
National
Semiconductor

NSC858 Universal Asynchronous 
Receiver/Transmitter
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G e ne ra l D e s c r ip tio n
The NSC858 is a CMOS programmable Universal Asynchro
nous Receiver/Transmitter (UART). It has an on chip pro
grammable baud rate generator. The UART, which is fabri
cated using microCMOS silicon gate technology, functions 
as a serial receiver/transmitter interface for your microcom
puter system.
The transmitter converts parallel data from the CPU to serial 
form and shifts it out in the standard asynchronous commu
nication data format. Appropriate start, parity, and stop bits 
are added to the outgoing serial stream. Incoming serial 
data is converted to parallel form by the receiver. The re
ceiver checks incoming data for errors (parity, overrun, 
framing or break interrupt) and then converts it from serial 
to parallel for transfer to the CPU. Five pins on the chip 
are available for modem control functions or general 
purpose I/O.
The NSC858 has a programmable baud generator that is 
capable of dividing the timing reference clock input by divi
sors of 1 to (216-1), and producing a 1X, 16X, 32X, 64X 
clock for driving the transmitter and/or receiver logic. Both 
the transmitter and receiver can either be driven by an ex
ternal clock or the internal baud rate generator. The 
NSC858 has an interrupt system that can be tailored to 
the user’s requirements. In addition to the CMOS power 
consumption levels there are hardware and software 
power down modes which further reduce power consump
tion levels.

F e a tu re s
■ Maximum baud rate 256k BPS (16X), 1M BPS (1X)
■ Programmable baud rate generator
■ Double buffered receiver and transmitter
■ Independently configured receiver and transmitter

— 5-, 6-, 7-, 8-bit characters
— Odd, even, force high, force low, or no parity
— 1, 1 y2, 2 stop bits

■ Five bits modem I/O or general purpose I/O (3 input, 2 
output)

■ Programmable auto enables for CTS and DCD
■ Local and remote loopback diagnostics
■ False start bit detection
■ Break condition detection and generation
■ Program polled, or interrupt driven operation

— 8 maskable status conditions for receiver and trans
mitter interrupt

— 4 maskable status conditions for modem interrupt
■ Variable power supply (2.4V-6.0V)
■ Low power consumption with software and hardware 

power down modes
B 8-bit multiplexed address/data bus directly compatible 

with NSC800™

S ys te m  C o n fig u ra tio n
ADDRESS/DATA +5V

RECEIVER

|  TRANSMITTER

MODEM CONTROL 
OR GENERAL 
PURPOSE I/O
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1.0  A b s o lu te  M ax im um  R a tin g s  2.0 O p e ra tin g  C o n d it io n s  v c c = 5 v ± i o %
(Note 1) Ambient Temperature
If Military/Aerospace specified devices are required, Industrial -40°C to+85°C  
please contact the National Semiconductor Sales Commercial 0°Cto+70°C 
Offlce/Distributors for availability and specifications.
Storage T emperature -  65°C to + 1 50°C 
Voltage on Any Pin with

Respect to Ground -0.3V to Vcc + 0.3V 
Maximum Vcc 7V 
Power Dissipation 1W 
Lead T emp. (Soldering, 10 seconds) 300°C

3.0 DC E le c tr ic a l C h a ra c te r is t ic s  v Cc  = 5v ± io % ,g n d  =  ov , unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

V|H Logical 1 1nput Voltage 0.8 Vcc Vcc V

V|L Logical 0 Input Voltage 0 0.2 VCC V

Vhy Hysteresis at RESET IN Input

>inIIo|o>

0.25 0.5 V

VoH1 Logical 1 Output Voltage Iout=  “ 1-0 mA 2.4 V

VOH2 Logical 1 Output Voltage •oilT= “ 1° < o o I o in V

VoL1 Logical 0 Output Voltage Io l= 2 mA except Xout 0 0.4 V

VoL2 Logical 0 Output Voltage Iout= 1 0 /aA 0 0.1 V

l|L Input Leakage Current O^V in^V cc -10.0 10.0 pA

>OL Output Leakage Current O^V in^V cc -10.0 10.0 j±A

•cc Active Supply Current Ta =  25°C 2 10 mA

>HPD Current Hardware Power Down Pin PD=0, No Resistive Output Loads, 
V|N = 0V orV|N = Vcc. Ta =  25°C

100 ju,A

>SPD Current Software Power Down Power Down Reg Bit 0 = 1,
No Resistive Output Loads,
V|N = 0V or V|N=Vcc. Ta -  25°C

300 f*A

C|N Input Capacitance 6 10 PF

CoUT Output Capacitance 8 12 PF

Vcc Power Supply Voltage (Note 2) 2.4 5 6 V
N o te  1: A bso lu te  M axim um  R atings ind ica te  lim its  beyond w h ich  perm anent dam age m ay occur. C ontinuo 
lim ited  to  those  cond itions specified under DC  E lectrica l C haracteristics.

N o te  2: O pera tion  a t low er pow er supply vo ltages  w ill reduce  th e  m axim um  operating speed. O pera tion  a 
n o t tested .

AC Testing Input/Output Waveform

--------V o - S V c c  TEST 0-8 Vcc
A o.2VCC POINTS 0.2 Vcc A

T L /C /5 5 9 3 -2

us opera tion  at 

vo ltages  othe

AC Testlr

DEVICE
UNDER
TEST

these  lim its is not in tended  and shou ld  be 

than  5V  ± 1 0 %  is  guaran teed b y  design,

tg Load Circuit 

^  CL -  100 pF

T L /C /5 5 9 3 -3
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4.0 A C  E le c tr ic a l C h a ra c te r is t ic s  v Cc  =  s v ± i o % ,  g n d  =  ov , c L = 100 pF

Symbol Parameter Test Conditions Min Typ Max Units

BUS

tAS Address 0-7  Set-Up Time 40 ns

tAH Address 0 -7  Hold Time 30 ns

*ALE ALE Strobe Width (High) 100 ns

lARW ALE to Read or Write Strobe 75 ns

tCRW Chip Enable to Read or Write 110 ns

tRD Read Strobe Width 250 ns

*DDR Data Delay from Read 180 200 ns

tRDD Data Bus Disable 75 ns

tCH
Chip Enable Hold After Read 
or Write 60 ns

tRWA Read or Write to Next ALE 45 ns

%R • Write Strobe Width 200 250 ns

*DS Data Set-Up Time 100 ns

tDH Data Hold Time 75 ns

MODEM

tMD
WR Command Reg. to Modem 
Outputs Delay 180 ns

tSIM
Delay to Set Interrupt from 
Modem Input 200 ns

tRIM
Delay to Reset Modem Status 
Interrupt from RD 240 ns

tSMI
WR to Status Mask Reg., Delay 
to RT7 230 ns

POWER DOWN

tpcs
Power Down to All Clocks 
Stopped 1 2 tBIT+txc

tPCR
Power Down Removed to Clocks 
Running 1 2 tBIT +  txC

tpxs
Power Down Removed to XTAL 
Oscillator Stable

When Using On Chip Inverter for 
Oscillator Circuit 100 ms

tpSE
Power Down Set-Up to RD 
or WR Edge

160 260 ns

tEPI
WR or RD Edge Following PD to 
Internal Signals Enable or Disable 100 ns

BAUD GENERATOR

tXH XTAL In High 100 ns

tXL XTAL In Low 100 ns

fBRC
Baud Rate Clock Input 
Frequency 4.1 MHz

tBD1 Baud Out Delay -s- 1 160 ns

tBD2 Baud Out Delay 2 200 ns

tBD3 Baud Out Delay -r 3 200 ns

tBDN Baud Out Delay N > 3 200 ns

txc Baud Clock Cycle
1

txc = :-----
fBRC

243 ns
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4.0 AC  E le c tr ic a l C h a ra c te r is t ic s  (Continued)

Symbol Parameter Test Conditions Min Typ Max Units

TRANSMITTER

*T C D TxD Delay from TxC External Clock 275 ns

Internal Clock 140 ns

tT X C Cycle Time TxC 16X, 32X, 64X Clock Factor 243 ns

1X Clock Factor 1000 ns

tT C H TxC High 100 ns

l T C L TxC Low 100 ns

t|HRI WR TxHR to Reset TxBE RTI 260 ns

tH T S WRTxHRtoTxD Start 2 3 4 l B IT

tT S I Skew Start Bit to RTI -100 + 20 +  120 ns

^E TS Enable Tx to Start Bit 3 4 5 tB IT

tB IT 1 One Bit Time

1X 1000 ns

16X 3.88 f lS

32X 7.77 JU .S

64X 15.55 J U S

RECEIVER

l R S RxD Set-Up 1X Clock Factor 160 ns

*R H RxD Hold 1X Clock Factor 100 ns

*R X C Cycle time RxC 16X, 32X, 64X Clock Factor 243 ns

1X Clock Factor 1000 ns

tR C H RxC High 100 ns

l R C L RxC Low 100 ns

l R R I RDto Reset RTI 300 ns

tB IT 1 One Bit Time

1X 1000 ns

16X 3.88 ) X S

32X 7.77 JU S

64X 15.55 / IS

l E R S
Enable Rx to Correctly Detect 
Start Bit All Clock Factors 2 3 4 tR X C

tR N O
Read RxHR Before Next Data; 
No OE

240 ns

tB I RxC, Break to RTI 340

tR E I Receiver Error Int
1/2 Clock 
Factor tR X C

tR D I Receiver Ready Int tR E I + 1 tR X C

tR S I RxCtoRTi 300 ns

RESET TIMING

*M R MR Pulse Width 100 ns

*R A
MR to ALE if Valid WR or 
RD Cycle

100 ns

N o te  1: ts iT  =  I t x c  x  C lock  F acto r (1 ,1 6 , 32, 64), transm itte r 

•b i t  =  ' r x c  x  C lock  F ac to r (1 ,1 6 , 32, 64), rece iver

*BIT Baud Rate
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5.0 T im in g  W a v e fo rm s

Read and Write Cycles

READ

WRITE

Modem Timing

WR (WRITE TO 
COMMAND REG)

Imd

DTR, RTS

T L /C /5 5 9 3 -5

WR (CLEAR 
MASK BIT)

41
WR (SET 

MASK BIT)

t$MI tSMI

RTI (ASSUME 
STATUS BIT SET)

41

T L /C /5 5 9 3 -7 T L /C /5 5 9 3 -8
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5.0 Timing Waveforms (Continued)

Power Down Timing

T L /C /5 5 9 3 -9

Baud Out Timing
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5.0 Timing Waveforms (Continued)

Transmitter Timing

T L /C /5593 -12

RTI (TxBE)

■*----------Ih t s ----------- t is i —  — • •bit •*—  Itsi —**■

TxD IDLE J ;  START /  L S B J
e — 5 r T T P

•bit =  tT«CxCLOCK FACTOR (1. 16. 32, 64)
BAUD RATE

N o te : T h e  A C  T im ing  S pec fo r R T I due  to  TXU o r TB K  w ill be  pub lished in th e  next d a ta  sheet.

TL /C /5593 -13

TL/C /5593 -14

Reset Timing

>_________L
RS OR WR

\ _______/
T L /C /5593-15
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5.0 Timing Waveforms (Continued)

Receiver Timing

>rch -Ir«c-

RxC

RxD (1X)

T L /C /5 5 9 3 -1 6

|8IT“ baudrate“ ,r,c><CL0CKFACT0R(1' 16' 3Zl64)

TL/C /5593-17

TL/C /5593 -18

RD (READ R-T STATUS OR 
READ RxHR TO CLEAR INT)

RTI

V /
**— Irri

T L /C /5 5 9 3 -1 9
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Receiver Timing (Continued)

5.0 Timing Waveforms (Continued)

T L /C /5593 -20

TL/C /5593-21

Rx5(1X) 

RTI (A B R K )

TL/C /5593 -22
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6.0 C o n n e c tio n  D ia g ra m s
Dual-ln-Line Package

T L /C /5593 -23

Top View
Order Number NSC858D or N 

See NS Package D28C or N28B

Leadless Chip Carrier Plastic Chip Carrier
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TL /C /5593 -24  T L /C /5 5 9 3 -2 5

Top View Top View

Order Number NSC858E 
See NS Package Number E44A

Order Number NSC858V 
See NS Package Number V44A

7.0 P in D e s c r ip tio n s
7.1 INPUT SIGNALS
Master Reset (MR): active high, Pin 1. This Schmitt trigger 
input has a 0.5V typical hysteresis. When high, the following 
registers are cleared: receiver mode, transmitter mode, 
global mode, R-T status (except for TxBE which is set to 
one), R-T status mask, modem mask, command (which dis
ables receiver “ Rx” and the transmitter “ Tx” ), power down, 
and receiver holding. In the modem status register, ACTS, 
ADCD, ADSR, BRK and ABRK are cleared.

Chip Enable (CE): active low, Pin 2. Chip enable must be 
low during a valid read or write pulse in order to select the 
device. Chip enable is not latched.
Read (RD): active low, Pin 3. While the chip is enabled the 
CPU latches data from the selected register on the rising 
edge of RD.
Write (WR): active low, Pin 4. While the chip is enabled it 
latches data from the CPU on the rising edge of WR. 
Address Latch Enable (ALE): negative edge sensitive, Pin 
5. The negative edge (high to low) of ALE latches the ad
dress for the register select during a read or write operation.
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Power Down (PD): active low, Pin 17. When active it dis
ables all internal clocks, shuts off the oscillator, clears RxE, 
TxE, and break control bits in the command register. All 
other registers retain their data. Unlike software power 
down, PD also disables the internal ALE, CE, RD, WR, ad
dress and data paths for minimum power consumption. 
Registers cannot be accessed in hardware power down; 
they may be in software power down.
Receiver Data (RxD): Pin 21. This accepts serial data input 
from the communications link (peripheral device, modem, or 
data set). Serial data is received least significant bit (LSB) 
first. “ Mark”  is high (1), “ space” is low (0).
Data Carrier Detect (DCD): active low, Pin 23. Can be used 
as a modem or general purpose input. When this modem 
input is low it indicates that the data carrier has been detect
ed by the modem or data set. The DCD signal is a modem 
control function input whose complement value can be test
ed by the CPU by reading bit 5 (DCD) of the modem status 
register. Bit 1 (ADCD) of the modem status register indicat
ed whether the DCD input has changed state since the pre
vious reading of the modem status register. DCD can also 
be programmed to become an auto enable for the receiver.
NOTE: W henever th e  DCD b it o f th e  m odem  s ta tus reg is te r changes sta te, 

an in te rrup t is genera ted  if the  ADCD m ask and the  DSCHG m ask 
bits are set.

Clear to Send (CTS): active low, Pin 26. Can be used as a 
modem or a general purpose input. The CTS inputs comple
ment can be tested by the CPU by reading bit 4 (CTS) of the 
modem status register. Bit 0 (ACTS) of the modem status 
register indicates whether the CTS input has changed state 
since the previous reading of the modem status register. 
CTS can be programmed to automatically enable the trans
mitter. Note: Whenever the CTS bit of the modem status 
register changes state, an interrupt is generated if the ACTS 
mask and the DSCHG mask bits are set.
Data Set Ready (DSR): active low, Pin 27. Can be used as 
a modem or a general purpose input. When this modem 
input is low it indicates that the modem or data set is ready 
to establish the communication link and transfer data with 
the NSC858. The DSR is a modem-control function input 
whose complement value can be tested by the CPU by 
reading bit 6 (DSR) of the modem status register. Bit 2 
(ADSR) of the modem status register indicates whether the 
(DSR) input has changed state since the previous reading of 
the modem status register.
NOTE: W henever the  DSR b it o f the  m odem  s ta tus reg is te r changes sta te, 

an in te rrup t is  genera ted  if AD SR  m ask and the DSCHG m ask b its  
are set.

Power (Vcc): Pin 28. + 5V supply.
Ground (GND): Pin 14. Ground (OV) supply.

7.2 OUTPUT SIGNALS
Transmit Data (TxD): Pin 19: Composite serial data output 
to the communication link (peripheral, modem or data set) 
least significant bit first. The TxD signal is set to the marking 
(logic 1) state upon a master reset. In hardware or software 
power down this pin will always be a one. 
Receiver-Transmitter Interrupt (RTi): active low, Pin 22. 
Goes low when any R-T status register bit and its corre
sponding mask bit are set. This bit can change states during 
either hardware or software power down due to a change in 
modem status information.

7.0 Pin Descriptions (Continued)
Request to Send (RTS): active low, Pin 24. Can be used as 
a modem or a general purpose output. When this modem 
output is low it informs the modem or data set that the 
NSC858 is ready to transmit data. The RTS output or gener
al purpose output signal can be set to an active low by 
programming bit 6 of the command register with a 1. The 
RTS signal is set high upon a master reset operation. During 
remote loopback RTS signal reflects the complement of bit 
6 of the command register. During local loopback the RTS 
signal is forced to its inactive state (high). RTS cannot 
change states during hardware power down; it can during 
software power down.
Data Terminal Ready (DTR): active low, Pin 25. Can be 
used as a modem or general purpose output. When this 
modem output is low it informs the modem or data set that 
the NSC858 is ready to communicate. The DTR output or 
the general purpose output signal can be set to an active 
low by programming bit 7 of the command register with a 1. 
The DTR signal is set high upon a master reset operation. 
During remote loopback DTR signal reflects the comple
ment of bit 7 of the command register. During local loop- 
back the DTR signal is forced to its inactive state (high). 
DTR signal cannot change state during hardware power 
down; it can during software power down.

7.3 INPUT/OUTPUT SIGNALS
Address/Data Bus (AD0-AD7): Pins 6-13. The multi
plexed bidirectional address/data bus, AD0-AD7 pins, are 
in the high impedance state when the NSC858 is not select
ed or whenever it is in hardware power down. AD0-AD3 are 
latched on the trailing edge of ALE, providing the four ad
dress inputs. The rising edge of the WR input enables 8 bits 
to be written in, through AD0-AD7, to the addressed regis
ter. RD input enables 8 bits to be read from a register out 
through AD0-AD7.
Transmitter Clock/Baud Rate Generator Output (TxC/ 
BRGOUT): Pin 18. If the transmitter is programmed for an 
external clock, TxC is an input. If the transmitter is pro
grammed for an internal clock, then the Baud Rate Genera
tor is used for the transmitter, and it is output at TxC/ 
BRGOUT. In either case, TxC/BRGOUT signal is running at 
1X, 16X, 32X, 64X the data rate, as selected by the clock 
factor. If this pin is used as an output it will be set to a zero 
(0) in both hardware and software power down.
Receiver Clock/Baud Rate Generator Output (RxC/ 
BRGOUT): Pin 20. If the receiver is programmed for an ex
ternal clock, RxC is an input. If the receiver is programmed 
for an internal clock, the Baud Rate Generator is used for 
the receiver, and it is output at RxC/BRGOUT. In either 
case, RxC/BRGOUT signal is running at 1X, 16X, 32X, 64X, 
the data rate as selected by the clock factor. If this pin is 
programmed as an output it will be set to one (1) in both 
hardware and software power down.
Crystal (XIN, XOUT): Pins 15, 16. These two pins connect 
the main timing reference. A crystal network can be con
nected across these two pins, or a square wave can be 
driven into XIN with XOUT left floating. In hardware and 
software power down XOUT is set to a 1. Ground XIN when 
using both RxC and TxC to supply external clocks to the 
UART.

7-122



8.0 B lo c k  D iag ram

T L /C /5 5 9 3 -2 6

FIGURE 1. NSC858 Functional Block Diagram

9.0 R e g is te rs
The system programmer may access control of any of the 
NSC858 registers summarized in Table I via the CPU. These 
8-bit registers are used to control NSC858 operation and to 
transmit and receive data.

9.1 RECEIVER AND TRANSMITTER HOLDING REGIS
TER
A read to offset location 00 will access the Receiver holding 
register; a write will access the Transmitter holding register.

TABLE I. Register Address Designations

Address Register Read/
A3 a 2 A1 Ao Write

0 0 0 0 Rx Holding R
0 0 0 0 Tx Holding W
0 0 0 1 Receiver Mode R/W
0 0 1 0 Transmitter Mode R/W
0 0 1 1 Global Mode R/W
0 1 0 0 Command R/W
0 1 0 1 Baud Rate Generator Divisor 

Latch (Lower) R/W
0 1 1 0 Baud Rate Generator Divisor 

Latch (Upper) R/W
0 1 1 1 R-T Status Mask R/W
1 0 0 0 R-T Status R
1 0 0 1 Modem Status Mask R/W
1 0 1 0 Modem Status R
1 0 1 1 Power Down R/W
1 1 0 0 Master Reset W

N o te : O ffse t address OD, OE, O F  are unused.

9.2 RECEIVER MODE REGISTER
The system programmer specifies the data format of the 
receiver (which may differ from the transmitter) by program
ming the Receiver mode register at offset location “ 01.” 
This read/write register programs the parity, bits/character, 
auto enable option, and clock source. When bit 6 of this 
register is set high the receiver will be enabled any time the 
DCD signal input is low (provided CR0 = 1). When bit 7 is 
set to a “ 1”  the receiver clock source is the internal baud 
rate generator and RxC is then an output. After reset this 
register is set to “ 00.”

TABLE II. Receiver Mode Register (Address “ 01” )
(Bits RMO-7)

7 6 5 4 3 2 1 0

O O O O O O O O l  reset configuration 

I I . - I = R/W.RESERVED FOR
FUTURE USE

1------------------------= 000 NO PARITY
= 100 EVEN PARITY 
= 101 ODD PARITY 
= 010 FORCE LOW 
= 011 FORCE HIGH

------------------------------------------ = 00 5 BITS/CHAR.
= 01 6 BITS/CHAR.
= 10 7 BITS/CHAR.
= 11 8 BITS/CHAR.

----------------------------------------------------- = 1 AUTO ENABLE DCD
------------------------------------------------------------ = 1 RxC INTERNAL

= 0 RxC EXTERNAL

T L /C /5 5 9 3 -2 7
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9.0 Registers (Continued)

9.3 TRANSMITTER MODE REGISTER
The system programmer specifies the data format of the 
transmitter (which may differ from the receiver) by program
ming the transmitter mode register at offset location “ 02.”

9.5 COMMAND REGISTER
The Command register is an eight bit read/write register 
which is accessed at offset location “ 04." After reset the 
command register equals “ 00.”

TABLE III. Transmit Mode Register (Address “ 02” ) 
(Bits TMO-7)

TABLE V. Command Register (Address “ 04” ) 
(Bits CRO-7)

7 6 5 4 3 2 1 0

0 0 0 0 I 0 0 0 0 I reset configuration

l -  TRANSMIT ABORT END CONDITION (TAEC) 
= “ 1" STOP ON

TRANSMITTER HOLDING REGISTER 
EMPTY

= "0 "  STOP ON TRANSMITTER SHIFT 
REGISTER EMPTY

—  = 000 NO PARITY
■ 100 EVEN PARITY 
= 101 ODD PARITY 
-  010 FORCE LOW 
= 011 FORCE HIGH

—  ■ 00 5 BITS/CHAR.
= 01 6 BITS/CHAR.
= 10 7 BITS/CHAR.
= 11 8 BITS/CHAR^__

—  = 1 AUTO ENABLE CIS
—  = 1 TxC « INTERNAL 

= 0 TxC = EXTERNAL

T L /C /5593 -28

The transmitter mode register is similar in operation to the 
receiver mode register except for the addition of the Trans
mit Abort End Condition (TAEC). If this bit is set to a one 
when a request to disable the transmitter or send a break is 
pending then the data in the shift register and holding regis
ter will be transmitted prior to such action occurring. If TAEC 
equals O then the action will take place after the shift regis
ter has been emptied. When bit 6 of this register is set high 
the transmitter will be enabled any time the CTS signal is 
low (provided CR1 =1). When bit 7 is set to a “ 1 ”  the trans
mitter clock source is the internal baud rate generator, and 
TxC is then an output. After reset this register is set to “ 00.”

9.4 GLOBAL MODE REGISTER
This register is used to program the number of stop bits and 
the clock factor for both the receiver and transmitter. Only 
the lower four bits of this register are used, the upper four 
can be programmed as don’t cares and they will be read 
back as zeros. Programming the number of stop bits is for 
the transmitter only; the receiver always checks for one stop 
bit. If a 1X clock factor with 1.5 stop bits is selected for the 
transmitter the number of stop bits will default to 1. After 
reset this register is set to “ 00.”
N ote : S e lecting  th e  1x c lock  requires th a t the  c lock  signal be  sen t o r re 

ce ived  a long  w ith  th e  data.

TABLE IV. Global Mode Register (Address “ 03” ) 
(Bits GMO-3)

BITS

3 _ 2 1 _ ( >
o 0 j J  reset configuration

CLOCK FACTOR 
=  00 IX  
= 01 16X 
= 10 32X 
=  11 64X 

STOP BITS 
=  00 1 STOP BIT
=  01 1.5 STOP BITS 
= 10 2 STOP BITS 
=  11 INVALID

B its 4 - 7  are d o n 't care, read as Os.

T L /C /5593 -29

7 6 5 4  3 2 1 0

| o  0 0 0 0 0 0 o j  reset configuration

' ’ '--------RECEIVER ENABLE

----------------TRANSMITTER ENABLE

------------------------ LOOPBACK OPERATION
=  1 REMOTE LOOPBACK 
=  0 LOCAL LOOPBACK

---------------------------------ENABLE LOOPBACK

--------------------------------------------- BREAK CONTROL
=  00 NO BREAK 
=  01 4-CHAR. LENGTH BREAK 
=  10 16-CHAR. LENGTH BREAK 
=  11 BREAK CONTINUOUSLY

--------------------------------------------------------- RTS (COMPLEMENT OF RTS PIN)
------------------------------------------------------------------ DTR (COMPLEMENT OF DTR PIN)

TL /C /5593 -30

Bit 0: Receive Enable, when set to a one the receiver is 
enabled. If auto enable for the receiver has been pro
grammed then in addition to CRO = 1, the DCD input must 
be low to enable receiver.
Bit 1: Transmitter Enable, when set to a one the transmitter 
is enabled. If auto enable for the transmitter is programmed 
then in addition to CR1 = 1, the CTS input must be low to 
enable transmitter.
Bit 2: A zero selects local loopback and a one selects re
mote loopback.
Bit 3: A one enables either of the diagnostic modes select
ed in bit 2 of the command register.
Bits 4 and 5: Bits 4 and 5 of the command register are used 
to program the length of a transmitted break condition. A 
continuous break must be terminated by the CPU, but the 4 
and 16 character length breaks are self clearing. (At the 
beginning of the last break character bits 4 and 5 will auto
matically be reset to 0.) Break commands affect the status 
of bit 6 (TBK) of the R-T Status register (see R-T Status 
register). Break control bits are cleared by software or hard
ware power down.
Bits 6 and 7: These two bits control the status of the output 
pins RTS (pin 24) and DTR (pin 25) respectively. They may 
be used as modem control functions or be used as general 
purpose outputs. The output pins will always reflect the 
complement of the register bits.

9.6 R-T STATUS REGISTER
This 8-bit register contains status information of the 
NSC858 and therefore is a read only register at offset loca- 
tion "08.”  Each bit in this register can generate an interrupt 
(RTT). If any bit goes active high and its associated mask bit 
is set then the RTl will go low. RTI will be cleared when all 
unmasked R-T Status bits are cleared. Bits 0 and 1, receiver 
ready and transmitter empty are cleared by reading the re
ceiver holding register or writing the transmitter holding reg
ister respectively. Bits 2 through 5, transmit underrun, re
ceiver overrun, framing error, parity error are cleared by 
reading the R-T Status register. Bit two, transmitter under- 
run will occur when both the transmit holding register and 
the transmit shift register are empty.
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Bit three, overrun error, will occur when the CPU does not 
read a character before the next one becomes available. 
The OE bit informs the programmer or CPU that RXHR data 
has been overrun or overwritten. The byte in the shift regis
ter is always transferred to the holding register, even after 
an overrun occurs. If an OE occurs, it is standard protocol to 
request a re-transmission of that block of data. A read of 
RXHR, when a subsequent read of R-T status shows that 
no OE is present, indicates current receiver data is avail
able. Bit four, framing error, occurs when a valid stop bit is 
not detected. Bit 5 is set when a parity error is detected. Bits 
three, four and five are affected by the receiver only.
Bit 6, Transmit Break (TBK) is set at the beginning of each 
break character during a break continuously command, or at 
the beginning of the final break character in a 4 or 16 char
acter programmed break length. It is cleared by reading the 
R-T Status register. Bit 7, Data Set Change (DSCHG) will be 
set whenever any of the bits 0-3  of the Modem Status reg
ister and their associated mask bit are set. Data Set Change 
bit is cleared by reading the Modem Status register or is 
masked off by writing “ 0” to all modem register bits. After 
reset the R-T Status register equals ‘02’, i.e. all bits except 
TxBE are reset to zero.

TABLE VI. R-T Status Register (Address “ 08” )
(Bits SRO-7)

7 6 5 4 3 2 1 0

| o  0 0 0 0 0 0 o j  reset configuration

I -  RxRDY (RECEIVER DATA READY)
1 =  FULL
0 =  EMPTY

---------- TxBE (TRANSMITTER BUFFER EMPTY)
1 =  EMPTY
0 =  FULL

-------------------TxU (TRANSMITTER UNDERRUN
1 =  ERROR
0 =  NO ERROR

--------------------------- 0E (RECEIVER OVERRUN ERROR)
1 =  ERROR
0 =  NO ERROR

------------------------------------FE (RECEIVER FRAMING ERROR)
1 =  ERROR
0 =  NO ERROR

--------------------------------------------PE (RECEIVER PARITY ERROR)
1 =  ERROR
0 =  NO ERROR

----------------------------------------------------TBK (TRANSMITTER BREAK)
1 =  BREAK
0 =  NO BREAK

------------------------------------------------------------ DSCHG (DATA SET CHANGE)
1 =  CHANGE
0 =  NO CHANGE
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9.7 R-T STATUS MASK REGISTER (SMO-7)
This register is used in conjunction with the R-T Status reg
ister to enable or disable conditional interrupts A one in any 
bit unmasks its associated bit in the R-T Status register, and 
allows it to generate an interrupt out through RTI. The mask 
affects only the interrupt and not the R-T Status bits. This 
eight bit register is both read and writable at offset location 
“ 07.” After reset it is set to “ 0”  which disables all interrupts. 
Each bit in the R-T Status mask register is associated with 
that bit in the R-T Status register (e.g., SM0 is SRO’s mask).

9.8 MODEM STATUS
This eight bit read only register which is addressed at offset 
location "OA”  contains modem or general purpose input 
and receiver break information.

9.0 Registers (Continued)
TABLE VII. Modem Status Register (Address “ OA” ) 

(Bits MSO-7)

T L /C /5 5 9 3 -3 2

Each of the four status signals in this register also have an 
associated delta bit in this register. Each delta bit (bits 
MSO-3) will be set when its corresponding bit changes 
states. These four delta bits are cleared when the Modem 
Status register is read. If any of these four delta bits and 
associated mask bits are set they will force DSCHG (bit 7) 
of the R-T Status register high. Bits 4-6, CTS, DCD, DSR 
can be used as modem signals or general purpose inputs. In 
either case the value in the register represents the comple- 
ments of the input pins CTS (pin 26), DCD (pin 23), and DSR 
(Pin 27). Bit 7 (BRK) when set to a one indicates that the 
receiver has detected a break condition. It is cleared when 
break terminates. After reset ACTS, ADCD, ADSR, ABRK 
and BRK are cleared.

9.9 MODEM MASK REGISTER (MMO-3)
This 4-bit read/write register, which is addressed at offset 
location “ 09,”  contains mask bits for the four delta bits of 
the Modem Status register (MSO-3). A one (“ 1” ) in any of 
three bits and a one in the associated delta bit of the Mo
dem Status register will set the DSCHG bit of the R-T Status 
register. Modem Mask bit 0 is associated with Modem 
Status bit 0, etc. The four (4) most significant bits of this 
register will read as zeros. After reset the register equals 
‘00’.

9.10 POWER DOWN REGISTER (PD0)
This one bit register can both be read and written at offset 
location “ 0B.” When bit zero is set to a one the NSC858 will 
be put into software power down. This disables the receiver 
and transmitter clocks, shuts off the baud rate generator 
and crystal oscillator, and clears the RxE, TxE, and break 
control bits in the command register. Registers on chip can 
still be accessed by the CPU during software power down. 
Bits 1 through 7 will always read as 0.

9.11 MASTER RESET REGISTER
This write only register is addressed at offset location "0C.” 
When writing to this register the data can be any value 
(don’t cares). Resetting the NSC858 by way of the reset 
register is functionally identical to resetting it by the MR pin.

9.12 BAUD RATE GENERATOR DIVISOR LATCH
These two 8-bit read/write registers which are accessed at 
offset locations “05” (lower) and “ 06”  (upper) are used to 
program the baud rate divisor. These registers are not af
fected by the reset function and are powered up in a ran
dom state.
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10.0 F u n c tio n a l D e s c r ip tio n
10.1 PROGRAMMABLE BAUD GENERATOR
The NSC858 contains a programmable Baud Generator that 
is capable of taking any clock input (DC to 4.1 MHz) and 
dividing it by any divisor from 1 to (216-1). The output fre
quency of the Baud Generator (available at TxC/BRGOUT 
or RxC/BRGOUT, if internal TxC or RxC is selected) is 
equal to the clock factor (1X, 16X, 32X, 64X) times the baud 
rate. The divisor number is determined by the following 
equation:

divisor # = -------------Frequency Input (fend-------------
[Baud Rate x Clock Factor (1,16,32,64)]

Two 8-bit latches store the divisor in a 16-bit binary format. 
These Divisor Latches must be loaded during initialization in 
order to ensure desired operation of the Baud Generator. 
Upon loading either of the Divisor Latches, a 16-bit Baud 
counter is immediately loaded. This prevents long counts on 
initial load.
Tables VIII and IX illustrate the use of the Baud Generator 
with crystal frequencies of 1.8432 MHz and 3.072 MHz re
spectively. For baud rates of 38400 and below, the error 
obtained is minimal. The accuracy of the desired baud rate 
is dependent on the crystal frequency chosen.

TABLE VIII. Baud Rates Using 1.8432 MHz Crystal

Desired 
Baud Rate

Divisor Used 
To Generate 

16 x Clock

Percent Error 
Difference Between 
Desired and Actual

50 2304 ___

75 1536 —

110 1047 0.026
134.5 857 0.058
150 768 —

300 384 —

600 192 —

1200 96 —

1800 64 —

2000 58 0.69
2400 48 —

3600 32 —

4800 24 —

7200 16 —

9600 12 —

19200 6 —

38400 3 —

56000 2 2.86

TABLE IX. Baud Rates Using 3.072 MHz Crystal

Desired 
Baud Rate

Divisor Used 
To Generate 

16 x Clock

Percent Error 
Difference Between 
Desired and Actual

50 3840 ___

75 2560 —

110 1745 0.026
134.5 1428 0.034
150 1280 . —

300 640 —

600 320 —

1200 160 —

1800 107 0.317
2000 96 —

2400 80 —

3600 53 0.628
4800 40 —

7200 27 1.23
9600 20 —

19200 10 —

38400 5 —

10.2 RECEIVER AND TRANSMITTER OPERATION
The NSC858 transmits and receives data in an asynchro
nous communications mode. The CPU must set up the ap
propriate mode of operation, number of bits per character, 
parity, number of stop bits, etc. Separate mode registers 
exist for the independent specification of receiver and trans
mitter operation. These independent specifications include 
parity, character length, and internal or external clock 
source. Only the Global Mode Register, which controls the 
number of stop bits and the clock factor, exercises common 
control over the receiver and transmitter (receiver looks for 
only one stop bit).

10.3 TRANSMITTER OPERATION
The Transmitter Holding register is loaded by the CPU. To 
enable the transmitter, TxE must be set in the Command 
register. CTS must be low if the auto enable is set in the Tx 
Mode register. The Transmitter Holding register is then par
allel loaded into the Transmitter Shift register, and the start 
bit, parity bit and the specified number of stop bits are in
serted. This serialized data is available at the TxD output 
pad, and changes on the rising edge of TxC, or equivalently 
the falling edge of TxC. The TxD output remains in a mark 
(“ 1” ) condition when no data is being transmitted, with the 
exception of sending a break (“ 0” ).
A break condition is initiated by writing either a continuous 
or specified length break request to the Command Register. 
A finite break specification of either 4 or 16 character 
lengths can be extended by re-writing the break command 
before the specified break length is completed. Each break 
character is transmitted as a start bit, logical zero data, logi
cal zero parity (if specified) and logical zero stop bit(s). The 
number of data and stop bits, plus the presence of a parity 
bit are determined by the Transmitter and Global Mode reg
isters. Thus, the total number of (all zero) bits in a break 
character is the same as that for data. The break is termi
nated by writing “ 00” to the Break Control bits in the Com
mand Register. The Set Break bits in the Command register 
are always reset to “ 00” after the termination of the speci
fied break transmission or if the transmitter is disabled dur
ing a break transmission. The TxD output will always return 
to a mark condition for at least one bit time before transmit
ting a character after a break condition. Data in the Trans
mitter Holding register, whether loaded before (on 
TAEC=0) or during the break will be transmitted after the 
break is terminated.
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10.0 F u n c tio n a l D e s c r ip tio n  (Continued)

10.4 TYPICAL CLOCK CIRCUITS
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/ < * -  CONTROL 
J LOGIC

, l

n

( XOUT
OSC. CLOCK TO 
BAUD GEN. LOGIC

I

T *
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CRYSTAL RP Ci C2
3.1 MHz 1 Mtt 10-30pF 40-60 pF
1.8 MHz 1 Mft 10-30pF 40-60 pF

FIGURE 2. Typical Crystal Oscillator Network
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N o te : If characte r length is de fined as 5, 6  o r 7  bits, th e  unused b its  a re  se t 
to  “ 0 ” ).

FIGURE 3

10.5 RECEIVER OPERATION
The NSC858 receives serial data on the RxD input. To en
able the receiver, DCD must be low if the DCD Auto Enable 
bit in the Receiver Mode register is set (“ 1” ). RxE must be 
set in the Command register. RxD is sampled on the falling 
edge of RxC or equivalently on the rising edge of RxC. If a 
high (“ 1” ) to low (“0” ) transition of RxD is detected, RxD is 
sampled again, for all except the 1X clock factor, at 1/2 of a 
bit time later. If RxD is still low, then a valid start bit has 
been received and character assembly proceeds. If RxD 
has returned high, then a valid start bit has not been re
ceived, and the search for a valid start bit continues. When 
a character has been assembled in the Receiver Shift Reg
ister and transferred to the Receiver Holding Register, the 
RxRDY bit (and any error bits that may have occurred) in the 
R-T Status register will be set and RTI will go low (if the 
proper mask bits are set). After the CPU reads the Receiver 
Holding register, the RxRDY will go low and the RTI will go 
inactive (“ 1” ).
The receiver will detect a break condition on RxD if an all 
zero character with zero parity bit (if parity is specified) and 
a zero stop bit is received. For the break condition to termi
nate, RxD must be high for one half a bit time. If a break

condition is detected, bits 3 and 7 in the Modem Status 
register (ABRK and BRK respectively) will be set. Bit 3 
(ABRK) will then cause bit 7 (DSCHG) in the R-T Status 
register to be set which in turn forces RTI to an asserted 
state (“0” ). These interrupts will occur only if the appropri
ate mask bits are set for the registers in question.
When the 1x clock factor is selected:
The RxC pin on the NSC858 should be connected to the 
clock signal of the incoming data stream and bit 7 of the 
receiver mode register should be cleared to AO.
The TxC output of the NSC858 does not have to be sent to 
the remote receiver unless the receiver is using a 1x clock 
factor.

10.6 PROGRAMMING THE NSC858
There are two distinct steps in programming the 858. During 
initialization, the modes, clocks, masks and commands are 
set up. Then, in operation, Modem I/O takes place, status is 
monitored, the receiver and transmitter are run as needed. 
To initialize the 858, first pulse the MR line or write to the 
Master Reset register. Then, write to the following registers 
in any order, except for enabling the Rx and Tx, which must
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be at the end of the set up procedure. The Global, Receiver 
and Transmitter Mode registers determine the modes for 
the Rx and Tx. These latter two registers often will have the 
same data byte written to them, but are kept independent 
for flexibility. If the mode registers indicate that the receiver 
and/or the transmitter use an internal clock, then data (de
termined by the crystal frequency and desired bit time and 
clock factor) should be written to the upper and lower Baud 
Rate Generator Divisor Latches. The Modem Status Mask 
register enables Data Set change in R-T Status. If interrupts 
are required, the R-T Status Mask register allows RTI to 
occur. Write to the Command register to enable the receiver 
and/or transmitter only when all else is set up.
In operation, the 858 can transmit, receive and handle I/O 
simultaneously. Modem outputs are written to at the Com
mand register, while the inputs are read at the Modem 
Status register. Data flow and errors are read at the R-T 
Status register. When serial data has been shifted in and 
assembled, the receiver is ready, and the word can be read 
at the Rx Holding register. When the transmitter buffer is 
empty, the Tx Holding register can be written to, and the 
word will be shifted out as serial asynchronous data.
Once the 858 is running, several options may be exercised. 
Masks can be changed at any time. The Rx and Tx are 
disabled or enabled, as needed, by writing to the Command 
register, or toggling the auto enable modem inputs (if used). 
Both the Rx and Tx should be disabled before either altering 
any mode or engaging a loopback diagnostic, and they can 
be re-enabled then or at a later time. Power down is allowed 
at any time except during loopback, although data may be 
lost if PD occurs in the middle of a word.
Thus, software for the NSC858 is of two types. The initiali
zation routine is performed once. The operation routines, 
usually incorporating polling or interrupts, are then run con
tinuously or on demand, depending upon the system or 
application.

10.7 DIAGNOSTIC CAPABILITIES
The NSC858 offers both remote and local loopback diag
nostic capabilities. These features are selected through the 
Command register.

Local Loopback Mode (see Figure 4)
1. The transmitter output is internally connected to the re

ceiver input.
2. DTR is internally connected to DCD, and RTS is inter

nally connected to CTS.
3. TxC is internally connected to RxC.
4. The DSR is internally held low (inactive).

10.0 Functional Description (Continued)
5.
6. 
7.

The TxD, DTR and RTS outputs are held high.
The CTS, DCD, DSR and RxD inputs are ignored. 
Except as noted, all other Status, Mode and Command 
Register bits and interrupts retain their functions and 
settings.

^ A D 0 -A D 7 ^

TX ” 1
NSC800

CPU

1 V

RD ^

NSC858
UART

WR ' 0 J
ALE *

T L /C /5 5 9 3 -3 5

FIGURE 4. Local Loopback 
Remote Loopback Mode (see Figure 5)
1. The contents of the Receiver Holding Register, when 

RxRDY = 1 indicates it is full, are transferred to the Trans
mitter Holding register, when TxBE= 1 indicates it is emp
ty. After this action, both RxRDY and TxBE are cleared.

2. RxC is connected internally to TxC.
3. Setting the Remote Loopback Mode places all receiver 

and transmitter flags under control of the remote loop- 
back sequencer. RxRDY and TxBE can be monitored to 
follow automatic remote loopback data flow, while OE 
and TxU can indicate system problems.

4. The CPU can read the Receiver Holding register if de
sired, but this is not necessary. The CPU cannot load the 
Transmitter Holding Register.

5. Modem Status, all Mode and Command register bits re
tain their functions and interrupts are generated.

Under certain conditions entering the remote loopback 
mode causes a character in the receiver or transmitter hold
ing registers to be sent, even though, the transmitter is dis
abled.

1. If the UART enters the remote loopback mode immedi
ately after receiving a break character in the normal 
receive mode, it will then automatically transmit that 
character.

2. If the UART enters the remote loopback mode before 
the CPU has read the latest character in the receiver 
holding register, it will then automatically transmit that 
character.

3. If the UART enters the remote loopback mode before 
the last character written to the transmitter holding reg
ister is transmitted, then it will automatically transmit 
this character.

FIGURE 5. Remote Loopback
TL /C /5593 -36
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11.0 O rd e rin g  In fo rm a tio n
NSC858XX

I-----------| / A +  = A +  Reliability Screening

D = Ceramic Package
-------------  N = Plastic Package

E = Ceramic Leadless Chip Carrier (LCC)
V = Plastic Leaded Chip Carrier (PCC) (Availability to  be announced)

T L /C /5 5 9 3 -3 7

12.0 R e lia b ility  In fo rm a tio n
Gate Count 4280 
Transistor Count 8450
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