISTER LOGIC

TL/C/9426-16
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6.0 Pin Descriptions

The following describes the function of all DUART pins.
Some of these descriptions reference internal circuits.

In the following descriptions, a low represents a logic 0 (0V
nominal) and a high represents a logic 1 (+2.4V nominal).

Serial channels are designated by a numerical suffix (1 or 2)
after each pin name. If a numerical suffix is not associated
with the pin name, then the information applies to both
channels.

A0, A1, A2 (Register Select), pins 10, 14, 15: Address sig-
nals connected to these 3 inputs select a DUART register
for the CPU to read from or write to during data transfer.
Table | shows the registers and their addresses. Note that
the state of the Divisor Latch Access Bit (DLAB), which is
the most significant bit of the Line Control Register, affects
the selection of certain DUART registers. The DLAB must
be set high by the system software to access the Baud
Generator Divisor Latches and the Alternate Function Reg-
ister.

CHSL (Channel Select), pin 16: This directs the address
and data information to the selected serial channel. When
CHSL is high, channel 1 is selected. When CHSL is low
channel 2 is selected.

CS (Chip Select), pin 18: When CS is low, the chip is select-
ed. This enables communication between the DUART and
the CPU. Valid chip selects should stabilize according to the
taw parameter.

CTS1, CTS2 (Clear to Send), pins 40, 28: When low, this
indicates that the MODEM or data set is ready to exchange
data. The CTS signal is a MODEM status input whose con-
dition the CPU can test by reading bit 4 (CTS) of the
MODEM Status Register for the appropriate channel. Bit 4
is the complement of the CTS signal. Bit 0 (DCTS) of the
MODEM Status Register indicates whether the CTS input
has changed state since the previous reading of the
MODEM Status Register. CTS has no effect on the Trans-
mitter.

Note: Whenever the CTS bit of the MODEM Status Register changes state,

an interrupt is generated if the MODEM Status Interrupt is enabled.

D7-Dg (Data Bus), pins 9-2: This bus comprises eight TRI-
STATE input/output lines. The bus provides bidirectional
communications between the UART and the CPU. Data,
control words, and status information are transferred via the
D7-Dg Data Bus.

DCD1, DCD2 (Data Carrier Detect), pins 42, 30: When low,
indicates that the data carrier has been detected by the
MODEM or data set. The DCD signal is a MODEM status
input whose condition the CPU can test by reading bit 7
(DCD) of the MODEM Status Register for the appropriate
channel. Bit 7 is the complement of the DCD signal. Bit 3
(DDCD) of the MODEM Status Register indicates whether
the DCD input has changed state since the previous reading
of the MODEM Status Register. DCD has no effect on the
receiver.

Note: Whenever the DCD bit of the MODEM Status Register changes state,

an interrupt is generated if the MODEM Status Interrupt is enabled.

DSR1, DSR2 (Data Set Ready), pins 41, 29: When low, this
indicates that the MODEM or data set is ready to establish
the communications link with the DUART. The DSR signal is
a MODEM status input whose condition the CPU can test by
reading bit 5 (DSR) of the MODEM Status Register for the

appropriate channel. Bit 5 is the complement of the DSR
signal. Bit 1 (DDSR) of the MODEM Status Register indi-
cates whether the DSR input has changed state since the
previous reading of the MODEM Status Register.

Note: Whenever the DSR bit of the MODEM Status Register changes state,

an interrupt is generated if the MODEM Status Interrupt is enabled.

DTR1, DTR2 (Data Terminal Ready), pins 37, 27: When low,
this informs the MODEM or data set that the DUART is
ready to establish a communications link. The DTR output
signal can be set to an active low by programming bit 0
(DTR) of the MODEM Control Register to a high level. A
Master Reset operation sets this signal to its inactive (high)
state. Loop mode operation holds this signal in its inactive
state.

INTR1, INTR2 (Interrupt), pins 34, 17: This goes high when-
ever any one of the following interrupt types has an active
high condition and is enabled via the IER: Receiver Error
Flag; Received Data Available: timeout (FIFO Mode only);
Transmitter Holding Register Empty; and MODEM Status.
The INTR signal is reset low upon the appropriate interrupt
service or a Master Reset operation.

MF1, MF2 (Multi-Function), pins 35, 19: This can be pro-
grammed for any one of three signal functions OUT 2,
BAUDOUT or RXRDY. Bits 2 and 1 of the Alternate Func-
tion Register select which output signal will be present on
this pin. OUT 2 is the default signal and it is selected imme-
diately after master reset or power-up.

The OUT 2 signal can be set active low by programming bit
3 (OUT 2) of the associated channel’s MODEM Control
Register to a 1. A Master Reset operation sets this signal to
its inactive (high) state. Loop Mode holds this signal in its
inactive state.

The BAUDOUT signal is the 16 X clock output that drives
the transmitter and receiver logic of the associated serial
channel. This signal is the result of the XIN clock divided by
the value in the Division Latch Registers. The BAUDOUT
signal for each channel is internally connected to provide
the receiver clock (formerly RCLK on the PC16550D).

The RXRDY signal can be used to request a DMA transfer
of data from the RCVR FIFO. Details regarding the active
and inactive states of this signal are given in Section 8.5, Bit
3.

MR (Master Reset), pin 21: When this input is high, it clears
all the registers (except the Receiver Buffer, Transmitter
Holding, and Divisor Latches), and the control logic of the
DUART. The states of various output signals (SOUT, INTR,
OUT 2, RTS, DTR) are affected by an active MR input (Re-
fer to Table Ill.) This input is buffered with a TTL-compatible
Schmitt Trigger.

RD (Read), pin 24: When RD is low while the chip is select-
ed, the CPU can read status information or data from the
selected DUART register.

RTS1, RTS2 (Request to Send), pins 36, 23: When low, this
informs the MODEM or data set that the UART is ready to
exchange data. The RTS output signal can be set to an
active low by programming bit 1 (RTS) of the MODEM Con-
trol Register. A Master Reset operation sets this signal to its
inactive (high) state. Loop mode operation holds this signal
in its inactive state.
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6.0 Pin Descriptions (Continued)

RI1, RI2 (Ring Indicator), pins 43, 31: When low, this indi-

cates that a telephone ringing signal has been received by

the MODEM or data set. The RI signal is a MODEM status
input whose condition the CPU can test by reading bit 6 (RI)
of the MODEM Status Register for the appropriate channel.

Bit 6 is the complement of the RI signal. Bit 2 (TERI) of the

MODEM Status Register indicates whether the RI input sig-

nal has changed from a low to a high state since the previ-

ous reading of the MODEM Status Register.

Note: Whenever the RI bit of the MODEM Status Register changes from a
high to a low state, an interrupt is generated if the MODEM Status
Interrupt is enabled.

SIN1, SIN2 (Serial Input), pins 39, 25 : Serial data input from

the communications link (peripheral device, MODEM, or

data set).

SOUT1, SOUT2 (Serial Output), pins 38, 26: Composite se-

rial data output to the communications link (peripheral,

MODEM or data set). The SOUT signal is set to the Marking

(logic 1) state upon a Master Reset operation.

TXRDY1, TXRDY2 (Transmitter Ready), pins 1, 32: Trans-

mitter DMA signalling is available through two pins. When

operating in the FIFO mode, the CPU selects one of

7.0 Connection Diagram

two types of DMA transfer via FCR3. When operating as in
the 16450 Mode, only DMA mode 0 is allowed. Mode 0
supports single transfer DMA where a transfer is made be-
tween CPU bus cycles. Mode 1 supports multi-transfer DMA
where multiple transfers are made continuously until the
XMIT FIFO has been filled. Details regarding the active and
inactive states of this signal are given in Section 8.5, Bit 3.
Vpp (Power), pins 33, 44: + 5V Supply

Vgg (Ground), pins 12, 22: OV Reference

WR (Write), pin 20: When WR is low while the chip is select-
ed, the CPU can write control words or data into the select-
ed DUART register.

XIN (External Crystal Input), pin 11: This signal input is used
in conjunction with XOUT to form a feedback circuit for the
baud rate generator’s oscillator. If a clock signal will be gen-
erated off-chip, then it should drive the baud rate generator
through this pin.

XOUT (External Crystal Output), pin 13: This signal output is
used in conjunction with XIN to form a feedback circuit for
the baud rate generator’s oscillator. If the clock signal will
be generated off-chip, then this pin is unused.

Chip Carrier Package

5 -
3883 8‘% g8z lBIZ B
| T T T T T |
/6543214443424140
ps—{ 7 39— SIN1
D6—| 8 38 |- SOUTH
p7— 9 37— DTR1
A0—{10 36 |— RTS1
XIN— 11 35 MFi
vss —{12 34— INTR1
xout —{13 33— VDD
A1—{14 32 |- TXRDY2
A2—15 31— Ri2
CHSL —{16 30 |- DCD2
INTR2 —{17 29 |- DSR2
18 19 20 21 22 23 24 25 26 27 28
Fr1rrrrrrrird
BEESERE G R
@ TL/C/9426-17
Top View
Order Number PC16552D

See NS Package Number V44A
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8.0 Registers

TABLE |. Register Addresses

DLAB1

CHSL

Az

Aq

Ao

Register

- X X X X X ooo

- 4 g a4 g a A

0

O = =2 4 4 0O0O0O0

0

O 2 4 00 4 4 40O

0

O -0 =+ 0 =00 =

Receiver Buffer (Read),
Transmitter Holding
Register (Write)
Interrupt Enable
Interrupt Identification (Read)
FIFO Control (Write)
Line Control

MODEM Control

Line Status

MODEM Status
Scratch

Divisor Latch

(Least Significant Byte)
Divisor Latch

(Most Significant Byte)
Alternate Function

rmzZz2Z2>»IO0

DLAB2

CHSL

Az

Aq

Ao

Register

- X X X X X ooo

(el lNeleNeNeNeNoN-]

O =4 =24 4 4 0O0O0O0

O 4 4~ 00 2 =4 =4 O

O =0 =+ 0 =00 =

Receiver Buffer (Read),
Transmitter Holding
Register (Write)
Interrupt Enable
Interrupt Identification (Read)
FIFO Control (Write)
Line Control

MODEM Control

Line Status

MODEM Status
Scratch

Divisor Latch

(Least Significant Byte)
Divisor Latch

(Most Significant Byte)
Alternate Function

rmzZz2Z2>»IO0
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8.0 Registers (Continued)

Two identical register sets, one for each channel, are in the
DUART. All register descriptions in this section apply to the
register sets in both channels.

8.1 LINE CONTROL REGISTER

The system programmer specifies the format of the asyn-
chronous data communications exchange and sets the Divi-
sor Latch Access bit via the Line Control Register (LCR).
This is a read and write register. Table |l shows the contents
of the LCR. Details on each bit follow:

Bits 0 and 1: These two bits specify the number of data bits
in each transmitted or received serial character. The encod-
ing of bits 0 and 1 is as follows:

Bit 1 Bit 0 Data Length
0 0 5 Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

Bit 2: This bit specifies the number of Stop bits transmitted
with each serial character. If bit 2 is a logic 0, one Stop bit is
generated in the transmitted data. If bit 2 is a logic 1 when a
5-bit data length is selected, one and a half Stop bits are
generated. If bit 2 is a logic 1 when either a 6-, 7-, or 8-bit
word length is selected, two Stop bits are generated. The
receiver checks the first Stop bit only, regardless of the
number of Stop bits selected.

Bit 3: This bit is the Parity Enable bit. When bit 3 is a logic 1,
a Parity bit is generated (transmit data) or checked (receive
data) between the last data bit and Stop bit of the serial
data. (The Parity bit is used to produce an even or odd
number of 1s when the data bits and the Parity bit are
summed.)

Bit 4: This bit is the Even Parity Select bit. When parity is
enabled and bit 4 is a logic 0, an odd number of logic 1s is
transmitted or checked in the data word bits and Parity bit.
When parity is enabled and bit 4 is a logic 1, an even num-
ber of logic 1s is transmitted or checked.

Bit 5: This bit is the Stick Parity bit. When parity is enabled it
is used in conjunction with bit 4 to select Mark or Space
Parity. When bits 3, 4 and 5 are logic 1 the Parity bit is
transmitted and checked as a logic 0 (Space Parity). If bits 3
and 5 are 1 and bit 4 is a logic 0 then the Parity bit is
transmitted and checked as a logic 1 (Mark Parity). If bit 5 is
a logic 0 Stick Parity is disabled.

Bit 6: This bit is the Break Control bit. It causes a break
condition to be transmitted to the receiving UART. When it
is set to a logic 1, the serial output (SOUT) is forced to the
Spacing state (logic 0). The break is disabled by setting bit 6
to a logic 0. The Break Control bit acts only on SOUT and
has no effect on the transmitter logic.

Composite Serial Data

START ACLSB- DATA (5-8) -MSB-X PARITYY sToP

TL/C/9426-21

Note: This feature enables the CPU to alert a terminal in a computer com-
munications system. If the following sequence is followed, no errone-
ous or extraneous characters will be transmitted because of the
break.

1. Load an all Os, pad character, in response to THRE.

2. Set break after the next THRE.

3. Wait for the transmitter to be idle, (TEMT = 1), and clear break when

normal transmission has to be restored.

During the break, the Transmitter can be used as a character timer to accu-

rately establish the break duration.

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It must

be set high (logic 1) to access the Divisor Latches of the

Baud Generator or the Alternate Function Register during a

Read or Write operation. It must be set low (logic 0) to ac-

cess any other register.

8.2 TYPICAL CLOCK CIRCUITS

Vee PC16552D
DRIVER
EXTERNAL
CLOCK p
OPTIONAL
DRIVER = |osc. cLock To
BAUD GEN LOGIC

DPTIDNAL_°< =
CLOCK
OUTPUT xout

TL/C/9426-18

PC18552D

-
8
WA
2
}r)__.
-]
& >
= 3
=

0SC, CLOCK TO
BAUD GEN LOGIC

aH—

TL/C/9426-19

Typical Crystal Oscillator Network (Note)

Crystal Rp Rx2 Cq Cy
3.1 MHz 1MQ 1.5k 10-30 pF 40-60 pF
1.8 MHz 1MQ 1.5k 10-30 pF 40-60 pF

Note: These R and C values are approximate and may vary 2 x depending
on the crystal characteristics. All crystal circuits should be designed
specifically for the system.
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8.0 Registers (Continued)

TABLE Ill. DUART Reset Configuration

Register/Signal Reset Control Reset State
Interrupt Enable Register Master Reset 0000 0000 (Note1)
Interrupt Identification Register Master Reset 0000 0001
FIFO Control Master Reset 0000 0000
Line Control Register Master Reset 0000 0000
MODEM Control Register Master Reset 0000 0000
Line Status Register Master Reset 0110 0000
MODEM Status Register Master Reset XXXX 0000 (Note2)
Alternate Function Register Master Reset 0000 0000
SOUT Master Reset High
INTR (RCVR Errs) Read LSR/MR Low
INTR (RCVR Data Ready) Read RBR/MR Low
INTR (THRE) Read IIR/Write THR/MR Low
INTR (Modem Status Changes) Read MSR/MR Low
OUT 2 Master Reset High
RTS Master Reset High
DTR Master Reset High
RCVR FIFO MR/FCR1eFCR0/AFCRO All Bits Low
XMIT FIFO MR/FCR1eFCR0O/AFCRO All Bits Low

Note 1: Boldface bits are permanently low.
Note 2: Bits 7-4 are driven by the input signals.

8.3 PROGRAMMABLE BAUD GENERATOR

The DUART contains two independently programmable
Baud Generators. Each is capable of taking a common
clock input from DC to 24.0 MHz and dividing it by any divi-
sor from 1 to 216 — 1. The highest input clock frequency
recommended with a divisor = 1 is 24 MHz. The output
frequency of the Baud Generator is 16 X the baud rate,
[divisor # = (frequency input) + (baud rate X 16)]. The
output of each Baud Generator drives the transmitter and
receiver sections of the associated serial channel. Two 8-bit
latches per channel store the divisor in a 16-bit binary for-
mat. These Divisor Latches must be loaded during initializa-
tion to ensure proper operation of the Baud Generator.
Upon loading either of the Divisor Latches, a 16-bit Baud
Counter is loaded.

Table IV provides decimal divisors to use with crystal fre-
quencies of 1.8432 MHz, 3.072 MHz and 18.432 MHz. For
baud rates of 38400 and below, the error obtained is mini-
mal. The accuracy of the desired baud rate is dependent on
the crystal frequency chosen. Using a divisor of zero is not
recommended.

8.4 LINE STATUS REGISTER

This register provides status information to the CPU con-
cerning the data transfer. Table Il shows the contents of the
Line Status Register. Details on each bit follow:

Bit 0: This bit is the receiver Data Ready (DR) indicator. Bit
0 is set to a logic 1 whenever a complete incoming charac-
ter has been received and transferred into the Receiver
Buffer Register or the FIFO. Bit 0 is reset to a logic 0 by
reading all of the data in the Receiver Buffer Register or the
FIFO.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1 indi-
cates that the next character received was transferred into
the Receiver Buffer Register before the CPU could read the
previously received character. This transfer destroys the

previous character. The OE indicator is set to a logic 1 dur-
ing the character stop bit time when the overrun condition
exists. It is reset whenever the CPU reads the contents of
the Line Status Register. If the FIFO mode data continues to
fill the FIFO beyond the trigger level, an overrun error will
occur only after the FIFO is full and the next character has
been completely received in the shift register. OE is indicat-
ed to the CPU as soon as it happens. The character in the
shift register can be overwritten, but it is not transferred to
the FIFO.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2 indi-
cates that the received data character does not have the
correct even or odd parity, as selected by the even-parity-
select bit. The PE bit is set to a logic 1 during the character
Stop bit time when the character has a parity error. It is
reset to a logic 0 whenever the CPU reads the contents of
the Line Status Register or when the next character is load-
ed into the Receiver Buffer Register. In the FIFO mode this
error is associated with the particular character in the FIFO
it applies to. This error is revealed to the CPU when its
associated character is at the top of the FIFO.

Bit 3: This bit is the Framing Error (FE) indicator. Bit 3 indi-
cates that the received character did not have a valid Stop
bit. The FE bit is set to a logic 1 when the serial channel
detects a logic 0 during the first Stop bit time. The FE indica-
tor is reset whenever the CPU reads the contents of the
Line Status Register or when the next character is loaded
into the Receiver Buffer Register. In the FIFO Mode this
error is associated with the particular character in the FIFO
it applies to. This error is revealed to the CPU when its
associated character is at the top of the FIFO. The serial
channel will try to resynchronize after a framing error. To do
this it assumes that the framing error was due to the next
start bit, so it samples this ‘“‘start” bit twice and then takes in
the “data”.
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8.0 Registers (Continued)

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 4 is set
to a logic 1 whenever the received data input is held in the
Spacing (logic 0) state for longer than a full word transmis-
sion time (that is, the total time of Start bit + data bits +
Parity + Stop bits). The Bl indicator is reset whenever the
CPU reads the contents of the Line Status Register or when
the next valid character is loaded into the Receiver Buffer
Register. In the FIFO Mode this condition is associated with
the particular character in the FIFO it applies to. It is re-
vealed to the CPU when its associated character is at the
top of the FIFO. When break occurs only one zero character
is loaded into the FIFO. The next character transfer is en-
abled after SIN goes to the marking state and receives the
next valid start bit.

Note: Bits 1 through 4 are the error conditions that produce a Receiver Line
Status interrupt whenever any of the corresponding conditions are
detected and the interrupt is enabled.

Bit 5: This bit is the Transmitter Holding Register Empty

(THRE) indicator. In the 16450 mode bit 5 indicates that the

associated serial channel is ready to accept a new charac-

ter for transmission. In addition, this bit causes the DUART
to issue an interrupt to the CPU when the Transmit Holding

Register Empty Interrupt enable is set high. The THRE bit is

set to a logic 1 when a character is transferred from the

Transmitter Holding Register into the Transmitter Shift Reg-

ister. The bit is reset to logic 0 concurrently with the loading

of the Transmitter Holding Register by the CPU. In the FIFO
mode this bit is set when the XMIT FIFO is empty; it is
cleared when at least 1 byte is written to the XMIT FIFO.

Bit 6: This bit is the Transmitter Empty (TEMT) indicator. Bit

6 is set to a logic 1 whenever the Transmitter Holding Regis-

ter (THR) and the Transmitter Shift Register (TSR) are both

empty. It is reset to a logic 0 whenever either the THR or

TSR contains a data character. In the FIFO mode this bit is

set to one whenever the transmitter FIFO and shift register

are both empty.

Bit 7: In the 16450 Mode this is a 0. In the FIFO Mode LSR7
is set when there is at least one parity error, framing error or
break indication in the FIFO. LSR7 is cleared when the CPU
reads the LSR, if there are no subsequent errors in the
FIFO.

Note: The Line Status Register is intended for read operations only. Writing
to this register is not recommended as this operation is only used for
factory testing. In the FIFO mode the user must load a data byte into
the Rx FIFO in order to write to LSR2-4. LSRO and LSR7 cannot be
written to in the FIFO mode.

8.5 FIFO CONTROL REGISTER

This is a write only register at the same location as the IIR
(the IIR is a read only register). This register is used to en-
able the FIFOs, clear the FIFOs, set the RCVR FIFO trigger
level, and select the type of DMA signalling.

Bit 0: Writing a 1 to FCRO enables both the XMIT and RCVR
FIFOs. Resetting FCRO will clear all bytes in both FIFOs.
When changing from FIFO Mode to 16450 Mode and vice
versa, data is automatically cleared from the FIFOs. This bit
must be a 1 when other FCR bits are written to or they will
not be programmed.

Bit 1: Writing a 1 to FCR1 clears all bytes in the RCVR FIFO
and resets its counter logic to 0. The shift register is not
cleared. The 1 that is written to this bit position is self-clear-
ing.

Bit 2: Writing a 1 to FCR2 clears all bytes in the XMIT FIFO
and resets its counter logic to 0. The shift register is not
cleared. The 1 that is written to this bit position is self-clear-
ing.

Bit 3: Writing a 1 to FCR3 causes RXRDY and TXRDY oper-
ations to change from mode 0 to mode 1 if FCRO=1.
RXRDY Mode 0: When in the 16450 Mode (FCRO = 0) or
in the FIFO Mode (FCRO = 1, FCR3 = 0) and there is at
least 1 character in the RCVR FIFO or RCVR Buffer Regis-
ter, the RXRDY pin will go low active. Once active the
RXRDY pin will go inactive when there are no more charac-
ters in the FIFO or Buffer Register.

TABLE IV. Baud Rates, Divisors and Crystals

1.8432 MHz Crystal 3.072 MHz Crystal 18.432 MHz Crystal
Baud Rate [:gf:rgaLDé\{;iir Percent Error 23:'1";3;[’(':‘{;?: Percent Error 2:::";1'?&7;3(::: Percent Error

50 2304 — 3840 — 23040 —
75 1536 — 2560 — 15360 —
110 1047 0.026 1745 0.026 10473 —
134.5 857 0.058 1428 0.034 8565 —
150 768 — 1280 — 7680 —
300 384 — 640 — 3840 —
600 192 — 320 — 1920 —
1200 96 — 160 — 920 —
1800 64 — 107 0.312 640 —
2000 58 0.69 96 — 576 —
2400 48 — 80 — 480 —
3600 32 — 53 0.628 320 —
4800 24 — 40 — 240 —
7200 16 — 27 1.23 160 —
9600 12 — 20 — 120 —
19200 6 — 10 — 60 —
38400 3 — 5 — 30 —

56000 2 2.86 — — 21 2.04
128000 — — — — 9 —

Note: For baud rates of 250k, 300k, 375k, 500k, 750k and 1.5M using a 24 MHz crystal causes minimal error.
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8.0 Registers (Continued)

RXRDY Mode 1: In the FIFO Mode (FCRO = 1) when the
FCR3 = 1 and the trigger level or the timeout has been
reached, the RXRDY pin will go low active. Once it is acti-
vated it will go inactive when there are no more characters
in the FIFO.

TXRDY Mode 0: In the 16450 Mode (FCRO = 0) or in the
FIFO Mode (FCRO = 1, FCR3 = 0) when there are no
characters in the XMIT FIFO or XMIT Holding Register, the
TXRDY pin will go low active. Once active the TXRDY pin
will go inactive after the first character is loaded into the
XMIT FIFO or Holding Register.

TXRDY Mode 1: In the FIFO Mode (FCRO = 1, FCR3 = 1)
and when there are no characters in the XMIT FIFO, the
TXRDY pin will go low active. This pin will become inactive
when the XMIT FIFO is completely full.

Bit 4, 5: FCR4 to FCR5 are reserved for future use.

Bit 6, 7: FCR6 and FCRY7 are used to designate the interrupt
trigger level. When the number of bytes in the RCVR FIFO
equals the designated interrupt trigger level, a Received
Data Available Interrupt is activated. This interrupt must be
enabled by setting IERO.

8.6 INTERRUPT IDENTIFICATION REGISTER

In order to provide minimum software overhead during data
character transfers, each serial channel of the DUART prior-
itizes interrupts into four levels and records these in the
Interrupt Identification Register. The four levels of interrupt
conditions in order of priority are Receiver Line Status; Re-
ceived Data Ready; Transmitter Holding Register Empty;
and MODEM Status.

When the CPU reads the IR, the associated DUART serial
channel freezes all interrupts and indicates the highest pri-
ority pending interrupt to the CPU. While this CPU access is
occurring, the associated DUART serial channel records
new interrupts, but does not change its current indication
until the access is complete. Table Il shows the contents of
the IIR. Details on each bit follow:

Bit 0: This bit can be used in a prioritized interrupt environ-
ment to indicate whether an interrupt is pending. When bit 0
is a logic 0, an interrupt is pending and the IIR contents may
be used as a pointer to the appropriate interrupt service
routine. When bit 0 is a logic 1, no interrupt is pending.

Bits 1 and 2: These two bits of the IIR identify the highest

T e s e e et
. it 3: In is bitis 0. In i
LA Trigger Level (Bytes) bit is set along with bit 2 when a timeout interrupt is pending.
00 01 Bits 4 and 5: These two bits of the IIR are always logic 0.
0 1 04 Bits 6 and 7: These two bits are set when FCRO = 1.
10 08 (FIFO Mode enabled.)
11 14
TABLE V. Interrupt Control Functions
FIFO Interrupt
Mode | Identification Interrupt Set and Reset Functions
Only Register
. . . . Priority
Bit3 | Bit2 | Bit 1| Bit0 Level Interrupt Type Interrupt Source Interrupt Reset Control
0 0 0 1 — None None —
0 1 1 0 | Highest | Receiver Line Status Overrun Error or Parity Error or Reading the Line Status
Framing Error or Break Interrupt Register
0 1 0 0 | Second | Received Data Available | Receiver Data Available or Trigger | Reading the Receiver Buffer
Level Reached Register or the FIFO Drops
below the Trigger Level
1 1 0 0 | Second | Character Timeout No Characters Have Been Reading the Receiver
Indication Removed from or Input to the Buffer Register
RCVR FIFO During the Last 4 Char.
Times and There is at Least 1 Char.
in it During This Time
0 0 1 0 Third | Transmitter Holding Transmitter Holding Reading the IIR Register (if
Register Empty Register Empty Source of Interrupt) or Writing
into the Transmitter Holding
Register
0 0 0 0 Fourth | MODEM Status Clear to Send or Data Set Ready or | Reading the MODEM
Ring Indicator or Data Carrier Status Register
Detect
18
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8.0 Registers (Continued)

8.7 INTERRUPT ENABLE REGISTER

This register enables five types of interrupts for the associ-
ated serial channel. Each interrupt can individually activate
the interrupt (INTR) output signal. It is possible to totally
disable the interrupt system by resetting bits 0 through 3 of
the Interrupt Enable Register (IER). Similarly, setting bits of
the IER register to a logic 1, enables the selected inter-
rupt(s). Disabling an interrupt prevents it from being indicat-
ed as active in the IIR and from activating the INTR output
signal. All other system functions operate in their normal
manner, including the setting of the Line Status and
MODEM Status Registers. Table Il shows the contents of
the IER. Details on each bit follow:

Bit 0: When set to logic 1 this bit enables the Received Data
Available Interrupt and Timeout Interrupt in the FIFO Mode.

Bit 1: When set to logic 1 this bit enables the Transmitter
Holding Register Empty Interrupt.

Bit 2: When set to logic 1 this bit enables the Receiver Line
Status Interrupt.

Bit 3: When set to logic 1 this bit enables the MODEM
Status Interrupt.

Bits 4 through 7: These four bits are always logic 0.

8.8 MODEM CONTROL REGISTER

This register controls the interface with the MODEM or data
set (or a peripheral device emulating a MODEM). The con-
tents of the MODEM Control Register are indicated in Table
Il and are described below:

Bit 0: This bit controls the Data Terminal Ready (DTR) out-
put. When bit 0 is set to a logic 1, the DTR output is forced
to a logic 0. When bit 0 is reset to a logic 0, the DTR output
is forced to a logic 1.

Bit 1: This bit controls the Request to Send (RTS) output.
Bit 1 affects the RTS output in a manner identical to that
described above for bit 0.

Bit 2: This bit is the OUT 1 bit. It does not have an output
pin associated with it. It can be written to and read by the
CPU. In Local Loopback Mode this bit controls bit 2 of the
Modem Status Register.

Bit 3: This bit controls the Output 2 (OUT 2) signal, which is
an auxiliary user-designated output. Bit 3 affects the OUT 2
pin in a manner identical to that described above for bit 0.

The function of this bit is multiplexed on a single output pin
with two other functions: BAUDOUT and RXRDY. The
OUT 2 function is the default function of the pin after a
master reset. See Section 8.10 for more information about
selecting one of these 3 pin functions.

Bit 4: This bit provides a local loopback feature for diagnos-
tic testing of the associated serial channel. When bit 4 is set
to logic 1, the following occur: the transmitter Serial Output
(SOUT) is set to the Marking (logic 1) state; the receiver
Serial Input (SIN) is disconnected; the output of the Trans-
mitter Shift Register is “looped back’ into the Receiver Shift
Register input; the four MODEM Control inputs (DSR, CTS,
RI, and DCD) are disconnected; the four MODEM Control
outputs (DTR, RTS, OUT 1, and OUT 2) are internally con-
nected to the four MODEM Control inputs; and the MODEM
Control output pins are forced to their inactive state (high).
In this diagnostic mode, data that is transmitted is immedi-
ately received. This feature allows the processor to verify
transmit and receive data paths of the DUART.

In this diagnostic mode, the receiver and transmitter inter-
rupts are fully operational. Their sources are external to the
part. The MODEM Control Interrupts are also operational,
but the interrupts’ sources are now the lower four bits of the
MODEM Control Register instead of the four MODEM Con-
trol inputs. The interrupts are still controlled by the Interrupt
Enable Register.

Bits 5 through 7: These bits are permanently set to logic 0.

8.9 MODEM STATUS REGISTER

This register provides the current state of the control lines
from the MODEM (or peripheral device) to the CPU. In addi-
tion to this current-state information, four bits of the
MODEM Status Register provide change information. The
latter bits are set to a logic 1 whenever a control input from
the MODEM changes state. They are reset to logic 0 when-
ever the CPU reads the MODEM Status Register.

The contents of the MODEM Status Register are indicated
in Table Il and described below.

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator.
Bit 0 indicates that the CTS input to the chip has changed
state since the last time it was read by the CPU.

Bit 1: This bit is the Delta Data Set Ready (DDSR) indicator.
Bit 1 indicates that the DSR input to the chip has changed
state since the last time it was read by the CPU.

Bit 2: This bit is the Trailing Edge of Ring Indicator (TERI)
detector. Bit 2 indicates that the RI input to the chip has
changed from a low to a high state.

Bit 3: This bit is the Delta Data Carrier Detect (DDCD) indi-

cator. Bit 3 indicates that the DCD input to the chip has

changed state.

Note: Whenever bit 0, 1, 2, or 3 is set to logic 1, a MODEM Status Interrupt
is generated.

Bit 4: This bit is the complement of the Clear to Send (CTS)

input. If bit 4 (loop) of the MCR is set to a 1, this bit is

equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data Set Ready
(DSR) input. If bit 4 of the MCR is set to a 1, this bit is
equivalent to DTR in the MCR.

Bit 6: This bit is the complement of the Ring Indicator (RI)
input. If bit 4 of the MCR is set to a 1, this bit is equivalent to
OUT 1 in the MCR.

Bit 7: This bit is the complement of the Data Carrier Detect
(DCD) input. If bit 4 of the MCR is set to a 1, this bit is
equivalent to OUT 2 in the MCR.

8.10 ALTERNATE FUNCTION REGISTER

This is a read/write register used to select specific modes of
operation. It is located at address 010 when the DLAB bit is
set.

Bit 0: When this bit is set the CPU can write concurrently to
the same register in both register sets. This function is in-
tended to reduce the DUART initialization time. It can be
used by a CPU when both channels are initialized to the
same state. The CPU can set or clear this bit by accessing
either register set. When this bit is set the channel select pin
still selects the channel to be accessed during read opera-
tions. Setting or clearing this bit has no effect on read oper-
ations.

The user should ensure that the DLAB bit (LCR7) of both
channels are in the same state before executing a concur-
rent write to register addresses 0, 1 and 2.
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8.0 Registers (Continued)

Bits 1 and 2: These select the output signal that will be
present on the multi-function pin, MF. These bits are individ-
ually programmable for each channel, so that different sig-
nals can be selected on each channel. Table VI associates
the signal present at the multi-function pin with the bit code.

TABLE VI
AFR Bit Code . . .
Bit2 Bit1 Multi-Function Pin Signal
0 0 (Note 1) | OUT 2
0 1 BAUDOUT
1 0 RXRDY
1 1 Reserved (Note 2)

Note 1: This is the state after power-up or master reset.
Note 2: Output is forced high.

Bits 3 through 7: These bits are permanently set to a logic
0.

8.11 SCRATCHPAD REGISTER

This 8-bit Read/Write Register does not control the serial
channel in any way. It is intended as a Scratchpad Register
to be used by the programmer to hold data temporarily.

9.0 FIFO Mode Operation

Each serial channel has two 16-byte FIFOs associated with
it. The operational description that follows is applicable to
the FIFOs of both channels.

9.1 FIFO INTERRUPT OPERATION

When the RCVR FIFO and receiver interrupt are enabled

(FCRO = 1, IERO = 1) Receive Data Available Interrupts

will occur as follows:

A. The Receive Data Available Interrupt will be issued to the
CPU when the number of bytes in the RCVR FIFO equals
the programmed trigger level; it will be cleared as soon
as the number of bytes in the RCVR FIFO drops below its
programmed trigger level.

B. The IIR Receive Data Available Indication also occurs
when the FIFO trigger level is reached, and like the inter-
rupt it is cleared when the FIFO drops below the trigger
level.

C. The Receiver Line Status Interrupt (IIR = 06), as before,
has higher priority than the Received Data Available
(IR = 04) Interrupt.

D. The data ready bit (LSRO0) is set as soon as a character is
transferred from the shift register to the RCVR FIFO. ltis
reset when the RCVR FIFO is empty.

When RCVR FIFO and receiver interrupts are enabled,

RCVR FIFO timeout interrupts will occur as follows:

A. A RCVR FIFO Timeout Interrupt will occur, if the following
conditions exist:

— at least one character is in the RCVR FIFO

— the most recent serial character received was longer
than 4 continuous character times ago (if 2 stop bits
are programmed the second one is included in this
time delay).

— the most recent CPU read of the RCVR FIFO was
longer than 4 continuous character times ago.

The maximum time between a received character and a
timeout interrupt will be 160 ms at 300 baud with a 12-bit
receive character (i.e. 1 START, 8 DATA, 1 PARITY and
2 STOP BITS).

B. Character times are calculated by using the BAUDOUT
signal as a clock signal (this makes the delay proportion-
al to the baud rate).

C. When a timeout interrupt has occurred it is cleared and
the timer reset when the CPU reads one character from
the RCVR FIFO.

D. When the timeout interrupt indication is inactive the time-
out indication timer is reset after a new character is re-
ceived or after the CPU reads the RCVR FIFO.

When the XMIT FIFO interrupts are enabled (FCRO = 1,
IER1 = 1), XMIT interrupts will occur as follows:

A. The Transmitter Holding Register Empty Interrupt occurs
when the XMIT FIFO is empty. It is cleared as soon as
the Transmitter Holding Register is written to (1 to 16
characters may be written to the XMIT FIFO while servic-
ing this interrupt) or the IIR is read.

B. The transmitter FIFO empty indications will be delayed 1
character time minus the last Stop bit time whenever the
following occurs: THRE = 1 and there have not been at
least two bytes at the same time in the transmit FIFO,
since the last THRE = 1. The first Transmitter Holding
Register Empty Interrupt after changing FCRO will be im-
mediate, if it is enabled.

This delay prevents the DUART from issuing a second

Transmitter Holding Register Empty Interrupt as soon as it

transfers the first character into the Transmitter Shift Regis-

ter.

Character timeout and RCVR FIFO trigger level interrupts

have the same priority as the current received data avail-

able interrupt; XMIT FIFO Empty has the same priority as
the current Transmitter Holding Register Empty Interrupt.

9.2 FIFO POLLED OPERATION
With FCRO = 1 resetting IERO, IER1, IER2, IER3 or all to
zero puts the associated serial channel in the FIFO Polled
Mode of operation. Since the receiver and transmitter are
controlled separately either one or both can be in the polled
mode of operation.
In this mode the user’s program will check receiver and
transmitter status via the LSR. As stated in Section 8.4:
LSRO will be set as long as there is one byte in the RCVR
FIFO.
LSR1 to LSR4 will specify which error(s) has occurred.
Character error status is handled the same way as in the
interrupt mode.
LSR5 will indicate when the XMIT FIFO is empty.
LSR6 will indicate that both the XMIT FIFO and shift reg-
ister are empty.
LSR7 will indicate whether there are any errors in the
RCVR FIFO.
There is no trigger level reached or timeout condition indi-
cated in the FIFO Polled Mode, however, the RCVR and
XMIT FIFOs are otherwise functional.
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44-Lead Plastic Chip Carrier (V)
Order Number PC16552DV
NS Package Number V44A

V44A (REV K)

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

PC16552D Dual Universal Asynchronous Receiver/Transmitter with FIFOs

2. A critical component is any component of a life
support device or system whose failure to perform can

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant

into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can

be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

be reasonably expected to result in a significant injury
to the user.

National Semiconductor
(Australia) Pty, Ltd.
Building 16

Business Park Drive
Monash Business Park
Nottinghill, Melbourne
Victoria 3168 Australia
Tel: (3) 558-9999

Fax: (3) 558-9998

National Semiconductores
Hong Kong Ltd. Do Brazil Ltda.

13th Floor, Straight Block, Rue Deputado Lacorda Franco
Engineering Center Ocean Centre, 5 Canton Rd. 120-3A

Bldg. 7F Tsimshatsui, Kowloon Sao Paulo-SP

1-7-1, Nakase, Mihama-Ku Hong Kong Brazil 05418-000

Chiba-City, Tel: (852) 2737-1600 Tel: (55-11) 212-5066

Ciba Prefecture 261 Fax: (852) 2736-9960 Telex: 391-1131931 NSBR BR
Tel: (043) 299-2300 Fax: (55-11) 212-1181

Fax: (043) 299-2500

National National
Japan Ltd.

Sumitomo Chemical

National National
Corporation GmbH
2900 Semiconductor Drive Livry-Gargan-Str. 10
P.O. Box 58090

Santa Clara, CA 95052-8090
Tel: 1(800) 272-9959

TWX: (910) 339-9240

o)

D-82256 Furstenfeldbruck
Germany

Tel: (81-41) 35-0

Telex: 527649

Fax: (81-41) 35-1

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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