














































































































































































































































































































































































































�~� National Semiconductor Corp. 

NSC888 
NSC800™ Evaluation Board 

microCMOS 

• NSC800 8-Bit microCMOS CPU 
• Executes Z80® Instruction Set 
• 20 programmable parallel I/O lines 
• Two 16-Bit programmable 

counters/timers 
• Powerful 2k x 8 monitor program 
• Five levels of vectored prioritized 

interrupts 
• RS232 Interface 

Product Overview 
The NSC888 is a self-contained microprocessor 
board which enables the user to quickly evaluate the 
performance and features of the NSC800 product 
family. This fully assembled, tested board requires 
only the addition of a ± 5V supply and an RS232 inter­
face cable to the user's terminal to begin NSC800 
evaluation. 
A powerful system monitor is provided on the board 
which controls serial communications via the RS232 
port. The monitor also includes command functions to 
load, execute and debug NSC800 programs. 
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• 1 k x 8 microCMOS RAM with sockets for 
up to 4k x 8 RAM 

• Socket for additional 2k x 8,2716 
compatible memory component 

• Wire wrap area 
• Edge connectors for system expansion 
• Single-step operation mode 
• Fully assembled and tested 

The board includes an NSC800 CPU plus RAM, 
EPROM, 1/0, Timers and interface components yet 
draws only 30 mA from the + 5V supply and 3 mA 
from the - 5V supply. 
Although designed primarily as an assessment vehi­
cle, the NSC888 can be readily programmed and 
adapted to a variety of uses. Wire wrap area is provid­
ed on-board for the user to build up additional circuitry 
or interfaces, thus tailoring this high-performance, low­
power microprocessor board to meet individual needs. 
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Functional Description 
Figure 1 and Figure 2 provide information on the orga­
nization of the NSC888 board. Please refer to these 
figures for the following discussion. 

Central Processor 

The powerful NSC800 is the central processor for the 
NSC888. It provides bus control, clock generation and 
extensive interrupt capability. Featuring a multiplicity 
of programmable registers and sophisticated address­
ing modes, the NSC800 executes the Z80 instruction 
set. 

Memory 

-128 bytes of RAM are provided by the NC810A 
RAM-I/O-Timer and are used by the monitor pro­
gram for the system stack. 

- 1024 bytes of RAM are provided by two 1 k x 4 
NMC6514's. Sockets are provided for six additional 
NMC6514's, for a total of 4k bytes of RAM. 

- A 2k byte EPROM system monitor is provided on­
board which includes facilities to load, execute and 
debug a users program. 

Block Diagram 

EXTERNAL 
CONTROL 

BUS 

Pi 

NscaDO 
CPU 

iii 

SINGLE 
STEP 
MODE 

Nscal0 
RAM 
I/O 

TIMER 

ADDRESS 

ADDR/DATA 

- An additional EPROM socket is also on-board which 
accepts a 2k byte 2716 compatible memory compo­
nent. 

Input/Output 

- Parallel 1/0 

The NSC888 provides 20 programmable parallel I/O 
lines implemented using the I/O ports of the 
NSC810A RAM-I/O-Timer. The port bits may be in­
dividually defined as input or output, and can also be 
written to or read from in bytes. The I/O lines are 
conveniently brought to a 50 contact edge connec­
tor for user interface. 

- Serial 110 

An RS232 connector and accompanying support cir­
cuitry are provided on-board. Two I/O lines from the 
NSC810A RAM-I/O-Timer are used for the serial 
communications function, which is controlled exclu­
sively by software. The baud rate is determined 
upon system initialization by the character bit rate 
from the users terminal. The maximum baud rate is 
2400 baud. 

ADI0·7) 

R/W 
MEMORY 
4Kx 8 

DEMUL· 
TIPLEXER 
82PC12 

COMMUNI· 
CATION 

INTERFACE 

4K 
READ 
ONLY 

A (0·7) MEMORY 

DATA 
RECEIVE 

}~W I/O 
DATA 
XMIT 

TL/C/8533-2 

FIGURE 1 
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Functional Description (Continued) 

Timers 

The NSC888 provides two fully programmable binary 
16-bit counters/timers utilizing the NSC810A RAM-I/ 
O-Timer. These signals are also brought to the paral­
lel I/O connector. Each timer may operate in any of 
six different modes: 

• Event Counter 
• Accumulative Timer 
• Restartable Timer 
• One Shot 
• Square Wave 
• Pulse Generator 

Connectors 

• Parallel I/O 

The parallel I/O lines and timer lines from the 
NSC810A RAM-I/O-Timer, plus interrupt lines from 
the CPU are brought to this 50 contact edge con­
nector. 

• System Bus 

All NSC800 CPU lines except XIN are brought to this 
86 contact edge connector. In addition, the - 5V line 
is also brought to the system bus connector. 

• RS232 

This connector is provided for system interface to 
the users terminal. 

Interrupts 

The NSC888 utilizes the powerful interrupt processing 
capability of the NSC800 CPU. Interrupts are routed 
via a jumper matrix to the five interrupt inputs of the 
NSC800. Each input, which may be from the 
NSC810A I/O ports, NSC810A timers or off board via 
the system bus connector, generates a unique memo­
ry address (see Table I). All interrupts with the excep­
tion of NMI can be masked via software. Interrupt 
lines are also brought to the parallel I/O connector. 

TABLE I. 

Interrupt Memory 
Type Priority 

Input Address 

NMI 0066H Non-maskable Highest 
RSTA 003CH Maskable 
RSTB 0034H Maskable 
RSTC 002CH Maskable 
INTR 0038H* Maskable Lowest 

*mode 1 

NSC888 Firmware 

The NSC888 system monitor is provided by a prepro­
grammed EPROM. This comprehensive monitor in­
cludes facilities to load, execute and debug programs. 
The monitor allows the user to examine and modify 
any RAM memory location or CPU register. It permits 
the insertion of break points to facilitate debugging. 
Programs can be executed starting at any location. 
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The commands supported by the NSC888 system 
monitor are as follows: 

• B - Select a new baud rate 

• D - Display memory 
• F - Fill memory between ranges 
• G - Execute program with break points 
• H - Hexadecimal math routine 

• J - Non-destructive memory test 

• K - Store 16-bit value in memory 

• M - Move a block of data 
• P - Put ASCII characters in memory 

• Q - Query I/O ports 
• S - Substitute and/or examine memory 
• T - Type memory contents in ASCII 

• V - Verify two blocks of data 
• X - Examine or modify CPU registers 

• Y - Memory search for string 
These commands are fully explained in the NSC888 
Hardware/Software Users Manual. 

Single Step/Power Save 

The NSC888 provides a unique single-step mode, uti­
lizing the Power Save input of the NSC800 CPU. This 
input, when activated, reduces CPU power consump­
tion from 50 mW to only 25 mW. It also allows the user 
to single-step through a program, checking and modi­
fying code. This function is controlled via a switch on 
the board. 

Specifications 
Microprocessor 

CPU-
Data Word­

Instruction Word­
Cycle Time-

System Clock­
Registers-

Number of 
Instructions-· 

Address 
Capability-

Memory 

RAM-

ROM/EPROM-

Access Time-

NSC800 
8 bits 
8, 16, 24, 32 bits 

2.00 J.Ls (minimum instruction 
time) 

2.00 MHz 
14 general purpose (8-bit) 
2 index registers (16-bit) 

1 stack pointer (16-bit) 

1 program counter (16-bit) 

158 

64k bytes 

1152 bytes on-board plus 
sockets for an additional 3k 
bytes 
Sockets for 4k bytes 
on-board 

625 ns for opcode fetch 
875 ns for memory read 
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Specifications (Continued) 

Connectors 

System Bus 

Parallel I/O 

Serial I/O 

Power 

Physical 

Height 
Width 

86-pin double-sided card 
cage edge connector on 
0.156 inch centers 

50-pin double-sided edge 
connector on 0.1 inch centers 
Recommended mating 
connector: 
3M 3415-0001 
AMP 2-86792-3 

Standard RS232 connector 

+ 5V 30 mA (27C16 EPROM 
monitor) or 90 mA (2716 
EPROM monitor) 
-5V3 mA 

6.75 (17.15cm) 
7.85 (19.94 cm) 

AREA 

SYSTEM 
INTERFACE 

COMPONENTS 

Order Information 
NSC888 Includes CPU, 1152 bytes of 

RAM, sockets for additional 
3k bytes of RAM, 2k byte 
monitor with additional socket 
for 2k byte ROM/EPROM, 20 
I/O lines, RS232 interface, 
wire wrap area. 

Documentation 
The NSC888 Hardware/ 
Software Users Manual and 
NSC800 Microprocessor 
Family Handbook are shipped 
with the NSC888 Evaluation 
Board 

STEP 

SAVE 

STEP 

TLlC/8533-3 

FIGURE 2. NSC888 Evaluation Board 
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Corporation 

microCMOS 

MM82PC08 8-Bit Bidirectional Transceiver 

General Description 
The MM82PC08 is an 8-bit TRI-STATE® high-performance, 
low-power microCMOS transceiver. It provides bidirectional 
drive for bus-oriented microprocessor and digital communi­
cations systems. Straight through bidirectional transceivers 
are featured. 

One input, Transmit/Receive, determines the direction of 
logic signals through the bidirectional transceiver; Transmit 
specifies data flow from Port A to Port B; Receive specifies 
data flow from Port B to Port A. The Chip Disable input 
disables both ports by placing them in the TRI-STATE 
mode. 

The MM82PC08 may be utilized in completing NSC800TM 
high-performance, low-power designs. For military applica­
tions, the MM82PC08 is available with class B screening in 
accordance with Method 5004 of MIL-STD-883. 

Features 
• microCMOS technology 
• 8-bit bidirectional data flow reduces system package 

count 
• Bidirectional TRI-STATE inputs/outputs interface with 

bus-oriented systems 

• Full interface to CMOS logic levels 
• Pinouts simplify system interconnections 
• Transmit/receive and chip disable simplify control logic 
• Compact 20-pin dual-in-line package 
• Compact 28-pin leaded chip carrier 

• Low power 
• Both ports have 150 pF load drive capability 

• TTL drive capability 
When Vee ~ 5V 

System Configuration and Connection Diagrams 

1'_ 
cs 

s 
y 
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E ........... 
M ............,. 

8 
U 
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WR .... 
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I ........... A(0-7) 8(0-7) ............,. 

T IA 

1 

V Package 

Nl; Az A1 AD Vee 80 Nt,; 

NC GNO B7 NC 
CO Tli! B6 

NG "" No Connect 

PERIPHERAL 

NC 

8, 

8, 

83 
8, 

8, 

NC 

TL/C/5595-1 
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Dual-In-Line Package 
2U 

Ao • Vee 

A, 
19 

Bo 

18 
A, 8, 

17 
A3 B, 

PORT A A, 
16 

83 

MM82PC08 PORT 8 
6 15 

A, 8, 

14 
A6 8, 

13 
A7 86 

12 
CD 87 

10 11 
GNO T/A 

TL/C/5595-7 

Top View 

Order Number MM82PC08J or N 
See NS Package J20A or N20A 

Order Number MM82PC08V 
See NS Package V28A 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Note: Absolute maximum ratings are those values beyond 
contact the National Semiconductor Sales Office/ which the safety of the device cannot be guaranteed Con-
Distributors for availability and specifications_ tinuous operation at these limits is not intended; operation 

Storage Temperature Range - 65'C to + 150'C should be limited to those conditions specified under DC 

Voltage at Any Pin with 
Electrical Characteristics. 

Respect to Ground -0.3V to Vee +0.3V Operating Conditions Vee = 5V ± 10% 
Lead Temp. (Soldering, 10 seconds) 300'C 

Power Dissipation 500mW 
Ambient Temperature 

Maximum Vee 7V 
Military - 55'C to + 125'C 

Industrial - 40'C to + 85'C 

Commercial O'Cto +70'C 

DC Electrical Characteristics 
Vee +5V ±10%, GND = ov, unless otherwise specified 

Symbol Parameter Test Conditions Min Typ Max Units 

VIH Input High Voltage 0.7 Vee Vee V 

Vil Input Low Voltage 0 0.2 Vee V 

VOH Output High Voltage Vee = 4.5V, VIH = 4.5V, 
2.4 V 

IOH = -2 mA 

VOL Output Low Voltage Vee = 5.5V, VIL = OV 
0.4 V 

VIH = 5.5V, IOL = 2 mA 

IIH Input High Current Vee = 5.5V, VIN = 5.5V 10 /LA 

III Input Low Current Vee = 5.5V, VIN = OV -10 /LA 

IOH Output High Current Vee = 4.5V, VOUT = 2.4V, 
-2.0 mA 

VIH = 4.5V 

IOL Output Low Current Vee = 5.5V, VOUT = O.4V, 
2.0 mA 

VIL = OV 

lee Power Supply Current Vee = 5.5V, VIH = 5.5,V 400 /LA 
VIL = OV 

IOZl TRI-STATE Low Leakage Current Vee = 5.5V, VOUT = OV -10 /LA 

VOZH TRI-STATE High Leakage Current Vee = 4.5V, VOUT = 4.5V +10 /LA 

AC Electrical Characteristics Vee = 5V ±10%, GND = OV, CL = 150 pF 

Symbol Parameter Test Conditions Min 
Typ Max 

Units 
100pF 100 pF 

tDlH Propagation Delay to Logical" 1 " See Figure 1 
50 70 ns 

from Port A, B to Port B, A 

tDHL Propagation Delay to Logical "0" See Figure 1 
50 70 ns 

from Port A, B to Port B, A 

tZHTR Propagation Delay from High See Figure 2 
Impedance to Logical "1 "from 55 100 ns 

T fR to Port 

tZlTR Propagation Delay from High See Figure 2 
Impedance to Logical "O"from 65 100 ns 

T fR to Port 

tHZTR Propagation Delay from Logical "1" to See Figure 2 
50 100 ns 

High Impedance from T /R to Port 
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AC Electrical Characteristics Vee = 5V ± 10%, GND = OV, Cl = 150 pF (Continued) 

Symbol Parameter Test Conditions Min 
Typ Max 

Units 
100pF 100pF 

tlZTR Propagation Delay from logical "0" to See Figure 2 
55 100 ns 

High Impedance from T IR to Port 

3: :1 

3: l CD 

I 
N 
." 
0 
Q 
CD 

tZH Propagation Delay from High See Figure 3 1_,1 

Impedance to logical "1" from 50 100 ns 
CD to Port I, 

tZl Propagation Delay from High See Figure 3 I 
1 

Impedance to logical "0" from 65 100 ns ,1 
CD to Port 

tHZ Propagation Delay from logical "1" to See Figure 3 
50 100 ns 

High Impedance from CD to Port :1 

tlZ Propagation Delay from logical "0" to See Figure 3 
55 100 ns 

High Impedance from CD to Port I' 
I, 
I 

Timing Waveforms 

-II-IA -I I--IF 

INPUT 90y 70% 
30~ AN OR BN 10% 

- IOLH ~ -i 
IOHL ~ 

OUTPUT 
BN OR AN 

70'/0 

30% 

tR=IF~20ns 
10% TO 90% 

TLIC/5595-2 

FIGURE 1. Propagation Delay from Input Port to Output Port 

Tiii / 
,,0% 

- ~IHlfA - ~I'H'A 

70% 
AN 

30% - ~IUTA - -tZln~ - -I'H'A -- -IHlfA 
70'10 

8N 
30'10 - I--I'L'A - -lmA 

TL/C/5595-3 

FIGURE 2. Propagation Delay from T IR to Ports 
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Timing Waveforms (Continued) 

CD I 

70% 
AN DR BN 1>--------+--<1 

------+'4'""" l~3::.0'A~o--
- ~ILZ - +--IZl 

TLiC/5595-4 

FIGURE 3. Propagation Delay from CD to Ports 

Pin Descriptions 
INPUT SIGNALS 

Chip Disable (CD): When CD is high, Port A and Port Bare 
disabled. A low on CD allows data to be transmitted in the 
direction specified by T fA. 
Transmit/Receive (T fR): When T /i'l is high, Port A is des­
ignated as "IN" and Port B is designated as "OUT." When 
T /R" is low, the flow is reversed so that the Port B is "IN" 
and Port A is "OUT". 

Logic Diagram 

r---------, 
I I 

~ -I I ~ ~ I 
I I" I 
I I 
~------ f---I 

A, 0-4 .... ______ r---~ B, 
A, 0-4 .... ______ r-__ ~ B, 

A30-4 ~B3 
PORT A A4 o-i-- .... ---r--~ B, PORT B 

As o-i-- f----r--~ Bs 
.... --f----r---

A6 0-4 .... --I----f--_ 0-() B6 
A7O"" __ f- _____ J-<l B7 

... _~~--I_o(.-....~p-o TRANSMIT/RECEIVE 
...... CITlR) 

~-
CHIP 1 

DISABLE 0-...------------' 
ICO) 

FIGURE 4 
TL/C/5595-5 
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INPUT fOUTPUT SIGNALS 

Port A (Ao-A7): Port A is an 8-bit bidirectional port with 
TRI-STATE outputs for bus-oriented microprocessor and 
digital communications systems. 

Port B (Bo-B7): Port B is identical to Port A including drive 
capability. 

Truth Table 

Inputs 
Resulting 

Conditions 

Chip Disable Transmit/Receive PortA Port B 

0 0 OUT IN 
0 1 IN OUT 
1 X HighZ HighZ 

x = don't care 

Reliability Information 
Gate Count 70 
Transistor Count 174 



Ordering Information 

MM82PC08XXX 

II ['0+ · 0+ Rcl;a.lUtySc~"'"g 1883 = MIL-STD-883B Screening (Note 1) 

I = Industrial Temperature (-40°C to + 85°C) 
M = Military Temperature (-55°C to + 125°C) 
No Designation = Commercial Temperature (DOC to + 70°C) 

I N = Plastic Package 
L-__ --j J = Cerdip Package 

1 V = Plastic Leaded Chip Carrier (PCC) (Availabilitv to be announced) 
TL/C/5595-8 

Note 1: Do not specify a temperature option; aU parts are screened to military temperature. 
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MM82PC12 8-Bit Input/Output Port 

General Description 
The MM82PC12 is a microCMOS 8-bit input/output port 
contained in a standard 24-pin dual-in-line package. The 
MM82PC12 can be used to implement latches, gated buff­
ers, or multiplexers. Thus, all of the major peripheral and 
input/output functions of a microcomputer system can be 
implemented with this device. 

The MM82PC12 includes an 8-bit latch with TRI-STATE® 
output buffers, and device selection and control logic. Also 
included is a service request flip-flop for the generation and 
control of interrupts to the microprocessor. 

The MM82PC12 is pinout and function compatible with stan­
dard INS8212 and DP8212 devices. 

For military applications, the MM82PC12 is available with 
class B screening in accordance with method 5004 of MIL­
STD-883. 

System Configuration 

'-' 
.... 00-07 

00,-00, 

Features 
• Drive capability-150 pF load 
• High noise immunity 
• Low power dissipation 
• Full interface to CMOS logic levels 
• microCMOS technology 
• TTL drive capability when Vee = 5V 
• 8-bit data latch and buffer 
• Service request flip-flop for generation and control of 

interrupts 
• 1 JLA input load current 
• Reduces system package count by replacing buffers, 

latches, and multiplexers in microcomputer systems 

... ~INTR <J-- iNT DI,-Dl, 

S 
y 
S 
T 
E 
M 

RESET 

no t»-CS 

B .... ~ 
U 
SI-__ -<~ 

CLR 

OS, 

OS, 

... 
MM82PC12 PERIPHERAL 

STB 
.J"""l.. 

MO 

~ 

TLlC/5596-1 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Note: Absolute maximum ratings are those values beyond 
contact the National Semiconductor Sales Office/ which the safety of the device cannot be guaranteed. Con-
Distributors for availabiiity and specifications. tinuous operation at these limits is not intended; operation 
Storage Temperature Range - 65°C to + 150°C should be limited to those conditions specified under DC 

Voltage at Any Pin With Electrical Characteristics. 

Respect to Ground -0.3V to Vee + 0.3V Operating Range Vee = 5V ±10% Lead Temperature 
(Soldering, 10 seconds) 300°C Ambient Temperature 

Power Dissipation 500mW Military - 55°C to + 125°C 

Maximum Vee 7V Industrial - 40°C to + 85°C 

Commercial O°Cto + 70°C 

DC Electrical Characteristics 
Vee = 5V ± 1 0%, GND = OV, unless otherwise specified 

Symbol Parameter Test Conditions Min Typ Max Units 

VIH Input High Voltage 0.7 Vee Vee V 

Vil Input Low Voltage 0 0.2 Vee V 

VOH Output High Voltage Vee= 4.5V, VIH = 4.5V, IOH = -2 mA 2.4 V 

Val Output Low Voltage Vee= 5.5V, Vil = OV, VIH = 5.5V, IOl = 2 mA 0.4 V 

IIH Input High Current Vee= 5.5V, VIN = 5.5V 10 /LA 

III Input Low Current Vee= 5.5V, VIN = OV -10 /LA 

IOH Output High Current Vee= 4.5V, VOUT = 2.4V, VIH = 4.5V -2.0 mA 

IOl Output Low Current Vee= 5.5V, VOUT = O.4V, Vil = OV 2.0 mA 

IcC Power Supply Current Vee= 5.5V, VIH = 5.5V, Vil = OV 400 /LA 

IOZl TRI-STATE Low Leakage Vee= 5.5V, VOUT = OV -10 ,...A 
Current 

IOZH TRI-STATE High Leakage Vee= 4.5V, VOUT = 4.5V 10 /LA 
Current 

AC Electrical Characteristics 
TA = -55°C to + 125°C, Vee = 5V ± 10%, GND = OV, unless otherwise specified 

Symbol Parameter Test Conditions Min Typ Max Units 
-

tpw Pulse Width (STB, DS1 • DS2, CLR) 25 40 ns 

tpD Data In to Data Out 45 60 ns 

tWE Write Enable to Data Out 55 75 ns 

tSET Data Setup Time 15 ns 

tH Data Hold Time 20 ns 

tR Reset to Data Out 50 65 ns 

ts Select to Interrupt 50 65 ns 

te Clear to Data Out 45 60 ns 

tED Output Enable/Disable Time 50 65 ns 
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Timing Waveforms 

Read Timing 

OSl·0S2 -~<_OOfo ___ _ 

-1 ~ }!)o_70_0f0 ___ _ 
OUTPUT 

TLiC/5596-2 

Write Timing 

STB OR IOSl.0S2) 

TL/C/5596-3 

Data Setup. Hold Delay Timing 

r-------""" _-------
DATA ~ i.300f0 _____ J ~ _______ _ 

lSET .1-
~oIH-

STB OR IDS1 • OS2) 

OUTPUT ______ ~ _____ I: ____ ..Jx------
TL/C/5596-4 

Interrupt Timing 

STB 

(OSl·0S2) 

TLiC/5596-5 

Clear Timing 

TL/C/5596-6 
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Propagation Delays 
Figure 1 illustrates the calculations of a more useful propa­
gation delay. The figure uses a 5V supply with a tolerance of 
± 10%, ambient temperature of +25°C, and a load capaci­
tance of 100 pF. The AC Characteristics table depicts tpD, 
at 5V, 25°C, equalling 25 ns. Use the graph in Figure 1 to get 
the degradation multiple for 150 pF. The number shown is 
1.09. The adjusted propagation delay is, therefore 25 x 
1.09 or 27 ns. 

TLiC/5596-7 

*Including jig and probe capacitance. 

Output Test Circuit 
for Propagation Delays 

STB OR (OS,· OS2) ~-------r 
~IPD'l.IPD 

DO 

TL/C/S596-8 

400 .-----T-. -=-2J,....-oC---.----I--,..../-~--, 
Vee = 5V 
IpD = 45 ns @ CL = 100 pF 

300 I---+---I--~'t_----l 

~ / 
s, 200 1-----\----:;;-+---+-----\ 

" ,. t-~/ ----t---------i 

:/ 
0.8 1.0 1.2 1.4 1.6 

__ lp_D_ 
IpD (100 pF) 

TL/C/5596-9 

FIGURE 1. Normalized Typical Propagation Delay vs. 
Load Capacitance 
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Pin Descriptions 
The following describes the function of all the MM82PC12 
input! output pins. Some of these descriptions reference in­
ternal circuits. 

INPUT SIGNALS 

Device Select (DS1, DS2: When DS1 is low and DS2 is high, 
the device is selected. The output buffers are enabled and 
the service request flip-flop is asynchronously reset 
(cleared) when the device is selected. 

Mode (MD): When MD is high (output mode). the output 
buffers are enabled and the source of the data latch clock 
input is the device selection logic (DS1 • DS2). When MD is 
low (input mode), the state of the output buffers is deter­
mined by the device selection logic (OS1 • DS2) and the 
source of the data latch clock input is the strobe (STS) in­
put. 

Strobe (ST6): STS is used as the data latch clock input 
when the mode (MD) input is low (input mode). STS is also 
used to synchronously set the service request flip-flop, 
which is negative edge triggered. 

Data In (Oil-Dis): Data In is the 8-bit data input to the data 
latch, which consists of eight D-type flip-flops incorporating 
a level sensitive clock. While the data latch clock input is 
high, the Q output of each flip-flop follows the data input. 
When the clock input returns low, the data latch stores the 
data input. Clear (CLR) is only effective when the clock is 
low (latch in the latched state). 

Clear (CLR): When CLR is low, the data latch is reset 
(cleared) if the clock is also low. The clock input high over­
rides the clear (CLR) input data latch reset. CLR being low 
also resets the service request flip·flop. The service request 
flip-flop is in the non-interrupting state when reset. 

OUTPUT SIGNALS 

Interrupt (I NT): The interrupt pin goes low (interrupting 
state) when either the service request flip-flop is synchro­
nously set by the strobe (STS) input or the device is select­
ed. 

Data Out (DOl-DOs): Data Out is the 8-bit data output of 
data buffers, which are TRI-STATE, non-inverting stages. 
These buffers have a common control line that either en­
ables the buffers to transmit the data from the data latch 
outputs or disables the buffers by placing them in the high­
impedance state. 

Reliability Information 
Gate Count 108 
Transistor Count 248 

Ii 
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Top View 

Order Number MM82PC12J or N 
See NS Package Number J24A or 

DO, 
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003 
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N24A 

Plastic Chip Carrier 

MO NC INT 
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Top View 

Order Number MM82PC12V 
See NS Package Number V28A 

Logic Table A 

STB MD DS1· DS2 

0 0 0 
1 0 0 
0 1 0 
1 1 0 
0 0 1 
1 0 1 
0 1 1 
1 1 1 

[Dos; 

[!D OS, 

[!D STS 

[2D CLR 

IT> MO 

Data Out 
Equals 

TRI-STATE 
TRI-STATE 
Data Latch 
Data Latch 
Data Latch 

Data In 
Data In 
Data In 

Note: CLR """""- resets data latch to the output low state. The data latch 
clock is level sensitive, a low level clock latches the data. 

>-+- DO, [I) 

IT> 01, _iJ'::'--::'LU >--1-- DO, [D 

II> 013 >-1-- DO, ID 

[I) 01, _irn--"::'I >--1-- DO, ~ 

>-1-- 005 @) 

>-+-- DO. @) 

r::--'"""'::'LLJ >--- DO, m> 
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Logic Table B 

CLR DS1· DS2 STB Q' INT 

o RESET 0 0 0 1 
1 0 0 0 1 
1 0 "-- 1 0 
1 1 RESET 0 0 0 
1 0 0 0 1 

*Internal Service Request flip-flop. 
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Ordering Information 

MM82PC12XXX 

II I'A+ · A+ ............... , .. 1883 = MIL-STD-8838 Screening (Note 1) 

I = Industrial Temperature (-40°C to + 85°C) 
M = Military Temperature (-55°C to + 125°C) 

. No Designation = Commercial Temperature (O°C to + 70°C) 

I N = Plastic Package 
'-----iJ = Cerdip Package I V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 

TL/C/5596-18 

Note 1: Do not specify a temperature option; all parts are screened to military temperature. 
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The NS 16550A: UART 
Design and Application 
Considerations 

BACKGROUND 

UARTs like other system components have evolved for 
many years to become faster, more integrated and less ex­
pensive. The rise in popularity of the personal computer with 
its focus and competition primarily centered on an architec­
ture introduced by IBM®, has driven both UART perform­
ance and software compatibility issues. As transmission 
rates have increased, the amount of time the CPU has for 
other tasks while handling an active serial channel has been 
sharply reduced. One byte of data received at 1200 baud 
(8.3 ms) is received in 'J1sth the time at 19.2 kbaud (520 ,..s). 
Software compatibility among the PC-based UARTs is crit­
ical due to the thousands of existing programs which use 
the serial channel and the new programs continually being 
offered. 

Higher baud rates and compatibility requirements influence 
new UART designs. These two constraints result in UARTs 
that are capable of higher data rates, increasingly indepen­
dent of CPU intervention and providing more autonomous 
features, while maintaining software compatibility. These 
development paths have been brought together in a new 
UART from National Semiconductor designated the 
NS16550A. 

The NS16550A has all of the registers of its two predeces­
sor parts (INS8250 and NS16450), so it can run all existing 
IBM PC, XT, AT, RT and compatible serial port software. In 
addition, it has a programmable mode which incorporates 
new high-performance features. Of course, all of these ad­
vanced features are useful in any asynchronous serial com­
munications application regardless of the host architecture. 

The reader is assumed to be familiar with the standard fea­
tures of the NSl6450, so this paper will concentrate mainly 
on the new features of the NS16550A. If the reader is unfa­
miliar with these UARTs it is advisable to start by reading 
their data sheets. 

The first section reviews some of the design considerations 
and the operation of the I'iIS16550A advanced features. The 
second section shows an NS16550A initialization routine 
written in 80286 assembly code with an explanation of the 
routine. The third section gives a detailed example of com­
munications drivers written to interface two NS16550As on 
individual boards. These drivers are written for use with Na­
tional Semiconductor's OB32032 evaluation boards, but can 
be ported to any NS32032-based system containing an 
NS32202 (ICU). 

1.0 Design Considerations and 
Operation of the New 
UART Features 
In order to optimize CPU/UART data transactions, the 
UART deSign takes into consideration the following con­
straints: 
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1. The CPU is usually much faster than the UART at trans­
ferring data. A high speed CPU could transfer a byte of 
data to/from the UART in a minimum of 280 ns. The 
UART would take over 1800 times longer to transmit/re­
ceive this data serially if it were operating at 19.2 kbaud. 

2. There is a finite amount of wasted CPU time due to 
software overhead when stopping its current task to 
service the UART (context switching overhead). 

3. The CPU may be required to complete a certain portion 
of its current task in a multitasking system before servic­
ing the UART. This delay is the CPU latency time asso­
ciated with servicing the interrupt. The amount of time 
that the receiver can accept continuous data after it re­
quests service from the CPU constrains CPU latency 
time. 

The design constraints listed above are met by adding two 
FIFOs and specialized transmitter/receiver support circuitry 
to the existing NS16450 design. The FIFOs are 16 bytes 
deep--one holds data for the transmitter, the other for the 
receiver (see Figure 1). Similarity between the FIFOs stops 
with their size, as each has been customized for special 

RX fiFO IX fiFO 

TRG 14--+ 

• • IR G8 --+ 
• • 16 

• • BYTES 

IRG 4--+ 

TR GI-. 

_"0· .J.> 
SIN SHIfT REGISTER J SHIFT REGISTER SOUl 

TL/C/9313-1 

FIGURE 1. Rx and Tx FIFOs 

transmitter or receiver functions. Each has support circuitry 
to minimize software overhead when handling interrupts. 
The NS16550A receiver optimizes the CPU/UART data 
transaction via the following features: 

1. The depth of the Receiver (Rx) FIFO ensures that as 
many as 16 characters will be ready to transfer when 
the CPU services the Rx interrupt. Therefore, the CPU 
transfer rate is effectively buffered from the serial data 
rate. 

2. The program can select the number of bytes required in 
the Rx FIFO (1, 4, 8 or 14) before the UART issues an 
interrupt. This allows the software to modify the interrupt 
trigger levels depending on its current task or loading. It 
also ensures that the CPU doesn't continually waste 
time switching context for only a few characters. 

-"---"~-""---~---"---,---------
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3. The Rx FIFO will hold 16 bytes regardless of which trig­
ger level the CPU selects. This makes allowances for a 
variety of CPU latency times, as the FIFO continues to 
fill after the interrupt is issued. 

The NS16550A transmitter optimizes the CPu/UART data 
transaction via the following features: 

1. The depth of the Transmitter (Tx) FIFO ensures that as 
many as 16 characters can be transferred when the 
CPU services the Tx interrupt. Once again, this effec­
tively buffers the CPU transfer rate from the serial data 
rate. 

2. The Transmitter (Tx) FIFO is similar in structure to 
FIFOs the user may have previously set up in RAM. The 
Tx depth allows the CPU to load 16 characters each 
time it switches context to the service routine. This re­
duces the impact of the CPU time lost in context switch­
ing. 

3. Since a time lag in servicing an asynchronous transmit­
ter usually has no penalty, CPU latency time is of no 
concern to transmitter operation. 

TX AND RX FIFO OPERATION 

The Tx portion of the UART transmits data through SOUT 
as soon as the CPU loads a byte into the Tx FIFO. The 
UART will prevent loads to the Tx FIFO if it currently holds 
16 characters. Loading to the Tx FIFO will again be enabled 
as soon as the next character is transferred to the Tx shift 
register. These capabilities account for the largely autono­
mous operation of the Tx. 

The UART starts the above operations typically with a Tx 
interrupt. The NS 16550A issues a Tx interrupt whenever the 
Tx FIFO is empty and the Tx interrupt is enabled, except in 
the following instance. Assume that the Tx FIFO is empty 
and the CPU starts to load it. When the first byte enters the 
FIFO, the Tx FIFO empty interrupt will transition from active 
to inactive. Depending on the execution speed of the serv­
ice routine software, the UART may be able to transfer this 
byte from the FIFO to the shift register before the CPU 
loads another byte. If this happens, the Tx FIFO will be emp­
ty again and typically the UART's interrupt line would tran­
sition to the active state. This could cause a system with an 
interrupt control unit to record a Tx FIFO empty condition, 
even though the CPU is currently servicing that interrupt. 
Therefore, after the first byte has been loaded into the FIFO 
the UART will wait one serial character transmission time 
before issuing a new Tx FIFO empty interrupt. 

This one character Tx interrupt delay will remain active until 
at least two bytes have been loaded into the FIFO, concur­
rently. When the Tx FIFO empties after this condition, the 
Tx interrupt will be activated without a one character delay. 

Rx support functions and operation are quite different from 
those described for the transmitter. The Rx FIFO receives 
data until the number of bytes in the FIFO equals the select­
ed interrupt trigger level. At that time if Rx interrupts are 
enabled, the UART will issue an interrupt to the CPU. The 
Rx FIFO will continue to store bytes until it holds 16 of them. 
It will not accept any more data when it is full. Any more 
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data entering the Rx shift register will set the Overrun Error 
flag. Normally, the FIFO depth and the programmable trig­
ger levels will give the CPU ample time to empty the Rx 
FIFO before an overrun occurs. 

One side-effect of having a Rx FIFO is. that the selected 
interrupt trigger level may be above the data level in the 
FIFO. This could occur when data at the end of the block 
contains fewer bytes than the trigger level. No interrupt 
would be issued to the CPU and the data would remain in 
the UART. To prevent the software from having to check for 
this situation the NS16550A incorporates a timeout inter­
rupt. 

The timeout interrupt is activated when there is at least one 
byte in the Rx FIFO, and neither the CPU nor the Rx shift 
register has accessed the Rx FIFO within 4 character times 
of the last byte. The timeout interrupt is cleared or reset 
when the CPU reads the Rx FIFO or another character en­
ters it. 

These FIFO related features allow optimization of CPU/ 
UART transactions and are especially useful given the high­
er baud rate capability (256 kbaud). However, in order to 
eliminate most CPU interactions, the UART provides DMA 
request signals. Two DMA modes are supported: single­
transfer and multi-transfer. These modes allow the UART to 
interface to higher performance DMA units, which can inter­
leave their transfers between CPU cycles or execute multi­
ple byte transfers. 

In single-transfer mode the receiver DMA request signal (Rx 
RDY) goes active whenever there is at least one character 
in the Rx FIFO. It goes inactive when the Rx FIFO is empty. 
The transmitter DMA request signal (Tx RDY) goes active 
when there are no characters in the Tx FIFO. It goes inac­
tive when there is at least one character in the Tx FIFO. 
Therefore, in single-transfer mode active and inactive DMA 
signals are issued on a one byte basis. 

In multi-transfer mode Rx RDY goes active whenever the 
trigger level or the timeout has been reached. It goes inac­
tive when the Rx FIFO is empty. Tx RDY goes active when 
there is at least one unfilled position in the Tx FIFO. It goes 
inactive when the Tx FIFO is completely full. Therefore in 
multi-transfer mode active and inactive DMA signals are is­
sued as the FIFO fills and empties. With 2 DMA channels 
(one for each Rx and Tx) assigned to it, the NS16550A 
could run somewhat independently of the CPU when the 
DMA unit transfers data composed of blocks with check­
sums. 

SYSTEM OPERATION: THE NS16550A VS THE NS16450 

Consider the typical system interface block diagram in Fig­
ure 2. This is a simple diagram, but it includes all of the 
components that typically interact with a UART. The advan­
tages of the NS16550A over the NS16450 can be illustrated 
by comparing some of the system constraints when each 
UART is substituted into this basic system. 

Both RS-232C and RS-422A interfaces can be used with 
either UART, however, the NS16550A can drive these inter­
faces up to 256 kbaud. Regarding the RS-422A specifica-
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FIGURE 2. Typical System Interface 

tion (max. 10 Mbaud) this is significantly faster than the 
NS16450 (max. 56 kbaud). 

The NS16450 has no DMA request signals, so the DMA unit 
would not interact with the NS16450. The NS16550A, how· 
ever, has DMA request signals and two modes of data 
transfer, as previously described, to interface with a variety 
of DMA units. 

The greatest advantages of the NS16550A over the 
NS16450 are seen when considering the CPU/UART inter­
face. Some characteristics of the transactions occurring be­
tween the CPU and the UART were previously cited. How­
ever, optimizing these transactions involves two issues: 

1 . Decreasing the amount of time the CPU interacts with 
the UART. 

2. Increasing the amount of data transferred between the 
CPU and UART during their interaction time. 

These optimization criteria are directly opposed to each oth­
er, but various features on the NS16550A have improved 
both. 
One of the more obvious ways to decrease the CPU/UART 
interaction time is to decrease the time it takes for the trans­
action to occur. The NS16550A has an access cycle time 
that is almost 25% shorter than the NS16450. In addition, 
other timing parameters were made faster to simplify high 
speed CPU interactions. 
The actual software required to transfer the data between 
the CPU and the UART is a small percentage of that re­
quired to support this transfer. However, each time a trans­
fer occurs in the NS16450, this support software (overhead) 
must also be executed. With the NS 16550A each time the 
UART needs service the CPU can theoretically transfer 16 
bytes while only running through its overhead once. Tests 
have shown that this will increase the performance by a 
factor of 5 at the system level over the NS16450. 

Another time savings for the CPU is a new feature of the 
UART interrupt structure. Unlike most other UARTs with Rx 
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FIFOs, the NS16550A will issue an interrupt when there are 
characters below the interrupt trigger level after a preset 
time delay. This saves the extra time spent by the CPU to 
check for bytes that are at the end of a block, but won't 
reach the interrupt level. 

Since the NS16550A register set is identical to the 
NS16450 on power-up, all existing NS16450 software will 
run on it. The FIFOs are only enabled under program con­
trol. 

All of this added performance is not without some trade­
offs. Two of the NS16450 pins, no connect (NC) and chip 
select out (CSOUT) have been replaced by the RxRDY and 
TxRDY pins. Most serial cards that currently use the 
NS16450 don't use these pins, so in those situations the 
NS 16550A could be used as a plug-in upgrade. The soft­
ware drivers for the NS16550A operating in FIFO mode 
need to be a little more sophisticated than for the NS 16450. 
This will not cause a great penalty in CPU operating time as 
there is only one additional UART register to program and 
one to check during the initialization. One additional service 
routine is required to handle Rx timeout interrupts. This rou­
tine does not execute, except during intermittent transmis­
sions or as described above. 

All of these speed improvements and allowances for soft­
ware constraints will make the NS 16550A an optimal UART 
for both multi-tasking systems and multiport systems. Multi­
tasking systems benefit from the increased time and flexibil­
ity offered to the CPU during context switching. Multiport 
systems, such as terminal concentrators, benefit from the 
on-board FIFOs and relatively autonomous functions of the 
UART. 

SYSTEM INTERRUPT GENERATION 

As a prelude to the topic of the next section (80286™­
based system initialization) a review of a typical PC hard­
ware interrupt path is given. This concerns only the interrupt 
path between the UART and the CPU (see Figure 3). 

I 

I 

I 



J 
I 

y- r-----------------------------------------------------------------------------------------------, 
c:n 
"IJ' • Z 
c( NS16550A FOU:..:.T2=--., 

~_IRQ4 INT [}CU DPU 
TLIC19313-3 

FIGURE 3. Typical PC Interrupt System Hardware 

In order to enable interrupts from the UART to the CPU 
each hardware device must be correctly initialized. While 
initializing the hardware path, CPU interrupts are turned off 
to avoid false interrupts from this path. This initialization 
should be as short as possible to avoid other devices 
"stacking up" interrupts during this time. 

After the NS16550A is initialized the bits 0-3 in the Interrupt 
Enable Register (lER) are set enabling all UART interrupts. 
Also, bit 3 in the Modem Control Register (MCR) is set to 
enable the buffer between the UART and the ICU. 

The ICU has bit 4 of its Interrupt Mask Register (IMR) 
cleared, allowing interrupts occuring on IRQ4 to be trans· 
ferred to the CPU via the group interrupt (I NT). Finally, CPU 
interrupts are enabled again via the STI instruction. 

The programmer should be aware that the ICU will be initial· 
ized for edge.triggered interrupts and that the UART always 
produces level active interrupts. This allows the system to 
get into a situation where the UART has multiple interrupts 
pending (signaled via a constantly high INTR), but the ICU 
fails to respond because it expects an edge for each pend· 
ing interrupt. To avoid this situation, the programmer should 
disable all UART interrupts via the IER when entering each 
UART interrupt service routine and then reenable all UART 
interrupts that are to be used just before exiting each inter· 
rupt service routine. 

SUMMARY 

Up to this point the features of the NS16550A have been 
described, some of the design goals that resulted in these 
features have been reviewed, and a comparison has been 
given between it and the NS16450. Increases in bus speed 
and specialized functions make this part both faster from 
the hardware pOint of view and more efficient from the soft­
ware point of view. 

2.0 NS16550A Initialization 
This initialization can be used on any 80286-based system; 
it enables both FIFOs and all interrupts on the UART. Addi­
tional procedures would have to be written to actually trans­
fer data and service interrupts. These procedures would be 
similar in form to the 32000-based example in the next sec­
tion, but the code would be different. The general flow of the 
initialization is shown in Figure 4 and described below. 

DETAILED SOFTWARE DESCRIPTION 

The first block in the initialization establishes abbreviations 
for the NS 16550A registers and assigns addresses to them. 
The next three blocks establish code and data segments for 
the 80286. After jumping to the code start, the program dis­
ables CPU interrupts (CLI) until it has finished the initializa­
tion routine. Other interrupts may be active while CPU inter-
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rupts are masked, so the section of code following CLI 
should be as short as possible. The next block replaces the 
existing COM 1 interrupt vector with the address of 
NS16550A interrupt handler (INTH in this case). 

Initialization of the NS16550A is similar to the NS16450, 
except that there is one additional register to program which 
controls the FIFOs (Refer to the datasheet for a complete 
description). The sequence shown here sets bit 7 (DLAB) of 
the line control register (LCR), which enables access to the 
baud rate generator divisor. The divisor programmed is 
0006 (19.2 kbaud) in this example. Programming the LCR 
again resets bit 7 (allowing access to the operational regis­
ters) and programs each frame for 7 data bits, one stop bit 
and even parity. The additional register that needs to be 
programmed in the NS 16550A is the FI Fa control register 
(FCR). The FCR data is 1100 0001. Bits 6 and 7 set the Rx 
FIFO interrupt trigger level at 14 characters. Bits 5 and 4 are 
reserved. Bit 3 keeps the DMA Signal lines in mode O. Set­
ting bits 2 and 1 clear the T x and Rx FI FOs, but this is done 
automatically when the FIFOs are first enabled by setting bit 
O. Bit 0 of the FCR should ALWAYS BE SET whenever 
changes are to be made to the other bits of the FCR and the 
UART is to remain in FIFO Mode. When the FIFOs on the 
NS16550A are enabled bits 6 and 7 in the Interrupt Identifi­
cation Register are set. Thus the program can distinguish 
between an NS16450 and an NS16550A, taking advantage 
of the FIFOs. 

Sending a OF to the Interrupt Enable Register enables all 
UART interrupts. The next two register accesses, reading 
the Line Status Register and the Modem Status Register, 
are optional. They are conservatively included in this initiali­
zation in order to defeat false interrupt indications in these 
registers caused by noise on the external lines. 

The next block of code enables the interrupt signal to go 
beyond the UART through the system hardware. In many 
popular 80286-based personal computers, an interrupt con­
trol unit (ICU) has its mask register at 1/0 address 21 H. To 
enable interrupts through this ICU for COM 1 without disturb­
ing other interrupts, the Interrupt Mask Register (IMR) is 
read. This data is combined with 1110 1111 via an AND 
instruction to unmask the COM 1 interrupt and then loaded it 
back to the IMR. On these personal computers there is also 
a buffer on the interrupt line between the UART and ICU. 
This buffer is enabled by setting the OUT2 bit of the MO­
DEM Control Register in the UART. 

Before enabling CPU interrupts (STI) pointer registers to the 
data buffers of each service routine are loaded. After en­
abling CPU interrupts this program jumps to a holding loop 
to wait for an interrupt, whereas most programs would con­
tinue initializing other devices or jump to the system loop. 
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FIGURE 4. NS16550A Initialization and Driver Flowchart 
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TITLE 550APP.ASM - NS16550A INITIALIZATION 

;ESTABLISH NS16550A REGISTER ADDRESS/DATA EQUATES 

;************ UART REGISTERS ************************ 

rxd EQU 3F8H ;RECEIVE DATA REG 
txd EQU 3F8H ;TRANSMITT DATA REG 
ier EQU 3F9H ;INTERRUPT ENABLE REG 
dll EQU 3F8H ;DIVISOR LATCH LOW 
dlh EQU 3F9H ;DIVISOR LATCH HIGH 
iir EQU 3FAH ;INTERRUPT IDENTIFICATION REG 
fer EQU 3FAH ;FIFO CONTROL REG 
1er EQU 3FBH ;LINE CONTROL REG 
mer EQU 3FCH ;MODEM CONTROL REG 
lsr EQU 3FDH ;LINE STATUS REG 
msr EQU 3FEH ;MODEM STATUS REG 
ser EQU 3FFH ;SCRATCH PAD REG 

;**************** DATA EQUATES ***************** 

bufsize EQU 7CFH ;TX AND RX BUFFER SIZE 
dosrout EQU 25H ;DOS ROUTINE SPECIFICATION 
intnum EQU OCH ;INTERRUPT NUMBER (OCH = COM1) 
icumask EQU OEFH ;ICU INTERRUPT ENABLE MASK 
divacc EQU 80H ;DIVISOR LATCH ACCESS CODE 
lowdiv EQU OSH ;LOWER DIVISOR 
uppdiv EQU OOH ;UPPER DIVISOR 
dataspc EQU 1AH ;DLAB = 0, 7 BITS, 1 STOP, EVEN 
fifospc EQU OC1H ;FIFOS ENABLED, TRIG = 14, DMA MODE = 0 
setout2 EQU 08H ;SETTING OUT2 ENABLES INTRs TO THE ICU 
intmask EQU OFH ;UART INTERRUPT ENABLE MASK 

;*********** ESTABLISH CODE AND DATA SEGMENTS ****************** 

eseg SEGMENT PARA PUBLIC "code" 
ORG 100H 
ASSUME CS:cseg,DS:cseg 

INIT: 
PUSH CS 
POP DS 
JMP START 

;********* ESTABLISH DATA BUFFERS AND RAM REGISTERS ******** 

msflag DB 
txflag DB 
sbuf DB 
rbuf DB 
sbufe EQU 
rbufe EQU 

START: 
CLI 

o 
o 
bufsize DUP ("5") 
bufsize DUP ("R") 
sbuf + bufsize 
rbuf + bufsize 

STRING BUFFER 
RECEIVE BUFFER 
END OF STRING BUFFER 
END OF RECEIVE BUFFER 

; > > > DI SABLE CPU INTERRUPTS < < < 
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;****** LOAD NEW INTERRUPT SERVICE ROUTINE POINTER FOR COMl *** 

PUSH DS ;SAVE EXISTING DATA SEG 
MOV AH,dosrout ;DESIGNATE FUNCTION NUMBER 
MOV AL,intnum ;DESIGNATE INTERRUPT 
PUSH CS ;ALIGN CODE SEG 
POP DS ;WITH DATA SEG 
MOV DX,OFFSET INTH ;SPECIFY SERVICE ROUTINE OFFSET 
INT 21H ;REPLACE EXISTING INTR VECTOR 
POP DS ;RESTORE CURRENT DATA SEG 

;**************** INITIALIZE NS16550A *********************** 

;This enables both FIFOs for data transfers at 19.2 kbaud using 
;7 bit data, 1 stop bit and even parity. The Rx FIFO interrupt 
;trigger level is set at 14 bytes. 

MOV AL,divacc ;SET-UP ACCESS TO DIVISOR LATCH 
MOV DX,lcr 
OUT DX,AL 
MOV 
MOV 

AL,lowdiv 
DX,dll 

OUT DX,AL 
MOV 
MOV 

AL,uppdiv 
DX,dlh 

OUT DX,AL 
MOV 
MOV 
OUT 
MOV 
MOV 
OUT 
MOV 
MOV 
OUT 
MOV 
IN 
MOV 
IN 

AL,dataspo 
DX,lor 
DX,AL 
AL,fifospc 
DX,for 
DX,AL 
AL,intmask 
DX,ier 
DX,AL 
DX,lsr 
AL,DX 
DX,msr 
AL,DX 

;LOWER DIVISOR LATCH, 19.2 kbaud 

;UPPER DIVISOR LATCH 

;DLAB 0, 7 BITS, 1 STOP, EVEN 

;FIFOS ENABLED, TRIGGER 14, 
;DMA MODE = 0 

;ENABLE ALL UART INTERRUPTS 

;READ THE LSR TO CLEAR ANY FALSE 
;STATUS INTERRUPTS 
;READ THE MSR TO CLEAR ANY FALSE 
;MODEM INTERRUPTS 

;*************** ENABLE COMl INTERRUPTS ********************** 

IN AL,21H ;CHECK IMR 
AND AL,icumask ;ENABLE ALL EXISTING AND COMl 
OUT 21H,AL 
MOV AL,setout2 ;SET OUT2 TO ENABLE INTR 
MOV DX,mor 
OUT DX,AL 

;********* ESTABLISH RUN TIME BUFFER POINTERS IN REGISTERS *** 

MOV SI,OFFSET sbuf 
MOV DI,OFFSET rbuf 
MOV BX,OFFSET sbuf 
MOV BP,OFFSET rbuf 
STI ;»> ENABLE CPU INTERRUPTS «< 
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3.0 Board to Board Communica­
tions with the NS 16550A 
The following section describes the hardware and software 
for a fully asynchronous two board application. The two 
boards communicate simultaneously with each other via the 
NS 16550As. Predetermined data is exchanged between the 
NS16550As and checked by the software for accuracy. Any 
data mismatches are flagged and stop the programs. Any 
data errors (Le. overrun, parity, framing or break) will also 
stop the program. The NS16550A interface schematic, soft­
ware flow chart and software are provided. 

HARDWARE REQUIREMENTS 

Running this application requires two NS32032-based 
boards. Each board must have one CPU, one ICU 
(NS32202), 256k of RAM (000000-03FFFF), the capability 
of running a monitor program (MON 32) and the capability of 
interfacing with a terminal. If MON 32 is not available, the 
display monitor service calls (SVC) must be altered to inter­
face properly to the available terminal driver routines. In ad­
dition to these requirements, the NS16550A is enabled 
starting at address OdOOOOO. 

U 114 PIN 11 

U 114 PIN 12 

U 114 PIN 13 

U 114 PIN 14 

U 114 PIN 15 

Ul14 PIN17 

Ul14 PIN16 

Ul14 PIN18 

+5V NC 

NC 
Ul02PIN19 
Ul02PIN16 

U 102 PIN5 

U 102 PIN 2 

U140 PIN31 

0 

1 DO 

2 01 

3 02 

4 03 

5 04 

6 05 

7 06 

8 07 

The system described above was implemented on two 
DB32032 boards and used as an alpha site to test the 
NS16550A during its development. An NS16550A and ap­
propriate decode logiC were wirewrapped to each board 
(see Figure 5). As shown, an 8 MHz crystal is used to drive 
the baud rate generator, but for baud rates at or below 56 
kbaud a 1.8432 MHz crystal can be substituted with chang­
es to the divisor. Once this hardware is on both boards 5 
connections between the NS16550As must be made-SIN 
to SOUT, SOUT to SIN, CTS to RTS, RTS to CTS, and GND 
to GND. Each DB32032 board has a port for attaching a 
terminal and a port available for downloading code. The ap­
plications software for these boards is downloaded from a 
VAXTM running the GNXTM debugger (V1.02). Once the 
downloads are complete to both boards the program 
D1APPS.EXE is started, then D2APPS.EXE is started. 

If a VAX or the GNX debugger is not available the code can 
be loaded into PROMs and run directly. 

+5V 

Vee 40 

Ri 39 NC O.lj.lF~ 
OCD 38 NC 

OSR 37 NC 

CTS 36 NC 

MR 35 U 105 PIN 21 

OUTl 34 NC 

-< OTR 33 NC 
0 

9 RCLK 
." 

RTS 32 NC ." 
<0 

10 SIN Vi OUT2 31 NC z 
11 SOUT INTR 30 U140 PIN 33 

12 CSO RXROY 29 NC 

13 CSl AO 28 Ul04PIN6 

14 CS2 Al 27 U 104 PIN 15 

15 BAUOOUT A2 26 Ul04 PIN5 

16 XTALl ADS 25 

17 XTAL2 TXROY 24 NC 

18 WR ODiS 23 NC 

19 WR RO 22 

20 Vss RD 21 U140 PIN 30 

RX2 = 1.5 K.n 

8.0 MHz 

~C2=56PF 
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SOFTWARE OVERVIEW 

The programs shown at the end of this application note are 
the assembly listings for OtAPPS.ASM and 02APPS.ASM. 
These can be assembled, linked and loaded to form the 
executable (.EXE) files. The flowchart shown before them 
illustrates both programs. 

Both programs are interrupt driven. 01 APPS.EXE has its 
transmitter empty interrupt disabled until it receives its first 
16 bytes from 02APPS.EXE. This allows the two programs 
to be started at different times. Oata flow is controlled be­
tween the programs via RTS and CTS handshakes. 
01 APPS.EXE is started first and it loops until the first data 
from 02APPS.EXE arrives. As 0IAPPS.EXE exits its receiv­
er interrupt routine, it enables its transmitter interrupt and 
begins to send bytes to 02APPS.EXE. 

Transmission of a block of 16 bytes occurs when the Tx 
FIFO of the NS16550A is empty, the Tx interrupt is enabled 
and the receiver activates its clear to send (CTS) signal. 
Each transmitter sends the next sequential block of data 
from a 256 byte buffer. When the bottom of the buffer is 
reached, the transmitter starts at the top of the buffer, 
again. The data transmitted from 01 APPS.EXE to 
02APPS.EXE is 00 to FF and from 02APPS.EXE to 
01 APPS. EXE is FF to 00. Since these are bench test pro­
grams for the NS16550A, the receiver subroutines compare 
the data they receive with the data they expect. This is done 
on a block-by-block basis and any mismatches result in both 
a message sent to the terminal and the program stopping. 

DETAILED SOFTWARE DESCRIPTION 

Initialization begins by equating NS16550A and ICU 
(NS32202) registers to the addresses in memory. The 
equates finish with a list of offsets associated with the static 
base register. These offsets give the starting locations for 
the RAM areas assigned to be data buffers. These include 
the UART interrupt entry offset (irl_mod); the string (sbuf), 
receive (rbuf), compare (cbuf) buffers and the interrupt table 
offset (intable). 

At the code start (START::) the processor is put in the su­
pervisor mode so that the interrupt dispatch table can be 
transferred from ROM to RAM. This transfer is essential in 
order to change the starting address of the UART interrupt 
service routine. To do this the interrupt service routine offset 
from the code start is calculated (isr-start). Combining this 
with the module table address (set-up by the linker, i.e., 
9020) results in the interrupt table descriptor entry for UART 
interrupt service routine (isrent). 

The next two sections of code load the data to be transmit­
ted and compared into the RAM buffers sbuf and cbuf, re­
spectively. The two programs differ at this point-
0IAPPS.EXE transmits 00 to FF and compares FF to 00 
sequentially. 02APPS.EXE transmits FF to 00 and com­
pares 00 to FF sequentially. 

The NS16550A initialization starts with setting the divisor 
latch access bit, so the divisor can be loaded. It then deter­
mines the serial data format and disables all UART inter­
rupts. The NS 16550A initialization finishes by enabling and 
resetting the FIFOs and programming the receiver interrupt 
level for 14 bytes. 
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Next the ICU interrupt registers are set-up and interrupts are 
enabled. In program 01 APPS.ASM the initialization finishes 
by enabling the receive data and line status interrupts. Since 
the transmitter FI FO empty interrupt is disabled 
01 APPS.EXE will stay in its hold loop until it receives data 
from 02APPS.EXE. 02APPS.EXE has its transmitter FIFO 
empty interrupt enabled at the end of its initialization, so it 
will send one block of 16 characters to 0IAPPS.EXE imme­
diately. 

When there are no interrupts pending and no service rou­
tines being executed, the programs run in a holding loop 
until the next interrupt. 

Whenever the CPU enters the service routine (isr:) it checks 
the interrupts identification register (IIR) for the type of inter­
rupt pending and branches to the appropriate subroutine. If 
the IIR value doesn't match a known interrupt condition, an 
invalid interrupt message is sent to the terminal and the 
program stops. Out of the five possible interrupts, two (line 
status and receiver timeout) have simple routines that only 
send a message to the terminal and then branch to the 
receiver data available routine. Modem status interrupts 
send a message to the CRT and then stop the program. 
Two robust interrupt service routines exist-one for the re­
ceiver and one for the transmitter. 

The receiver interrupt service routine (rdai:) does the follow­
ing: 
1. Oisables the RTS signal which stops the transmitter on 

the other board from sending more data. 

2. Transfers all data from the UART Rx FIFO to the RAM 
receiver buffer (rbuf). 

3. Branches to the compare subroutine when all data is 
transferred from the Rx FIFO. 

4. Enables Tx interrupts in 0IAPPS.EXE. 

5. Enables the RTS signal which allows the transmitter on 
the other board to send another block of data. 

The compare interrupt service routine (compare:) does the 
following: 

1. Aligns the receive buffer pointer to the last character 
taken in to the receive buffer (rbuf). 

2. Compares each new byte in rbuf with the expected val­
ue (data stored in cbuf). 

3. Sends a data mismatch message to the terminal and 
stops the program if the rbuf data fails to match the cbuf 
data. 

4. Returns to rdai: when all of the new data in rbuf has 
compared successfully. 

The transmitter interrupt service routine (threi:) does the fol­
lowing: 

1. Decides whether to send 16 or 15 bytes in a block of 
data. Note: This decision is for testing purposes. 

2. Sends one byte of data. 

3. Checks for an active CTS condition. If it is active then it 
sends another byte of data. It continues to check and 
send a byte of data until all 15 or 16 bytes are sent. 
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START:: 

HOLDLOOP:: 

DIAPPS.ASM Flow Chart 

ESTABLISH REGISTER AND 
ADDRESS EQUATES FOR THE NS16550A 

AND THE NS32202 (leu) 

YES 8 
Note: This part of the software differs slightly in D2APPS.ASM 
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ISR: 
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REGISTERS 

INTERRUPT 
SERVICE 
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SEND MESSAGE 

"LINE STATUS 
INTERRUPT" 

SEND MESSAGE 

"MODEM STATUS 
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DISABLE /RTS. SET-UP 
RDAI: RECEIVER POINTER BASE 

ADDRESS AND OfFSET 

RDRBR: 

CONTINUE: 

Note: This part of the software differs slightly in D2APPS.ASM 
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THREI: 
SET UP TRANSMITTER 

POINTER BASE ADDRESS 
AND POINTER OFFSET 

>;':;:'-t-' INITIALIZE BYTE COUNTER TO 
SEND 1 BLK OF 15 BYTES 

SAVE TX 
POINTER OFFSET 
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#3/30/B7 ••••• DIAPPS.ASM ••••••••• ADAPTED ORIGINALLY FROM DlRON56K.ASM 
# 
#THIS PROGRAM RUNS USING 2 DB32000 BOARDS WITH l6550As ENABLED AT ADDRESS OdOOOOO 
#WIRE-WRAPPED ON THE BOARDS. THIS SOFTWARE TRANSMITS THE DATA 00 THROUGH FF 
#REPEATEDLY TO THE REMOTE UART AND EXPECTS TO REPEATEDLY RECEIVE THE DATA FF 
#THROUGH 00 FROM THE REMOTE UART. IT SHOULD BE RUN IN CONJUNCTION WITH THE 
#PROGRAM D2APPSC.ASM RUNNING ON THE OTHER DB32000 BOARD. THE TX PIN OF 
#THIS l6550A SHOULD CONNECT TO THE RX PIN OF THE 16550A ON THE OTHER BOARD AND 
#VICE VERSA. ALSO, THE CTS PIN OF THIS 16550A SHOULD BE CONNECTED TO THE RTS PIN 
#OF THE l6550A ON THE OTHER BOARD AND VICE VERSA. THIS WILL ENABLE THE 
# APPROPRIATE HANDSHAKES TO OCCUR. 
# 
#TO RUN THIS PROGRAM YOU MUST: 
# 
# 
# 
# 
# 
# 
# 
# 

1. CONNECT THE RX & TX OF THE 2 16550As ON THE 2 DB32000 BOARDS 
2. CONNECT THE CTS & RTS OF THE 2 16550As ON THE 2 DB32000 BOARDS 
3. DOWNLOAD D1APPS.EXE TO THIS BOARD VIA THE GNX DEBUGGER [REV 1.02J 
4. DOWNLOAD D2APPS.EXE TO OTHER BOARD VIA THE GNX DEBUGGER [REV 1.02J 
5. START DlAPPS.EXE RUNNING ON THIS DB32000 BOARD 
6. START D2APPS.EXE RUNNING ON THE OTHER DB32000 BOARD 

#PROGRAM DETAILS: 
# 
# 
# ISR eonta1ns the TX SERVICE ROUTINE 
# 
# TX OVERWRITES are PREVENTED by the ICU 
# 
# TX FIFO 1S CLEARED before a transmission 
# 
# DATA SENT 00 ------ FF 
# 
# DATA RECEIVED and COMPARED FF ------ 00 
# 
# BAUD RATE 12Bk WITH A B.O MHZ XTAL INPUT 

# 
#*********************** ESTABLISH 16550A 

# 
.globl # 

TO THE l6550A 

REGISTER ADDRESSES ******************** 

.set rxd, 

.set txd, 

.set 1er, 

.set iir, 

.set. fcc, 

.set ler, 

.set mer, 

.set Isr, 

.set msreg, 

.set ser, 

1sr 
OxOdOOOOO 
OxOdOOOOO 
OxOd00004 
OxOdOOOOB 
OxOdOOOOB 
OxOdOOOOe 
OxOd00010 
OxOd00014 
OxOd0001B 
OxOdOOOle 

#Equate 
# 

registers to their addresses 

# 
# 
# 
# 
# 
# 
# 
# 
# 

#******************* ESTABLISH ADDRESSES FOR THE 32202 (lCU) ******************* 
# 

• set aO,4 #Estab11sh address a11gnrnent 
#between CPU and ICU 

.set 1eu hvet,O #ICU reg1ster addresses -• set ieu avet,l *aO # 

.set 1eu:=elgt,2 *aO # 

.set ieu tp1,4 *aO # 

.set ieu:=1pnd,6 *aO # 

.set ieu isrv,B *aO # -
TL/C/9313-13 
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• sec icu lmsk,lO *aO 
.sec lcu-csrc,12 *aO 
.set lcu::::fprt,14 *aO 
.sec lcu mctl,16 *aO 
.set iCu::::clptr,IS *aO 
.set 1cu_pdat,19 *aO 
.set lcu _lps,20 *aO 
.seC lcu_pdlr,21 *aO 
• set icu cctl,22 *aO 
• sec lCU::::C1Ctl,23 *aO 

.sec lcu_addr,OxfffeOO 

#************************* STATIC BASE 

.sec lrl mod, 17*4 

.sec irl-otf, 17*4+2 

.sec scarc2, OxO 

.set scarcl, OxOa 

.sec Cxflag, Oxl4 

.set sbut, Ox Ie 

.sec rbuf, Ox41e 

.sec cbuf, Ox6le 

.seC lntable, OxSle 

#********************** SET UP DISPATCH 

scarc: : bicpsrw $(OxIOO) 
movd $OxOc,rO 
movd $Ox055555555,rl 
addr lncable(sb),r2 
movCl $OxOc,r3 
svc 
sprd lncbase,r2 
movd isrenc,irl_mod(r2) 

# 
t 
I 
# 
I 
I 
I 
I 
I 

• I 
#Flrsc ICU register address 
# 
I 
I 

STARTING LOCATIONS -********************* 
i 
i 
# 
.The followlng are static base variables 
lused as base poinCers. Startl/2 = flags 
tcxtlaf = flag, sbuf = area used co 
#score daca to be transmlcted, rbut 
#area used to store received data, 
#cbuf = area used to store compare 
#buffer, intable = base pointer Co che 
Unterrupt cable 
# 
TABLE FOR THE 32032 ******************** 
# 
IClear incr's 
OSec for monitor svc co move incbase 
tfrom ROM co ram because you have 
ico change che address for the 
lincerrupc service roucine. 
#Accual svc for move 
#Puc base addr of 1nCbase 1n r2 
IPuc offsec of lsr inco IsC locacion 
#of dlspacch cable 
# 

1********************* LOAD TRANSMITTER BUFFER (00 to FF) ********************** 

senddat: addr sbut (sb) , rO 
movd $O,rl 
movb $0,r2 

Sbufloop: movb r2,0(rO)[rl:b] 
addqw l,rl 
addqw l,r2 
cmpw rl,$256 
bne Sbufloop 

I 
iRO contains ~tring buffer ptr. 
#RI coneains otfset 
Unlt data reg. 
iLoad char. to string buffer 
IIncremane offset ptr. 
Uncremerlt daea 
#Check fot 256 chars. loaded 
.Jump back lf not done 
i . 

#*********************** LOAD COMPARISON BUFFER (FF TO 00)********************** 
I 

compdat: 

cbufloop: 

addr 
movd 
movb 
movb 
addqw 
subb 
cmpw 

Cbuf(sb),rO 
$O,rl 
$OxOff,r2 
r2,0(rO) [rl :b] 
l,el 
$1,r2 
rl,$256 

IRa conCains poincer 
#RI conCains offsec 
UniC daca reg. 
ILoad Char. to compare buffer 
tIncremenc pcr. offset 
IDecrement data 
ICheck for 256 chars. loaded 
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bne cbufloop #Jump back if noe done 
# 

#*************** SET UP INTERRUPT SERVICE ROUTINE PARAMETERS *********.* •• * •• * •• 
# 

movd $OxOff,stare2(sb) 
movd $OxOff,startl(sb) 
movd $l6,blk16cne 
movd $O,sbufcne 

#Inltlalize compare 
#Initialize receiver data tntr 
#Initialize 16 byte block counter 
#Initlalize string buff fer transmitted 
#count 
# 

#*************************** 16550A INITIALIZATION ****************************** 

movb $OxOBO,lcr 
movb $4,txd 
movb $O,ier 
movb $OxOO3,lcr 
movb $O,ler 
movb $OxOc7,fcr 

# 
#Set dlab = I for divisor latch access 
#Low divlsor latch 128k w/B.O MHz xtal 
tUpper divisor latch 
#Dlab = 0, B bits, no parlty, 1 stop 
#Disable UART interrupts 
#Flfo=> trigger = 14, reset & enable 
# 

#**************************** INITIALIZE 32202 (lCU) *************************** 

movd 
movb 

$lcu addr,rO 
$OxCa,lcu_mctl(rO) 

movqb O,lCU cctl(rO) 
movqb -l,lcu lps(rO) 
movqb O,lcu csrc(rO) 
movqb O,icu-csrc+aO(rO) 
movb $OxlO,lcu svct(rO) 
movqb -l,lcu elgt(rO) 
movqb -1,lcu-elgt+aO(rO) 
movqb $2,icu-tpl(rO) 
movqb O,icu tpl+aO(rO) 
movqb O,lcu-fprt(rO) 
movqb O,icu-fprt+aO 
movqb O,lcu-lsrv(rO) 
movqb O,icu-isrv+aO(rO) 
movqb -l,ieu imsk(rO) 
movqb -l,icu-imsk+aO(rO) 
setcfg [1] -
movd $icu addr,rO 
movb $Ox02,lCU mctl(rO) 
movb $OxOlO,icu cctl(rO) 
movb $Oxfd,icu lmsk(rO) 
movb $Oxft,icu-imsk+aO(rO) 
bispsrw $(Ox800) 

movd $O,rl 

# 
iRO = icu address 
#Set mode 8 bit bus mode, 
# freeze counters, 
# disable interrupts, 
# flxed priority. 
#Hait the counters 
#Set all pins to interrupt source 
#No cascaded interrupts (low reg) 
# (high reg) 
#Set lnterrupt base vector 
#Set level triggerlng mode (low reg) 
#(high reg) 
#Set level triggering mode (low reg) 
#(high reg) 
#Set highest priority to 0 (low reg) 
#(hlgh reg) 
#Clear intr in-service regs (low reg) 
#(high reg) 
#Mask all intr (low reg) 
#(high reg)H 
#Enable vectored intrp (1=1) 
# 
#Fixed mode, 8 bit bus mode 
#Set to internal sampllng 
tEnable irl 
#Mask all other interrupts 
tEnable cpu intr's 
# 
#Initialize transmltter buffer oftset 
# 

1*************************** ENABLE 16550A INTERRUPTS *************************** 

endinit: 
movb $2,mcr 
movb $OxOS,ier 

#********************** ENDLESS LOOP 

# 
#Clear outl, out2 and enable rts 
#Enable all but modem status interrupts 
#and the THRE so the boards can be 
#Started. 
# 

WAITING FOR INTERRUPTS *.* •• *** ••••• **.*.** 
# 
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hOldloop: nop 
br holdloop 

# 
# 
# 

#****************************** INTERRUPT HANDLER ****************************** 

isr: 
# 

~ave [rO,rl,r2,r3,r4,r5,r6,r7] 
movb 1ir,rO #RO- contains lir 
cmpb rO,$OxOc6 # 
o~q lS1nt #Line status interrupt 
cmpb rO,$OxOc4 # 
beq rdai #Receiver interrupt 
cmpb rO,$OxOcc # 
beq rtmout #Rec timeout interrupt 
cmpb rO,$OxOc2 # 
beq threl #THRE interrupt 
cmpb rO,$OxOcO # 
beq mS1nt #Modem status interrupt 

# 
# 

#************************** INVALID INTERRUPT ROUTINE ************************** 
# 

save [rO,rl,r2,r3] # 
movd $4,rO # 
addr message2,rl # 
movd $21,r2 # 
movd $O,r3 # 
svc # 
restore [rO,rl,r2,r3] # 

jump stop 

# 
# 
#Restore all registers 
# 
# 

#********************* RECEIVER TIMEOUT INTERRUPT ROUTINE ********************** 
# 

rtmout: jump rdai 
# 

#*************************** RECEIVER INTERRUPT ROUTINE ************************ 

# 
#This portion of the program is reached by a positive test for the received data 
#available interrupt. Once in this routine each byte is removed from the FIFO, 
#placed in a designated stat1c base memory location and the LSR is tested to see 
#If tne data ready (DR) bit 1B still set. Data is removed from the FIFO and 
#placed in memory unt1l the DR bit 1S no longer set. Tne data sent will be 
#compared to known data, located 1n another deSignated static base location, by 
#cal11ng the compare subroutine. 

rdai: 

rdrbr: 

continue: 

movb $O,mcr 
addr rbuf(sb),r4 
movd rbufoff,r6 
movb rxd,O(r4)[r6:b] 
cmpb $OxOO,0(r4)[r6:b] 
addqw 1,r6 
addqw l,rbufoff 
bne continue 
movw $0,r6 
movw $O,rbufoff 
movb Isr,r3 
an db SOl,r3 
cmpb $01,r3 

#Disable RTS; stop transmission 
#r4 contains rbuf base address 
#Put rbuf offset runner into r6 
#Store a byte in the receiver buffer 
#Is it the last character 
#Increment offset ptr. 
#Track r6 
# 
#Reset pointer offset 
#Reset rbufoff 
#Read lsr 
#Mask all but bit 0 
# 
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beq rdrbr 
movd r6,rbufoff 
bsr compare 
movb $7,1er 
movb $2,mcr 
jump popal! 

#Read rbr agaln if set 
#Put result of r6 back into rbufotf 
# 
#Turn on transmitter interrupt~ 
#Enab!e res 
# 
# 

i**W***w*********************** TRANSMIT ROUTINE ******************************* 

# 
#Before the transmitter sends data, the data has been loaded into static base 
#memory for transmission. The transmitter routlne ls called to send data. (le 
#THREI ls set) Data is sent as 16 blocks of 16 bytes and 1 block ot 15 bytes 
#continuously. NOTE: Betore transmisslon occurs JCTS is checked to ensure that 
#the receiver is ready. 

threl: 

send15: 
sendnexe: 

finish: 

abort: 

setsnd16: 

reload: 

addr sbuf(sb),rO 
movw xmitoff,rl 
cmpd $0,blk16cnt 
beq send15 
movd $OxlO,r7 
jump sendnext 
movd $OxOf,r7 
movb O(rO)[rl:b],txd 
addqw l,rl 
cmpw rl,$256 
beq reload 
save [r7] 
movb msreg,r7 
andb $Ox!0,r7 
cmpb $0,r7 
restore [r7] 
beq abort 
subb $1,r7 
cmpb $0,r7 
bne sendnext 
movw rl,xmitoff 
cmpd $0,blk16cnt 
beq setsnd16 
subb $1,blk16cnt 
jump popal! 
movd $16,blk!6cnt 
jump popal! 
movd $O,rl 
jump fin1sh 

f***W******************** LINE STATUS 

lSlnt: save [rO,rl,r2,r3] 
movd $4,rO 
addr message6,rl 
movd $25,r2 
movd $0,r3 
svc 
restore [rO,rl,r2,r3] 
movb Isr,r3 

jump rdai 

# 
#RO contains base pOinter 
isetup xmit ptr offset 
#Check to see if it is the 16th block * 
tYee, send only 15 bytes instead of !6 * 
#No, send 16 bytes * 
#Jump around 15 byte load * 
#Load counter for 15 byte load * 
#Load a byte into the transmitter 
# 
#Are we one address past end of table 
#Yes, reload ptr 

#Read modem status reg 
#Mask all blts except CTS (MSR4) 
#Check for disabled CTS 

#Wait for active CTS (MSR4=!) 
#No, decrement counter and continue 
#ls byte counter 01 
#No, send next byte 
#ssve xmit ptr offset in ram 
#Check to see if it is 16th block 
#Yes, reload block counter * 
#Decrement block counter * 
#Finished sendlng 16 bytes 
#Reload block counter * 
#Flnlshed sending 15 bytes * 
#Reset offset 
#Go back and finiSh 
# 

INTERRUPT ROUTINE ************************ 
# 
# 
# 
# 
# 
# 
# 
# 
#Read lar 
# 
# 
# 
# 

i************************ MODEM STATUS INTERRUPT ROUTINE *********************** 
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msint: save [rO,rl,r2,r3] 
movd S4,rO 
addr message7,rl 
movd S26,r2 
movd SO,r3 
avc 
movb OxOdOOOIB,rO 
restore [rO,rl,r2,r3] 
jump popal! 

#***************************** COMPARE 

# 
# 
# 
# 
II 
# 
# 
# 
# 
# 

DATA ROUTINE **************************** 

'# 
lIThlS sUbroutine 1s called by the receiver interrupt routine wh1ch has set the 
#receiver offset (rbutott) to point at the last byte recetved. Thls subroutine 
#uses the compare offset (compoff) pointer as the pointer for both receive 
#buffer data and compare bufter data. Each locatIon is compared to ensure data 
#sent is identical to data recelved. This 1s done until compotf equals roufoff 
#stopping the process and returning from the Interrupt. NOTE: Data being 
#recelved is known data and an exact copy is loaded into memory prIor to any 
#transmisslon. 

compare: 

zeror6: 
compbyte: 

notend: 
notendl: 

reloadl: 

wrong: 

# 
addr cbuf(sb),rl #RI- base address of cbut base 
cmpd SO,r6 #Check for potential invalid subtraction 
beq zeeor6 #Jump around subtraction 
subd Sl,r6 # 
jump compbyte #Jump around subtraction fix 
movd SOxtt,r6 # 
movd compoff,r5 # 
cmpb O(rl)[r5:b],O(r4)[r5:b] #Compare data sent to data receIved 
bne wrong #Branch and set outl if wrong 

cmpb SOxOO,O(r4)[r5:b] 
bne notend 
jump reloadl 

addd Sl,compoff 
cmpd r5,r6 
beq bye 
jump compbyte 

addd Sl,sbufcnt 
movd SO,compoff 
jump notendl 

nop 
mOvb $OxOc,mcr 

II 
#Check for end ot buffer 
#Branch and 1ncrement pointers 
#Test for having compared all bytes 
# 
#Increment pointer 
# 
# 
# 
# 
#Increment transmlter cnt 
#Reload offset of pointer 
# 
# 
# 
lISet out 2, for error strobe 
# 

#************************* DATA MISMATCH MESSAGE ******************************* 

stop: 

save [rO,rl,r2,r3] 
movd S4,rO 
addr messageB,rl 
movd S!7,r2 
movd SO,r3 
svc 
restore [rO,r!,r2,r3] 

nop 
jump stop 

# 
#Save register tor supervIsor call 
#Value required by svc call 
#Mover address of message into rl 
#Number of characters lnto r2 
#Value required by svc call 
#Actual call 
#Restore registers 
# 
# 
lITest point 
# 
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bye: ret ° 
#**************************** RETURN FROM INTERRUPT 

# 
papal!: restore [rO,rl,r2,r3,r4,rS,r6,r7] 

retl # 
# 

#*********************************** Messages ********************************** 

isr .. nt: • word 
• word 

# 
messagel: .byte 13,lO,"Compare Complete",13,!O 
message2: .byte 13,lO,"Invalid Interrupt",13,lO 
message3: .byte 13,lO,"Receiver Timeout",13,IO 
message4: .byte 13,lO,"Receive data available Interrupt",13,IO 
messageS: .byte 13,IO,"THRE Interrupt",13,lO 
message6: .byte 13,IO,"Line Status Interrupt",13,IO 
m~88age7: .byte 13,lO,"Modem Status Interrupt",13,IO 
messageS: .byte 13,IO,"Daea Mismaech",13,IO 
xmitotf: .double ° 
compoff: .double ° 
blkl6cnt: .double 0 
sbufcne: .double ° 
rbufoff: .double ° 
Ox9020 
1sr-start 

#Mod table 
#Offset of service routine for 
#Dispatch table. 
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#3/30/87 ••••• D2APPS.ASM ••••••••• ADAPTED ORIGINALLY FROM DIRON56K.ASM 
# 
#THIS PROGRAM RUNS USING 2 DB32000 BOARDS WITH l6550As ENABLED AT ADDRESS 
#OdOOOOO WIRE-WRAPPED ON THE BOARDS. THIS SOFTWARE TRANSMITS THE DATA FF 
#THROUGH 00 REPEATEDLY TO THE REMOTE UART AND EXPECTS TO REPEATEDLY RECEIVE 
#THE DATA 00 THROUGH FF FROM THE REMOTE UART. IT SHOULD BE RUN IN CONJUNCTION 
#WITH THE PROGRAM DIAPPS.ASM RUNNING ON THE OTHER DB32000 BOARD. THE TX PIN OF 
#THIS l6550A SHOULD CONNECT TO THE RX PIN OF THE 16550A ON THE OTHER BOARD AND 
#VICE VERSA. ALSO, THE CTS PIN OF THIS l6550A SHOULD BE CONNECTED TO THE RTS PIN 
#OF THE 16550A ON THE OTHER BOARD AND VICE VERSA. THIS WILL ENABLE THE 
# APPROPRIATE HANDSHAKES TO OCCUR. 
# 
#TO RUN THIS PROGRAM YOU MUST: 

1. CONNECT THE RX & TX OF THE 2 16550As ON THE 2 DB32000 BOARDS 
2. CONNECT THE CTS & RTS OF THE 2 16550Aa ON THE 2 DB32000 BOARDS 
3. DOWNLOAD D2APPS.EXE TO THIS BOARD VIA THE GNX DEBUGGER [REV 1.02] 

# 
# 
# 
# 
# 
# 
# 
# 

4. DOWNLOAD DlAPPS.EXE TO OTHER BOARD VIA THE GNX DEBUGGER [REV 1.02] 
5. START D1APPS.EXE RUNNING ON THE OTHER DB32000 BOARD 
6. START D2APPS.EXE RUNNING ON THIS DB32000 BOARD 

tPROGRAM DETAILS: 
# 
# 
# ISR contains the TX SERVICE ROUTINE 
# 
# TX FIFO 1S CLEARED before a transmission 
# 
# DATA SENT FF ------ 00 
# 
# DATA RECEIVED and COMPARED 00 ------ FF 
# 
# BAUDRATE l28k WITH A 8.0 MHZ XTAL INPUT 

# 
TO THE 16550A 

#*********************** ESTABLISH 16550A REGISTER ADDRESSES ******************** 

.glob1 
.set rxd, 
.set txd, 
.set ier, 
.set iir, 
.set fer, 
.set 1er, 
.set mer, 
.set Isr, 
.set msreg, 
• set ser, 

1sr 
OxOdOOOOO 
OxOdOOOOO 
OxOd00004 
OxOd00008 
OxOd00008 
OxOdOOOOc 
OxOdOOOlO 
OxOd00014 
OxOdOOOlB 
OxOdOOOlc 

# 
# 
#Equate registers to their addresses 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 

ESTABLISH ADDRESSES FOR THE 32202 (ICU) ~~~~*************** 

# 
.set aO,4 

.set ieu hvet,O 

.set ieu-svet,l *aO 

.set ieu-elgt,2 *aO 

.set ieu-tpl,4 *aO 

.set ieu-ipnd,6 *aO 

.set ieu-lsrv,8 *aO 

.set ieu-1msk,10 *aO 

.set ieu=esre,12 *aO 

#Establlsh address a11gnment 
#between CPU and ICU 
#ICU reg1ster addresses 
# 
# 
# 
# 
# 
# 
jI 
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.sec icu_fprc,l4 *aO 

.set 1CU mccl,16 *aO 

.sec 1Cu::::c1pcr, 18 *aO 
• set 1CU pdac.19 *aO -
• Bet icu 1ps,20 *aO 
• set 1cu ::::pdir, 21 *aO 
.sec 1CU cccl,22 *aO 
• sec icu ::::C1CCl,23 *aO 

.sec 1cu_addr,OxftfaOO 

# 
# 
# 
# 
# 
# 
# 
# 
# 
#Firsc ICU regiscer address 
# 
# 
# 

i************************* STATIC BASE STARTING LOCATIONS ********************** 

.set 1rl mod, 17*4 

.sec sbut, Oxle 

.set rbuf, Ox4le 

.set cbut, Ox61e 

.set 1ncable, Ox8le 

i 
iDispacch Cable offset for IRl enCry 
#sbuf = area used co 
#score data co be cransmitted, rbuf 
#area used co store rece1ved daca, 
#cbuf = area used to store compare 
#buffer, 1ntable = base pointer to the 
#1ncerrupc Cable 
# 

i********************** SET UP DISPATCH TABLE FOR THE 32032 ******************** 

scart:: bicpsrw $(OxlOO) 
movd $OxOc,rO 
movd $Ox055555555,rl 
addr incable(sb),r2 
movd $OxOc,r3 
svc 
sprd 1ncbase,r2 
mova isrenc,irl_mod(r2) 

# 
#Clear intr's 
iSet for monitor svc co move intbase 
#from ROM to ram because you have 
ito change the address for the 
iinterrupt service routine. 
iActual svc for move 
#Puc base addr of 1ncbase in r2 
#PuC offsec of isr into 1st locacion 
#of d1spatch table 
# 

i********************* LOAD TRANSMITTER BUFFER (FF to 00) ********************** 
# 

senddac: addr sbuf(sb),rO #RO contains str1ng buffer ptr. 
movd $O,rl #Rl concains offseC 
movb $OxOtt,r2 Unit data reg. 

sbufloop: movb r2,0(rO) [rl:b] #Load char. to string buffer 
addqw 1,rl #Incremenc offsec pcr. 
subb $l,r2 #Increment daca 
cmpw rl,$256 #Check for 256 chars. loaded 
bne sbufloop #Jump back 1f not done 

# 
#*********************** LOAD COMPARISON BUFFER (00 TO FF) ********************* 

compdat: 

Cbufloop: 

addr 
movd 
movb 
movb 
addqw 
addqw 
cmpw 
bne 

Cbuf(.!!b),rO 
$O,rl 
$0,r2 
r2,0(rO)[rl:b] 
l,rl 
l,r2 
rl,$256 
cbufloop 

# 
iRO concains pointer 
#Rl contains offset 
Unit data reg. 
#Load char. to compare buffer 
#Increment ptr. off.!!ec 
#Decrement data 
#Check for 256 chars. loaded 
#Jump back if not done 
# 

#*************** SET UP INTERRUPT SERVICE ROUTINE PARAMETERS ******************* 
i 

movd $l6,blkl6cnt #Initialize 16 byte block counter 
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~ #*************************** 16550A INITIALIZATION ***************************** 
~ t 

movb 
movb 
movb 
movb 
movb 
movb 

$OxOBO,lcr 
$4,txd 
$O,ler 
$Ox003,lcr 
$O,ier 
$OxOc7,fcr 

#Set dlab = 1 for divisor latch access 
#Low divisor latch 56k w/B.O xtal 
tUpper divisor latch 
'Dlab = 0, B bits, no parity, 1 stop 
#Disable UART interrupts 
#Fifo=> trigger = 14, reset & enable 

• #**************************** INITIALIZE 32202 (ICU) *************************** 

movd 
movb 

$icu addr,rO 
$Oxca,lcu_mctl(rO) 

movqb O,icu cctl(rO) 
movqb -1,lcu tps(rO) 
movqb O,lCU csrc(rO) 
movqb O,icu-csrc+aO(rO) 
movb $OXlO,1CU avct(rO) 
movqb -I,icu elgt(rO) 
movqb -l,icu-elgt+aO(rO) 
movqb $2,lcu-tpl(rO) 
movqb O,icu tpl+aO(rO) 
movqb O,icu-fprt(rO) 
movqb O,lcu-fprt+aO 
movqb O,lcu-iarv(rO) 
movqb O,lcu-lsrv+aO(rO) 
movqb -l,icu lmsk(rO) 
movqb -l,lcu-imak+aO(rO) 
aetcfg [1] -
movd $lCU addr,rO 
movb $OX02,lCU mctl(rO) 
movb $OxOlO,lCU cctl(rO) 
movb $Oxfd,icu 1msk(rO) 
movb $Oxff,lcu-imsk+aO(rO) 
blsparw $(OxBOO) 

# 

• iRO icu address 
#Set mode B b1t bus mode, 
# freeze counters, 
# disable interrupts, 
i fixed priority. 
tHalt the counters 
#Set all pins to interrupt source 
#No cascaded interrupts (low reg) 
# (high reg) 
iSet interrupt base vector 
.Set level triggering (low reg) 
Hhlgh reg) 
#Set high polarity mode (low reg) 
#(hlgh reg) 
.Set highest priority to 0 (low reg) 
i(high reg) 
.Clear intr in-service regs (low reg) 
.(high reg) 
#Mask all lntr (low reg) 
#( high reg) H 
#Enable vectored intrp (1=1) 
# 
iFixed mode, B bit bus mode 
iSet to internal sampling 
#Enable trl 
#Mask all other interrupts 
tEnable cpu lntr's 
# 

#*************************** ENABLE 16550A INTERRUPtS ************************** 

endinit: 
movb $2,mcr 
movb $Ox07,ler 

# 
tClear outl, out2 and enable rts 
#Enable all but modem status interrupts 
# 

#********************** ENDLESS LOOP WAITING FOR INTERRUPTS ******************** 

holdloop: nop 
br holdloop 

t 
i 
i 
# 

.****************************** INTERRUPT HANDLER ****************************** 
t 

isr: save [rO,rl,r2,r3,r4,r5,r6,r7] 
movb iir,rO #RO- contains iir 
cmpb rO,$OxOc6 • 
beq laint OLine status interrupt 
cmpb rO,$OxOc4 0 
beq rdal tReceiver interrupt 
cmpb rO,$OxOcc # 
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beg rtmout 
cmpb rO,$OxOc2 
beg threi 
cmpb rO,$OxOcO 
beg mS1nt 

#Rec timeout interrupt 
# 
#THRE interrupt 
# 
#Modem 
# 
# 

status interrupt 

#************************** INVALID INTERRUPT 
# 

ROUTINE ************************** 

save [rO,rl,r2,r3] 
movd $4,rO 
addr message2,rl 
movCl $21,r2 
movd $O,r3 
svc 
restore [rO,rl,r2,r3] 

jump stop 

# 
# 
# 
# 
# 
# 
# 
# 
# 
#Restore all reg1sters 
# 
# 

#********************* RECEIVER TIMEOUT INTERRUPT ROUTINE ********************** 
# 

rtmout: jump rdai 
# 

#*************************** RECEIVER INTERRUPT ROUTINE ************************ 

# 
#This portion of the program is reached when the received data available 
#interrupt is act1ve. Once in this routine each byte removed from the FIFO 
#1S placed in the d&Signated static base memory location (labelled rbuf). 
#The Clata ready bit (DR) in the LSR is checked before each byte is removed 
#from the FIFO. Data sent will be compared to known data in another designated 
#static base area (labelled cbuf) by calling the compare subroutine. 

rdai: 

rdrbr: 

cont1nue: 

movb $O,mcr 
addr rbuf(sb),r4 
movd rbufoff,r6 
movb rxd,O(r4)[r6:b] 
cmpb $Oxtf,O(r4)[r6:b] 
addgw l,r6 
addgw l,rbufoff 
bne cont1nue 
movw $O,r6 
movw $O,rbufoff 
movb Isr,r3 
ando $Ol,r3 
cmpb $Ol,r3 
beg rdrbr 
movd r6,rbufoff 
bsr compare 
movb $2,mcr 
jump popal! 

# 
#Disaole RTS; stop transmiss10n 
#r4 conta1ns rbuf base address 
#Put rbuf offset runner into r6 
#Store a byte in the receive buffer 
#ls it the last character 
#lncrement offset ptr. 
#Track r6 
# 
#Reset pointer offset 
#Reset rbufoff 
#Read lsr 
#Mask all but bit 0 
# 
#Read rbr again if set 
#Put result ot r6 back into rbufoft 
# 
#Enable rts 
# 
# 

#****************************** TRANSMIT ROOTINE ******************************* 
# 

#The transmitter sends Clata prev10usly loaded into the stat1c base memory area 
#labelled sout. Th1ds routine sends data as 16 blocks of 16 bytes and 1 block 
#of 15 bytes, continuously. NOTE: Before each block transm1ssion occurs leTS 
#lS checked to ensure that the receiver ready. 

# 
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5-27 

» z . 
-'=" 
CD ..... 

!/ 



.... 
~ • z 
<C 

threi: 

send15: 
sendnexe: 

f1nish: 

abort: 

seesnd16: 

reload: 

addr sbuf(sb),rO 
movw xm1toff,rl 
cmpd $O,blk16cne 
beq send15 
movd $OxlO,r7 
jump sendnext 
movd $OxOf,r7 
movb O(rO)[rl:b],txd 
addqw l,rl 
cmpw rl,$256 
beq reload 
save [r7] 
movb msreg,r7 
andb $OxlO,r7 
cmpb $O,r7 
restore [r7] 
beq abort 
subb $l,r7 
cmpb $O,r7 
bne sendnext 
movw rl,xmieoff 
cmpd $O,blk16cnt 
beq setsnd16 
subb $1,blk16cnt 
jump papal! 
movd $16,blk16cnt 
jump papal! 
movd $O,rl 
jump finish 

iRO conta1ns base pointer 
isetup xm1t ptr offset 
tCheck to see 1f 1e is ehe 16th block 
tYes, send only 15 bytes instead of 16 
iNo, send 16 bytes 
#Jump around 15 byte load 
#Load counter for 15 byte load 
#Load a byte into the eransmitter 
# 
tAre we one address past end of table 
tYes, reload ptr 

tRead modem status reg 
tMask all bits except CTS (MSR4) 
#Check for disabled CTS 

iLeave on inactive CTS (MSR4~0) 
iNo, decrement counter and continue 
#Is byee counter O? 
tNo, send next byte 
#save xmit ptr offset in ram 
#Check to see if it is 16th block 
tYes, reload block counter 
tDecremene block counter 
#Finished sending 16 bytes 
tReload block couneer 
#Finished sending 15 bytes 
#Resee offset 
#Go back and finish 
# 

#************************ LINE STATUS INTERRUPT ROUTINE ************************ 

Isint: save 
movd 
addr 
movd 
movd 
svc 

[rO,rl,r2,r3] 
$4,rO 
message6,rl 
$25,r2 
$O,r3 

restore [rO,rl,r2,r3] 
movb lsr,r3 
jump rda1 

• # 
# 
# 
t 
# 
t 
i 
tRead lsr 
# 
# 

#************************ MODEM STATUS INTERRUPT ROUTINE *********************** 

ms1nt: save 
movd 
addr 
movd 
movd 
svc 

[rO,rl,r2,r3] 
$4,rO 
message7,rl 
$26,r2 
$0,r3 

movb OxOdOOOI8,rO 
restore [rO,rl,r2,r3] 
jump popall 

i 
# 
# 
t 
# 
# 
i 
# 
# 
# 

#***************************** COMPARE DATA ROUTINE **************************** 
# 

#The receiver subroutine branches to this subroutine after it has removed all of 
ithe data from the Rx FIFO. The rece1ve offset (rbufoff) 1s changed to point to 
tthe last byte rece1ved 1n rbuf. The compare offset (compoff) p01nts to each 
#byte 1n the rece1ve bufter and its associated byte 1n the compare register. 
iCompoff 1s incremented after each successful comparison and ehe comparisons 
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#end when compotf equals rbufoff. NOTE: Data being received by this test program 
#1s known data and a copy of 1t 1s loaded into cbuf before transmissions begin. 

compare: 

zeror6: 
compbyte: 

notend: 
notendl: 

reloadl: 

wrong: 

# 
addr cbuf(sb),rl #Rl- base address of Cbuf base 
cmpd SO,r6 #Check for potential invalid subtraction 
beq zeror6 #Jump around subtraction 
subd SI,r6 # 
jump compbyte #Jump around subtraction fix 
movd SOxtf,r6 # 
movd compoff,rS # 
cmpb 0(rl)[rS:b],0(r4)[rS:b] #Ccmpare data sent to data received 
bne wrong #Branch and set outl 1f wrong 

cmpb SOxff,0(r4)[rS:b] 
bne notend 
jump reloadl 

addd Sl,compoff 
cmpd rS,r6 
beq bye 
jump compbyte 

addd Sl,sbufcnt 
movd SO,compoff 
jump notendl 

movb SOxOc,mcr 

# 
# 
#Check for end of buffer 
#Branch and 1ncrement pointers 
#Test for having compared all bytes 
# 
# 
#Increment pOinter 
# 
# 
# 
# 
#Increment transmiter cnt 
#Reload offset of pointer 
# 
# 
#Set out 2, for error strobe 
# 

#************************* DATA MISMATCH MESSAGE ******************************* 

stop: 

bye: 

popall: 

save [rO,rl,r2,r3] 
movd S4,rO 
addr message8,rl 
movd Sl7,r2 
movd SO,r3 
svc 
restore [rO,rl,r2,r3] 

nop 
jump stop 

ret 0 

RETURN 

# 
#Save register for supervisor call 
#Value required by svc call 
#Mover address of message into rl 
#Number of characters 1nto r2 
#Value required by evc call 
#Actual Cal! 
#Restore registers 
# 
# 
#Test point 
# 
# 
# 

FROM INTERRUPT .* ••••• * ••• *** •••• ** •••••• *. 
# 

restore [rO,rl,r2,r3,r4,rS,r6,r7] 
reti # 

# 
#*********************************** Messages ********************************** 

# 
messagel: .byte 13,10, "Compare Complete",l3,lO 
message2: .byte 13,10,"Invalid Interrupt",13,10 
message3: .byte 13,10, "Receiver Timeout",13,10 
message4: .byte 13,10,"Receive data available Interrupt",l3,IO 
messageS: .byte 13,10,"TARE Interrupt",13,10 
message6: .byte 13,10,"L1ne Status Interrupt",13,10 
message7: .byte 13,10,"Modem Status Interrupt",13,10 
message8: .byte 13,10,"Data M1smatch",l3,10 
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A Comparison of the 
I NS8250, NS 16450 and 
NS 16550A Series of UARTs 

National currently produces seven versions of the INS8250 
UART. Functionally, these parts appear to be the same, 
however, there are differences that the designer and pur­
chaser need to understand. For each version, this docu­
ment provides a brief overview of their distinct characteris­
tics, a detailed function and timing section, a discussion of 
software compatibility issues and the AC timing parameters. 

1.0 Part Summary 
The seven versions currently produced are deSignated 
INS8250, INS8250-B, INS8250A, NS16450, INS82C50A, 
NS16C450, and NS16550A. These devices are grouped be­
low by process type. 

NMOS DEVICES 

1. INS8250: This is the original version produced by Nation­
al. It is the same part as the INS8250-B, but with faster 
CPU bus timings. 

2. INS8250-B: This is the slower speed (CPU bus timing) 
version of the INS8250. It is used by many popular 8088-
based microcomputers. 

XMOS DEVICES 

1. INS8250A: This is a revision of the INS8250 using the 
more advanced XMOS process. The INS8250A is better 
than the aforementioned parts due to the redesign (com­
pare section 2.0 to 3.0) and the following process charac­
teristics-closer threshold voltage control, more reliably 
implemented process topography and finer control over 
the active area critical dimensions. XMOS and CMOS 
parts should be used for all new designs. This part is 
used in many popular 8086-based microcomputers. 

2. NS16450: This is the faster speed (CPU bus timing) ver­
sion of the INS8250A. It is used by many popular 80286-
based microcomputers. 

3. NS16550A: This is the newest member of the UART fami­
ly. It powers-up in the NS16450 mode and is completely 
compatible with all software written for the NS16450. It 
has advanced features such as on-board FIFOs, a DMA 
interface, faster CPU bus timings and a much higher max­
imum baud rate than the NS16450. The NS16550A 
should be used for all new non-CMOS deSigns, including 
those that were originally done with the NS16550. It is 
used in recent versions of popular 80286-based, 80386-
based and ROMP-based microcomputers. Software writ­
ten for the NS16550 is completely compatible with the 
NS16550A. Section 5.0 describes how the software can 
distinguish between the NS16550 and the NS16550A. 

4. NS16550: This part powers-up in the NS16450 mode and 
is completely compatible with all software written for the 
NS16450. It has advanced features, such as a DMA inter­
face. The on-board FIFOs are essentially non-functional. 
This part was issued on a limited basis. Any user that 
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wants this part should order the NS16550A. Section 5.0 
describes the differences between the NS16550 and the 
NS16550A in detail. 

CMOS DEVICES 

1. INS82C50A: This is a CMOS version of the INS8250A. It 
functions identically and for most AC parameters has the 
same timing specification as the INS8250A (see Section 
4.0). It draws approximately 1/10 (10 mAl of the maxi­
mum operating current of the INS8250A. 

2. NS16C450: This is a CMOS version of the NS16450. It 
functions identically and for most AC parameters has the 
same timing specification as the NS16450 (see Section 
4.0). It draws approximately 1/12 (10 mAl of the maxi­
mum operating current of the NS16450. 

Note: The XMOS and CMOS UARTs are not plug-in replacements for the 
INS8250/INS8250-B when used with ICUs that are in the popular 
edge-triggered configuration. However. there are easily implement­
ed adjustments to the driving software or associated hardware that 
will allow these parts to be a plug-in replacement (see Section 
6.0). 

FIGURE 1. Connection Diagram 

2.0 INS8250 and INS8250-B 
Functional Considerations 

TLiC/9320-1 

Designers using these NMOS parts should be well aware of 
the following considerations. 

1. The Modem Status and Line Status registers are master­
slave registers which transfer data from the master to the 
slave only when the INS8250, INS8250-B is not enabled. 
Thus, if the UART is never disabled: 

-The status registers are never updated. 

-The character in the transmit holding register will be 
transmitted repeatedly. 

-The CPU cannot read the current error status indica­
tion. 

5-30 



Recommendation: Disable the INS8250, INS8250-B be­
tween accesses. 

2. At power-on the UART will occasionally transmit a ran­
dom character. This occurs after release of the master 
reset and before it receives data from the CPU. The 
THRE and TSRE bits are unreliable at this time, due to 
their unpredictable state at power-on. 

Recommendation A: Use the following initialization rou­
tine: 

-Master reset. 

-Enable loop back mode (this causes any randomly sent 
characters to be sent to the receiver). 

-Load baud rate generator and initialize line control reg­
ister. 

-Wait one character time and then clear the receiver 
buffer by reading it and clear any errors by reading the 
line status and modem status registers. 

-Disable the loopback mode. 

The INS8250, INS8250-B is now initialized for normal opera­
tion and the THRE and TSRE bits are reliable. This proce­
dure can be used with the INS8250A, NS16450 and 
INS82C50A, although it is unnecessary. 

Recommendation B: Use one of the modem output lines to 
gate the transmitter data line. 

3. When the transmitter interrupt is enabled, an interrupt oc­
curs immediately regardless of the transmitter holding 
register's state. Furthermore, the first valid interrupt con­
dition will probably be missed. 

Recommendation: Use the following procedure to solve this 
problem: 

-Wait for the transmitter holding register to empty. 

-Disable microprocessor interrupts. 

-Write to the interrupt enable register. The interrupt indi-
cation that would normally appear at this time will be 
cleared by a previously stored reset, if the IIR has been 
read prior to this 

Note: Whenever the IIR register is read and an active THRE interrupt will be 
cleared. If no THRE interrupt is active then the first THRE interrupt 
after the reading of IIR will be cleared). 

-Write to the interrupt enable register, again. Since there 
is no read of the IIR before this second write IER, there 
will be no stored reset to clear the normal THRE interrupt. 

-Enable microprocessor interrupts. 

4. If data is not valid before and after WR or WR is active, 
then the bits of the internal register being addressed may 
change unpredictably. This could temporarily change any 
programmable UART function controlled by the ad­
dressed register. This situation exists because the 
INS8250, -B accepts data via fall-through latches that are 
enabled by the WR or WR going active rather than 
latched on the trailing edge of WR or WR. Examples of 
this are glitches on the modem control lines or a tempo­
rary break on the serial output line while a command is 
written to the MCR or the LCR registers. 

Recommendation A: To avoid these problems the data 
must be valid just before, throughout and just after activa­
tion of WR or WR. 
When using an 8088, 8086, 6800 or 8048 microproces­
sor, delay the leading edge of the write strobe until the 
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data is stable. The above precaution is unnecessary 
when using the 8080, the NSC800™ or the Z80 micro­
processors. Designs using a 32016 or 80286 should use 
the 16450, which avoids this problem by not having fall­
through latches (see Section 3.0, Item 1). 

Note: The temporary break caused by a spurious glitch on LeA6 can also 
be avoided by setting the loopback mode prior to writing to the line 
control register. 

5. The transmitter generates start bits longer than the rest 
of the data by approximately 1 ,...s. This is due to a look­
ahead circuit that sends the start bit while data is being 
transferred from the transmitter holding register to the 
transmitter shift register. At 56 kB this causes a 6.25 % 
error. 

Recommendation: Be aware that the last stop bit will be 
reduced by an equivalent amount of time (approximately 
1 ,...s). 

6. If the CPU is slow in servicing the UART it could read 
current status (LSR) and then the next data byte (RBR), 
instead of the current data byte. An example of this type 
of failure would be losing a received character without an 
overrun indication. This occurs when the CPU reads the 
receiver buffer when another character from the shift reg­
ister was being transferred to it. UART registers are up­
dated as soon as the received data is available (i.e., the 
receive buffer register is updated as soon as all of the 
data bits have been received, the parity flag is updated as 
soon as the parity bit is received, the overrun flag is up­
dated as soon as the stop bit is received, etc.). 

Recommendation: The CPU must read the buffer sooner. 

7. The transmitter character may be erroneous, if the 
INS8250, -B transmits with 5 data bits and 1 and % stop 
bits. 

Recommendation: Use only 1 stop bit. 

8. Writing a "1" to bit 1 of the Interrupt Enable Register 
(IER1), when the Transmitter Holding Register is not 
empty sets the THRE interrupt, regardless of the THRE 
status bit condition. 

Recommendation: Only set bit 1 in the Interrupt Enable 
Register (IER1) if the Transmitter Holding Register is 
empty. 

9. When multiple interrupts are pending, the interrupt line 
(INTR) pulses low after each interrupt instead of remain­
ing high continuously. 

Recommendation: This will not cause problems in normal 
operation, however, it is a condition necessary for com­
patibility in some popular 8088-based microcomputers 
that use an edge-triggered ICU (see Section 6.0). 

10. Bit No.6 (TSRE) of the line status register is set as soon 
as the transmitter shift register empties whether or not 
the transmitter holding register contains a character. Bit 
No.6 is then reset when the transmitter shift register is 
reloaded. 

Recommendation: This will not cause problems in nor­
mal operation. However, it is a function tested on some 
popular 8088-based microcomputer systems diagnostic 
programs. 

2.1 ADDITIONAL FUNCTIONAL CONSIDERATIONS 

When using the INS8250-B in full duplex operation with the 
THRE interrupt enabled and either one or both of the higher 
priority interrupts enabled (Receiver Data Available, Receiv-
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er Line Status), the THRE interrupt indication may be lost. 
This is only possible if both data transmission and reception 
are occurring simultaneously. To avoid this problem use one 
of the three software aids listed below. The first two should 
be inserted in the Receiver Data Available and/or Receiver 
Line Status service routines. The last one should be insert­
ed in the THRE service routine. Any of the following will 
result in successful operation given the above circum­
stance. 

SOFTWARE AIDS 

1. While inside the higher order interrupt service routines; 
test the THRE bit, if it is 1 then set IER1. 

2. While inside the higher order interrupt service routines; 
test the THRE bit, if it is 1 then set a flag and service the 
transmitter as soon as you exit the routine. 

3. Poll THRE (LSR5) instead of using the IIR. 

3.0 INS8250A and NS16450 
Function and Timing 
Considerations 
1. Chip select does not affect data transfers from the mas­

ter register to the slave register. Therefore, the UART 
doesn't have to be deselected before it can offer valid 
status updates to the CPU. 

2. The master reset (MR) input has a Schmitt Trigger circuit 
added to it. 

3. A transmitter interrupt occurs only if the transmitter hold­
ing register is empty when bit 1 of the Interrupt Enable 
Register (IER) is set. 

4. The UARTs latch data written to them on the trailing edge 
of the WR or WR signal, so data does not need to be 
valid for the total time write is active. 

5. The loop back diagnostic function sets the modem control 
outputs RTS, DTR, OUTl and OUT2 to their inactive 
state (logic "1 "), so they will send no spurious signals. 

6. A one byte scratch pad register is included at location 
111. This register is not on the INS8250 or -B. 

7. When multiple interrupts are pending the interrupt line re­
mains high rather than pulsing low after each interrupt is 
serviced. The INS8250A and NS16450 have level sensi­
tive interrupts as opposed to edge-triggered interrupts. 
This requires a change in the UART driver software or 
associated hardware if the INS8250A, NS16450 is used 
with some popular microcomputers, and their edge-trig­
gered ICUs (see Section 6.0). 

8. Bit 6 of the line status register is set to 1 when both the 
transmitter holding and shift register are empty. This 
causes the INS8250A and NS16450 to be incompatible 
with some INS8250 software utilizing this bit. 

3.1 TIMING CONSIDERATIONS 

1. A start bit will be sent typically 16 clocks (1 bit time) after 
the WRTHR signal goes active. 

2. The leading edge of WRTHR resets THRE and TEMT. 

3. All of the line status errors and the received data flag 
(DR, data ready) are set during the time of the first stop 
bit. 

4. TEMT is set 2 RCLK clock periods after the stop bit(s) are 
sent. 

5. The modem control register updates the modem outputs 
on the trailing edge of WRMCR. 

3.2 CRYSTAL REQUIREMENTS 

There have been reports that certain types of 1.8432 MHz 
crystals have not been starting when used with the 
INS8250s (excluding the INS82C50A). The problem is with 
the smaller size versions of the crystal and their higher ESR 
values. In order to overcome this problem the following cir­
cuit should be used. 

SIN ! (RE~~~~~ ~ START I DATA BITS (5 - 8) 

DATA) 

FIGURE 2. Serial Data Timing 

40-S0pF ~ 

FIGURE 3. The Oscillator Circuit 

Crystal parameter for the above circuit are: 
type 
resonance 
load capacitor 
max. Rs 
cal. tolerance 
drift tolerance 
overall tolerance 
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AT cut 
fundamental (parallel) 
20 pF - 32pF 
1 k @ 1 MHz, 500 @ 5 MHz 
+ 0.005% @ 25°C 
+ 0.005% @ O°C - + 70°C 
+0.01% 

TL/C/9320-2 
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3.3 ADDITIONAL FUNCTIONAL CONSIDERATIONS 

When using either the INS8250A or the NS16450 in full duo 
plex operation with the THRE interrupt enabled and either 
one or both of the higher priority interrupts enable (Receiver 
Data Available, Receiver Line Status), the THRE interrupt 
indication may be lost. This is only possible if both data 
transmission and reception are occurring simultaneously. To 
avoid this problem use one of the three following software 
aids. The first two should be inserted in the Receiver Data 
Available and/or Receiver Line Status service routines. The 
last one should be inserted in the THRE service routine. Any 
of the following will result in successful operation given the 
above circumstance. 

SOFTWARE AIDS 

1. Disable and then reenable transmitter interrupts via IER1 
after the last time the IIR is read in higher order interrupt 
service routines. 

2. While inside the higher order interrupt service routines; 
test the THRE bit, if it is 1 then set a flag and service the 
transmitter as soon as you exit the routine. 

3. Poll THRE (LSR5) instead of using the IIR. 

4.0 INS82C50A and NS16C450 
Function and Timing 
Considerations 
All of the information presented in Sections 3.0 through 3.2 
is applicable to the CMOS parts. In addition, the following 
items specify differences between XMOS and CMOS parts. 
They are applicable to the CMOS parts only: 

1. Anytime a reset pulse is issued to the INS82C50A or 
NS 16C450 the divisor latches must be rewritten with the 
appropriate divisors in order to start the baud rate gener­
ator. 

2. tSI is from 16 to 48 RCLK cycles in length 

5.0 NS16550A and NS16550 Func­
tion and Timing Considerations 
All of the information present in Sections 3.0 and 3.1 is ap­
plicable to the NS16550A and NS16550. 

The primary difference between these two parts is in the 
operation of the FIFOs. The NS16550 will sometimes trans­
fer extra characters when the CPU reads the RX FI FO. Due 
to the asynchronous nature of this failure there is no work­
around and the NS16550 should NOT be used in the FIFO 
mode. The NS16550A has no problems operating in the 
FIFO mode and should be used on all new designs. 

The programmer should note the difference in the function 
of bit 6 in the Interrupt Identification Register (IIR6). This bit 
is permanently at logical 0 in the NS16550. In the 
NS16550A this bit will be set to a 1 when the FIFOs are 
enabled. In both parts bit 7 of the IIR is set to a 1 when the 
FIFOs are enabled. Therefore, the program can distinguish 
when the FIFOs are enabled and whether the part is an 
NS16550A or an NS16550 by checking these two bits. In 
order to enable the FIFO mode and set IIR6 and IIR7 bit 0 of 
the FIFO Control Register (FCRO) should be set. Remember 
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unless both bits IIR6 and IIR7 are set, the program should 
not transfer data via the FIFOs. 

The following are improvements in the AC timings for the 
NS 16550A over the NS 16450: 

1 . tAR changes from 60 ns to 30 ns. 

2. tcsw changes from 50 ns to 30 ns. 

3. tCSR changes from 50 ns to 30 ns. 

4. RC changes from 360 ns to 280 ns. 

5. tRC changes from 175 ns to 125 ns. 

6. tos changes from 40 ns to 30 ns. 

7. tOH changes from 40 ns to 30 ns. 

8. Timing parameters specified by tSINT will change in some 
cases when the FIFOs are enabled. Refer to the data 
sheet for specific changes. 

6.0 Software Compatibility 
The first part produced (I NS8250·B) had some flaws and 
the first revision of that part (INS8250A) resolved those 
flaws. Between the time of the first part and the first revi­
sion, use of the INS8250-B in personal computers became 
quite common. Two of the conditions present in the 
INS8250·B are required in many of these personal comput­
ers (see Items 9 and 10 in Section 2.0). These two detect 
multiple pending interrupts from the INS8250-B and test the 
baud rate. These two conditions were eliminated in the revi­
sion part and all parts thereafter. Thus, the more recent 
UARTs require that one of the following recommendations 
or a similar change is made to the target system. Changing 
the software or hardware allows the more recent UARTs to 
replace the INS8250-B. If the target system services the 
UART via polling rather than interrupts, then all of the more 
recent parts will be plug-in replacements for the INS8250-B. 
Note: The NS16550A has two pins with new functions (see the data sheet 

for specifics). 

6.1 USING THE INS8250A, NS16450, INS82C50A, 
NS16C450 AND NS16550A WITH EDGED-TRIGGERED 
ICUs 

Using these UARTs with an edge-triggered ICU as in some 
of the popular microcomputers requires a signal edge on the 
INTR pin for each pending UART interrupt. Otherwise, when 
multiple interrupts are pending the interrupt line will be con­
stantly high active and the edge-triggered ICU will not re­
quest additional service for the UART. 

6.2 CREATING AN INTERRUPT EDGE VIA SOFTWARE 

This is done by disabling and then re-enabling UART inter­
rupts via the Interrupt Enable Register (IER) before a specif­
ic UART interrupt handling routine (line status errors, re­
ceived data available, transmitter holding register empty or 
modem status) is exited. To disable interrupts write H'OO to 
the IER. To re-enable interrupts write a byte containing ones 
to the IER bit positions whose interrupts are supposed to be 
enabled. 

6.3 CREATING AN INTERRUPT EDGE IN HARDWARE 

This is done externally to the UART. One approach is to 
connect the INTR pin of the UART to the input of an AND 
gate. The other input of this AND gate is connected to a 
signal that will always go low active when the UART is ac-
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cessed (see Figure 4). The output of the AND gate is used 
as the interrupt to the ICU. 
Note: This simple hardware recommendation will result in one invalid inter­

rupt being generated, so the software routine should be able to han­
dle this. The example shown below was tested using a modified asyn­
chronous card in a few BOBS-based microcomputer systems. 

7.0 Acknowledgements 
The editor expresses his gratitude to all of the applications, 
design and field applications engineers whose laboratory 
and field research have discovered most of the technical 
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(FROM INS8250A, NS16450 
OR NS16550A) 

(FROM 8288) 

INTR=D-_ INTR 
lOR 
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FIGURE 4: Creating an INTR Edge in Hardware 
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AC Electrical Characteristics TA = O'Cto +70'C, Vcc = 5V ±5% 

Symbol Parameter Conditions 
NS16550A 

Min Max 

tAOS Address Strobe Width 60 

tAH Address Hold Time 0 

tAR RD/RD Delay from Address (Note 1) 30 

tAS Address Setup Time 60 

tAW WR/WR Delay from Address (Note 1) 30 

tcH Chip Select Hold Time 0 

tcs Chip Select Setup Time 60 

tcsc Chip Select Output Delay from Select (Notes 1, 8) NA 

tCSR RD/RD Delay from Chip Select (Note 1) 30 

tcss Chip Select Output Delay from Strobe NA 

tcsw WR/WR Delay from Select (Note 1) 30 

tDH Data Hold Time 30 

tDS Data Setup Time 30 

tHZ RD/RD to Floating Data Delay (Notes 3, 8) 0 100 

tMR Master Reset Pulse Width 5 

tRA Address Hold Time from RD/RD (Note 1) 20 

tRC Read Cycle Delay 125 

tRCS Chip Select Hold Time from RD/RD (Note 1) 20 

tRD RD/RD Strobe Width 125 

tRDA RD/RD Strobe Delay from ADS NA 

tROD RD/RD Driver Enable/Disable (Notes 3, 8) 60 

tRVD Delay from RD/RD to Data (Note 8) 125 

twA Address Hold Time from WR/WR (Note 1) 20 

twc Write Cycle Delay 150 

Note 1: Applicable only when ADS is tied low. 
Note 3: Charge and discharge time is determined by VOL. VOH and the external timing. 

Note 8: Loading of 100 pF. 
NA ~ Not Applicable. 

NS16450 
NS16C450 

Min Max 

60 

0 

60 

60 

60 

0 

60 

100 

50 

NA 

50 

40 

40 

0 100 

5 

20 

175 

20 

125 

NA 

60 

125 

20 

200 

.... _11 --_._--,...., ....... , ..... . 

INS8250A 
INS8250 INS8250-8 

INS82C50A Units 

Min Max Min Max Min Max 

90 90 120 ns 

0 0 60 ns 

80 110 110 ns 

90 110 110 ns 

80 160 160 ns 

0 0 60 ns 

90 110 110 ns 

125 200 200 ns 

80 110 110 ns 

NA 0 150 0 150 ns 

80 160 160 ns 

60 60 100 ns 

90 175 350 ns 

0 100 0 150 0 150 ns 

10 25 25 ns 

20 10 10 ns 

500 1735 1735 ns 

20 50 50 ns 

175 175 350 ns 

NA 0 0 ns 

75 150 250 ns 

175 250 300 ns 

20 50 50 ns 

500 1785 1785 ns 
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AC Electrical Characteristics TA = O'Cto +70'C, Vee = 5V ±5% (Continued) 

NS16550A 
NS16450 INS8250A 

INS8250 INS8250·B 
Symbol Parameter Conditions NS16C450 INS82C50A Units 

Min Max Min Max Min Max Min Max Min Max 

Iwcs Chip Select Hold Time from WR/WR (Note 1) 20 20 20 50 50 ns 

tWDA WR/WR Delay from Address NA NA NA 50 50 ns 

tWR WR/WR Strobe Width 100 100 175 175 350 ns 

tXH Duration of Clock High Pulse (Note 4) 55 140 140 140 140 ns 

tXL Duration of Clock Low Pulse (Note 4) 55 140 140 140 140 ns 

RC Read Cycle = tAR + tDlw + tRC 280 360 755 2000 2205 ns 

WC Write Cycle = tDDA + tDOW + twe 280 360 755 2100 2305 ns 

BAUD GENERATOR 

N Baud Divisor 1 216-1 1 216 -1 1 216 -1 1 216-1 1 216 -1 ns 

tBHD Baud Output Positive Edge Delay (Note 8) 175 175 250 250 250 ns 

tBLD Baud Output Negative Edge Delay (Note 8) 175 175 250 250 250 ns 

01 
c" tHW Baud Output Up Time (Note 5) 75 250 250 330 330 ns 
(J) 

tLW Baud Output Down Time (Note 6) 100 425 425 425 425 ns 

RECEIVER (Note 2) 

tRINT Delay from RD/RD (RD RBR/RDLSR) (Note 8) 
1000 

to Reset Interrupt 
1000 1000 1000 1000 ns 

tSCD Delay from RCLK to Sample Time 2000 2000 2000 2000 2000 ns 

tSINT Delay from Stop to Set Interrupt 1 RCLK 1 RCLK 1 RCLK 2000 2000 ns 

Note 1: Applicable only when ADS is tied low, 
Note 2: For the NS16550A in the FIFO Mode (FCAO = 1) the trigger level and timeout interrupts, the receiver data available indication, the active RXRDY indication and the overrun efror 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. 

Note 4: The maximum external clock for the NS16550A is 8 MHz, NS16450 and INS8250A is 3,1 MHz and INS8250 and INS8250·B is 3,1 MHz, 100 pF load. 
Note 5: The maximum external clock for the NS16550A is 8 MHz, NS16450 and INS8250A is 3,1 MHz and INS8250 and INS8250·B is 3.1 MHz. 100 pF load. This parameter is tested on the NS16550A and guaranteed by design on 
all other parts, 
Note 6: The maximum external clock forthe NS16550A is 8 MHz, NS16450 and INS8250A is 2,1 MHz and INS8250 and INS8250·B is 3,1 MHz. 100 pF load. This parameter is tested on the NS16550A and guaranteed by design on 
all other parts, 
Note 8: Loading of 100 pF, 
NA ~ Not Applicable. 
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AC Electrical Characteristics TA = O°Cto + 70°C, Vee = 5V ±5% (Continued) 

NS16550A 
NS16450 INS8250A 

INS8250 INS8250-B 
Symbol Parameter Conditions NS16C450 INS82C50A Units 

Min Max Min Max Min Max Min Max Min Max 

TRANSMITTER 

tHR Delay from WR/WR (WR THR) 
(Note 8) 175 175 1000 1000 1000 ns 

to Reset Interrupt 

tlR Delay from RD/RD (RD IIR) to 
(Note 8) 250 250 1000 1000 1000 ns 

Reset Interrupt (THRE) 

tlRS Delay from InitiallNTR Reset (Note 10) 
8 24 24 40 24 40 16 16 

Baudout 
to Transmit Start Cycles 

lSI Delay from Initial Write to Interrupt (Notes 7, 9) 
16 24 16 24 16 24 50 50 

Baudout 

Cycles 

tss Delay from Stop to Next Start NA NA NA 1000 1000 ns 

01 

tSTI Delay from Stop to Interrupt (THRE) (Note 7) 
8 8 8 8 8 8 8 8 

Baudout 

Cycles 
c:, ...., tSXA Delay from Start to TXRDY Active (Note 8) 

8 NA NA NA NA 
Baudout 

Cycles 

tWXI Delay from Write to TXRDY Inactive (Note 8) 195 NA NA NA NA ns 

MODEM CONTROL 

tMDO Delay from WR/WR (Note 8) 
200 200 1000 1000 1000 ns 

(WR MeR) to Output 

tRIM Delay to Reset Interrupt from (Note 8) 
250 250 1000 1000 1000 ns 

RD/RD (RD MSR) 

ISIM Delay to Set Interrupt from MODEM Input (Note 8) 250 250 1000 1000 1000 ns 

Note 7: This delay will be lengthened by 1 character time, minus the last stop bit time if the transmitter interrupt delay circuit is active. 

Nole 8: Loading of 100 pF. 
Nole 9: For both the NS16C450 and INS82C50A the value of tSI will range from 16 to 48 baudout cycles. 
Nole 10: For both the NS16C450 and the INS82C50A the value of tlRS will range from 24 to 40 baudout cycles. 
NA ~ Not Applicable. 
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Comparison Study NSC800 vs. 
8085f80C85 Z80® fZ80 CMOS 

Introduction 
The NSC800 is an 8-bit parallel processor with a Z80 com­
patible instruction set manufactured using National's micro­
CMOS process. This process combines the speed of silicon 
gate NMOS with the low power inherent to CMOS. 

The NSC800 has a 16-bit address bus which consists of the 
upper eight address bits (A8-A (5) and the lower eight ad­
dress bits (ADO-AD7). Address bits AO-A7 are time multi­
plexed on the 8-bit bidirectional addressl data bus (ADO­
AD7). 

There are several advantages to using a multiplexed ad­
dressl data bus. Multiplexing frees pins on the CPU and pe­
ripheral packages for other purposes, such as status out­
puts, DMA control lines, and multiple interrupts. This can 
reduce system component count. Fewer bus signal lines are 
required for device interconnections in most applications 
(16 lines for multiplexed bus systems vs. 24 lines for non­
multiplexed systems). This reduces PC board complexity. 

Peripherals of the NSC800 Family include: 

NSC810A RAM 1/0 Timer 

NSC831 1/0 

NSC858 UART 

In addition to the above parts, a complete family of low pow­
er speed compatible logiC and interface parts is also avail­
able. 

NSC800 vs. 8085 
In terms of bus structure, the NSC800 is similar to the 8085. 
Both processors utilize a multiplexed bus and timing rela­
tionships are approximately the same. The 8085 does not 
guarantee that output data on ADO-AD7 are valid on both 
the leading and trailing edges of WR. For the NSC800, data 
are valid on both the leading and trailing edges of WR. 

Both the NSC800 and the 8085 use ALE, SO,SI, and 101M 
to indicate status. The lower eight address bits are guaran­
teed to be valid on the data bus at the trailing edge (high to 
low transition) of ALE (Address Latch Enable). This signal is 
used by the external system components to separate the 
address and data buses. When the only components uti­
lized in the system are members of the NSC800 family 
(which contain on-Chip demultiplexers), ALE needs only to 
be connected to the enable inputs. If non-NSC800 family 
components are used, ALE can be used to enable an 8-bit 
latch to perform the function of bus separation. 

Decoding status bits SO and SI, in conjunction with 101M, 
notifies the external system of the type of the ensuing M 
cycle. TABLE I shows a truth table of the encoded informa­
tion. During a halt status the NSC800 will continue to refresh 
dynamic RAM. 
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TABLE I. 
Machine Cycle Status - NSC800 and 8085 

SO S1 101M Status 

1 0 0 Memory Write 
0 1 0 Memory Read 
1 0 1 1/0 Write 
0 1 1 1/0 Read 
1 1 0 Opcode Fetch 
0 1 0 Bus Idle" 
0 0 0 Halt 

* ALE not suppressed during Bus Idle 

Direct Memory Access (DMA) control signals BREQ and 
BACK of the NSC800 perform the same functions as HOLD 
and HLDA on the 8085. The NSC800 allows simple wire 
ORing by using active low states for the DMA control sig­
nals. An active low on the BREQ (Bus Request) line, tested 
during the last T state of the current M cycle, initiates a 
DMA condition. The NSC800 will then respond with an ac­
tive low BACK (Bus Acknowledge) signal causing the ad­
dress, data and control buses (TRI-STATE® circuits) to go 
to the high impedance state, and notifies the interrupting 
device that the system bus is available for use. There is a 
difference in the timing relationship between these functions 
for the two processors. The 8085 responds with HLDA, one­
half T state after it recognizes HOLD. The NSC800 re­
sponds with BACK, one T state after it recognizes BREQ. 

During Input/Output cycles for peripherals, the NSC800 au­
tomatically inserts one wait state. This reduces the external 
hardware required for slow peripherals. The 8085 does not 
insert its own wait state during these 1/0 cycles. When they 
are needed, the 8085 user must design his system to con­
tain the additional hardware required to do the wait state 
insertion. When more than one wait state is required, addi­
tional wait states can be added to the 1/0 cycles in a similar 
way on both the NSC800 and the 8085. On the NSC800, 
this is accomplished by bringing the WAIT control signal 
active low during T2 of an 1/0 or memory cycle. The 8085 is 
controlled in the same way through the use of the READY 
line. 

The NSC800 instruction set is Z80 compatible and more 
powerful than the 8085's. The NSC800 does not support 
the RIM and SIM instructions of the 8085 (RIM and SIM can 
be emulated with 1/0 instructions), but has an improved in­
struction set for enhanced system performance. The 
NSC800 has two functions, RFSH and PS, instead of the 
two serial 1/0 lines SOD and SID. RFSH (Refresh) is a 
status signal which indicates that an eight bit refresh ad­
dress is present on the addressldata bus (ADO-AD7). The 
refresh address occurs during T3 of each Ml (opcode fetch) 
cycle. The internal refresh counter is incremented after 



each instruction cycle. This counter output can be employed 
by the user's dynamic RAM refresh circuits. The PS (Power 
Save) control input, when active, causes the CPU to stop all 
internal clocks at the end of the current instruction, which 
reduces power consumption. The on-chip oscillator and 
ClK remain active for any required external timing. The 
NSC800 leaves all buses unchanged during this time, which 
has the effect of reducing power consumption on other 

CMOS parts in the system since the buses are not changing 
states. All internal registers and status conditions are main­
tained, and when PS subsequently goes high, the opcode 
fetch cycle begins in a normal fashion. 

TABLE II indicates the major differences between the 
NSC800 and the 8085 presented in tabular form for quick 
reference. 

TABLE II. 
NSC800 vs. 8085/80C85 Comparison 

Item NSC800 

Power Consumption 50mW@5V 
Bus Drive Capacity 1 std. TTL 

(100 pF) 
Dynamic RAM Refresh Counter Yes,8-bit 
Automatic WAIT State on I/O Yes 
Number of instruction types 158 
Number of Programmer 

Accessible Registers 22 
Block I/O and Search Yes 

Nscaoo Vs. zao/zao CMOS 
The NSC800 contains the same complement of internal reg­
isters as the Z80 and maintains instruction set and opcode 
compatibility. 

Machine cycle timing for the standard speed version of the 
NSC800 compares directly with the Z80. Although the soft­
ware execution speeds are comparable, the NSC800 offers 
architectural advantages. 

The bus structures of the NSC800 and the Z80 are quite 
different. The NSC800 uses a multiplexed address/data 
bus. The Z80 has separate address and data buses. As 
stated earlier, the separate bus structure requires additional 
signal lines for interconnection and gives up some package 
pins which could be used for other purposes. 

The main differences between the NSC800 and the Z80, in 
addition to the bus structures, are the refresh counter, on­
chip clock generation, and the interrupt capability. 

1. The NSC800 contains an 8-bit refresh counter as op­
posed to a 7 -bit refresh counter in the Z80. (This enables 
refresh of a 64K dynamic RAM system memory). The re­
fresh timing of the NSC800 is functionally identical to that 
of the Z80. 

2. The on-chip clock generation reduces the system compo­
nent count. In place of an external clock generator chip, 
the NSC800 needs only a crystal or RC circuit to produce 
the system clock. 

8085 80C85 

850mW@5V 50mW@5V 
1 std. TTL 1 std. TTL 
(100 pF) (150 pF) 

No No 
No No 
80 80 

10 10 
No No 

3. The NSC800 provides three interrupts that are not avail­
able on the Z80: RST A, RSTB, RSTC. This gives the 
NSC800 five levels of vectored, prioritized interrupts with 
no external logic. The general purpose interrupt (INTR) 
and Non-maskable Interrupt (NMI) are identical to the 
Z80. INTR has the same three modes of operation in 
both processors: Modes 0, 1, and 2. Upon initialization, 
the NSC800 is in mode 0 to maintain 8080 code compati­
bility. NMI, when active, causes a restart to location X'66 
as is the case with the Z80. Being a non-maskable inter­
rupt, NMI cannot be disabled. The additional interrupts 
RSTA, RSTB, and RSTC cause restarts to locations 
X'9C, X'34, and X'2C respectively. The priority levels of 
the five interrupts are: NMI (highest), RSTA, RSTB, 
RSTC, and INTR (lowest). For the NSC800, Interrupt ac­
knowledge (INTA) is provided on a dedicated output pin 
and need not be decoded externally, as is the case with 
the Z80. With the status outputs (SO, S1, 10/M), early 
read/write information is obtainable. This is impossible to 
derive from the Z80. 

Refer to TABLE III for comparison of the major differenc­
es between the NSC800 and the Z80. 

TABLE III. 

Item 

Power Consumption 
Instruction Execution 
(Minimum) 
On-Chip Clock Generator 
Number of On-Chip Vectored 
Interrupts 
Early Read/Write Status 
Dynamic RAM Refresh Counter 

NSC800 vs. Z80/Z80 CMOS Comparison 

NSC800 Z80 

50mW@5V 

1 ""S 
Yes 

5 
Yes 

Yes,8-bit 
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750mW@5V 

1 ""S 

No 

2 
No 

Yes,7-bit 

Z80CMOS 

75mW@5V 

1 ""S 
No 

2 
No 

Yes,7-bit 
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NSC800 Family Devices 
(microCMOS) 

MM82PC08 8-Bit Bidirectional Transceiver 

MM82PC12 Input/Output Port 
Note: The above devices are pin for pin and function compatible with the 

standard TIL, CMOS or NMOS versions currently available. 
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SUMMARY 

National's NSC800 has a l80 compatible instruction set, 
which is more powerful than the 8085. NSC800 external 
hardware requirements are less because of on-chip auto­
matic wait state insertion, clock generation and five levels of 
vectored prioritized interrupts. 

The 8085 and the NSC800 have similar bus structures, and 
timing. The key advantages of the NSC800 over the 8085 
are the larger instruction set, more registers accessible to 
programmers, low power consumption, and a dynamic RAM 
refresh counter. 

The main advantages of the NSC800 compared to the l80 
are the multiplexed address! data bus, an 8-bit refresh coun­
ter for dynamic RAMs, on-chip clock generation, and five 
interrupts. The speed of the NSC800 and l80 is the same 
but, the NSC800 has very low power consumption. 



Software Comparison NSC800 vs. 8085, Z80® 

Introduction 
The NSC800 is an 8-bit parallel microprocessor fabricated 
using National's microCMOS process. This process allows 
fabrication of a microprocessor family that has the perform­
ance of silicon gate NMOS along with the low power inher­
ent to CMOS. The NSC800 instruction set is a superset of 
the 8080's instruction set. It comprises over 900 operation 
codes falling into 158 instruction types. The instruction cate­
gories are: 
• Load and Exchange 
• Arithmetic and Logic 
• Rotate and Shift 
• Jump and Call 
• Input! Output 
• Bit manipulation (set, test, reset) 
• Block Transfer and Search 
• CPU control 
The load instructions allow the movement of data into and 
out of the CPU, between internal registers, plus the capabili­
ty to load immediate data into internal registers. The ex­
change instructions allow swapping of data between two 
registers. 

The arithmetic and logic instructions operate on the data in 
the accumulator (primary working register) and in the other 
registers. Status flags are set or reset depending on the 
result of the particular operation executed. This group in­
cludes 8-bit and 16-bit operations. 

The rotate and shift instructions allow any register or memo­
ry location to be rotated or shifted, left or right, with or with­
out carry. These can be either an arithmetic or logic type. 

The jump and call group includes several different types: 
one byte calls, two byte relative jumps, conditional branch­
ing, and three byte calls and jumps, which can reach any 
location in memory. Calls push the current contents of the 
Program Counter onto the stack before branching to the 
new program address to facilitate subroutine execution. 

Input!Output instructions allow communications between 
the NSC800 and external peripheral devices. There are 255 
(location X'BB is used for an interrupt mask) unique periph­
erall/O locations available to the NSC800. I/O instructions 
can move data between any memory location or internal 
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register and any I/O location. There are also block I/O in­
structions which allow moving data blocks of up to 256 
bytes directly from memory to any peripheral location or 
from any peripheral location to a block of memory. 

Bit manipulation instructions can set, test or reset any bit in 
the accumulator, any general purpose register or any mem­
ory location. 

The block transfer instructions allow a single instruction to 
move any size block of memory to any other location in 
memory. Through the use of the block search instructions, 
any size block of memory can be searched for a particular 
byte of data. 

Finally, the CPU control group allows user control over the 
various modes of CPU operation, such as enabling and dis­
abling interrupts or setting modes of interrupt response. 

The following sections will compare the instruction set of 
the NSC800 with those of the 8085 and the Z80. 

NSC800 VS. 8085 
The 8085 instruction set consists of 246 op codes falling 
into 80 instruction types. With the exception of RIM and 
SIM, the NSC800 is instruction and op code compatible with 
the 8085. The RIM and SIM instructions are not supported 
because the NSC800 does not have the SID and SOD serial 
I/O lines. The interrupt mask on the NSC800 is accessible 
by writing the mask word to I/O location X'BB. The bit posi­
tions for the interrupt enables are shown below: 

Location X'BB Bit Assignments 
Bit Interrupt Enable for 
7 N/A 
6 N/A 
5 
4 
3 
2 

o 
N/ A = not used: a don't care bit. 

N/A 
N/A 

RSTA 
RSTB 
RSTC 
INTR 
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As an example, to enable interrupts on the RSTA input, a 
logic 'I' is written into bit 3 of I/O location X'BB. If the mas­
terinterrupt enable has been set by executing the Enable 
Interrupt (EI) instruction, interrupts will now be accepted on 
RS'fA only. 

Other than the method of enabling and disabling individual 
interrupts and the RIM and SIM instructions themselves, the 
NSC800 instruction set is a superset of the 8085's instruc­
tion set. 

The following benchmark demonstrates the code reduction 
and throughtput improvement obtained by using one of the 
special NSC800 instructions over the same function imple­
mented with the limited 8085 instruction set. The function is 
to move a 512-byte block of data from one section of mem­
ory to another. 

8085 

Bytes Mnemonics Cycles 
3 LXI H,SOURCE 10 
3 LXI O,OEST 10 
3 LXI B,COUNT 10 
1 LOOP: MOV A,M 7 
1 STAX 0 7 

INX H 6 
INX 0 6 

1 OCX B 6 
1 MOV A,C 4 
1 ORA B 4 
3 JNZ LOOP 10 

Total: 19 Total: 80 

NSC800 

Bytes Mnemonics Cycles 
3 LO HL,SOURCE 10 
3 LO OE,OEST 10 
3 LO BC,COUNT 10 
2 LOIR 21 

Total: 11 Total: 51 

The use of the LDIR instruction of the NSC800 results in a 
47.5% increase in throughput and a 42% decrease in the 
number of bytes required to implement the function when 
compared with the 8085 implementation. The time required 
to make the move is approximately 2.69 ms for the NScaOO 
and approximately 5.12 ms for the 8085. Note that even 
though the 8085 runs at a faster cycle time (200 ns vs. 250 
ns), the improved instruction set of the NSC800 produces 
an increase in system performance. 

The NScaOO includes all 8085 flags plus some additional 
flags. The flag formats for the NSC800 and 8085 are: 

NSC800 Flags (Z80 Flags) 

I ~ I : I : I : I ~ I P~V I ~ I ~ I 
8085 Flags 

o 
CY 
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The differences between the flag registers on the NSC800 
and the 8085 are identified below: 

1. Bit position D1 (additional on the NScaOO) contains an 
add/subtract flag that is used internally for proper operation 
of BCD instructions. 

2. In the NSC800, the PIV flag will not match the 8085's P 
flag after an 8-bit arithmetic operation, since it acts as an 
overflow bit for the NSC800, but acts as a parity bit for these 
operations in the 8085. 

3. Bit position D2 (changed for the NSC800) is a dual pur­
pose flag; it indicates the parity of the result in the accumu­
lator when logical operations are performed and also repre­
sents overflow when signed two's complement arithmetic 
operations are performed. An overflow occurs when the re­
sult of a two's complement operation within the accumulator 
is out of range. 

4. For general Compare operations, the NSC800 uses the 
P IV flag as an overflow bit, while the 8085 uses the P flag 
for parity. 

5. The H flag (bit position D4) on the NSC800 is functionally 
the same as the auxiliary carry on the 8085. 

6. For Double Precision Addition, the NSC800 leaves the H 
flag undefined, while the 8085 does not affect the AC flag 
for this operation (DAD). 

7. For Rotate operations, the NScaOO resets the H flag, 
while the 8085 leaves the AC flag unaffected for these oper­
ations. 

8. When Complementing the Accumulator, the NScaOO sets 
the H flag (H = 1), while the 8085 leaves the AC flag unaf­
fected. 

9. When Complementing Carry, the NSC800 leaves the H 
flag undefined, while the 8085 leaves the AC flag unaffect­
ed. 

to. When Setting the Carry, the NSC800 clears the H flag 
(H = 0), while the 8085 leaves the AC flag unaffected. 

NSCSOO vs. ZSO 
The instruction set and op codes of the NSC800 are identi­
cal to those of the Z80. Software written for the Z80 will run 
on the NSC800 without change, unless I/O location X'BBis 
used. Another location should be assigned since location 
X'BB is an on-chip write-only register used for the interrupt 
mask. Since the NSC800 executes code at the same cycle 
time as the Z80, any software timing loops will also remain 
the same, and no change is necessary. The NScaOO ex­
panded interrupt capability is transparent to the user unless 
specifically evoked by the user software. 

The NSC800 has 8-bit refresh rather than the 7 -bit refresh 
scheme of the Z80. Therefore, the state of the 8th bit will be 
indeterminate since it is part of the R Register and so includ­
ed in refresh operations. 

The status flags on the NSC800 are identical to those on 
the Z80. There is no difference between the positions of the 
individual bits in the flag register, nor in the manner in which 
the flags are set or reset due to an arithmetic or logical 
operation. Testing of the flags is also the same. 



CMOS Industrial Microcomputers Products 

CPU Boards 

CIM-802A1804 and CIM-802AC/804C Industrial Microcomputers 

Memory Expansion Boards 

CIM-110/118 and CIM-110C/118C Universal Memory Expansion Boards 

Digital Input/Output Boards 

CIM-201 and CIM-201C Serial I/O Boards 

CIM-205 and CIM-205C Fiber Optic I/O Board 

CIM-207 and CIM-207C 300 Baud Modem Boards 

CIM-210 and CIM-210C Parallel I/O Boards 

CIM-220 and CIM-220C Frequency/Period Measurement Boards 

CIM-240 and CIM-240C Pulse-Width Modulation Output Board 

Analog Input/Output Boards 

CIM-411 and CIM-411 C ,Analog Input Boards 

CIM-415 and CIM-415C Analog Input Boards 

CIM-421 and CIM-421 C Analog Output Boards 

Controller Boards 

CIM-510 and CIM-510C Clock/Calendar Boards 

CIM-540 CRT Controller Board 

CIM-551 and CIM-551C Math Processor Boards 

CIM-560 Floppy Disk Controller Board 

CIM-570 and CIM-570C IEEE-488 Controller Board 

Ancillary Products 

CIM-S02/604 CIMBUS Card Cages 

CIM-S10 and CIM-610C Voltage Regulator Boards 

CIM-612 and CIM-612C Voltage Regulator Boards 

CIM-S30 Prototyping Board 

CIM-631 Prototyping Board 

CIM-640 Extender Board 

CIM-651A and CIM-S51B Floppy Disk Drive Interface Cable 

CIM-652 Centronics Printer Interface Cable 

CIM-S53 Serial I/O Cable 

CIM-S60 Firmware Monitor 

CIM-670 EPROM Programmer Board 

Software 

CIM-710A and CIM-710B CP/M for CIM Software Packages 

Kits 

CIM-715A and CIM-715B CP/M Starter Kits 
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Bookshelf of Technical Support Information 
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 23-200 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

For a recorded update of this listing plus ordering information for these books from National's Literature Distribution operation, 
please call (408) 749-7378. 

ALS/AS LOGIC DATABOOK-1987 
Introduction to Bipolar logic • Advanced low Power Schottky • Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSI/MSI Functions. Peripheral Functions. lSllVlSI Functions. Design Guidelines. Packaging 

DATA CONVERSION/ACQUISITION DATABOOK-1984 
Selection Guides. Active Filters. Amplifiers. Analog Switches. Analog-to-Digital Converters 
Analog-to-Digital Display (DVM) • Digital-to-Analog Converters. Sample and Hold. Sensors/Transducers 
Successive Approximation Registers/Comparators. Voltage References 

HYBRID PRODUCTS DATABOOK-1982 
Operational Amplifiers. Buffers. Instrumentation Amplifiers. Sample & Hold Amplifiers. Comparators 
Non-Linear Functions. Precision Voltage Regulators and References • Analog Switches 
MOS Clock Drivers. Digital Drivers. A-D Converters. D-A Converters. Fiber-Optic Products 
Active Filters & Telecommunication Products. Precision Networks. 883/RETS 

INTERFACE DATABOOK-1986 
Transmission Line Drivers/Receivers. Bus Transceivers. Peripheral/Power Drivers. Display Controllers/Drivers 
Memory Support. Microprocessor Support. level Translators/Buffers • Frequency Synthesis 

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC 
DATABOOK-1983 
Transmission Line Drivers/Receivers. Bus Transceivers. Peripheral/Power Drivers 
level Translators/Buffers • Display Controllers/Drivers • Memory Support. Dynamic Memory Support 
Microprocessor Support. Data Communications Support. Disk Support • Frequency Synthesis 
Interface Appendices. Bipolar PROMs. Bipolar and ECl RAMs. 2900 Family/Bipolar Microprocessor 
Programmable logic 

INTUITIVE IC CMOS EVOLUTION-1984 
Thomas M. Frederiksen's new book targets some of the most significant transitions in semiconductor technology since the 
change from germanium to silicon. Intuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and 
the development of new circuit topologies. The author's latest book is a vital aid to engineers, and industry observers who need 
to stay abreast of the semiconductor industry. 



INTUITIVE IC OP AMPS-1984 
Thomas M. Frederiksen's new book,lntuitive Ie Op Amps, explores the many uses and applications of different IC op amps. 
Frederiksen's detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning 
concepts of the op amp. Mr. Frederiksen's latest book is a vital aid to engineers, designers, and industry observers who need to 
stay abreast of the computer industry. 

LINEAR APPLICATIONS HANDBOOK-1986 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LINEAR 1 DATABOOK-1988 
Voltage Regulators • Operational Amplifiers • Buffers • Voltage Comparators. Instrumentation Amplifiers. Surface Mount 

LINEAR 2 DATABOOK-1988 
Active Filters • Analog Switches/Multiplexers. Analog-to-Digital. Digital-to-Analog • Sample and Hold 
Sensors. Voltage References. Surface Mount 

LINEAR 3 DATABOOK-1988 
Audio Circuits • Radio Circuits • Video Circuits • Motion Control. Special Functions. Surface Mount 

LINEAR SUPPLEMENT DATABOOK-1984 
Amplifiers. Comparators • Voltage Regulators. Voltage References. Converters. Analog Switches 
Sample and Hold. Sensors. Filters. Building Blocks. Motor Controllers. Consumer Circuits 
Telecommunications Circuits • Speech. Special Analog Functions 

LOGIC DATABOOK VOLUME 1-1984 
CMOS AC Switching Test Circuits and Timing Waveforms. CMOS Application Notes. MM54HC/MM74HC 
MM54HCT/MM74HCT. CD4XXX. MM54CXXX/MM74CXXX. LSIIVLSI 

LS/S/TTL DATABOOK-1987 
Introduction to Bipolar Logic. Low Power Schottky. Schottky. TIL • Low Power 

MASS STORAGE HANDBOOK-1986 
Disk Interface Design Guide and User Manual. Winchester Disk Support • Winchester Disk Data Controller 
Floppy Disk Support. Drive Interface Support Circuits 

MEMORY SUPPORT HANDBOOK-1986 
Dynamic Memory Control. Error Checking and Correction. Microprocessor Interface and Applications 
Memory Drivers and Support 

NON-VOLATILE MEMORY DATABOOK-1987 
CMOS EPROMs • EEPROMs • Bipolar PROMs 

SERIES 32000 DATABOOK-1986 
Introduction. CPU-Central Processing Unit. Slave Processors. Peripherals. Data Communications and LAN's 
Disk Control and Interface. DRAM Interface. Development Tools. Software Support. Application Notes 

RANDOM ACCESS MEMORY DATABOOK-1987 
Static RAMs. TIL RAMs. TIL FIFOs • ECL RAMs 

!! 



RELIABILITY HANDBOOK-1986 
Reliability and the Die. Internal Construction. Finished Package. MIL-STD-883 • MIL-M-38510 
The Specification Development Process. Reliability and the Hybrid Device • VLSIIVHSIC Devices 
Radiation Environment. Electrostatic Discharge • Discrete Device. Standardization 
Quality Assurance and Reliability Engineering. Reliability and Documentation. Commercial Grade Device 
European Reliability Programs. Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor. The Total Militaryl Aerospace Standardization Program 
883B/RETSTM Products. MILS/RETSTM Products. 883/RETSTM Hybrids. MIL-M-38510 Class B Products 
Radiation Hardened Technology. Wafer Fabrication. Semiconductor Assembly and Packaging 
Semiconductor Packages. Glossary of Terms. Key Government Agencies. ANI Numbers and Acronyms 
Bibliography. MIL-M-38510 and DESC Drawing Cross Listing 

TELECOMMUNICATIONS-1987 
Line Card Components. Integrated Services Digital Network Components. Modems 
Analog Telephone Components. Application Notes 

THE SWITCHED-CAPACITOR FILTER HANDBOOK-1985 
Introduction to Filters • National's Switched-Capacitor Filters • Designing with SWitched-Capacitor Filters 
Application Circuits. Filter Design Program. Nomographs and Tables 

TRANSISTOR DATABOOK-1982 
NPN Transistors • PNP Transistors • Junction Field Effect Transistors. Selection Guides. Pro Electron Series 
Consumer Series • NAiNB/NR Series. Process Characteristics Double-Diffused Epitaxial Transistors 
Process Characteristics Power Transistors. Process Characteristics JFETs. JFET Applications Notes 

VOLTAGE REGULATOR HANDBOOK-1982 
Product Selection Procedures. Heat Flow & Thermal Resistance. Selection of Commercial Heat Sink 
Custom Heat Sink Design. Applications Circuits and Descriptive Information • Power Supply Design 
Data Sheets 

48-SERIES MICROPROCESSOR HANDBOOK-1980 
The 48-Series Microcomputers. The 48-Series Single-Chip System. The 48-Series Instruction Set 
Expanding the 48-Series Microcomputers. Applications for the 48-Series • Development Support 
Analog 1/0 Components. Communications Components • Digital 1/0 Components • Memory Components 
Peripheral Control Components 
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