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General Description

The PC16553 integrates two CMOS NS16550AF UARTs
with a bidirectional parallel interface into a single IC. The
serial ports are compatible with all existing software written
for the INS8250A, NS16450, NS16C450 and NS16550AF.
The parallel port is compatible with all existing software writ-
ten for the IBM® PC®, XT®, AT®, PS/2® and Centronics
parallel ports.

The serial ports 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 over-
head and maximize system efficiency.

Signalling for DMA transfers to and from the FIFOs is done
through two pins per channel (TXRDY and RXRDY). The
RXRDY function is multiplexed on one pin with the OUT2
and BAUDOUT functions. The CPU can select these func-
tions through a new UART register (Alternate Function Reg-
ister).

Each UART channel includes one programmable baud rate
generator capable of dividing the clock input by divisors of 1
to (216 — 1), and producing a 16 X clock for driving the
internal logic of both the receiver and transmitter sections.
Both channels have complete MODEM control capability
and a processor interrupt system.

The parallel port can operate in the AT paraliel port compat-
ible mode, extended (bidirectional) mode or high perform-
ance FIFO mode. In the compatible and extended mode,
there are three accessable registers, two of which provide
status and control for the data register. The CPU can trans-
fer data through this register in both directions by control of
the POS Mode Pin, a bit in the Control register and the RD
and WR signals. All of the signals required by PC and Cen-
tronics printers to transfer data and monitor printer status
are provided.

FIFO enable software commands activate the parallel port
FIFO mode. In this mode, an on-chip, 16-byte bidirectional
FIFO together with automatic handshaking allows multiple
byte transfers without the CPU needing to effect each trans-
fer. A write to the compatible mode Status Register bit 0
enables an additional register (High Performance register)
which contains control and status bits for the FIFO mode.

Dual Universal Asynchronous Receiver/Transmitter
with FIFOs plus High Performance Parallel Interfacef

PRELIMINARY

December 1990

Features

® Dual UART capable of interfacing with existing
INS8250A, NS16450 and NS16550AF software

m Capable of interfacing with all PC, PS/2 and Centronics
parallel port software

B High current drivers that meet or exceed all MicroChan-
nel and PS/2 parallel port drive current requirements

m Provides all control and status pins for a complete PC,
PS/2 and Centronics parallel port interface

m 84 ns read and write cycle time

m After reset, all UART registers are identical to the
16450 register set

= In the UART FIFO mode both channels’ transmitter and
receiver are buffered with 16-byte FIFOs to reduce the
number of interrupts presented to the CPU

m In the paraliel port FIFO mode, the data register is re-
placed by a 16-byte, bidirectional FIFO and automatic
handshaking

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

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

B Programmable divide-by-13 clock input

m 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, RI,
and DCD)

® Programmable transmission enable/disable by CTS

@ Fully programmable serial-interface characteristics:
— 5-, -, 7, or 8-bit characters
— Even, odd, or no-parity bit generation and detection
— 1-, 1',-, or 2-stop bit generation
— Baud generation (DC to 1.5M baud) with 16 X clock

B False start bit detection

m Line break generation and detection

m Loopback controls for communications link fault
isolation

| Break, parity, overrun, framing error simulation

m Full prioritized interrupt system controls

m Capable of DMA service of high performance parallel
port and serial port FIFOs

m Parallel port interrupt generated by DMA TC signal

m Individual UART and parallel port resets available

m Fabricated using National Semiconductor's advanced
M2CMOS

tNote: This part is patented.

TRI-STATE® is a of National i Ci
M2CMOS™ is a of National i C
1BM® PC®, XT®, AT®, PS/2® are regi of Business
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1.0 Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Temperature under Bias 0°Cto +70°C
Storage Temperature —65°Cto +150°C

All Input or Output Voltages -
with Respect to Vgg —0.5Vto +7.0V

Power Dissipation 1w

Note: Maximum ratings indicate limits beyond which perma-
nent damage may occur. Continuous operation at these lim-
its is not intended and should be limited to those conditions
specified under DC electrical characteristics.

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

Symbol Parameter Conditions Min Max Units
ViL Input Low Voltage —-05 0.8 \
ViH Input High Voltage 2 Ve \Y
VoL Output Low Voltage 1.6 mA All Outputs except 0.4 v
VoH Output High Voltage —1.0mA Notes1,2,3 2.4 \
Voo Output Low Voltage loL = 24 mA (Note 1) 0.4 \
VoH Output High Voltage loq = —15mA (Note 1) 24 v
VoL Output Low Voltage loL = 20 mA (Note 2) 0.4 v
VoH Output High Voltage loH = —1 mA (Note 2) 24 \
VoL Output Low Voltage loL = 24 mA (Note 3) 0.4 v
VoH Output High Voltage loH = —4 mA (Note 3) 24 v
loc(AV) Average Power Supply Vpp = 5.5V
Current No Loads on Output
CS, RD, WR, SIN, DSR, DCD,
CTS,Rl = 2V 40 mA
All Other Inputs = 0.8V
CLK = 24 MHz
DIVISOR = EFFF
iy Input Leakage Vpp = 5.5V, Vgg = OV +10 pA
loz TRI-STATE Leakage Vpp = 5.5V, Vgg = OV
Vout = 0V, 5.5V
1) Chip Deselected or +20 KA
2) WRITE Mode,
Chip Selected
VILMR MR Schmitt Vy_ 0.8 v
VIiHMR MR Schmitt Viy 2

Note 1: This is the maximum current for the data (PDO-PD?) and interrupt (INTT, INTZ, INTP) pins.
Note 2: This is the maximum current for the control (STB, AFD, INIT, SLIN) pins. These are open collector drivers and require 4.7 kfl externat pull-up resistors.
Note 3: This is the maximum current for the CPU data bus pins (D0-D7)

Note 4: T = 25°C

Capacitance 1, = 25:C, vpp = Vss = 0V

Symbol Parameter Conditions Min Typ Max Units
CiN Input Capacitance 5 7 pF
Cout Output Capacitance fo = 1MHz 6 8 pF

- Unmeasured Pins
Ciyo Input/Output Capacitance Returned to Vsg 10 12 pF




3.0 AC Electrical Characteristics 1, - 0°Cto +70°C, Vpp = +5V +10%

Symbol ] Parameter I Conditions Min Max Units

3.1 CPU INTERFACE
tAR RD Delay from Address 15 ns
taw WR Delay from Address 15 ns
tosH CS Hold from MR (Inactive) 0 ns
tpH Data Hold Time 5 ns
tor SOUT to MR inactive (Divide-by-13 initialization) 15 ns
tos Data Setup Time 15 ns
thz RD to Floating Data Delay (Note 1) 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
tRES CS Setup to Active MR 15 ns
tRvD Delay from RD to Data 25 ns
tgip Serial Interrupt Float 33 ns
twa Address Hold Time from WR 0 ns
twe Write Cycie Update 29 ns
twR WR Strobe Width 40 ns
tcH Duration of Clock High Pulse External Clock (24 MHz Max) 17 ns
toL Duration of Clock Low Pulse External Clock (24 MHz Max) 17 ns
RC Read Cycle = tag + tgp + tRe 84 ns
wC Write Cycle = taw + twr + twe 84 ns

3.2 SERIAL INTERFACE

BAUD GENERATOR
N Baud Divisor 1 216 — 1
tBHD Baud Output Positive Edge Delay CLK = 24 MHz, +2 45 ns
tsip Baud Output Negative Edge Delay CLK = 24 MHz, +2 45 ns

Note 1: Charge and discharge time is determined by Vo, Vo and the external ioading.
Note 2: Al AC timings can be met with current loads that don't exceed 3.2 mA or —80 A at 100 pF capacitive loading.
Note 3: 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) (C_ ~ 100 pF)

150 PF < G = 200 pF t = (0.08 ns/pF)} (C_ ~ 100 pF) and

t = (0.5 ns/mA) (Igk MA) or

1t = —(0.5 ns/mA) (Isource MA)

ISOURCE is always negative, Ik < 4.8 MA, Isource < — 120 pA, C_ < 250 pF

AC Testing Load Circuit

DEVICE

UNDER
TEST _%L

100 pF
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3.0 AC Electrical Characteristics 1, = 0°Cto +70°C, vpp = +5V +10% (Continued)

Symbol I Parameter Conditions Min Max Units
RECEIVER
tRAl Delay from Active Edge of RD to
78 ns
Reset Interrupt
tRINT Delay from Inactive Edge of RD " ns
(RD LSR) to Reset Interrupt
tRxi Delay from READ to RXRDY Inactive 55 ns
tsINT Delay from Stop to Set Interrupt {Note 1) 2 BAUDOUT
Cycles
TRANSMITTER
teTs Enable Transmitter to Start Bit BAUDOUT
16 24
Cycles
tHR Delay from WR (WR THR)
40 ns
to Reset Interrupt
tR Delay from RD (RD liR) to Reset 20 ns
Interrupt (THRE)
tirs Delay from Initial INTR Reset 8 24 BAUDOUT
to Transmit Start Cycles
tsi Delay from Initial Write to Interrupt (Note 2) 16 24 BAUDOUT
Cycles
tsTi Delay from Start to Interrupt (THRE) (Note 2) 8 BAUDOUT
Cycles
tsxa Delay from Start to TXRDY Active 8 BAUDOUT
Cycles
twxi Delay from Write to TXRDY Inactive 25 ns
MODEM CONTROL
tmMpo Delay from WR (WR MCR) 0 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: 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, BI) 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: 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.) i




3.0 AC Electrical Characteristics 1, = 0:Cto +70°C, Vg = +5V + 10% (Continued)

Symbol |

Parameter Conditions I Min [ Max l Units
3.3 PARALLEL INTERFACE
taa Inactive ACK to Active ACK 10 ns
taD ACK Valid to Data 25 ns
taD ACK Inactive to Data 15 ns
tak ACK Strobe Width (Input) 40 ns
tpz Inactive ACK to Inactive Port Data (Data Hold) 0 ns
tnTP ACK to Interrupt Active 33 ns
troH Port Data Hold 500 ns
tPDRQ ACK of Last Byte in FIFO to PDRQ Assertion 50 ns
tpps Port Data Setup 500 ns
tPHR Write of First FIFO Byte to INTP Deassertion 40 ns
tpy Port interrupt 33 ns
tpiF Port Interrupt Float 33 ns
tpRAI Leading Edge of RD of Byte Dropping FIFO 78 ns
Level Below Trigger to INTP Deassertion
tPAXI Leading Edge of Final FIFO Read to PDRQ Deassertion 55 ns
tps Port Setup 10 ns
tpwx| Write Strobe of 16th FIFO Byte to PDRQ Deassertion 25 ns
tRDRQ ACK Strobe of Trigger Level Byte (14th) to PDRQ Assertion 50 ns
tsa SLIN Active to ACK Active 0 ns
tsLo ACK Strobe of Byte which Fills Input FIFO to SLIN Deassertion 33 ns
tsuN Leading Edge of RD of Last Byte in FIFO to SLIN Assertion 33 ns
tSTINT Status Input Active Edge to INTP Assertion 33 ns
tsw Strobe Width 500 ns
tTeH TC Hold from CSP Deassertion 0 ns
trainT Acknowledge of Last Byte in FIFO (after TC) to INTP 33 ns
tres TC Setup to CSP Deassertion 15 ns
tsic Read of Performance Register to INTP Deassertion 33 ns
two TC to PDRQ Deassertion 33 ns
twol TC to PDRQ and 3LIN Deassertion and INTP Assertion 33 ns
two Write to Control Pin Update 33 ns
4.0 Timing Waveforms ail timings are referenced to valid 0 and valid 1
External Clock input (24 MHz Max) AC Test Points
e 20v
24v v NOTE 1 NOTE 2
CLK oy osv
0.4v v TL/C/10463-4

Note 1: The 2.4V and 0.4V levels are the voitages that the inputs are driven to during AC testing.

Note 2: The 2.

TL/C/10463-3

0V and 0.8V levels are the voltages at which the timing tests are made.




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

4.1 CPU INTERFACE

All Blocks Reset:

&,

CSZ or CSP

One Block Reset:

|

2

1,

CS2 or CSP

MR

SoutT

Reset Timing
)/
tesu
\_Lf
\—
RES Y
\
™~ tor
)

Read Cycle (Serial and Parallel Port Registers)

TL/C/10463-37

€s1,Cs2, CSP
2 3180 * VALID T 777777 X VAUD
' 4R le—1ga
RC -
tro tre
g
= § fom
RD \‘ ACTIVE ?l ACTIVE
)
oR
N *
_ 45
WR \ ACTIvE
trvo tuz -
DATA
0, =Dy VALID DATA

TL/C/10463-5
Write Cycle (Serial and Parallel Port Registers)
©s1,Cs2,CSP
} taw fe— twa
we |
[e—twr we
], e
WR ‘N ACTIVE ;( ACTIVE
4
oR
{5 '
RD \ ACTIVE
tos —=fe—toy
DATA M
Dy-D, r VALID DATA ,l
TL/C/10463-6
4.2 SERIAL INTERFACE
Serial interrupt Enabie
MCR3=0 MCR3 =1
AFR1=0 AFR1 =0 R ——
WR AFR2=0 \ AFR2=0 /
tsiF _igr

TL/C/10463-7




4.0 T|m|ng Waveforms ai timings are referenced to valid 0 and valid 1 (Continued)

BAUDOUT Timing
: N
1BHD | |u-
WO > |
e
—o{ he - tpHp
o je—1p

- S N D I O O O

—»| jo—1310  —»{ le—tanp

~| je—10 —={ [+— 1m0

SAUD OUT
=N.N>T)
TL/C/10463-8

Receiver Timing
NS16450 MODE:

SN \_/ 45 DATA (5-8)
e XN\

SAMPLE CLOCK L
’ /r—'ﬁ —\
RDR INTERRUPT e
l<~— tSiNT (™
£
)J
LSI INTERRUPT
tRiNT
RD
(RDRBR) acve [/

RD
(ROLSR) \ acve

TL/C/10463-9




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

Transmitter Timing

SERIAL \ / . '
ouUT (SOUT START DATA (S-8) @ $T0P(1-2) \sflﬂ'/
’--ms—l

— -—15T)

INTERRUPT
(THRE)

e IHR —»

- i |
W =
we\ [/ l\[ |

ua |<-—

RO
(RD HR)
NOTE 2

TL/C/10463-10
Note 1: See Write Cycle Timing.
Note 2: See Read Cycle Timing.

MODEM Control Timing

—*| Moo

mun"m_i ﬁ
mn [ \

INTERRVPT

-—

*— MDD —*|

—

‘-—lgn-o

.

]
(RO MSR)
NOTE 2

,. (D A

TL/C/10463-11
Note 1: See Write Cycle Timing.
Note 2: See Read Cycle Timing.




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

RCVR FIFOQ First Byte (This Sets RDR)

SIN
SAMPLE CLOCK I I if) 5J~ l I I I I I

(FIFO AT OR
TRIGGER LEVEL /—55 \ ABOVE TRIGGER LEVEL)
INTERRUPT NOTE 2 N (FIFO BELOW
(FCRS, 7=0,0) L- T taay  TRIGGER LEVEL)
LS| INTERRUPT /
trint
RD
(RDLSR) ACTIVE
RD
(RORBR) _seme /~

TL/C/10463-12
RCVR FIFO Bytes Other than the First Byte (RDR Is Already Set)
SIN x ysrop\ /
SAMPLE CLOCK l I I I l I
. (FIFO AT OR
TIMEOUT OR ) v ABOVE TRIGGER LEVEL)
TRIGGER LEVEL NOTE 2 Neres (FIFO BELOW
INTERRUPT ot toa TRIGGER LEVEL)
------"\ TOP BYTE OF FIFO
LS| INTERRUPT eeeccam = cosccccces
tsmr triNT
’6 ——
(RDLSR) actve Y/
RD
(RORER) acve N\ acmve /
PREVIOUS BYTE
READ FROM FIFO
TL/C/10463-13

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

L¢

R_D 17
(RDRER) N_AcTve

NOTE 1
(FIRST BYTE) SToP

RXRDY /

[4

¥
tsiny trut

NOTE 2 TL/C/10463-~14

Note 1: This is the reading of the last byte in the FIFO.
Note 2: it FCRO = 1, then tgyt = 3 RCLKs. For a timeout interrupt, tg)yt = 8 RCLKs.

10




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

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

LC

RD

pR )
(RDRBR) N_cmve
NOTE 1
SIN
(FIRST BYTE THAT :y_\smp
REACHES THE
TRIGGER LEVEL)
o e
RXRDY . /
¥
tsy trx
NOTE 2

Note t: This is the reading of the last byte in the FIFO.

Note 2: if FCRO = 1, tgyt = 3 RCLKs.

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

WR
(WRTHR)

L¢

TL/C/10463-15

3

eEf [/

SOUT

DATA

X pwm Y

TXRDY

a— by —

stop  \  START /

- tsxa

TL/C/10463-16
Transmitter Ready FCRO = 1 and FCR3 = 1 (Mode 1)
WR {5
(WRTHR) BYTE #16
START OF
sout DATA X rkmy Y st \ smer [/ “-\ BYTE 15
ok G
— ER
TXRDY FIFO FULL %
SXA
TL/C/10463-17
CTS Auto Enable/Disable
(AFR3=1)
WR 4
(Write 0 to AFR3) \_7
[¢ |
sour £
(Assume THR or Transmit STARTA  DATA
FIFO already loaded)
cTs
(AFR3=1) /
sout Data Already in Shift Register X Parity , Stop Bits Transmitter Disabled
TL/C/10463-18




4.0 Tlmlng Waveforms au timings are referenced to valid 0 and valid 1 (Continued)
4.3 PARALLEL INTERFACE TIMING

RD

PDO-PD7, ERR,
PE, SLCT, ACK,
BUSY

WR

PDO~Po7, ST,
INIT, AFD, STB

Parallel Port Status and Control Timing

tps

LLLLLN L

N\

PREVIOUS STATE

two

%L

TL/C/10463-19
Compatible and Extended Mode Interrupt Timing
\ 1(// 7\ )f// 74
i | -
J — oy — tor % o
RD STR
WR CTR4 /
=0
TL/C/10463-21
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4.0 Timing Waveforms Al timings are referenced to valid 0 and valid 1 (Continued)

High Performance Write to a Peripheral

SLCT, PE x SLCT active, PE BUSY, and ERROR inactive

ERROR, BUSY

ACK
t—tan
PDO~PD7 =l n n+t
tros —tpH
ST
tsw
TL/C/10463-23
High Performance Read from a Peripheral
tsa
ST _\[—]
tax taa
ACK
tap I-— [—toz
PDO-PD7 X o m et X:
1

TL/C/10463-24
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4.0 Timing Waveforms ai timings are referenced to valid 0 and valid 1 (Continued)
High Performance Mode System CPU and DMA Transfer Timing (Output Direction)

= /T \J

[ two

PDO=-PD7 —{Last FIFO Byh'L

First FIFO Byte

|

£ G

T\

FIFO WR
{DMA xfers)

- trora
PDRQ

\ S

VW™

FIFO-Filling Write

T

I

FIFO WR
WY
. ‘_l tour
WP
INTP
(CPU Service
of FIFOS)
TL/C/10463-38
High Performance Mode System DMA and CPU Transfer Timing (Input Direction)
SUN
tsin
tSLD £ €
ACK \_{ \-/ 3
PDO-PD7 Byte #14 }——{ Byts y15 }——{ Byte 416} § o
Note 1 Note 2
fIFO RD ;_‘ L/—
- tRorg =1ty
- twae "l toru
INTP

Note 1: This FIFO read drops the data below the 14-byte trigger level.

Note 2: This FIFO read empties the FIFO.

TL/C/10463-39
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4.0 Timing Waveforms ai timings are referenced to valid 0 and valid 1 (Continued)
High Performance Mode DMA End of Transtfer Timing (Output Direction)

5
45

=/ \/ \/

POO-FD7 __—

FIFO WR S
“= WYY

1 s <6

trcenr
NP 45 :

TL/C/10463-40
High Performance Mode DMA End of Transfer Timing (Input Direction)
N
FIFO RD
3 |
+
" =
tres
W bl
\
|
_ .
e /
TL/C/10463-41
High Performance Mode Status Interrupts
S )
o [>-tsTw
Status INTP
tse
RD of Performance
i \J
TL/C/10463-42
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5.0 Block Diagram of a Single Serial Channel

DATA
D7-DOH BUS
BUFFER
Ag — ¥
Ay —¥
Ay —>
€55 —p
. SELECT
UART RES —— X

> CONTROL

2 LOGIC
WR ——>

TXRDY <4—

CLK =

POWER | — Vip
SUPPLY| v

RECEIVER
FIFO
RECEIVER RECEIVER
BUFFER SHFT  f4—— SIN
REGISTER  |q REGISTER
r 3
v
LINE
CONTROL +> R%CMEI':(ER
REGISTER  |— M
CONTROL
Z Y S
DIVISOR
LATCH (LS) RXRDY >
DVISOR | | o BAUD £ o
LATCH(MS) [ 11 GENERATOR o0z RE
ALTERNATE g
FUNCTION
REGISTER
v
>l TRANSMITTER
UINE ¢ TIMING
STATUS &
REGISTER  |4— CONTROL
3
TRANSMITTER s
FIFO £
L v
TRANSMITTER £ TRANSMITTER
HOLDING c SHIFT ——> SOUT
REGISTER M REGISTER
MODEM _
CONTROL —> RTS
REGISTER —
le— TS
MODEM  |——p DTR
CONTROL _
MODEM LoGic & DSk
STATUS __
REGISTER ' oeo
le—TRi
INTERRUPT INTERRUPT _
ENABLE CONTROL —> N7
REGISTER LoGIC
INTERRUPT
o
REGISTER
FIFO
CONTROL
REGISTER

TL/C/10463-25

16




5.0 Block Diagram of a Single Serial Channel (continued)
Biock Diagram of the Parallel Port Logic

&R
sLCT
PRI
5, PE
2 o™
Y
BUS
Al ACK
AD
A 4 A 4
00-07 —____swus | S
’ NIT
RD 6, 4 —
LN 4—.[ CONTROL }: e e il [T
, B
_ <—b| PERFORMANCE I
&
— 3
] DATA  (BYTE 0)
RS (BYTE 1)
e R B REREr L WP i
(BYTE 2) —
--------------- 2L i [
(BYTE 14) 8 DRIVERS €
(BYTE 15) F
PGS MODE

TL/C/10463-26

Note: The Performance Register and 16-byte FIFO are additional programmable features to the standard PC, PS/2 and Centronics parallel port.

6.0 Pin Descriptions

The following describes the function of all 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).
A0, A1, A2 (Register Select), Pins 35, 34, 33: Address sig-
nals connected to these 3 inputs select a register for the
CPU to read from or write to during data transfer. Tables Il
and VIl show 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 UART registers. The DLAB must be
set high by the system software to access the Baud Gener-
ator Divisor Latches and the Alternate Function Register.
ACK (Acknowledge), Pin 68: This input is set low by the
printer to indicate that it has received data.

AFD (Automatic Feed XT), Pin 56: When this output is low
the printer should automatically line feed after each line
printed. This pin requires an external pull-up resistor (4.7 k2
is recommended).

BUSY (Printer Busy), Pin 66: This input is set high by the
printer when it can’t accept another character.

CLK (External Clock Input), Pin 4: This input accepts the off-
chip clock signal that is used to drive the baud rate genera-
tor and the high performance paraliel port control logic. Any
clock frequency from DC to 24 MHz may be used for the
serial port baud generators, but if the high performance par-
allel port is to be used, the CLK input must be driven at
24 MHz. This insures that the parallel port FIFO timeout
period is 4.4 ms and the data-out strobe (STB) lasts for
500 ns.

CSP (Chip Select-Parallel Port), Pin 38: When this input is
low, the parallel port is selected and will respond to the A1,
A0, RD and WR signals. Valid chip selects should stabilize
according to the taw parameter.

CS1, €S2 (Chip Select-Serial Port), Pins 32, 3: When this
input is low, the serial port is selected and will respond to
the A2, A1, A0, RD and WR signals. Valid chip selects
should stabilize according to the taw parameter.
CTS1, CTS2 (Clear to Send), Pins 28, 13: When low, this
input indicates that the MODEM or data set is ready to ex-
change data. The TTS signal is a MODEM status input
whose condition the CPU can test by reading bit 4 (CTS) of
the MODEM Status Register. Bit 4 is the complement of the
CTS signal. CTS can be programmed via the Alternate
Function Register Bit 3 to automatically enable and disable
serial transmission. If AFR Bit 3 = 0, CTS has no effect on
serial transmission. 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.
Note: Whenever the CTS bit of the MODEM Status Register changes state,
an interrupt is generated it the MODEM Status Interrupt is enabled.
Dg-D7 (Data Bus), Pins 14-21: This bus contains 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. The bus pins feature 24 mA drive capabili-
ty, allowing direct connection to an AT bus.

DCD1, DCD2 (Data Carrier Detect), Pins 29, 8: When low,
this input 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. Bit 7 is the comple-
ment 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 Reg-
ister. 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.
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6.0 Pin Descriptions (continued)

DSR1, DSR2 (Data Set Ready), Pins 31, 5: When low, this
input indicates that the MODEM or data set is ready to es-
tablish the communications link with the UART. The DSR
signal is a MODEM status input whose condition the CPU
can test by reading bit 5 (DSR) of the MODEM Status Regis-
ter. Bit 5 is the complement of the DSR signal. Bit 1 (DDSR)
of the MODEM Status Register indicates 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 25, 11: When
low, this output indicates to the MODEM or data set that the
UART 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.

ERR (Error), Pin 63: This input is set low by the printer when
it has detected an error.

INIT (Initialize), Pin 57: This output initializes the printer
when it is low. This pin requires an external pull-up resistor
(4.7 kQ is recommended).

INTP (Parallel Port Interrupt), Pin 59: This active low, TRI-
STATE output signals a parallel port interrupt. The signal is
enabled by setting Control Register Bit 4 or by entering the
High Performance mode. However, enabling the signal does
not cause it to leave the TRI-STATE condition. There must
also be an active interrupt condition present in the parallel
interface. In the Compatible and Extended modes, the pin
will change from a TRI-STATE condition to active low on the
rising edge of the ACK input. See Section 10 for description
of the High Performance mode operation. In all cases, the
interrupt is reset to a TRI-STATE condition after the appro-
priate interrupt service, clearing CTR4, clearing PFRO (High
Performance mode) or Parallel port Reset.

INT1, INT2 (Serial Port Interrupt), Pins 45, 60: This active
low TRI-STATE output signals a serial interrupt. This pin is
asserted if a serial interrupt is enabled, the appropriate inter-
rupt condition exists AND the pin is enabled by the OUT 2
bit (MCR bit 3). The serial interrupts are enabled by setting
the appropriate bits in the Interrupt Enable Register (IER).
Interrupt conditions include: Receiver Error Flag set, Re-
ceiver Data Available, Timeout, Transmitter Empty and Mo-
dem Status set. The OUT 2 bit enables/disables the pin
according to Table VIl in Section 8.10.

This pin is in a TRI-STATE condition if there are no active or
enabled interrupts and OUT2 has disabled the pin.

MF1, MF2 (Multi-Function), Pins 9, 61: This output can be
programmed 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. OUT 2 can also be selected by
programming bits 2 and 1 of the AFR to 00 or 11. If AFR2,1
= 0,0 or 0,1 or 1,0, the OUT 2 bit enables the serial inter-
rupt pin (INTT or INTZ) when it is set to 1. If OUT 2 is 0, the
associated interrupt pin is forced to a TRI-STATE condition.
If AFR2,1 = 1,1, the OUT 2 bit has no affect on the interrupt
pins but it is still present on MF.

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 main reference oscil-
lator frequency divided by the value in the Division Latch
Registers. The BAUDOUT signal for each channel is inter-
nally connected to provide the receiver clock (formerly
RCLK on the NS16550AF).

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 39: This active low input is decoded
with the UART and parallel port chip selects (CS1, C32 and
CSP) to generate either individual block resets or a fult chip
reset. If all chip selects are inactive, the MR pin acts as a
Master Reset and resets the entire chip. Individual resets
are generated by asserting the chip select for the functional
block to be reset. See Table | for reset decode and see
Table V and Section 10 for register and output signal values
upon reset. This input is buffered with a TTL-compatible
Schmitt Trigger.

PDO0-PD7? (Port Data), Pins 53-46: These bidirectional pins
transfer data to and from the peripheral data bus. Table iX
describes the inputs that control their direction. These pins
have high current drive capability (see DC Electrical Charac-
teristics).

PDRQ (Paraliel Port DMA Request), Pin 44: The High Per-
formance mode parallel port request for DMA service is
available on this pin. With the port programmed for the out-
put direction, PDRQ is asserted when the output FIFO is
empty. It is deasserted when the FIFO is filled, TC is assert-
ed or an error condition is detected. With the port pro-
grammed for the input mode, PDRQ is asserted when a
trigger level of 14 bytes is reached in the input FIFO. It is
deasserted when the FIFQ is emptied, TC is asserted, trans-
fer error or timeout occurs.

PE (Paper End), Pin 67: This input is set high by the printer
when it is out of paper.

POS (POS Mode), Pin 1: This input determines the parallel
port mode. A high signal on this pin selects the Extended or
Performance Mode (this mode allows the parallel port to be
bidirectional). A low signal on this pin selects the Compati-
ble Mode. This mode provides compatibility for AT parallel
port software.

RD (Read), Pin 37: When this input is low while the chip is
selected, the CPU can read status information or data from
the selected serial or parallel port register.

R, R1Z (Ring Indicator), Pins 30, 6: When low, this input
indicates 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. Bit 6 is the comple-
ment of the RI signal. Bit 2 (TERI) of the MODEM Status
Register indicates whether the Rl input signal has changed
from a low to a high state since the previous reading of the
MODEM Status Register.

Note: Whenever the R 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.
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6.0 Pin Descriptions (continueq)

RTS1, RTS2 (Request to Send), Pins 24, 12: When low, this The SOUT pin also programs the state of the Alternate
output indicates to the MODEM or data set that the UART is Function Register bit 4 during reset. AFR4 enables/disables
ready to exchange data. The RTS output signal can be set a divide-by-13 circuit between the CLK input and the serial
to an active low by programming bit 1 (RTS) of the MODEM port baud generators. A pull up on this pin will enable the
Control Register. A Master Reset operation sets this signal divider circuit and a pull down will disable it. The SOUT pin
to its inactive (high) state. Loop mode operation holds this must have a pull up or pull down. See Section 8.3—Serial
signal in its inactive state. Baud Generators for description of divider function.
SIN1, SIN2 (Serial Input), Pins 41, 62: This input receives STB (Data Strobe), Pin 55: This output indicates to the pe-
serial data from the communications link (peripheral device, ripheral that the data at the parallel port is valid. This pin
MODEM, or data set). In loop mode operation, data input on requires an external pull-up resistor (4.7 k(1 is recommend-
this pin is disabled. ed).
SLCT (Select), Pin 65: This input is set high by the printer TC (Terminal Count), Pin 7: This input indicates the termina-
when it is selected. tion of a DMA transfer to the High Performance Parallel
SLIN (Select Input), Pin 58: This output selects the printer port. An interrupt is generated and the High Performance
when it is low. This pin requires an external pull-up resistor mode is automatically disabled. The PC16553 qualifies a
(4.7 k9 is recommendaed). general system Terminal Count with the TSP input. This in-
SOUT1, SOUT2 (Serial Output), Pins 26, 10: This output sures that only the TC directed to the PC16553 will be rec-
sends composite serial data output to the communications ognized.
link {peripheral, MODEM or data set). The SOUT signal is TXRDY1, TXRDY2 (Transmitter Ready), Pins 22, 42: Trans-
set to the Marking (logic 1) state upon a Master Reset oper- mitter DMA signalling is available through this output pin.
ation, when the transmitter is empty or when in Loop mode. When operating in the FIFO mode, the CPU selects one of
TABLE |. Reset Decode two types of DMA transfer via FCR3. When operating as in
the NS16450 Mode, only DMA mode O is ailowed. Mode 0
MR | CS1 | CS2 | CSP Block Reset supports single transfer DMA where a transfer is made be-
0 1 1 1 Al tween CPU bus cycles. Mode 1 supports multi-transfer DMA
where multiple transfers are made continuously until the
0 1 1 0 Parallel Port XMIT FIFO has been filled. Details regarding the active and
Y 1 0 1 UART 2 inactive states of this signal are given in Section 8.5, Bit 3.
0 1 0 0 | UART2&Paraliel Port Vpp (Power), Pins 23, 40, 64: + 5V Supply
8 g : ; 3:;?1 & Paraliel Port Vgs (Ground), Pins 2, 27, 43, 54: OV Reference
o | o o . | URRT18UART2 WR (Write), Pin 36: When this input is low while the chip is
selected, the CPU can write control words or data into the
0 0 0 0 Al selected register.
1 X X X None

Note: See Section 4.1 for specified timing

7.0 Connection Diagram

Chip Carrier Package
o o n 5 o~
sBerB3mrrr.33 2828
| N N I T Y T T O S O O A |
9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 6 —
SOUT2 ~410 60— INT2
DTRZ —{11 59|~ TP
RS2 12 58— SUN
cTs2 —13 57— INIT
D0 —J14 56}~ AFD
b1 —{15 550 S8
02 —{16 sal- v
03 {17 53}~ poo
D4 —18 PC16553 S2p—PD1
D5 —19 51— PD2
056 —120 50~ PD3
[k Vil 49— PD4
TXRDY1 — 22 48— P05
Vop —{23 47} P06
RTS1 —{ 24 46— PD7
DRI —{25 a5} iNTi
souTt —{ 26 44— PDRQ
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
rrorrrrererrryrrTirnTrered
)3‘%@&'%}5 ITIFERPBIE B2 g k2
= TL/C/10463-27
Top View
Order Number PC16553V

See NS Package Number V68A
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8.0 UART Registers

TABLE Il. UART Register Addresses

DLAB1

CS2

A2

Ay

Ao

Register

0

- X X X X X O OO

-

OO0 OO0 O0OOoCOO0O

o

1

- ek o d o A A

g

0

OCaaawaso0o00O0

0

O - d OO ka4 O

0

O -4 O -+ 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

rmzZ>»I0O

-

DLAB2

Az

Aq

Register

= XX XX X0 0O

=|

- ek e o b kb o

OO0 O0OO0OCOO0OC0

O = - w0000

O = =k OO = o O

O = O =+ O =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

rmZ2Z>» T 0O

N
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8.0 UART Registers (continued)

Two identical register sets, one for each channel, are in the
PC16553. 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 Il shows the con-
tents 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 Bit0 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 bitis
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.

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 ali 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.

Composite Serial Data

START A-LSB~ DATA (5-8) -MsB-Y(PARTYY stop

TL/C/10463-28
8.2 TYPICAL CLOCK CIRCUITS
Vee PC16553
DRIVER
EXTERNAL
CLOCK LK
0SC. CLOCK TO DIVIDE-BY-13
LOGIC OR BAUD GEN LOGKC
—

TL/C/10463-29

8.3 PROGRAMMABLE BAUD GENERATOR

The PC16553 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 V provides decimal divisors to use with crystal fre-
quencies of 1.8432 MHz, 3.072 MHz, 18.432 MHz and
24 MHz. For baud rates of 38400 and below, the error ob-
tained is minimal. The accuracy of the desired baud rate is
dependent on the crystal frequency chosen. Using a divisor
of zero is not recommended.

To facilitate driving the PC16553 with a 24 MHz oscillator,
two independent divide-by-13 circuits are implemented be-
tween the CLK input and the serial port baud generators. if
the divider circuits are enabled, the baud generators are
clocked by an industry standard 1.84 MHz frequency. Dis-
abling the dividers cause the baud generators to be driven
by a 24 MHz clock directly, allowing baud rates of up to
1.5M. Bit 4 of the Alternate Function Register enables/dis-
ables the divider function. The divider is enabled when
AFR4 = 0 and disabled when AFR4 = 1. The bit can be
programmed at any time by software. The bit is also hard-
ware programmed during Reset. At the trailing edge of MR,
the state of the SOUT pin is sensed and its complement is
latched into AFR4. Thus a pull up resistor (4.7k or greater)
on the SOUT pin will enable the divide-by-13 circuit and a
pull down will disable the circuit.
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8.0 UART Registers (continueq)

TABLE IV. UART 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 (Note?2)
Alternate Function Register Master Reset 0000 0000
SOuUT Master Reset High
INT (RCVR Errs) Read LSR/MR TRI-STATE
INT (RCVR Data Ready) Read RBR/MR TRI-STATE
INT (THRE) Read liR/Write THR/MR TRI-STATE
INT (Modem Status Changes) Read MSR/MR TRI-STATE
ouT 2 Master Reset High
RT Master Reset High
DTR Master Reset High
RCVR FIFO MR/FCR1eFCR0/AFCRO All Bits Low
XMIT FIFO MR/FCR1eFCRO/AFCRO All Bits Low

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

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”.

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-
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8.0 UART Registers (Continued)

abled after SIN goes to the marking state and receives the

next valid stert 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 UART 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 NS16450 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
1o 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 FIFQ in order to write to LSR2-4. LSRO and LSR7 cannot be
written 1o in the FIFO mode.

8.5 FIFO CONTROL REGISTER

This is a write only register at the same location as the IR
(the liR 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 NS16450 Mode and
vice versa, data is automatically cleared from the FIFQOs.
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 NS16450 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 Va. Baud Rates, Divisors and Crystais (Internal -- 13 Disabled)

1.8432 MHz Crystal 3.072 MHz Crystal 18.432 MHz Crystal
Baud Rate [::fl‘nslalbé\'l;scc:(r Percent Error r::::";aloé‘l’:cf Percent Error ?:::’:aioglif 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 UART Registers (Continued)

TABLE Vb. 24 MHz Baud Rates, Divisors and Crystals (24 MHz Crystal)

<+ 13 Enabled + 13 Disabled
Baud Rate Decimal Divisor Percent & Decimal Divisor Percent E
for 16 x Clock ercent krror for 16 X Clock ercent Lrror
50 2304 0.1 30000 —
75 1536 — 20000 —
110 1047 — 13636 —
1345 857 0.4 11152 —
150 768 — 10000 —
300 384 — 5000 —
600 192 — 2500 —
1200 96 — 1250 —
1800 64 — 833 0.042
2000 58 0.5 750 —
2400 48 — 625 —
3600 32 — 417 0.16
4800 24 — 313 0.16
7200 16 — 208 0.16
9600 12 — 156 0.16
19200 6 — 78 0.16
38400 3 — 39 0.16
56000 2 3.0 27 0.79
128000 1 — 12 2.34
250000 — — 6 —
300000 — — 5 —
375000 — — 4 —
500000 — — 3 —
750000 — — 2 —
1500000 — — 1 —
Note: The percent error for all baud rates except when indicated otherwise is 0.2%.
RXRDY Mode 1: In the FIFO Mode (FCRO = 1) when the
FCR3 = 1 and the trigger level or (the timeout) has been FCR Bits RCVR FIFO
reached, the RXRDY pin will go low active. Once it is acti- 7 6 Trigger Level (Bytes)
vated it will go inactive when there are no more characters 00 01
in the FIFO. 0 1 04
TXRDY Mode 0: In the NS16450 Mode (FCRO = 0) or in 10 08
the FIFO Mode (FCRO = 1, FCR3 = 0) when there are no 11 14

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 FCRS5 are reserved for future use.

Bit 6, 7: FCR6 and FCR7 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 UART priori-
tizes interrupts into four levels and records these in the In-
terrupt 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 IIR, the associated UART serial
channel freezes alt interrupts and indicates the highest pri-
ority pending interrupt to the CPU. While this CPU access is
occurring, the associated UART serial channel records new
interrupts, but does not change its current indication until
the access is complete. Table |l shows the contents of the
liR. Details on each bit follow:
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8.0 UART Registers {Continued)

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
priority interrupt pending from those shown in Table Vi.

Bit 3: in the NS16450 Mode this bit is 0. In the FIFO Mode
this bit is set along with bit 2 when a timeout interrupt is
pending.

Bits 4 and 5: These two bits of the |IR are always logic 0.
Bits 6 and 7: These two bits are set when FCRO = 1.
(FIFO Mode enabled.)

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 (INT) output signal. It is possible to totally dis-
able 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 interrupt(s).
Disabling an interrupt prevents it from being indicated as
active in the IIR and from activating the INT output signal.
All other system functions operate in their normal manner,
including the setting of the Line Status and
MODEM Status Registers. Table lll 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

It 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 O 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.

TABLE VL. 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 1 — None None —
1 1 0 | Highest | Receiver Line Status Overrun Error or Parity Error or Reading the Line Status

Framing Error or Break Interrupt

Register

Second | Received Data Available

Receiver Data Available or Trigger
Level Reached

Reading the Receiver Buffer
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
[ [¢] 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
Detect

Status Register
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8.0 UART Registers (Continued)

Bit 3: This bit controls the Output 2 (DUT 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. OUT 2 is
the default function of the pin after a master reset. See
Section 8.10 for more information about selecting one of
these 3 functions via the MF pin.

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 (D3R, CTS,
RI, and DCD) are disconnected; the four MODEM Control
outputs (OTR, 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 UART.

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 aré 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 Ili and described below.

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator.

Bit 0 indicates that the TTS 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
(D3R) 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 UART 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 operations.
Setting or clearing this bit has no effect on read operations.
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.

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 VIl associates
the signal present at the multi-function pin with the bit code.

TABLE VIl
Multi-Function | OUT 2 | Serial Interrupt
AFR2 | AFR1 Pin (MFn) Bit Control
0 o |OuUT2 0 INTn Disabled
0 0 |OUT2 1 INTn Enabled
0 1 BAUDOUT 0 INTn Disabled
0 1 BAUDOUT 1 INTh Enabled
1 0 | RXRDY 0 INTn Disabled
1 0 | AXRDY 1 INTn Enabled
1 1 oUTZ X INTn Enabled

Note: n denotes the specific UART channel (1 or 2)

Bit 3: When this bit is set, the modem input CTS automati-
cally controls serial transmission. With this feature enabled
and CTS = 1, no data will be transferred from the Transmit
Holding Register or Transmit FIFO into the shift register,
thus halting transmission. Serial transmission is restarted
when CT3 goes active or a 0 is written to this bit.

Bit 4: Setting this bit disables the divide-by-13 circuit imple-
mented between the CLK pin and the serial port baud gen-
erators. Disabling the circuit allows a 24 MHz input to gener-
ate baud rates up to 1.5M.

Bits 5 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.
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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 lIR 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 (LSRO) is set as soon as a character is
transferred from the shift register to the RCVR FIFO. It is
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 (IR is read.

B. The transmitter FIFO empty indications will be delayed 1
character time minus the iast 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 FIFQO,
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 UART from issuing a second Trans-

mitter Holding Register Empty Interrupt as soon as it trans-

fers the first character into the Transmitter Shift Register.

Character timeout and RCVR FIFO trigger leve! 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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10.0 Bidirectional Parallel Port

Interface

This parallel interface is designed to provide all of the sig-
nals and registers needed to be compatible with the parallel
ports designed into IBM PC, XT, AT and PS/2 and compati-
ble machines. In addition it implements a high performance
FIFO option.

The Compatible mode features a single byte unidirectional
(output) port. Data transfers are controlled through inter-
rupts or polling. Data, control and status are provided by the
Data Register (DTR), Control Register (CTR) and Status
Register (STR). It is fully compatible with the ports designed
into IBM PC, XT and AT and compatible machines.

The Extended mode is enabled via the POS pin and fea-
tures a bidirectional single byte port. Data transfers are con-
trolied through interrupts or polling. Data, control and status
are provided by the Data Register (DTR), Control Register
(CTR) and Status Register (STR). The Expansion mode is
fully compatible with existing IBM PS/2 machines.

The High Performance mode is enabled through software
by setting bit 0 in a secondary register called Performance
Register (PFR). This mode features a 16-byte bidirectional
FIFO, DMA data transfer capability, and automated hand-
shaking to facilitate data transfer to and from the FIFO and
peripherals. The PFR is implemented to provide FIFO con-
trol and status. When the PFR is activated (see Section
10.4), it replaces the IBM reserved location base + 3 in the
LPT1, 2 and 3 1/0 spaces. In addition, bit 5 of the Control
Register (CTR5) and bits 0 and 1 of the Status Register
(STRO0,1) have new functions.

Table VIll illustrates the address assignments for all regis-
ters and the following sections describe the register func-
tions.

TABLE VIl
csP | Pos | prro | A1 | A0 | Register
COMPATIBLE MODE
0 0 X 0 0 Data
0 0 X 0 1 Status
0 0 X 1 0 Control
EXTENDED MODE
0 1 0 0 0 Data
0 1 0 0 1 Status
0 1 0 1 0 Control
HIGH PERFORMANCE MODE
0 1 1 0 0 Data
0 1 1 0 1 Status
0 1 1 1 0 Control
0 1 1 1 1 Performance
(Note 1)

Note 1: This location is only accessible after a 0 is written to the Status
Register bit 0 (see Section 10.4).

10.1 DATA REGISTER (DTR)
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This is a bidirectional data port that transfers 8-bit data in
the direction determined by the POS Mode pin, the Data
Port Direction bit (CTR5), and the RD and WR strobes (see
Table IX).

TABLE IX. Data Register Read and Write Modes

POS Control Register| | —
Mode Pin Direction Bit RD|WR Result
0 (compatible) X 1 | O |Data Written
to PDO-PD7
0 X 0 | 1 |Data Previously
Written is Read
1 (extended) 0 1| 0 |Data Written
to PDO-PD7
1 1 1| O |Data Written
is Latched
1 0 0 | 1 |Data Previously
Written is Read
1 1 0 | 1 |Datais Read
from PDO-PD7

In compatible mode a write operation to this register causes
the data to be presented on pins PDO-PD7. A read opera-
tion in this mode causes the register to present the last data
written to it by the CPU.

in the extended mode a write operation to this register caus-
es the data to be latched. If the Data Port Direction bit
(CTRS) is 0 the latched data is presented to the pins; if itis 1
the data is only latched. In the extended mode with the Data
Port Direction bit is 0, a read operation to this register allows
the CPU to read the last data it wrote to the port. In the
extended mode with the Data Port Direction bit set to 1
(read), a read operation to this register causes the port to
present to the CPU the data on pins PDO-PD7.
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10.0 Bidirectional Parallel Port
Interface (continued)
10.2 STATUS REGISTER (STR)
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This register provides status for the signals listed below. It is
a read only register. Writing to bits 7-1 is an invalid opera-
tion that has no effect.

Bit 0, 1: These bits are reserved. See Section 10.4 for alter-
nate functions for Status Register Bits 0 and 1.

Bit 2: This bit (INTP STATUS) is latched low when CTR4 =
1 and the printer acknowledge signal, ACK, makes a tran-
sition from low to high, indicating the printer has received
the previously sent data byte. Reading this bit resets it to 1.

Bit 3: This bit (ERROR) represents the current state of the
printer error signal. The printer sets this bit low when there
is a printer error. This bit follows the state of the ERR pin.

Bit 4: This bit (SLCT) represents the current state of the
printer select signal. The printer sets this bit high when it is
selected. This bit follows the state of the SLCT pin.

Bit 5: This bit (PE) represents the current state of the printer
paper end signal. The printer sets this bit high when it de-
tects the end of the paper. This bit follows the state of the
PE pin.

Bit 6: This bit (ACK) represents the current state of the
printer acknowledge signal. The printer sets this signal to
low after it has received a character and is ready to receive
another one. This bit follows the state of the ACK pin.

Bit 7: This bit (BUSY) represents the current state of the
printer busy signal. The printer sets this bit low when it is
busy and cannot accept another character. This bit is the
inverse of the BUSY pin.

10.3 CONTROL REGISTER (CTR)
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This register provides all output signals to control the printer

in the compatible or extended mode. This is a read and
write register.

Normally when the Control Register is read, the bit values
are provided by the output latch. These bit values can be
superseded by the logic level of the STB, AFD, INIT, and
SLIN pins, if these pins are forced high or low by an external
voltage. In order to force these pins high or low the corre-
sponding bits should be set to their inactive state (e.g.,
AFD = STB = SLIN = 0, INIT = 1).

Bit 0: This bit controls the data strobe signal to the printer
via the STB pin. This bit is the inverse of the STB pin.

Bit 1: This bit controls the automatic feed XT signal to the
printer via the AFD pin. Setting this bit high causes the print-
er to automatically feed after each line is printed. This bit is
the inverse of the AFD pin.

Bit 2: This bit controls the signal to initialize the printer via
the INIT pin. Setting this bit to low initializes the printer. This
bit follows the TNIT pin.

Bit 3: This bit directly controls the select in signal to the
printer via the SLIN pin. Setting this bit high selects the
printer. This bit is the inverse of the SLIN pin.

Bit 4: This bit enables the parallel port interrupt. When this
bit is set high, the INTP signal follows the ACK signal and
latches a O to 1 transition. Setting this bit low, puts INTP into
TRI-STATE and clears any pending interrupts.

Bit 5: This bit controls the direction of the data port in the
Extended (bidirectional) Mode (see Table IX and Perform-
ance Mode). This is a write-only bit in Extended Mode but is
readable and writable in Performance Mode.

Bit 6, 7: These bits are reserved.

10.4 PERFORMANCE REGISTER AND THE
HIGH PERFORMANCE MODE

This programmable high performance cell allows the paral-
lel port to transfer muitiple bytes of data to or from a periph-
eral without the CPU having to affect each transfer. These
transfers are supported by:

1. An on-chip bidirectional FIFO that can store 16 bytes of
data.

2. A DMA request strobe, PDRQ which facilitates DMA
servicing of data transfer requests from the parallel port.

3. An automated handshake capability (Centronics compat-
ible) for transfer of FIFO data to and from the attached
peripheral.

Data may be loaded into or unloaded from the FIFO by the
CPU (interrupt or polling modes) or by the system DMA con-
troller. These functions greatly reduce software overhead
associated with parallel port 1/0.

To maintain compatibility with existing IBM and compatible
PC parallel port interfaces, the Performance Register is hid-
den and the High Performance mode is disabled after sys-
tem power up. The Performance Register (PFR) is only
available after a 0 is written to the Status Register bit 0. it
occupies the reserved location base + 3 in the IBM parallel
port I/Q spaces. The FIFO and automatic transfers (High
Performance mode) can then be enabled by writing a 1 to
Performance bit 0 (Performance Enable). Writing a 0 to
STRO also enables new functions for bits CTRS5 and STR1.
CTR5 is the Data Direction bit and is changed from write-
only in the Extended Mode to being readable. STR1 is re-
served in the Compatible and Extended Modes but be-
comes a FIFO Overrun bit in Performance Mode.
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10.0 Bidirectional Parallel Port

Interface (continued)

The existence of the High Performance mode within a paral-
lel port interface can be identified by reading the Status
Register 1/0 location following a write of 0 to the same reg-
ister's bit 0. The Status register is replaced, for one read
only, by an ID byte of A7h. Further accesses to the Status
Register location will produce the standard Status Register
bits with the addition of a FIFO Overrun error indication in
Bit 1.

Procedure for initializing high performance cell:

— program Data Direction bit (CTR5)

— write 0 to STRO

— read back value in STR

— if value = A7h, proceed with initialization

— write a 1 to the Performance Register bit 0 (FIFO En-
able) enabling FIFOs and automatic handshaking.
Writing a 1 to STRO hides the Performance Register but
does not disable the High Performance mode. The mode
can only be disabled by clearing the FIFO Enable bit in the
Performance Register.
Note: The ID byte in the Status Register location does NOT present itself if
a 1 is written to STRO.
Performance Register
765 4 1.0
CICIoIOICIOIC]0] Reset Configuration

Aklllllﬂkk

o] w
o]n

>
>
>
P
>
-

Performance Enable (Read/Write)

INTP Status (Read Only)

INTP Status (Read Only)

FIFO Clear (Write Function)
LS8 of Available FIFO Space
(Read Function)

Most Significant 4 bits of
Avallable FIFO Space (Read Only)
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This register provides control and status bits for parallel port
data transfers in the High Performance mode. Access to
this register is only allowed after a 0 is written to STRO.
Different status and control functions are provided by bits 1,
2, and 3 depending on the direction of the data transfer.
Therefore, the software should program the Data Port Di-
rection bit (CTR5) before accessing the Performance Regis-
ter. Note that Performance Register bits 1-7 are accessible
regardless of whether the High Performance Mode is en-
abled (PFRO = 1)

Bit 7-3: Reading these 5 bits provide a binary representa-
tion of the number of open spaces in the FIFO. The FIFO is
16 bytes deep. The number of bytes in the FIFO can be
determined by subtracting the decimal equivalent of these
bits from 16 (the maximum number of bytes in the FIFQ).

Bit 3: The write function of this bit is FIFO Clear. Writing a 1
to this bit clears the FIFO of its contents. Input FIFO Service
and Timeout interrupts are also cleared. This is a self-clear-
ing bit.

Bit 2, 1: These bits indicate the interrupt status and are

indicated in order of priority with 00 being the highest priority

and 11 being the lowest.

Bit 0: Setting the Performance Enable bit generates the fol-

lowing actions:

1. The Data Register is replaced by the 16-byte FIFO.

2. Automatic handshaking and data transfers between an
attached peripheral and the FIFO begins (see Parallel
Port Operation).

3. if in DMA mode (CTR4 INTP Enable bit = 0), the DMA
request strobe PDRQ is enabled {conditions for assertion
of PDRQ are described in the following material).

4. SLCT, ERROR and PE interrupts are automatically en-
abled.

5. Timeout and Overrun interrupts are enabled if in input
mode (CTR5 = 1).

6. If CTR4 INTP Enable bit = 1 (Interrupt Mode), the FIFO
Service interrupt is enabled. If CTR4 INTP Enable bit =
0 (DMA mode), the TC interrupt is enabled.

The bit is automatically cleared (High Performance mode

exited) if a Status, Overrun or TC interrupt occurs. Note that

these conditions do NOT clear the FIFO contents.

Interrupt Definitions

Bit2 Bit 1 Interrupt
0 0 No Interrupt
0 1 Status/Overrun
1 0 Timeout
1 1 FIFO Service (Interrupt Mode)
TC (DMA Mode)

No Interrupt: No interrupts are pending from the parallel
port.

Status/Overrun: When the parallel port direction is set for
output, this code indicates that a Status interrupt has oc-
curred. When the direction is set for input, the code indi-
cates a Status or an Input FIFO Overrun error. The Status
interrupts are automatically enabled in High Performance
mode (Control Register bit 4, INTP Enable, is ignored) and
are generated by the active edges of the SLCT, ERROR or
PE input signals. The Overrun interrupt is also automatically
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10.0 Bidirectional Parallel Port
Interface (Continued)

enabled in the input mode and occurs if greater than 16
bytes are transferred to the FIFO by the peripheral without
any service from the system. The byte causing the Overrun
error is not loaded into the FIFO and is lost. The source of
the Status/Overrun interrupt can be determined by reading
the Status Register. Bit 1 is cleared if an overrun has oc-
curred and the states of the SLCT, ERROR and PE pins will
determine the source of a Status error.

The Status and Overrun interrupts are cleared by reading
the Performance Register.

Timeout: This interrupt is only valid for the input direction
and is asserted when there is data in the FIFO and no trans-
fers in or out of the FIFO have occurred during the last
4.4 ms.

The interrupt is cleared by setting the FIFO Clear bit (PFR3)
or by the first read of the input FIFO.

FIFO Service/TC: In Interrupt Mode (CTR4 = 1), this inter-
rupt indicates that the CPU should either load or remove
data from the FIFO depending on the port direction. In DMA
Mode this interrupt indicates that the port has received a
terminal count (TC) from the servicing DMA controller chan-
nel. See DMA End of Transfer timing diagrams for details on
the TC interrupt.

in the Interrupt mode, output direction, the interrupt is
cleared by reading the PFR or by the first write to the output
FIFO. In interrupt mode, input direction, the interrupt is
cleared by reading the input FIFO until the data level is be-
low the trigger level or by setting the FIFO Clear bit (PFR3).
in DMA mode, the TC interrupt is cleared by reading the
Performance Register.

Performance Port Operation

The following sections describe in more detail the operation
of the High Performance port. Refer also to the attached
flowcharts. Data flow through the High Performance port is
summarized by Table X.

When the Data Port Direction bit is 0 (output) and the FIFO
Enable bit is set, data requests issued to the host and sub-
sequent transfers to the peripheral will be done by the paral-
lel port automatically. The cell will output the next byte in the
FIFO to pins PDO-PD7 and strobe pin STB in response to a
0 to 1 transition on the ACK pin. A byte will be output only if
BUSY, ERR and PE are inactive and SLCT is active. The
cell requests FIFO service from the system CPU or DMA
controller when the FIFO is empty. The Status Register and
the Control Register may be read or written by the CPU.
However, the STB bit in the Control Register has no func-
tion when the FIFO Enable bit is set. The cell will also re-

quest CPU service if ERR, PE or SLCT are asserted by the
peripheral during data transfers. In DMA mode, a TC indica-
tion will cause an interrupt to be generated but only after the
last byte in the output FIFO has been transferred. PFRO will
also be cleared at this point.

When the Data Port Direction bit is 1 (input) and the FIFO
Enable bit is set, requests for data from the host and subse-
quent data transfers from a peripheral to the host will be
done by the parallel port automatically. Two signals are
used to transfer the data. The SLIN pin will be asserted by
the host system to indicate to the peripheral that the parallel
portis ready to accept data. The ACK pin will be used by the
peripheral to strobe the data into the input FIFO. When the
input FIFO reaches a trigger level of 14, the cell requests
FIFO service from the system CPU or DMA controller. in
DMA mode, a TC indication generates an interrupt and
clears PFRO immediately.

Note: The trigger levei is not programmabile. It defaults 10 14 bytes.

If the FIFO is not serviced before it fills to 16 bytes, the cell
stops further transfers from the peripheral by automatically
deasserting SLIN. SUIN will go active again when the input
FIFO is empty. The CPU may read either the Status register
or the Control register during automatic transfers. However,
writing to these registers has no effect other than to change
the Data Port direction or the INTP Enable state.

The INTP Enable bit in the Control register (CTR4) defines
whether FIFO service requests are made with an interrupt
(INTP) or with a DMA request (PDRQ). Setting CTR4 en-
ables interrupts while clearing it (default condition) enables
DMA. The programmer must have the system prepared to
handle a DMA request or an interrupt immediately upon set-
ting the Performance Enable bit if the data direction is out-
put. Since the output FIFO is initially empty, the DMA re-
quest strobe PDRQ or the interrupt pin INTP will go active
immediately after the Performance Enable bit is set.

The Performance Enable bit is cleared (Performance mode
disabled) if a Status, Overrun or End of Transfer (TC active)
interrupt is generated.

A timeout period of 4.4 ms is calculated on chip. The timer is
used during input operations and exists so that data which is
below the 14-byte threshold will be able to trigger a CPU
interrupt. This interrupt notifies the CPU that there has been
data in the Input FIFO longer than 4.4 ms with no further
data from the peripheral being loaded. Note that a 24 MHz
input on the CLK pin is required to create the 4.4 ms period.

TABLE X. Data Port Direction in High Performance Mode

Perf. En. Bit | DirectionBit | —— | ==
(PFRO) (CTRS) RD | WR Direction

1 0 1 0 | Datais written to output FIFO and
automatically transferred via PD0-7

1 0 0 1 Reserved Operation

1 1 1 0 | Reserved Operation

1 1 0 1 Data automatically received from
PDO-7 is read from the input FIFO
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10.0 Bidirectional Parallel Port Interface (continued)
10.5 OPERATION FLOWCHARTS

High Performance Paraliel Port
(DMA Output Transfers)

Clear data direction bit (CTRS)

Clear STRO

Read STR - Check for A7h

Disable ints/Enable DMA (Clear CTR4)
Set FIFO Enable (PFRO)

< = Deassert PDRQ l

DMA transfer
continues until FIFO

N full or TC received
A v ?
Auto transfer starts

‘- after DMA transfers
first byte into FIFO

Output data byte

Pulse STB - —
TC Revd PDRQ asserted
since FIFOQ to request DMA
enabled? tra-nsfor

Peripheral
Ready for

Final ACK
Revd?

PDRQ deasserted INTP asserted

PFRO cleared, auto xfer stopped PFR2,1=11

INTP asserted (PFR2,1=01) PFRO cleared
CPU reads PFR and/or STR checking @
SLCT, ERROR and PE bits

‘ —
Read of PFR deasserts INTP
and clears PFR2, 1

I Set PFRO ]1—{ Service error Abort transfer

CELL FUNCTION

CPU OR DMA FUNCTION

TL/C/10463-44
Note 1: Peripheral is ready when BUSY = 0, PE = 0, ERR = 1 and SLCT = 1.
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10.0 Bidirectional Parallel Port Interface (continueq)
10.5 OPERATION FLOWCHARTS (Continued)

High Performance Parallel Port
{CPU Qutput Transfers)

Clear data direction bit (CTRS)

Clear STRO

Read STR = Check for A7h

Enable Interrupt/Disable DMA (Set CTR4)
Set FIFO Enable (PFRO)

data transfer
PFR2, 1 =11

PFRO cleared, auto xfer stopped
INTP asserted, PFR2, 1 =01

CPU reads PFR and/or STR checking
| SLC’Ti ERROR and PE bits

1

Read of PFR deasserts NTP
and clears PFR2, 1

TL/C/10463-45

Note 1: Peripheral is ready when BUSY = 0, PE = 0, ERR = 1 and SLCT = 1.
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10.0 Bidirectional Parallel Port Interface (continued)

10.5 OPERATION FLOWCHARTS (Continued)

High Performance Paralle! Port

(DMA Input Transfers)

Set data direction bit (CTRS)

Clear STRO

Read STR=Check for A7h

Disable Interrupt/Enable DMA (Clear CTR4)
Set FIFQ Enable (PFRO)

Assert SLIN

A
Peripheral starts data_auto
transfer by strobing ACK

&
<
4

INTP asserted

timeout? PFR2, 1=10

(note 1)

—
PDRQ Deasserted
PFRO cleared
INTP asserted
SLIN deasserted

CPU clears interrupt
by setting PFR3 or
with first read of FIFO.

CPU reads PFR3~7
and extracts remaining
bytes from FIFO

Status error interrupt
and Overrun interrupt

|4
cleared by reading the PFR.

PFR2l 1=01

¥

Input
FIFO contain
14 bytes?

I PDRQ asserted to reguest DMA transfer I

l DMA controller transfers bytes until FIFO empty or TC received. l

CPU service of
error

G

SLIN deasserted.
INTP asserted.
PFR2, 1=11
PFRO cleared.
PDRQ deasserted.

C
Received?

SLIN deasserted.
Peripheral transfers

Input
FIFO full?

(16 bytes) Should stop.

SLIN Asserted

PDRQ Deasserted

input

4

FIFO Empty?

INTP Asserted
PFR2, 1 =01
PDRQ Deasserted
PFRO Cieared
STR1 Cleared

Note 1: Timeout delay is 4.4 ms since last inactive edge of ACK and since
last CPU read of the input FIFO.

CELL FUNCTION

CPU OR DMA FUNCTION
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10.0 Bidirectional Parallel Port Interface continued)

10.5 OPERATION FLOWCHARTS (Continued)

High Performance Parallel Port
CPU input Transfers

Set data direction bit (CTRS)

Clear STRO

Read STR = Check for A7h

Enable Interrupt/Disable DMA (Set CTR4)
Set FIFQ_Enable (PFRO)

Assert SLIN

»i

<
4

Perioheral starts data
auto transfer by
strobing ACK

>
»
A

>
»
Y

Data
timeout?
(note 1)

INTP asserted
PFR2, 1=10

CPU clears interrupt
by setting PFR3 or
with first read of FIFO.

CPU reads PFR3-7
and extracts remaining
bytes from FIFO

PFRO cleared
_INTP asserted
SLIN deasserted

Status ervor interrupt
and Overrun interrupt
cleared by reading the PFR.

PFR2, 1 =01

Input
FIFQ contain
14 bytes?

INTP asserted to request CPU |
transfer (PFR2, 1=11)

!

CPU transfers bytes until FIFO empty
(INTP deasserted and PFR2, 1 cleared
when FIFO byte level drops below trigger).

e
SUIN deasserted.
Peripheral transfers
Should stop.

Input
FIFO full?
(16 bytes)

Input

¥

CPU service of
error

D

r 3

FIFO Empty?

INTP Asserted
(PFR2, 1=01)
PFRO Cleared
STR1 Cleared

CELL FUNCTION

CPU OR DMA FUNCTION

Note 1: Timeout delay is 4.4 ms since last inactive edge of ACK and since last CPU read of the input FIFO.
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with FIFOs plus High Performance Parallel Interface

PC16553 Dual Universal Asynchronous Receiver/Transmitter

11.0 Ordering Information
NS16C553XX

|—| /A% = A% RELIABILITY SCREENING

¥ = PLASTIC LEADED CHIP CARRIER (PLCC)

12.0 Physical Dimensions inches (milimeters)

0.050=0.800
(1.270=20.52)
0.050 18 SPACES AT

0.050 = 0,800
(1.270=20.32)
16 SPACES AT

0.050
(1.270)
REF

TL/C/10463-33

Lit. # 112908
g2
(0.508)
[ 0.045
0.104-0.118 (1.143)

(2.642-2.997) j

= B

{114

(0.330-0.457)
0910058 | TR
BN-n8)

SQUARE
CONTACT
DIMENSION
15°

0.032-0.040
{0.313-1.016)

9.165-0.10
(4.191-4.572)

0.006-0.015
0z7-0.381)

Ve8A (REY G)

68-Lead Plastic Chip Carrier (V)
Order Number PC16553V
NS Package Number V68A

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:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical impiant
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 result in a significant injury

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness. /
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