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INltLXFOR 
NON-GATED 

MODES (I, 5, 61 

TG 
(TMRhOI , 

INlCLXFOR 
GATED MODES (2, 3, 41 

FIGURE 5. Start/Stop Timing 

Note: Diagonal lines indicate interval of invalid data. 

For mode 4 (one shot). only start-timing applies. 

�t�w�s�~�W�R� set-up for starting timer 150 ns. 

twsp-WR set-up for stopping timer 150 ns. 

fGs-r-TG (gate) set-up for starting timer 100 ns. 

fGsp-TG (gate) set-up for stopping timer 100 ns. 
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FIGURE 6a. Event Counter Mode (Mode 1) 

INTCLK 

Wii -------~ 
START REGISTER 
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RaDBUFFER 

GATE 
(ACTIVE-HIGH) _________ .. 
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FIGURE 6b. Accumulative Timer (Mode 2) 

INTCLK 

Wi! 
START REGISTER 

~ --------------+---------------------------~---------+~ 
READ BUFFER 

GATE 
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OUTPUT 
(ACTIVE-LOW) 

FIGURE 6c. Restartable Timing 
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9.0 Functional Description (Continued) 

TABLE VI. Timer Programming Selection Example 

Mode Register Bit Timer Timer 
(TMR) Output Gate 

Mode Description 

Polarity Polarity 
7 6 5 4 3 2 1 0 Active Active 

L/H L/H 

TIMERO 

x x x x x 0 0 0 x x 
0 x 0 0 0 0 0 1 L x 
1 x 0 1 1 1 1 0 H x 
1 0 0 0 1 1 0 0 H H 
0 1 1 0 0 0 1 0 L L 

TIMER 1 

x 
0 
1 
0 

x x x x 1 1 1 x x 
x 0 x 0 0 0 1 L x 
0 1 x 1 1 0 1 H H 
1 0 x 0 0 1 1 L L 

the timer gate makes an active transition prior to a write to 
the start register's address, the trailing edge of the WR 
strobe starts the timer. However, for mode 4 the timer al­
ways waits for an active gate edge following a write to the 
start address before it begins counting. 

The DDR for port C must be programmed with the correct 
1/0 direction for TG, T11N and T1 OUT of timer 1. See Table 
VI for programming examples. 

9.4.3 Timer Modes 
The low-order three bits (bits 0, 1, 2) of the timer mode 
registers (TMR) define the mode of operation for the timers. 
Each TMR may be written to, or read from, at any time. 
However, to ensure accurate timing, it is important to modify 
the mode of the timer only when the timer is stopped. Inputs 
of 000 or 111 define a NOP (no operation) mode. In either of 
these modes (0 or 7) the timer is stopped, INTCLK is high, 
and the output is inactive. Inputs of 001 through 110 will 
select one of six distinct timer functions. 

In the explanations that follow, assume that the modulus 
register for the timer was loaded with the appropriate value 
(0004) by writing to the low and high bytes of each timer 
modulus register. Assume also, that the prescale is + 1. 

• Event Counter (mode 1 TMR bits = 001) 

In this non-gated mode the count is decremented for each 
clock period (INTCLK) input to the timer block (see Figure 
6a). When the count reaches zero, the output goes valid 
and remains valid, until the read buffer is read by the CPU or 
the timer stop register is written. 

At the terminal count (0) the modulus is reloaded into the 
timer block and the count continues even when the output is 
valid. This mode can be used to cause periodic interrupts to 
the CPU. 

Single/Double Prescale Timing PortC DDR 
Precision Value Mode 543210 
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SID 

x x 0 x x x x x 
D +1 1 x x x x x 
D +64 6 x x x x x 
D +2 4 1 0 0 x x 
S +1 2 1 0 0 x x 

x x 7 x x x x x 
D +1 1 1 0 0 x x 
S +2 5 1 0 0 x x 
D +1 3 1 0 0 x x 

• Accumulative Timer (mode 2, TMR bits = 010) 

In this gated mode, the counter will decrement only when 
the gate input is active (see Figure 6b). If the gate becomes 
inactive, the counter will hold at its present value and con­
tinue to decrement when the gate again becomes active. 
When the count decrements to zero, the output becomes 
valid and remains valid until the count is read by the CPU or 
the timer is stopped. 

At the terminal count the timer is reloaded and the count 
continues as long as the gate is active. 
This mode can be used to time processor independent 
events and to interrupt the CPU when they occur. The pre­
scale and modulus need to be longer than the expected 
event duration and the gate should go inactive at the event, 
to preserve the read buffer count for the CPU. 

• Restartable Timer (mode 3, TMR bits = 011) 
In this gated mode, the counter will decrement only when 
the gate input is active. If the gate becomes inactive, the 
counter will reload the modulus and hold this value until the 
gate again becomes active (see Figure 6e). If the timer is 
read when the gate is inactive, you will always read the 
value the timer has counted down to, not the value the timer 
has been reloaded with. 

x 
x 
x 
x 
x 

x 
x 
x 
x 

At terminal count the output becomes valid and the timer is 
reloaded. The timer will continue to run as normal, the only 
difference is the output is valid. The output remains valid 
until the count is read by the CPU or the timer stop register 
is written. 
NOTE: The gate inactive time must be longer than the high time of the 

internal clock (INTCLK) on the chip. Therefore, with +64 prescale 
selected the gate inactive time must be 33 input clocks or greater. 
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INTCLK 

Wii 
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FIGURE 6d. One Shot (Mode 4) 

FIGURE 6e. Square Wave (Mode 5) 

OUTPUT I ,I 
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FIGURE 6f. Pulse Generator (Mode 6) 
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9.0 Functional Description (Continued) 

• One Shot Mode (mode 4, TMR bits = 100) 
In this gated mode, the timer holds the modulus count until 
the active gate edge (see Figure 6d). The output immedi­
ately becomes valid and remains valid as the counter decre­
ments. The gating signal may go inactive without affecting 
the count. If TG (the gate) becomes inactive and returns 
active prior to the terminal count, the modulus will be reload­
ed, retriggering the one shot period. When the timer reach­
es the terminal count, the output becomes inactive (see 
NOTE). The gate, in this mode, is edge sensitive; the active 
edge is defined by the TMR. 
NOTE: The one shot cannot be retriggered during its last internal count 

(INTCLK) regardless of prescaler selected. Therefore, using the di­
vide by 1 prescaler, it cannot be retriggered during the last clock 
(TIN), using the divide by 2 prescaler during the last two clocks (TIN) 
and using the divide by 64 prescaler during the last 64 clocks (TIN). 

• Square Wave Mode (mode 5, TMR bits = 101) 
In this non-gated mode, the output will go active as soon as 
the timer is started. The counter decrements for each clock 
period (INTCLK) and complements its output when zero is 
reached (see Figure 6e). The modulus is then reloaded and 
counting continues. Assuming a regular clock input, the out­
put will then be a square wave with a period equal to twice 
the prescale value times the value loaded into the modulus 
+ 1 (see equation Timer section intro.). Therefore, varying 
the modulus will vary the period of the square wave. 

• Pulse Generator (mode 6, TMR bits = 110) 

In this non-gated mode, the counter decrements for each 
period of INTCLK (see Figure 6f). When the terminal count 
is reached the output becomes valid for % of the TIN clock 
width for a prescale of -;- 1, for one full TIN clock width for a 
pre scale of -;- 2 and for 32 TIN clock widths for a prescale of 
-;- 64. The modulus is then reloaded and the sequence is 
repeated. Varying the prescale and modulus varies the fre­
quency of the pulse. 

9.4.4 Timer Programming 

The following is the proper sequence to program the timer 
and should always be used: 

1. Write timer mode register selecting mode 0 or 7. This 
stops the timer, resets the prescaler, and sets internal 
clock high. 
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2. Write timer mode register again, this time loading it for 
your requirements. 

3. Write the modulus values, low byte first, high byte 
second. 

4. Start the timers. 

The timer read buffer is only updated when the internal tim­
er clock (INTCLK) makes a negative-going transition. There­
fore, enough input clock cycles (TIN) must occur to cause a 
transition of INTCLK given the programmed pre-scaler. Af­
ter the first transition, the new modulus will be loaded into 
the read buffer and it can then be read by the CPU. 

To guarantee the integrity of the data during a read opera­
tion, updates to the timer read buffer are blocked out. If an 
update is blocked out due to a read, the read buffer will not 
be updated until the next active transition of INTCLK. Thus, 
it would appear as if a count was skipped between reads. 
For example, if the output latches were FF when a block out 
(read) occurred, the next update could occur at FD, thereby 
giving an appearance that the count FE was skipped. In 
actuality the correct number of clocks has occurred for the 
read buffer to hold FD. 

Writing the modulus value when the timer is running does 
not update the timer immediately. The new value written will 
get into the timer when the timer reaches its terminal count 
and reloads its value. If the timer is stopped and a modulus 
is written the new modulus value will get into the timer when 
the internal clock is high during the modulus write or on the 
next low to high internal clock transition. The next time the 
timer reaches its terminal count it will load the new modulus 
into the timer. One way to guarantee the new modulus will 
get into the timer is to follow steps 1 through 4. Although 
this procedure guarantees that the data will get into the tim­
er you will not be able to read it back until you get a nega­
tive-going transition on the internal clock. 

Rewriting modulus does not reset the prescaler. The only 
way to reset the prescaler is to write the mode register and 
have the internal clock signal be high for some period be­
tween the write of the mode register and the start of the 
timer. Once again, steps 1 through 4 will reset the prescaler. 



10.0 NSC810A/883 MIL-STD-883 Class B Screening 

National Semiconductor offers the NSC810AD and 
NSC810AE with full class B screening per MIL-STD-883 for 
Military! Aerospace programs requiring high reliability. In ad­
dition, this screening is available for all of the key NSC800 
peripheral devices. 

Electrical testing is performed in accordance with 
RETS810AX, which tests or guarantees all of the electrical 
performance characteristics of the NSC810A data sheet. A 
copy of the current revision of RETS810AX is available 
upon request. The following table is the MIL-STD-883 flow 
as of the date of publication. 

Test MI L-STD-883 Method/Condition Requirement 

Internal Visual 2010 B 100% 
Stabilization Bake 1008 C 24 Hrs. @ + 150°C 100% 
Temperature Cycling 1010 C 10 Cycles - 65°C! + 150°C 100% 
Constant Acceleration 2001 E 30,000 G's, Y1 Axis 100% 
Fine Leak 1014AorB 100% 
Gross Leak 1014 C 100% 
Burn-In 1015 160 Hrs. @ + 125°C (using 100% 

burn-in circuits shown below) 
Final Electrical + 25°C DC per RETS810AX 100% 
PDA 5% Max 

+ 125°C AC and DC per RETS810AX 100% 
-55°C AC and DC per RETS810AX 100% 
+ 25°C AC per RETS810AX 100% 

QA Acceptance 5005 Sample per 
Quality Conformance 5056 Method 5005 
External Visual 2009 100% 

11.0 Burn-In Circuit 12.0 Timing Diagram 

CLOCK 1 

CLDCK3 

CLDCK 2 

5242HR 
NSC810AD/883B (Dual-In-Llne) 

51 

51 

10 
51 

11 
12 
13 

14 
15 

16 
17 

18 
19 

20 

':' 

40 

39~""" ...... 

38.-""" .... 
37 
36 
35 
34 
33 

32 
31 
30 
29 
28 
27 

261-"~-. 
25 
24~""" ....... 
23 
22 
21 

TL/C/5517-23 
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Input Clocks 

TL/C/5517-24 

Note 1: All resistors ±50/0, y. watt unless otherwise designated, 125°C op­
erating life circuit. 

Note 2: E package burn-in circuit 5244HR is functionally identical to the D 
package. 

Note 3: All resistors 2.7 kG unless marked otherwise. 

Note 4: All clocks OV to 4.5V. 

Note 5: Device to be cooled down under power alter burn-in. 
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13.0 Ordering Information 

NSC810A~ ~ x X 1 T :/A+ =A+ Reliability Screening 
1883= MIL·STD·883 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) 

1-1 = 1 MHz Clock Output 
L----------I,-3= 2.5 MHz Clock Output 

- 4 = 4 M Hz Cloc~ Output 

D = Ceramic Package 

L------------t N = Plastic Package 
E = Ceramic Leadless Chip Carrier (LCC) 
V = Plastic Leaded Chip Carrier (PCC) 

TLlC/5517-25 

Note 1: Do not specify a temperature option; all parts are screened to military temperature. 

14.0 Reliability Information 
Gate Count 

Transistor Count 

4000 

14,000 
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~National 
D Semiconductor 
NSC831 Parallel 1/0 

General Description 
The NSC831 is an lID device which is fabricated using 
microCMOS silicon gate technology, functioning as an in­
put/output peripheral interface device. It consists of 20 pro­
grammable input/output bits arranged as three separate 
ports, with each bit individually definable as an input or out­
put. The port bits can be set or cleared individually and can 
be written to or read from in bytes. Several types of strobed 
mode operations are available through Port A. 

For military applications the NSC831 is available with class 
B screening in accordance with methods 5004 of MIL-STD-
883. 

Microcomputer Family Block Diagram 

NMI 
INTA 
SO 

Sl 
RFSH Nscaoo 
BRED CPU 
BACK 101M 

WAIT RESET OUT 
PS 

microCMOS 

Features 
• Three programmable lID ports 
• Single 5V Power Supply 
• Very low power consumption 
• Fully static operation 
• Single-instruction lID bit operations 
• Directly compatible with NSC800 family 
• Strobed modes available on Port A 

PORT A 
B BITS 

PORT B 
B BITS 

PORT C 
6 BITS 

TIMER 0 IN 

TIMER 0 OUT 

PORT A 
B BITS 

A"13 
~ NSC831 PORT B A12 
CST 110 B BITS 

Rii 
Wii PORT C 
ALE 4 BITS 

RESET 

TLlC/5594-1 
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1.0 Absolute Maximum Ratings 2.0 Operating Range Vee = 5V ±10% 

If Military/Aerospace specified devices are required, NSC831-1: O°C to +70°C 
please contact the National Semiconductor Sales -40°C to +85°C 
Office/Distributors for availability and specifications. NSC831-3: -40°C to +85°C 
Storage Temperature Range - 65°C to + 150°C - 55°C to + 125°C 

Voltage at Any Pin With NSC831-4: O°C to +70°C 
Respect to Ground -0.3V to Vee + 0.3V -40°C to +85°C 

Vee 7V - 55°C to + 125°C 

Lead Temp. (Soldering, 10 seconds) 300°C 

Power Dissipation 1W 

Note: Absolute maximum ratings are those values beyond 
which the safety of the device cannot be guaranteed. Con-
tinuous operation at these limits is not intended; operation 
should be limited to those conditions specified under DC 
Electrical Characteristics. 

3.0 DC Electrical Characteristics Vee = 5V ± 10%, GND = OV, unless otherwise specified 

Symbol Parameter Test Conditions Min Typ Max Units 

VIH Logical 1 Input Voltage 0.8 Vee Vee V 

VIL Logical 0 Input Voltage 0 0.2 Vee V 

IOH = -1.0 mA 2.4 V 
VOH Logical 1 Output Voltage 

lOUT = -10 JJ-A 4.0V V 

IOL = 2 mA 0 0.4 V 
VOL Logical 0 Output Voltage 

lOUT = 10 JJ-A 0 0.1 V 

IlL Input Leakage Current o ~ VIN ~ Vee -10.0 10.0 JJ-A 

IOL Output Leakage Current o ~ VIN ~ Vee -10.0 10.0 JJ-A 

lee Active Supply Current lOUT = 0, twey = 750 ns 15 20 rnA 

10 Quiescent Current RESET =0, RD = 1, WR = 1, 
CE = 1, ADO-7 = 0, ALE = 1, 

VIN = 0, orVIN = Vee 10 100 /LA 
Vee = 5.5V, GND = OV, 
PAO-7 = 1, PBO-7 = 1, PCO-7 = 1 
No Input Switching, T A = 25°C 

CIN Input Capacitance 4 7 pF 

COUT Output Capacitance 6 10 pF 

Vee Power Supply Voltage (Note 1) 2.4 5 6 V 

Note 1: Operation at lower power supply voltages will reduce the maximum operating speed. Operation at voltages other than 5V ± 1 0% is guaranteed by design, 
not tested. 

ICC vs. SPEED 
10 ..tv:: 
5 

~t2: 
I V 

.V 
4500 3000 1500 1000 750 

lwcy(nsl 

0 1 2 3 4 

NSC 800 CLOCK SPEED' (MHz) 
TL/C/5594-2 

·When NSC831 Is used with NSC800 
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4.0 AC Electrical Characteristics Vee '= 5V ± 10%, GND = OV 

Test NSC831-1 NSC831-3 NSC831-4 
Symbol Parameter 

Conditions 
Units 

Min Max Min Max Min Max 

tAce Access Time from ALE CL = 150 pF 1000 400 250 ns 

tAH ADO-AD7, CE, lolM Hold Time 100 60 30 ns 

tALE ALE Strobe Width (High) 200 130 90 ns 

tARW ALE to RD or WR Strobe 150 120 120 ns 

tAS ADO-AD7, CE, IO/M Setup Time 100 45 40 ns 

tOH Data Hold Time 150 90 40 ns 

too Port Data Output Valid 350 320 300 ns 

tos Data Setup Time 100 80 50 ns 

tpE Peripheral Bus Enable 320 200 200 ns 

tpH Peripheral Data Hold Time 150 125 100 ns 

tps Peripheral Data Setup Time 100 75 50 ns 

tpz Peripheral Bus Disable (TRI-STATE®) 150 150 150 ns 

tAB RD to BF Output 300 300 300 ns 

tAD Read Strobe Width 400 320 220 ns 

tADO Data Bus Disable 0 100 0 85 0 85 ns 

tAl RD to INTR Output 320 300 300 ns 

tAWA RD or WR to Next ALE 125 100 80 ns 

tSB STB to BF Valid 300 300 300 ns 

tSH Peripheral Data Hold With Respect to STB 150 125 100 ns 

tSI STB to INTR Output 300 300 300 ns 

tss Peripheral Data Setup With Respect to STB 100 75 50 ns 

tsw STBWidth 400 320 220 ns 

tWB WR to BF Output 340 300 300 ns 

tWI WR to INTR Output 320 300 300 ns 

tWR WR Strobe Width 400 320 220 ns 

twCY Width of Machine Cycle 3000 1200 750 ns 

Note: Test conditions: twCY = 3000 ns for NSC831-1, 1200 ns for NSC831-3, 750 ns for NSC831-4 

AC TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 

==>e O.B Vee o'BVCCX= I DEVICE 
0.2 Vee 0.2 Vee UNDER 

TEST 
TL/C/5594-3 l' 100pF 

TL/C/5594-4 
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5.0 Timing Waveforms 

101M 
CE 

AD (0·7) 

ALE 

iiii 

PERIPHERAL 
(PORT) BUS 

Note: Diagonal lines Indicate interval of Invalid data. 

101M 
CE 

AD (0·7) 

ALE 

PERIPHERAL 
(PORT) BUS 

Note: Diagonal lines Indicate Interval of Invalid data. 

Read Cycle (Read from Port) 

Write Cycle (Write to Port) 
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~ 5.0 Timing Waveforms (Continued) 
en z Strobed Mode Input 

PERIPHERAL 
(PORT A) BUS 

BF 

INTR 

101M 
CE 

ALE 

AD (0-7) 

RD 

Note: Diagonal lines indicate interval of invalid data. 

101M '!J'!!/J////JJJ 
CE If/f//////IfII 

PORT A 

-

TLIC/5594-7 

Strobed Mode Output 

AD (0-7) E< PORT A ADDR __ DATA IN 

ALE \ ~~:--------------------------

BF 

-~-:L-+------+----.x NEW DATA 

ACTIVE (MODE 2) 

~mBUS(_~~~.~~ ___ ::'_ --------~-_i~~ __ -~~);-----
Note: Diagonal lines indicate interval of invalid data. 

TLlC/5594-B 
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6.0 Pin Descriptions 
The following describes the function of all NSC831 input! 
output pins. Some of these descriptions reference internal 
circuits. 

6.1 INPUT SIGNALS 

Master Reset (RESET): An active·high input on the RESET 
pin initializes the chip causing the three I/O ports (A, Band 
C) to revert to the input mode. The three ports, the three 
data direction registers and the mode definition register are 
reset to low (0). 

Chip Enable (CEQ, CE1): The CE inputs must be active at 
the falling edge of ALE. At ALE time, the CE inputs are 
latched to provide access to the NSC831. 

Read (RD): when the RD input is an active low, data is read 
from the ADO-AD7 bus. 

Write (WR): When the CE inputs are active an active low 
WR input causes the selected output port to be written with 
the data from the ADO-AD7 bus. 

Address Latch Enable (ALE): The trailing edge (high to 
low transition) of the ALE input signal latches the address/ 
data present on the ADO-AD7 bus, plus the input control 
signals on CEo and CE1. 

Power (Vee): 5V power supply. 

Ground (Vss): Ground reference. 

6.2 INPUT/OUTPUT SIGNALS 

Bidirectional Address/Data Bus ADO-AD7: The lower 8 
bits of the I/O address are applied to these pins, and 
latched by the trailing edge of ALE. During read operations, 
8 bits are present on these pins, and are read when RD is 
low. During an I/O write cycle, Port A, B, or C is written with 
the data present on this bus at the trailing edge of the WR 
strobe. 

Ports A, B, C (PAO-PA7, PBO-PB7, PCO-PC3): These are 
general purpose I/O pins. Their input/output direction is de· 
termined by the contents of the Data Direction Register 
(DDRs). 

7-103 

7.0 Connection Diagrams 

PAD 

RESET 

CSli 
Vee 

'CST 

Dual-In-Llne Package 

NSC831 

Top View 
°Tie pins 2, 3, and 4 to either Vcc or Vss. 

Order Number NSC831D or N 

TLIC/5594-9 

See NS Package Number D40C or N40A 

Leadless Chip Carrier 

RESET 0 • • PAD NC Vee PAl PAZ PA3 PA4 

cso PA5 

Vee PA6 

CST PA7 
Rii PCD/INTR 

WR PC1/BF 
NC NC 

ALE PC2/STB 
ADO PC3 

ADl PBD 
AD2 PBl 

AD3 PB2 

AD4 AD5 AD6 AD7 Vss NC PB7 PB6 PB5 PB4 PB3 

NC = NO CONNECT 

Top View 

Order Number NSC831E 
See NS Package Number E44A 
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8.0 Functional Description 
Refer to Figure 1 for a detailed block diagram of the 
NSC831, while reading the following paragraphs. 

InputlOutput (1/0): The I/O of the NSC831 contains three 
sets called Ports. There are two ports (A and B) which con­
tain 8 bits each and one port (Port C) which has 4 bits. Any 
bit or combination of bits in a port may be addressed with 
Set or Clear commands. A port can also be addressed as an 

8.1 BLOCK DIAGRAM 

(6) 
~~ 
m--nor-+ 
WR~ 
1m ---:::--+ 

CONTROL 
LOGIC 

ID/M~ 
ALE~ 

RESET ~ ...... ___ ....1 

(2-4) .. 

A8-A10 •••• ~ ....,. 

ADO-AD7 ••• iI~ 

ADDRESS 
BUFFERS 

ADDRESSI 
DATA 

BUFFERS 
AND 

LATCHES 

INTERNAL 
DATA 
BUS 

Note: Applicable pinout for 40 pin dual-ln-Iine package within parentheses. 

8-bit word (4 bits for Port C). When reading Port C, bits 4-7 
will be read as ones. All ports share common functions of 
Read, Write, Bit-Set and Bit-Clear. Additionally, Port A is 
programmable for strobed (handshake mode input or out­
put. Port C has a programmable second function for each 
bit associated with strobed modes. Table I defines the ad­
dress location of the ports and control registers. 

TL/C/5594-11 
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8.0 Functional Description (Continued) 

8.2 1/0 PORTS 

There are three I/O ports (labeled A, B and C) on the 
NSC831. Ports A and Bare 8-bits wide; port Cis 4-bits wide. 
These ports transfer data between the CPU bus and the 
peripheral bus and vice versa. The way in which these trans­
fers are handled depends upon the currently programmed 
operating mode. 

The NSC831 can be programmed to operate in four differ­
ent modes. One of these modes (Basic 1/0) allows direct 
transfer of 1/0 data without any handshaking between the 
NSC831 and the peripheral. The other three modes 
(Strobed 1/0) provide for timed transfers of 1/0 data with 
handshaking between the NSC831 and the peripheral. 

Determination of the NSC831 port's mode, data direction 
and data is done by five registers which are under program 
control. The Mode Definition Register determines in which 
of the four 1/0 modes the chip will operate. Another register 
(Data Direction Register) establishes the data direction for 
each bit in that port. The Data Register holds data to be 
transferred or that which was received. The final two regis­
ters per port allow individual data register bits to be cleared 
(Bit-Clear Register) or data register bits to be set (Bit-Set 
Register). 

Operation during Strobed 1/0 utilizes two of the port C pins 
for handshaking and one port C pin to interrupt the CPU. 

8.3 REGISTERS 

As indicated in the overview, programmable registers con­
trol the flow of data through the ports. Table I shows the 
registers of the NSC831. All registers affecting 1/0 transfers 
are in the first grouping of this table. 

• Mode Definition Register (MDR) 

The MDR determines the operating mode for port A and 
whether or not the lower 3-bits of port C will be used for 
handshaking (Strobed I/O). Port B always transfers data via 
the Basic 1/0 mode, regardless of how the MDR is pro­
grammed. 

The four modes are as follows: 

Mode O-Basic 1/0 (Input or Output) 

Mode 1-Strobed Mode Input 

Mode 2-Strobed Mode Output (Active Peripheral Bus) 

Mode 3-Strobed Mode Output (TRI-STATE Peripheral 
Bus) 
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The address assignment of the MDR is xxx00111 as shown 
in Table I. The upper 3 "don't care" bits are determined by 
the users decode logic (chip enable address). Table II speci­
fies the data that must be loaded into the MDR to select the 
mode. 

• Data Direction Registers (DDR) 
Each port has a DDR that determines whether an individual 
port bit will be an input or an output. If DDR for the port bit is 
set to a 1, then that port bit is an output. If its DDR is reset to 
a 0, then it is an input. The DDR bits cannot be individually 
written to; the entire DDR register is affected by a write to 
the DDR. Thus, all data bits written must be consistent for 
all desired port bit directions. 

TABLE 1.1/0 and Timer Address Designations 

8-Blt Address Field 
Bits 

7 6 5 4 3 2 

x x x x 0 0 
x x x x 0 0 
x x x x 0 0 
x x x x 0 0 
x x x x 0 1 
x x· x x 0 1 
x x x x 0 1 
x x x x 0 1 
x x x x 1 0 
x x x x 1 0 
x x x x 1 0 
x x x x 1 0 
x x x x 1 1 
x x x x 1 1 
x x x x 1 1 
x x x x 1 1 

x = don't care 

LB = low-order byte 

HB = high-order byte 

1 

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

Designation R (Read) 

0 
1/0 Port, Timer, etc. W (Write) 

0 Port A (Data) R/W 
1 Port B (Data) R/W 
0 Port C (Data) R/W 
1 Not Used .. 
0 DDR - Port A W 
1 DDR - Port B W 
0 DDR - Port C W 
1 Mode Definition Reg. W 
0 Port A - Bit-Clear W 
1 Port B - Bit-Clear W 
0 Port C - Bit-Clear W 
1 Not Used .. 
0 Port A - Bit-Set W 
1 Port B - Bit-Set W 
0 Port C - Bit-Set W 
1 Not Used .. 

• A write accesses the modulus register, a read the read buffer. 

•• A read from an unused location reads invalid data, a write does not affect 
any operation of NSC831. 

TABLE II. Mode Definition Register Bit Assignments 

Mode 
Bit 

7 6 5 4 3 2 1 0 

0 x x x x x x x 0 
1 x x x x x x 0 1 
2 x x x x x 0 1 1 
3 x x x x x 1 1 1 
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8.0 Functional;!Description (Continued) 

Any write or read to the port bits contradicting the direction 
established by the DDR will not affect the port bits output or 
input. However, a write to a port bit, defined as an input, will 
modify the output latch and a read to a port bit, defined as 
an output, will read this output latch. See Figure 2. 

• Data Registers 
These registers contain the actual data being transferred 
between the CPU and the peripheral. In Basic I/O, data 
presented by the peripheral (read cycle) will be latched on 
the falling edge of RD. Data presented by the CPU (write 
cycle) will be valid after the rising edge of WR (see AC char· 
acteristics for exact timing). 

During Strobed 1/0, data presented by the peripheral must 
be valid on the rising edge of STB. Data received by the 
peripheral will be valid on the rising edge of STB. Data 
latched by the port on the rising edge of STB will be pre· 
served until the next CPU read or STB signal. 

• Bit Set-Clear Registers 

The 1/0 features of the RAM·I/O·timer allow modification of 
a single bit or several bits of a port with the Bit-Set and Bit· 
Clear commands. The address selected indicates whether a 
Bit·Set or Clear will take place. The incoming data on the 
addressldata bus is latched at the trailing edge of the WR 
strobe and is treated as a mask. All bits containing 1 swill 
cause the indicated operation to be performed on the corre· 
sponding port bit. All bits of the mask with Os cause the 
corresponding port bits to remain unchanged. Three sample 
operations are shown in Table III using port B as an exam· 
pie. . 

, INTERNAL 
DATA BUS 

MODE 

WR(SETI 

TABLE III. Bit-Set and Clear Examples 

Operation SetB7 CiearB2 Set B4,B3 
PortB andBO and B1 

Address xxx01101 xxx01001 xxx01101 

Data 10000000 00000101 00011010 

Port Pins 
Prior State 00001111 10001111 10001010 
Next State 10001111 10001010 10011010 

8.4 MODES 

Two data transfer modes are implemented: Basic 1/0 and 
Strobed 1/0. Strobed 1/0 can be further subdivided into 
three categories: Strobed Input, Strobed Output (active pe­
ripheral bus) and Strobed Output (TRI·ST ATE peripheral 
bus). The following descriptions detail the functions of these 
categories. 

• Basic I/O 
Basic 1/0 mode uses the RD and WR CPU bus Signals to 
latch data at the peripheral bus. This mode is the permanent 
mode of operation for ports Band C. Port A is in this mode if 
the MDR is set to mode o. Read and write byte operations 
and bit operations can be done in Basic 1/0. Timing for 
these modes is shown in the AC Characteristics Table and 
described with the data register definitions. 

When the NSC831 is reset, all registers are cleared to zero. 
This results in the basic mode of operation being selected, 
all port bits are made inputs and the output latch for each 
port bit is cleared to zero. The NSC831, at this point, can 
read data from any peripheral port without further set·up. If 
outputs are desired, the CPU merely has to program the 
appropriate DDR and then send data to the data ports. 

TLlC/5594-12 
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8.0 Functional Description (Continued) 

• Strobed 1/0 
Strobed 1/0 Mode uses the STB, BF and INTR signals to 
latch the data and indicate that new data is available for 
transfer. Port A is used for the transfer of data when in any 
of the Strobed modes. Port B can still be used for Basic 1/0 
and the lower 3·bits of port C are now the three handshake 
signals for Strobed 1/0. Timing for this mode is shown in the 
AC Characteristic Tables. 

causing BF to go high (true). On the trailing (positive) edge 
of STB the data is latched and the interrupt signal, INTR, 
becomes valid indicating to the CPU that new data is avail· 
able. INTR becomes valid only if the interrupt is enabled, 
that is the output data latch for PC2 is set to 1. 

When the CPU reads port A, address x'OO, the trailing edge 
of the RD strobe causes BF and INTR to become inactive, 
indicating that the strobed input cycle has been completed. 

Initializing the NSC831 for Strobed 1/0 Mode is done by 
loading the data shown in Table IV into the specified regis· 
ter. The registers should be loaded in the order (left to right) 
that they appear in Table IV. 

• Strobed Output-Active (Mode 2) 

During strobed output operations, an external device can 
read data from port A using the STB signal. Data is initially 
loaded into port A by the CPU writing to I/O address x'OO. 
On the trailing edge of WR, INTR is set inactive and BF 
becomes valid indicating new data is available for the exter· 
nal device. When the external device is ready to accept the 
data in port A it pulses the STB signal. The rising edge of 
STB resets BF and activates the INTR signal. INTR be· 
comes valid only if the interrupt is enabled, that is the output 
latch for PC2 is set to 1. INTR in this mode indicates a 
condition that requires CPU intervention (the output of the 
next byte of data). 

TABLE IV. Mode Definition Register Configurations 

DDR DDR 
PortC 

Mode MDR 
PortA PortC 

Output 
Latch 

Basic 1/0 xxxxxxxO Port bit directions are 
determined by the bits of 

each port's DDR 

Strobed Input xxxxxx01 00000000 xxx011 xxx 1 xx 

Strobed Output xxxxx011 11111111 xxx011 xxx 1 xx 
• Strobed Output-TRI-STATE (Mode 3) 

(Active) 

Strobed Output xxxxx111 11111111 xxx011 xxx 1 xx 
(TRI·STATE) 

• Strobed Input (Mode 1) 

The Strobed Output TRI·STATE Mode and the Strobed Out­
put active (peripheral) bus mode function in a similar man­
ner with one exception. The exception is that the data sig· 
nals on PAO-7 assume the high impedance state at all 
times except when accessed by the STB signal. Thus, in 
addition to its timing function, STB enables port A outputs to 
active logic levels. This Mode 3 operation allows other data 
sources, in addition to the NSC831, to access the peripheral 
bus. Strobed Mode 3 is identical to Strobed Mode 2, except 
as indicated above. 

During strobed input operations, an external device can load 
data into port A with the STB signal. Data is input to the 
PAO-7 input latches on the leading (negative) edge of STB, 

Example Mode 1 (Strobed Input): 

Action Taken INTR BF Results of Action 

INITIALIZATION 

Reset NSC831 H L Basic input mode all ports. 
Load 01 'H into H L Strobed input mode entered; no byte loads to port C 

MDR after this step; bit·set and clear commands to INTR 
and BF no longer work. 

Load OO'H into H L Sets data direction register for port A to input; 
DORA data from port A peripheral bus is available 

to the CPU if the STB signal is used, other 
handshake signals aren't initialized, yet. 

Load 03'H into H L Sets data direction register of port C; buffer full 
DDRC signal works after this step and it is unaffected 

by the bit-set and clear registers. 
Load 04'H into H L Sets output latch (PC2) to enable INTR; INTR will 

Port C Bit·Set latch active whenever STB goes low; INTR can be 
Register disabled by a bit·clear to PC2. * 

OPERATION 

STB pulses low L H Data on peripheral bus is latched into port A; 
INTR is cleared by a CPU read of port A or a 
bit·clear of STB. 

CPU reads Port A H L CPU gets data from port A; INTR is cleared; 
peripheral is signalled to send next byte via 
an inactive BF signal. Repeat last two steps until 
EOT at which time CPU sends bit·clear to the 
output latch (PC2). 

·Port C can be read by the CPU at anytime, allowing polled operation Instead of Interrupt driven operation. 
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~ 8.0 Functional Description (Continued) 

~ Example Mode 2 (Strobed Output-actlve peripheral bus): 

Action Taken INTR BF Results of Action 

INITIALIZE 

Reset NSC831 H L Basic input mode all ports. 
Load 03'H into H L Strobed output mode entered; no byte loads to 

MDR port C after this step; bit-set and clear 
commands to INTR and BF no longer work. 

Load FF'H into H L Sets data direction register for port A to output; 
DORA data from port A is available to the peripheral if 

the STB signal is used other handshake Signals 
aren't initialized, yet. 

Load 03'H into H L Sets data direction register of port C; buffer full 
DDRC signal works after this step and it is unaffected 

by the bit-set and clear registers 
Load 04'H into L L Sets output latch (PC2) to enable INTR; active 

Port C Bit-Set INTR indicates that CPU should send data; 
Register INTR becomes inactive whenever the CPU 

loads port A; INTR can be disabled by a bit-clear 
to SfB.* 

OPERATION 

CPU writes to H H Data on CPU bus is latched into port A; INTR is 
PortA set by the CPU write to port A; active BF 

STB pulses low L L indicates to peripheral that data is valid; 
Peripheral gets data from port A; INTR is reset 
active; The active INTR signals the CPU to send 
the next byte. Repeat last two steps until EOT at 
which time CPU sends bit-clear to the output 
latch (PC2). 

'Port C can be read by the CPU at any time. allowing polled operation Instead of Interrupt driven operation. 

• Handshaking Signals 

In the Strobed mode of operation, the lower 3-bits of port C 
transmit/receive the handshake signals (PCO= INTR, 
PC1 = BF, PC2 = SfB). 

INTR (Strobe Mode Interrupt) is an active-low interrupt from 
the NSC831 to the CPU. In strobed input mode, the 
CPU reads the valid data at port A to clear the inter­
rupt. In strobed output mode, the CPU clears the inter­
rupt by writing data to port A. 

The INTR output can be enabled or disabled, thus 
giving it the ability to control strobed data transfer. It is 
enabled or disabled, respectively, by setting or clear­
ing bit 2 of the port C output data latch (SfB). 

PC2 is always an input during strobed mode of opera­
tion, its output data latch is not needed. Therefore, 
during strobed mode of operation it is internally gated 
with the interrupt Signal to generate the INTR output. 
Reset clears this bit to zero, so it must be set to one to 
enable the INTR pin for strobed operation. 
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Once the strobed mode of operation is programmed, 
the only way to change the output data latch of PC2 is 
by using the Bit-Set and Clear registers. The port C 
byte write command will not alter the output data latch 
of PC2 during the strobed mode of operation. 

STB (Strobe) is an active low input from the peripheral de­
vice, signalling a data transfer. The NSC831 latches 
data on the rising edge of STB if the port bit is an input 
and the peripheral should latch data on the rising 
edge of STB if the port bit is an output. 

BF (Buffer Full) is a high active output from the NSC831. 
For input port bits, it indicates that new data has been 
received from the peripheral. For output port bits, it 
indicates that new data is available for the peripheral. 

Note: In either Input or output mode the BF may be cleared by rewriting the 
MDR. 



9.0 NSC831/883B MIL-STD-883 Class B Screening 

National Semiconductor offers the NSC831 D and NSC831 E 
with full class B screening per MIL-STD-883 for Militaryl 
Aerospace programs requiring high reliability. In addition, 
this screening is available for all of the key NSC800 periph­
eral devices. 

Electrical testing is performed in accordance with 
RETS831x, which tests or guarantees all of the electrical 
performance characteristics of the NSC831 data sheet. A 
copy of the current revision of RETS831X is available upon 
request. The following table is the MIL-STD-883 flow as of 
the date of publication. 

Test 

Internal Visual 
Stabilization Bake 
Temperature Cycling 
Constant Acceleration 
Fine Leak 
Gross Leak 
Burn-In 

Final Electrical 
PDA 

QA Acceptance 
Quality Conformance 
External Visual 

10.0 Burn-In Circuit 
5242HR 

NSC831AD/883B (Dual-In-Llne) 

100% Screening Flow 

MI L·STD-883 Method/Condition Requirement 

2010B 100% 
1008C 24 Hrs. @ + 1S0·C 100% 
1010C 10 Cycles -6S·CI + 1S0·C 100% 
2001 E 30,000 Gs, Y1 Axis 100% 
1014AorB 100% 

1014C 100% 
101S160 Hrs. @ + 12S·C (using 100% 
burn-in circuits shown below) 
+ 2S·C DC per RETS831X 100% 
S%Max 
+ 12S·C AC and DC per RETS831X 100% 
-SS·C AC and DC per RETS831X 100% 
+ 2S·C AC per RETS831X 100% 
SOOS Sample per 

Method SOOS 
2009 100% 

11.0 Timing Diagram 
Input Clocks 
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101'$ 

TL/C/5594-14 

Note 1: All resistors ±S%. Y4 watt unless otherwise designated. 12SoC op­
erating life circuit. 

Note 2: E package burn-in circuit S244HR is functionally identical to the D 
package. 

Note 3: All resistors 2.7 kn unless marked otherwise. 

Note 4: All clocks OV to 4.SV. 

Note 5: Device to be cooled down under power after burn-in . 
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12.0 Ordering Information 

NSC831 X.x i T i/A + =A+ Reliability Screening . 
1883 = MIL-STD-883 Screening (Note 1) 

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

I -1 = 1 MHz Clock Output 
L....----I

1

- 3 = 2.5 MHz Clock Output 
-4 = 4 MHz Clock Output 

I D = Ceramic Package 
1...-----1 N = Plastic Package I E = Ceramic Leadless Chip Carrier (LCC) 

TL/C/5594-15 

Note 1: Do not specify a temperature option: all parts are screened to military temperature. 

13.0 Reliability Information (NSC831) 
Gate Count 1900 
Transistor Count 7400 
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~National 
~ Semiconductor 

microCMOS 
NSC858 Universal Asynchronous 
Receiver ITransmitter 
General Description 
The NSC858 is a CMOS programmable Universal Asynchro­
nous Receiver/Transmitter (UARD. It has an on chip pro­
grammable baud rate generator. The UART, which is fabri­
cated using microCMOS silicon gate technology, functions 
as a serial receiver/transmitter interface for your microcom­
puter system. 

The transmitter converts parallel data from the CPU to serial 
form and shifts it out in the standard asynchronous commu­
nication data format. Appropriate start, parity, and stop bits 
are added to the outgoing serial stream. Incoming serial 
data is converted to parallel form by the receiver. The re­
ceiver checks incoming data for errors (parity, overrun, 
framing or break interrupt) and then converts it from serial 
to parallel for transfer to the CPU. Five pins on the chip 
are available for modem control functions or general 
purpose 110. 

The NSC858 has a programmable baud generator that is 
capable of dividing the timing reference clock input by divi­
sors of 1 to (216_1), and producing a 1X, 16X, 32X, 64X 
clock for driving the transmitter and/or receiver logic. Both 
the transmitter and receiver can either be driven by an ex­
ternal clock or the internal baud rate generator. The 
NSC858 has an interrupt system that can be tailored to 
the user's requirements. In addition to the CMOS power 
consumption levels there are hardware and software 
power down modes which further reduce power consump­
tion levels. 

System Configuration 

Features 
• Maximum baud rate 256k BPS (16X), 1 M BPS (1 X) 
• Programmable baud rate generator 
• Double buffered receiver and transmitter 
• Independently configured receiver and transmitter 

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

• Five bits modem 110 or general purpose 110 (3 input, 2 
output) 

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

- 8 maskable status conditions for receiver and trans­
mitter interrupt 

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

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

with NSC800TM 
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1.0 Absolute Maximum Ratings 2.0 Operating Conditions Vee=5V±10% 
(Note 1) Ambient Temperature 
If Military/Aerospace specified devices are required, Industrial -40·C to + a5·C 
please contact the National Semiconductor Sales Commercial O·Cto +70·C 
Office/Distributors for availability and specifications. 
Storage Temperature - 65·C to + 150·C 

Voltage on Any Pin with 
Respect to Ground -0.3V to Vee +0.3V 

Maximum Vee 7V 

Power Dissipation 1W 

Lead Temp. (Soldering, 10 seconds) 300·C 

3.0 DC Electrical Characteristics Vee = 5V± 10%, GND = OV, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

VIH Logical 1 Input Voltage o.aVee Vee V 

VIL Logical 0 Input Voltage 0 0.2 Vee V 

VHY Hysteresis at RESET IN Input Vee=5V 0.25 0.5 V 

VOH1 Logical 1 Output Voltage IOUT= -1.0 mA 2.4 V 

VOH2 Logical 1 Output Voltage IOUT= -10,...A Vee- 0.5 V 

Vou Logical 0 Output Voltage IOL = 2 mA except XOUT 0 0.4 V 

VOL2 Logical 0 Output Voltage IOUT= 10,...A 0 0.1 V 

IlL Input Leakage Current O::;:VIN::;:Vee -10.0 10.0 ,...A 

IOL Output Leakage Current O::;:VIN::;:Vee -10.0 10.0 ,...A 

Icc Active Supply Current TA = 25·C 2 10 rnA 

IHPD Current Hardware Power Down Pin PD=O, No Resistive Output Loads, 100 ,...A 
VIN = OV or VIN = Vee, T A = 25·C 

ISPD Current Software Power Down Power Down Reg Bit 0 = 1, 300 ,...A 
No Resistive Output Loads, 
VIN=OVorVIN=Vee, TA = 25·C 

CIN Input Capacitance 6 10 pF 

COUT Output Capacitance a 12 pF 

Vee Power Supply Voltage (Note 2) 2.4 5 6 V 

Note 1: Absolute Maximum Ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and should be 
limited to those conditions specified under DC Electrical Characteristics. 
Note 2: Operation at lower power supply voltages will reduce the maximum operating speed. Operation at voltages other than 5V ± 1 0% is guaranteed by design, 
not tested. 

AC Testing Input/Output Waveform AC Testing Load Circuit 

:::x: 0.8 Vee TEST 0.8 veeC I DEVICE 
POINTS 0.2 Vee UNDER 0.2 Vee 

TEST 
TL/C/5593-2 ~ CL-l00pF 

TL/C/5593-3 
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4.0 AC Electrical Characteristics Vee = 5V ± 10%, GND = OV, CL = 100 pF 

Symbol I Parameter I Test Conditions I Min I 
BUS 

tAS Address 0-7 Set-Up Time 40 

tAH Address 0-7 Hold Time 30 

tALE ALE Strobe Width (High) 100 

tARW ALE to Read or Write Strobe 75 

tCRW Chip Enable to Read or Write 110 

tRD Read Strobe Width 250 

tDDR Data Delay from Read 

tRDD Data Bus Disable 

tcH 
Chip Enable Hold After Read 

60 
or Write 

tRWA Read or Write to Next ALE 45 

tWR· Write Strobe Width 200 

tos Data Set-Up Time 100 

tOH Data Hold Time 75 

MODEM 

tMD 
WR Command Reg. to Modem 
Outputs Delay 

tSIM 
Delay to Set Interrupt from 
Modem Input 

tRIM 
Delay to Reset Modem Status 
Interrupt from RD 

tSMI 
WR to Status Mask Reg., Delay 
toRTI 

POWER DOWN 

tpcs 
Power Down to All Clocks 
Stopped 

tpCR 
Power Down Removed to Clocks 
Running 

tpxs 
Power Down Removed to XT AL When Using On Chip Inverter for 
Oscillator Stable Oscillator Circuit 

tpSE 
Power Down Set-Up to RD 160 
orWR Edge 

tEPI 
WR or RD Edge Following PO to 

Enable or Disable 
Internal Signals 

BAUD GENERATOR 

tXH XTALln High 100 

tXL XTAL In Low 100 

fSRC 
Baud Rate Clock Input 
Frequency 

tSD1 Baud Out Delay ..;- 1 

tS02 Baud Out Delay ..;- 2 

tS03 Baud Out Delay ..;- 3 

tSON Baud Out Delay ..;- N > 3 

txc Baud Clock Cycle 
1 

txc =--
fSRC 

243 
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Typ I Max I Units 

ns 

ns 

ns 

ns 

ns 

ns 

180 200 ns 

75 ns 

ns 

ns 

250 ns 

ns 

ns 

180 ns 

200 ns 

240 ns 

230 ns 

1 2 tSIT+tXC 

1 2 tSIT+txe 

100 ms 

260 ns 

100 ns 

ns 

ns 

4.1 MHz 

160 ns 

200 ns 

200 ns 

200 ns 

ns 



4.0 AC Electrical Characteristics (Continued) 

Symbol Parameter Test Conditions 

TRANSMITTER 

tTCD TxD Delay from TxC 
External Clock 

Internal Clock 

tTXC Cycle Time TxC 
16X, 32X, 64X Clock Factor 

1 X Clock Factor 

tTCH TxC High 

tTCL TxC Low 

tHAI WR TxHR to Reset TxBE RTI 

tHTS WR TxHR to TxD Start 

tTSI Skew Start Bit to RTI 

tETS Enable Tx to Start Bit 

1X 

tSIT1 One Bit Time 
16X 

32X 

64X 

RECEIVER 

tAS RxD Set-Up 1X Clock Factor 

tAH RxD Hold 1 X Clock Factor 

tAXC Cycle time RxC 
16X, 32X, 64X Clock Factor 

1 X Clock Factor 

tACH RxC High 

tACL RxC Low 

tAAI RD to Reset RTI 

1X 

tSIT1 One Bit Time 
16X 

32X 

64X 

tEAS 
Enable Rx to Correctly Detect 

All Clock Factors 
Start Bit 

tANO 
Read RxHR Before Next Data; 

NoDE 

tSI RxC, Break to RTI 

tAEI Receiver Error Int 

tADI Receiver Ready Int 

tASI RxCto RTI 

RESET TIMING 

tMA MR Pulse Width 

tAA 
MR to ALE if Valid WR or 

RDCycie 

Note 1:tSIT = trxc x Clock Factor (1,16,32,64), transmitter 
tSIT = tRXC x Clock Factor (1, 16,32,64), receiver 

1 
tSIT=~ 
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Min Typ 

275 

140 

243 

1000 

100 

100 

260 

2 3 

-100 +20 

3 4 

1000 

3.88 

7.77 

15.55 

160 

100 

243 

1000 

100 

100 

300 

1000 

3.88 

7.77 

15.55 

2 3 

240 

340 

% Clock 
Factor 

tAEI+ 1 

300 

100 

100 

Max 

4 

+120 

5 

4 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

tSIT 

ns 

tSIT 

ns 

,..,s 

,..,s 

,..,s 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

,..,s 

,..,s 

,..,s 

tAXC 

ns 

tAXC 

tAXC 

ns 

ns 

ns 

z en o 
CD 
U1 
CD 
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~ 5.0 Timing Waveforms 
U) 
z 

Read and Write Cycles 

ALE ---"" 

READ !ADO

OAD7 _____ -+ ____ -+-__ ~ 
iii) 

WRITE !ADO

OAD7 --------------1 
Viii 

Viii (WRITE TO 
COMMAND REG) 

DTR. RTI 

Note: The Internal write is made Inactive by either the next ALE or CE going invalid 

Modem Timing 

\4f_tMD 

_ 

TUC/5593-5 

CTS. DeD. DSR Y 
---::r"" tSIM 

'1m (STATUS ------,,1 
MASK BITS 

ENABLED FOR l1) 

iffi (READ MODEM 
STATUS REG) 

TL/C/5593-4 

TL/C/5593-6 

Viii (CLEAR 
MASK BIT) 

RTI (ASSUME 
STATUS BIT sm 

Wii (SET 
MASK Bm Y I,,, \""---

TL/C/5593-7 TUC/5593-8 
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5.0 Timing Waveforms (Continued) 

Pii----_ 
(OR) 

\Vii (WRITE SOFTWARE 
POWER DOWN REG) 

Power Down Timing 

Ipcs-I ALL CLOCKS 
STOPPED 

(OATAIIIItt) 

14---IPCII .1 CLOCK RUNNING 

I---Ipxs---U • I XTALOSC 

STABLE 
TLIC/5593-9 

jijj (HARDWARE ONLY)----~ -----c .. NOTE: IF SETUP IS MISSED ~ ___ _ 
iiiiORWR----.. \ --

\ 
'---

NEXT 1m OR WIllS USED \ 

SHUTOFF INTERNAL 
ALE. CE. ADDRESS. DATA 

Baud Out Timing 
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\._---

RESTORE 
INTERNAL SIGNALS 

TLIC/5593-10 
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~ 5.0 Timing Waveforms (Continued) 
(/) 
Z 

Viii (WRITE 
TO TxHR) 

iffi (lxBE) 

TxD 

MR 

ALE 

Transmitter Timing 

TxD 

TL/C/5593-12 

~ ~ ~;:.::j 1- I-

A-X..J STDP\::A.. 

1 
ISIT = BAUO RATE = ITxCX CLOCK FACTOR (1. 16. 32. 64) 

TL/C/5593-13 

Note: The AC Timing Spec for RTl due to TXU or T8K will be published in the next data sheet. 

AUTO CTS 
ENABLED DR CTS 

(WRITE TO 
COMMAND REG. 

SET TxE = 1) Wii 

(ASSUME TxHR 
ALREADY LOADED) 

TxD 

IETS------<J ,....... ,-

~ 
TLlC/5593-14 

Reset Timing 

~----------------~~-------------I_------
IHi OR Wii \-----1 

TL/C/5593-15 
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5.0 Timing Waveforms (Continued) 

Receiver Timing 

TL/C/5593-16 

1 
ISIY"BAUD RATE "IR,CxCLDCK FACTDR (1,16,32,64) 

~11~~r 
RID~, 

RiC (lX) 

iffi (PE OR DE) 

(OR) 

iffi (FE OR RIRDY) 

------------_ ~----------_P------------
RID (161, 321, 641) 

iffi (PE, FE. OR DE) 

(OR) 

RTi (RIRDY) 

iiii (READ R·T STATUS OR 
READ RIHR TO CLEAR INn 

RlI 

STOP \ IDLE DR START 

~----------

\::i-
7·119 
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TL/C/5593-19 
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5.0 Timing Waveforms (Continued) 

Receiver Timing (Continued) 

Wi! (WRITE TO COMMAND 
REG SET RxE = 1) 

(OR) 

DCD (AUTO 
DCD ENABLED) -------~ 

RxD 

iiii (READ RxHR, 
PREVIOUS DATA) 

------~~ ~---+----~-----------RxD (16X, 32X, 66X) 

(OR) 

RxD (1X) 

iili (RxRDY) 
(AVOID DE) ----

MIDDLE OF 111 '0' STOP BIT 

START BREAK CHARACTER 

RiC (16x, 32x, 64x) I 

STOP , 

I ~-------~----- 'k1B11 

BREAK TERMINATE 

_ __ J-IBI 

RTI(~BRK) ~ 

------V-IR1M 
RD (READ MODEM • ._------

STATUS REG) 

----I\j\[' ~ RxC(1X) I 

RTi( •• RK]~, , .~ .. 
RD (AEAD MDDEM --=:]-i-~ 

STATUS REG) ~ 
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TL/C/5593-21 

(BRK = D) 

TL/C/5593-22 



6.0 Connection Diagrams 
Dual·ln·Llne Package 

MR 

ALE 

ADD 

AD1 

ADZ 

AD3 

TL/C/5593-23 

Top View 

Order Number NSC858D or N 
See NS Package D28C or N28B 

NC 

ALE 

ADO 

ADI 

AD2 

NC 

AD3 

AD04 

AD5 

NC 

NC 

Leadless Chip Carrier 

6 5 04 3 2 1 «043 042 041 040 
7 39 

38 

37 

10 36 

11 35 

12 NSC858E 304 

13 33 

104 32 

15 31 

16 30 

17 29 
18 19 20 21 22 23 204 25 26 27 28 

Top View 

Order Number NSC858E 
See NS Package Number E44A 

7.0 Pin Descriptions 
7.1 INPUT SIGNALS 

NC 

DTR 
ffi 
DCD 

iffi 
NC 

RxD 

RxC/BRGOUT 

TxD 

TxC/BRGOUT 

NC 

TL/C/5593-24 

Master Reset (MR): active high, Pin 1. This Schmitt trigger 
input has a O.5V typical hysteresis. When high, the following 
registers are cleared: receiver mode, transmitter mode, 
global mode, R·T status (except for TxBE which is set to 
one), R·T status mask, modem mask, command (which dis· 
abies receiver "Rx" and the transmitter "Tx"), power down, 
and receiver holding. In the modem status register, aCTS, 
aDCD, aDSR, BRK and aBRK are cleared. 
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NC 

ALE 

ADO 

ADI 

AD2 

NC 

AD3 

AD04 

AD5 

NC 

NC 

Plastic Chip Carrier 

6 5 04 3 2 1 « 043 042 041 040 
7 39 

38 

37 

10 36 

11 35 

12 NSC858V 304 

13 33 

104 32 

15 31 

16 30 

17 29 
18 19 20 21 22 23 204 25 26 27 28 

Top View 

Order Number NSC858V 
See NS Package Number V44A 

NC 

DTR 
ffi 
DCD 

iffi 
NC 

RxD 

RxC/BRGOUT 

TxD 

TxC/BRGOUT 

NC 

TLlC/5593-25 

Chip Enable (CE): active low, Pin 2. Chip enable must be 
low during a valid read or write pulse in order to select the 
device. Chip enable is not latched. 

Read (RD): active low, Pin 3. While the chip is enabled the 
CPU latches data from the selected register on the rising 
edge of RD. 

Write (WR): active low, Pin 4. While the chip is enabled it 
latches data from the CPU on the rising edge of WR. 

Address Latch Enable (ALE): negative edge sensitive, Pin 
5. The negative edge (high to low) of ALE latches the ad· 
dress for the register select during a read or write operation. 

z 
(f) 
(") 
(X) 
U'I 
(X) 
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7.0 Pin Descriptions (Continued) 

Power Down (PD): active low, Pin 17. When active it dis­
ables all internal clocks, shuts off the oscillator, clears RxE, 
TxE, and break control bits in the command register. All 
other registers retain their data. Unlike software power 
down, PO also disables the internal ALE, CE, RD, WR, ad­
dress and data paths for minimum power consumption. 
Registers cannot be accessed in hardware power down; 
they may be in software power down. 

Receiver Data (RxD): Pin 21. This accepts serial data input 
from the communications link (peripheral device, modem, or 
data set). Serial data is received least significant bit (LSB) 
first. "Mark" is high (1), "space" is low (0). 

Data Carrier Detect (DC D): active low, Pin 23. Can be used 
as a modem or general purpose input. When this modem 
input is low it indicates that the data carrier has been detect­
ed by the modem or data set. The DCD signal is a modem 
control function input whose complement value can be test­
ed by the CPU by reading bit 5 (DCD) of the modem status 
register. Bit 1 (~DCD) of the modem status register indicat­
ed whether the DCD input has changed state since the pre­
vious reading of the modem status register. DCD can also 
be programmed to become an auto enable for the receiver. 
NOTE: Whenever the DCD bit of the modem status register changes state, 

an interrupt is generated if the aDCD mask and the DSCHG mask 
bits are set. 

Clear to Send (CTS): active low, Pin 26. Can be used as a . 
modem or a general purpose input. The CTS inputs comple­
ment can be tested by the CPU by reading bit 4 (CTS) of the 
modem status register. Bit 0 (~CTS) of the modem status 
register indicates whether the CTS input has changed state 
since the previous reading of the modem status register. 
CTS can be programmed to automatically enable the trans­
mitter. Note: Whenever the CTS bit of the modem status 
register changes state, an interrupt is generated if the ~CTS 
mask and the DSCHG mask bits are set. 

Data Set Ready (DSR): active low, Pin 27. Can be used as 
a modem or a general purpose input. When this modem 
input is low it indicates that the modem or data set is ready 
to establish the communication link and transfer data with 
the NSC858. The DSR is a modem-control function input 
whose complement value can be tested by the. CPU by 
reading bit 6 (DSR) of the modem status register. Bit 2 
(~DSR) of the modem status register indicates whether the 
(DSR) input has changed state since the previous reading of 
the modem status register. 
NOTE: Whenever the DSR bit of the modem status register changes state, 

an interrupt is generated if aDSR mask and the DSCHG mask bits 
are set. 

Power (Vee): Pin 28. + 5V supply. 

Ground (GND): Pin 14. Ground (OV) supply. 

7.2 OUTPUT SIGNALS 

Transmit Data (TxD): Pin 19: Composite serial data output 
to the communication link (peripheral, modem or data set) 
least significant bit first. The TxD signal is set to the marking 
(logic 1) state upon a master reset. In hardware or software 
power down this pin will always be a one. 

Receiver-Transmitter Interrupt (RTI): active low, Pin 22. 
Goes low when any R-T status register bit and its corre­
sponding mask bit are set. This bit can change states during 
either hardware or software power down due to a change in 
modem status information. 
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Request to Send (RTS): active low, Pin 24. Can be used as 
a modem or a general purpose output. When this modem 
output is low it informs the modem or data set that the 
NSC858 is ready to transmit data. The RTS output or gener­
al purpose output signal can be set to an active low by 
programming bit 6 of the command register with a 1. The 
RTS signal is set high upon a master reset operation. During 
remote loopback RTS signal reflects the complement of bit 
6 of the command register. During local loopback the RTS 
signal is forced to its inactive state (high). RTS cannot 
change states during hardware power down; it can during 
software power down. 

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

7.3 INPUT/OUTPUT SIGNALS 

Address/Data Bus (ADO-AD7): Pins 6-13. The multi­
plexed bidirectional address/data bus, ADO-AD7 pins, are 
in the high impedance state when the NSC858 is not select­
ed or whenever it is in hardware power down. ADO-AD3 are 
latched on the trailing edge of ALE, providing the four ad­
dress inputs. The rising edge of the WR input enables 8 bits 
to be written in, through ADO-AD7, to the addressed regis­
ter. RD input enables 8 bits to be read from a register out 
through ADO-AD7. 

Transmitter Clock/Baud Rate Generator Output (TxC/ 
BRGOUn: Pin 18. If the transmitter is programmed for an 
external clock, TxC is an input. If the transmitter is pro­
grammed for an internal clock, then the Baud Rate Genera­
tor is used for the transmitter, and it is output at TxC/ 
BRGOUT. In either case, TxC/BRGOUT signal is running at 
1 X, 16X, 32X, 64X the data rate, as selected by the clock 
factor. If this pin is used as an output it will be set to a zero 
(0) in both hardware and software power down. 

Receiver Clock/Baud Rate Generator Output (RxC/ 
BRGOUn: Pin 20. If the receiver is programmed for an ex­
ternal clock, RxC is an input. If the receiver is programmed 
for an internal clock, the Baud Rate Generator is used for 
the receiver, and it is output at RxC/BRGOUT. In either 
case, RxC/BRGOUT signal is running at 1 X, 16X, 32X, 64X, 
the data rate as selected by the clock factor. If this pin is 
programmed as an output it will be set to one (1) in both 
hardware and software power down. 

Crystal (XIN, XOUT): Pins 15, 16. These two pins connect 
the main timing reference. A crystal network can be con­
nected across these two pins, or a square wave can be 
driven into XIN with XOUT left floating. In hardware and 
software power down XOUT is set to a 1. Ground XIN when 
using both RxC and TxC to supply external clocks to the 
UART. 



8.0 Block Diagram 
INTERNAL REGISTERS lOGIC 
DATA BUS (22) iffi 

CPU INTERFACE 

ADO-AD7 (6-13) 

Ce~ 
iiii~ SELECT 
-(4) AND 
WR""(5)+ CONTROL 
ALE? LOGIC +-+ Rx MODE iiiCiBRGOUT 
MR..-... 

Vee oJ!!!-

GROUNo~ 

FIGURE 1. NSC858 Functional Block Diagram 

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

TABLE I. Register Address Designations 

Address 
Register Read/ 

A3 A2 A1 Ao 
Write 

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

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

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

Note: Offset address 00, OE. OF are unused. 
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9.1 RECEIVER AND TRANSMITTER HOLDING REGIS­
TER 

A read to offset location 00 will access the Receiver holding 
register; a write will access the Transmitter holding register. 

9.2 RECEIVER MODE REGISTER 

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

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

7 8 5 4 3 2 1 0 

10101010101010 I 01 m~~~~d~ 
, " ~ = R/W. RESERVED FOR I FUTURE USE 

= 000 NO PARITY 
= 100 EVEN PARITY 
= 101 ODD PARITY 
= 010 FORCE LOW 
= 011 FORCE HIGH 
= 00 5 BITS/CHAR . 
= 01 6 BITS/CHAR. 
= 10 7 BITS/CHAR. 
= 11 8 BITS/CHAR. 

L...-________ = 1 AUTO ENABLE OCO 

'------------ =- 1 RxC INTERNAL 
= 0 RxC EXTERNAL 

TL/C/5593-27 

z 
en 
0 
Q) 
U1 
Q) 

• 



co r-------------------------------------------------------------------------------------~ 
II) 
co 
(,) 
U) 
z 

9.0 Registers (Continued) 

9.3 TRANSMITTER MODE REGISTER 

The system programmer specifies the data format of the 
transmitter (which may differ from the receiver) by program­
ming the transmitter mode register at offset location "02." 

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

~~~~~~~~~ 
nS8tconfiguralion 

L
TRANSMIT ABORT END CONDITION (TAEC} 
= "I" STOPON 

TRANSMITTER HOLDING REGISTER 
EMPTY 

= "0" STOP ON TRANSMITTER SHIFT 
REGISTER EMPTY 

= 000 NO PARITY 
• 100 EVEN PARITY 
= 101 DOD PARITY 
.. 010 FORCE LOW 
= 011 FORCE HIGH 

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

'------------= 1 AUTO ENABLE ill 
'----------= 1 TxC. INTERNAL 

= 0 TxC = EXTERNAL 

TL/C/5593-28 

The transmitter mode register is similar in operation to the 
receiver mode register except for the addition of the Trans­
mit Abort End Condition (TAEC). If this bit is set to a one 
when a request to disable the transmitter or send a break is 
pending then the data in the shift register and holding regis­
ter will be transmitted prior to such action occurring. If TAEC 
equals 0 then the action will take place after the shift regis­
ter has been emptied. When bit 6 of this register is set high 
the transmitter will be enabled any time the CTS signal is 
low (provided CR1 = 1). When bit 7 is set to a "1" the trans­
mitter clock source is the internal baud rate generator, and 
TxC is then an output. After reset this register is set to "00." 

9.4 GLOBAL MODE REGISTER 

This register is used to program the number of stop bits and 
the clock factor for both the receiver and transmitter. Only 
the lower four bits of this register are used, the upper four 
can be programmed as don't cares and they will be read 
back as zeros. Programming the number of stop bits is for 
the transmitter only; the receiver always checks for one stop 
bit. If a 1 X clock factor with 1.5 stop bits is selected for the 
transmitter the number of stop bits will default to 1. After 
reset this register is set to "00." 
Note: Selecting the 1 x clock requires that the clock Signal be sent or re­

ceived along with the data. 

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

3 2 1 

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

, I '-I~ CL'CK """ = DO lX 
= 01 16X 
= 10 32X 
= 11 64X 
STOP BITS 
= DO 1 STOP BIT 
= 01 1.5 STOP BITS 
= 10 2 STOP BITS 
= 11 INVALID 

Bits 4-7 are don't care, read as Os. 

TL/C/5593-29 
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9.5 COMMAND REGISTER 

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

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

RECEIVER ENABLE 
TRANSMITTER ENABLE 

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

'------- ENABLE LOOPBACK 

'-------- BREAK CONTRDL 
= 00 NO BREAK 
= 01 4·CHAR. LENGTH BREAK 
= 10 lS·CHAR. LENGTH BREAK 
= 11 BREAK CONTINUOUSLY 

'----------- RTS (COMPLEMENT OF RTS PINI 
'------------ DTR (COMPLEMENT OF DTR PINI 

TL/C/5593-30 

Bit 0: Receive Enable, when set to a one the receiver is 
enabled. If auto enable for the receiver has been pro­
grammed then in addition to CRO = 1, the OCO input must 
be low to enable receiver. 

Bit 1: Transmitter Enable, when set to a one the transmitter 
is enabled. If auto enable for the transmitter is programmed 
then in addition to CR1 = 1, the CTS input must be low to 
enable transmitter. 

Bit 2: A zero selects local loopback and a one selects re­
mote loopback. 

Bit 3: A one enables either of the diagnostic modes select­
ed in bit 2 of the command register. 

Bits 4 and 5: Bits 4 and 5 of the command register are used 
to program the length of a transmitted break condition. A 
continuous break must be terminated by the CPU, but the 4 
and 16 character length breaks are self clearing. (At the 
beginning of the last break character bits 4 and 5 will auto­
matically be reset to 0.) Break commands affect the status 
of bit 6 (TBK) of the R-T Status register (see R-T Status 
register). Break control bits are cleared by software or hard­
ware power down. 

Bits 6 and 7: These two bits control the status of the output 
pins RTS (pin 24) and OTR (pin 25) respectively. They may 
be used as modem control functions or be used as general 
purpose outputs. The output pins will always reflect the 
complement of the register bits. 

9.6 R-T STATUS REGISTER 

This 8-bit register contains status information of the 
NSC858 and therefore is a read only register at offset loca­
tion "08." Each bit in this register can generate an interrupt 
(RTI). If any bit goes active high and its associated mask bit 
is set then the RTI will go low. RTI will be cleared when all 
unmasked R-T Status bits are cleared. Bits 0 and 1, receiver 
ready and transmitter empty are cleared by reading the re­
ceiver holding register or writing the transmitter holding reg­
ister respectively. Bits 2 through 5, transmit underrun, re­
ceiver overrun, framing error, parity error are cleared by 
reading the R-T Status register. Bit two, transmitter under­
run will occur when both the transmit holding register and 
the transmit shift register are empty. 



9.0 Registers (Continued) 

Bit three, overrun error, will occur when the CPU does not 
read a character before the next one becomes available. 
The OE bit informs the programmer or CPU that RXHR data 
has been overrun or overwritten. The byte in the shift regis­
ter is always transferred to the holding register, even after 
an overrun occurs. If an OE occurs, it is standard protocol to 
request a re-transmission of that block of data. A read of 
RXHR, when a subsequent read of R-T status shows that 
no OE is present, indicates current receiver data is avail­
able. Bit four, framing error, occurs when a valid stop bit is 
not detected. Bit 5 is set when a parity error is detected. Bits 
three, four and five are affected by the receiver only. 

Bit 6, Transmit Break (TBK) is set at the beginning of each 
break character during a break continuously command, or at 
the beginning of the final break character in a 4 or 16 char­
acter programmed break length. It is cleared by reading the 
R-T Status register. Bit 7, Data Set Change (DSCHG) will be 
set whenever any of the bits 0-3 of the Modem Status reg­
ister and their associated mask bit are set. Data Set Change 
bit is cleared by reading the Modem Status register or is 
masked off by writing "0" to all modem register bits. After 
reset the R-T Status register equals '02', i.e. all bits except 
TxBE are reset to zero. 

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

reset configuration 

RxRDY (RECEIVER DATA READY) 
1 = FULL 
0= EMPTY 
TxBE (TRANSMITIER BUFFER EMPTy) 
1 = EMPTY 
0= FULL 
TxU (TRANSMITIER UNDERRUN 
1 = ERROR 
0= NO ERROR 

L--____ OE (RECEIVER OVERRUN ERROR) 
1 = ERROR 
0= NO ERROR 

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

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

'---------- TBK (TRANSMITIER BREAK) 
1 = BREAK 
0= NO BREAK 

'----------- DSCHG (DATA SET CHANGE) 
1 = CHANGE 
0= NO CHANGE 

9.7 R-T STATUS MASK REGISTER (SMO-7) 
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This register is used in conjunction with the R-T Status reg­
ister to enable or disable conditional interrupts A one in any 
bit unmasks its associated bit in the R-T Status register, and 
allows it to generate an interrupt out through RTI. The mask 
affects only the interrupt and not the R-T Status bits. This 
eight bit register is both read and writable at offset location 
"07." After reset it is set to "0" which disables all interrupts. 
Each bit in the R-T Status mask register is associated with 
that bit in the R-T Status register (e.g., SMO is SRO's mask). 

9.8 MODEM STATUS 

This eight bit read only register which is addressed at offset 
location "OA" contains modem or general purpose input 
and receiver break information. 
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TABLE VII. Modem Status Register (Address "OA") 
(Bits MSO-7) 

~CTS 

.lOCO 
L-----.lDSR 

'-------.lBRK 
I..-------CTS 

1..-_______ OCD 

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

9.9 MODEM MASK REGISTER (MMO-3) 

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

9.10 POWER DOWN REGISTER (PDO) 

This one bit register can both be read and written at offset 
location "OB." When bit zero is set to a one the NSC858 will 
be put into software power down. This disables the receiver 
and transmitter clocks, shuts off the baud rate generator 
and crystal oscillator, and clears the RxE, TxE, and break 
control bits in the command register. Registers on chip can 
still be accessed by the CPU during software power down. 
Bits 1 through 7 will always read as o. 
9.11 MASTER RESET REGISTER 

This write only register is addressed at offset location "OC." 
When writing to this register the data can be any value 
(don't cares). Resetting the NSC858 by way of the reset 
register is functionally identical to resetting it by the MR pin. 

9.12 BAUD RATE GENERATOR DIVISOR LATCH 

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

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

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

TABLE VIII. Baud Rates Using 1.8432 MHz Crystal 

Desired Divisor Used Percent Error 

Baud Rate To Generate Difference Between 
16 x Clock Desired and Actual 

50 2304 -
75 1536 -
110 1047 0.026 

134.5 857 0.058 
150 768 -
300 384 -
600 192 -
1200 96 -
1800 64 -
2000 58 0.69 
2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 -
19200 6 -
38400 3 -
56000 2 2.86 

TABLE IX. Baud Rates Using 3.072 MHz Crystal 

Desired Divisor Used Percent Error 

Baud Rate To Generate Difference Between 
16 x Clock Desired and Actual 

50 3840 -
75 2560 -
110 1745 0.026 

134.5 1428 0.034 
150 1280 -
300 640 -
600 320 -
1200 160 -
1800 107 0.317 
2000 96 -
2400 80 -
3600 53 0.628 
4800 40 -
7200 27 1.23 
9600 20 -
19200 10 -
38400 5 -
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10.2 RECEIVER AND TRANSMITTER OPERATION 

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

10.3 TRANSMITTER OPERATION 

The Transmitter Holding register is loaded by the CPU. To 
enable the transmitter, TxE must be set in the Command 
register. CTS must be low if the auto enable is set in the Tx 
Mode register. The Transmitter Holding register is then par­
allel loaded into the Transmitter Shift register, and the start 
bit, parity bit and the specified number of stop bits are in­
serted. This serialized data is available at the TxD output 
pad, and changes on the rising edge of TxC, or equivalently 
the falling edge of TxC. The TxD output remains in a mark 
("1 ") condition when no data is being transmitted, with the 
exception of sending a break ("0"). 

A break condition is initiated by writing either a continuous 
or specified length break request to the Command Register. 
A finite break specification of either 4 or 16 character 
lengths can be extended by re-writing the break command 
before the specified break length is completed. Each break 
character is transmitted as a start bit, logical zero data, logi­
cal zero parity (if specified) and logical zero stop bit(s). The 
number of data and stop bits, plus the presence of a parity 
bit are determined by the Transmitter and Global Mode reg­
isters. Thus, the total number of (all zero) bits in a break 
character is the same as that for data. The break is termi­
nated by writing "00" to the Break Control bits in the Com­
mand Register. The Set Break bits in the Command register 
are always reset to "00" after the termination of the speci­
fied break transmission or if the transmitter is disabled dur­
ing a break transmission. The TxD output will always return 
to a mark condition for at least one bit time before transmit­
ting a character after a break condition. Data in the Trans­
mitter Holding register, whether loaded before (on 
T AEC = 0) or during the break will be transmitted after the 
break is terminated. 
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10.4 TYPICAL CLOCK CIRCUITS 

IVER DR 

EXTERNAL -t> XIN 
CLOCK 

OPTIONAL 

OPTIONAL 
CLOCK --0 

OUTPUT 

DRIVER 
XOUT 

XIN 

Rp CRYSTAL 

I:::::J 

~ fRDM 
+-CONTROL 

LOGIC 

OSC. CLOCK TD 
BAUD GEN. LOGIC 

OSC. CLOCK TO 
r--_ ..... __ ..... ;.;;XO;.;UT~I-____ .... B+AUD GEN. LOGIC 
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CRYSTAL Rp C1 C2 

3.1 MHz 1 Mn 10-30 pF 40-60 pF 

1.8 MHz 1 Mn 10-30 pF 40-60 pF 

FIGURE 2. Typical Crystal Oscillator Network 

10.5 RECEIVER OPERATION 

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

The receiver will detect a break condition on RxD if an all 
zero character with zero parity bit (if parity is specified) and 
a zero stop bit is received. For the break condition to termi­
nate, RxD must be high for one half a bit time. If a break 
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TRANSMITTER OUTPUT 

TRANSMISSION FORMAT 

PROGRAMMED 
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GENERATED 
BY NSC858 

CPU BYTE (5-8 BITS/CHAR) 

DATA CHARACTER 

ASSEMBLED SERIAL DATA OUTPUT (TxD) 

ST;-) 
BITS L 

START DATA CHARACTER STOP J 
L-~B~IT __ L-____ .. ~ ____ ~~~~B~IT~S 
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DATA CHARACTER STOP J 
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~--~------~---~~--~~ 
CPU BYTE (5-8 BITS/CHAR)· 

DATA CH~R.A_CT_ER __ .. 
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Note: If character length is defined as 5, 6 or 7 bits, the unused bits are set 
to "0"). 

FIGURE 3 

condition is detected, bits 3 and 7 in the Modem Status 
register (~BRK and BRK respectively) will be set. Bit 3 
(~BRK) will then cause bit 7 (DSCHG) in the R-T Status 
register to be set which in turn forces RTI to an asserted 
state ("0"). These interrupts will occur only if the appropri­
ate mask bits are set for the registers in question. 

When the 1 x clock factor is selected: 

The RxC pin on the NSC858 should be connected to the 
clock signal of the incoming data stream and bit 7 of the 
receiver mode register should be cleared to AO. 

The TxC output of the NSC858 does not have to be sent to 
the remote receiver unless the receiver is using a 1 x clock 
factor. 

10.6 PROGRAMMING THE NSC858 

There are two distinct steps in programming the 858. During 
initialization, the modes, clocks, masks and commands are 
set up. Then, in operation, Modem 110 takes place, status is 
monitored, the receiver and transmitter are run as needed. 

To initialize the 858, first pulse the MR line or write to the 
Master Reset register. Then, write to the following registers 
in any order, except for enabling the Rx and Tx, which must 
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10.0 Functional Description (Continued) 

be at the end of the set up procedure. The Global, Receiver 
and Transmitter Mode registers determine the modes for 
the Rx and Tx. These latter two registers often will have the 
same data byte written to them, but are kept independent 
for flexibility. If the mode registers indicate that the receiver 
and/or the transmitter use an internal clock, then data (de­
termined by the crystal frequency and desired bit time and 
clock factor) should be written to the upper and lower Baud 
Rate Generator Divisor Latches. The Modem Status Mask 
register enables Data Set change in R-T Status. If interrupts 
are required, the R-T Status Mask register allows RTI to 
occur. Write to the Command register to enable the receiver 
and/or transmitter only when all else is set up. 

In operation, the 858 can transmit, receive and handle I/O 
simultaneously. Modem outputs are written to at the Com­
mand register, while the inputs are read at the Modem 
Status register. Data flow and errors are read at the R-T 
Status register. When serial data has been shifted in and 
assembled, the receiver is ready, and the word can be read 
at the Rx Holding register. When the transmitter buffer is 
empty, the Tx Holding register can be written to, and the 
word will be shifted out as serial asynchronous data. 

Once the 858 is running, several options may be exercised. 
Masks can be changed at any time. The Rx and Tx are 
disabled or enabled, as needed, by writing to the Command 
register, or toggling the auto enable modem inputs (if used). 
Both the Rx and Tx should be disabled before either altering 
any mode or engaging a loopback diagnostic, and they can 
be re-enabled then or at a later time. Power down is allowed 
at any time except during loop back, although data may be 
lost if PD occurs in the middle of a word. 

Thus, software for the NSC858 is of two types. The initiali­
zation routine is performed once. The operation routines, 
usually incorporating polling or interrupts, are then run con­
tinuously or on demand, depending upon the system or 
application. 

10.7 DIAGNOSTIC CAPABILITIES 

The NSC858 offers both remote and local loop back diag­
nostic capabilities. These features are selected through the 
Command register. 

Local Loopback Mode (see Figure 4) 

1. The transmitter output is internally connected to the re­
ceiver input. 

2. DTR is internally connected to DCD, and RTS is inter­
nally connected to CTS. 

3. TxC is internally connected to RxC. 

4. The DSR is internally held low (inactive). 

YDO-AD7> 

NSC800 
CPU 

iiD 
Wii 0 RxD 
ALE 

5. The TxD, DTR and RTS outputs are held high. 

6. The CTS, DCD, DSR and RxD inputs are ignored. 

7. Except as noted, all other Status, Mode and Command 
Register bits and interrupts retain their functions and 
settings. 

FIGURE 4. Local Loopback 

Remote Loopback Mode (see Figure 5) 
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1. The contents of the Receiver Holding Register, when 
RxRDY = 1 indicates it is full, are transferred to the Trans­
mitter Holding register, when TxBE= 1 indicates it is emp­
ty. After this action, both RxRDY and TxBE are cleared. 

2. RxC is connected internally to TxC. 

3. Setting the Remote Loopback Mode places all receiver 
and transmitter flags under control of the remote loop­
back sequencer. RxRDY and TxBE can be monitored to 
follow automatic remote loopback data flow, while DE 
and TxU can indicate system problems. 

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

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

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

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

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

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

TL/C/5593-36 

FIGURE 5_ Remote Loopback 
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11.0 Ordering Information 
NSC858XX 

II i IA+ = A+ Reliability Screening 
D = Ceramic Package 
N = Plastic Package 
E = Ceramic Leadless Chip Carrier (LCC) 
V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 

12.0 Reliability Information 
Gate Count 4280 

Transistor Count 8450 
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NSC888 
NSC800™ Evaluation Board 

microCMOS 

• Nscaoo a-Bit microCMOS CPU 
• Executes zao® Instruction Set 
• 20 programmable parallel I/O lines 
• Two 16-Bit programmable 

counters/timers 
• Powerful 2k x a 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. 

TL/C/8533-1 

• 1 k x a microCMOS RAM with sockets for 
up to 4k x a RAM 

• Socket for additional 2k x a, 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, lID, Timers and interface components yet 
draws only 30 rnA from the + 5V supply and 3 rnA 
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-liD-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 

NSCBOO 
CPU 

iffi 

SINGLE 
STEP 
MODE 

AIB·1S) 

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

Input/Output 

• Parallel I/O 
The NSC888 provides 20 programmable parallel 110 
lines implemented using the liD ports of the 
NSC810A RAM-liD-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 liD lines are 
conveniently brought to a 50 contact edge connec­
tor for user interface . 

• Serial I/O 
An RS232 connector and accompanying support cir­
cuitry are provided on-board. Two liD lines from the 
NSC810A RAM-liD-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. 

ADIO·7) 

R/W 
MEMORY 
4K x 8 

DEMUL· 
TlPLEXER 
82PCt2 

COMMUNI· 
CATION 

INTERFACE 

4K 
READ 
ONLY 
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__ DA_T_A _ } S~~~AL 
XMIT 
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FIGURE 1 
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~ 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 liD 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. 

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 
I nstructions-

Address 
Capability-

Memory 

RAM-

ROM/EPROM-

Access Time-

7-132 

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 



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 (17.15 cm) 
7.85 (19.94 cm) 

Order Information 
NSC888 

Documentation 

FIGURE 2. NSC888 Evaluation Board 
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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 
1/0 lines, RS232 interface, 
wire wrap area. 

The NSC888 Hardware/ 
Software Users Manual and 
NSC800 Microprocessor 
Family Handbook are shipped 
with the NSC888 Evaluation 
Board 
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Comparison Study NSC800 vs. 
8085/80C85 Z80® IZ80 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-A15) and the lower eight ad­
dress bits (ADO-AD7). Address bits AO-A? are time mUlti­
plexed on the 8-bit bidirectional address/data bus (ADO­
AD7). 

There are several advantages to using a multiplexed ad­
dress/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 I/O Timer 

NSC831 I/O 

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, S1, and 10/M 
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 S1, in conjunction with 10/M, 
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 I/O Write 
0 1 1 I/O 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 I/O 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 I/O 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 I/O 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 I/O 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 I/O lines SOD and SID. RFSH (Refresh) is a 
status signal which indicates that an eight bit refresh ad­
dress is present on the address/data bus (ADO-AD7). The 
refresh address occurs during T3 of each M1 (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 
NSCaOO 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 
NSCaOO and the aoa5 presented in tabular form for quick 
reference. 

TABLE II. 
NSCaOO vs. aOa5/aOCa5 Comparison 

Item NSCaOO 

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

(100 pF) 
Dynamic RAM Refresh Counter Yes, a-bit 
Automatic WAIT State on I/O Yes 
Number of instruction types 15a 
Number of Programmer 

Accessible Registers 22 
Block I/O and Search Yes 

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

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

The bus structures of the NSCaOO and the zao are quite 
different. The NSCaOO uses a multiplexed address/data 
bus. The zao 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 NSCaOO and the zao, in 
addition to the bus structures, are the refresh counter, on­
chip clock generation, and the interrupt capability. 

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

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

aOa5 aOCa5 

a50mW@5V 50mW@5V 
1 std. TTL 1 std. TTL 
(100 pF) (150 pF) 

No No 
No No 
ao ao 

10 10 
No No 

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

Refer to TABLE III for comparison of the major differenc­
es between the NSCaOO and the zao. 

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 

NscaOO vs. zao/zao CMOS Comparison 

Nscaoo zao 

50mW@5V 

1 p.s 

Yes 

5 
Yes 

Yes, a-bit 

7-135 

750mW@5V 

1 p.s 

No 

2 
No 

Yes,7-bit 

zaoCMOS 

75mW@5V 

1 p'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 Z80 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 Z80 
are the multiplexed address/data bus, an 8-blt refresh coun­
ter for dynamic RAMs, on-chip clock generation, and five 
Interrupts. The speed of the NSC800 and Z80 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
eral I/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 
5 
4 
3 
2 

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

N/A 
N/A 
N/A 

RSTA 
RSTB 
RSTC 
INTR 
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As an example, to enable interrupts on the RST A input, a 
logic '1' is written into bit 3 of I/O location X'BB. If the mas­
ter interrupt enable has been set by executing the Enable 
Interrupt (EI) instruction, interrupts will now be accepted on 
RSTA 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 D,DEST 10 
3 LXI B,COUNT 10 
1 LOOP: MOV A,M 7 
1 STAX D 7 
1 INX H 6 

INX D 6 
DCX B 6 

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

Total: 19 Total: 80 

NSC800 

Bytes Mnemonics Cycles 
3 LD HL,SOURCE 10 
3 LD DE,DEST 10 
3 LD BC,COUNT 10 
2 LDIR 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 NSC800 
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 NSC800 includes all 8085 flags plus some additional 
flags. The flag formats for the NSC800 and 8085 are: 

NSC800 Flags (Z80 Flags) 

8085 Flags 

CY I : I ~ I ~ I A~ I ~ I ! I : I o 
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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 NSC800) 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 
PIV 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 NSC800 resets the H flag, 
while the 8085 leaves the AC flag unaffected for these oper­
ations. 

8. When Complementing the Accumulator, the NSC800 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. 

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

Nscaoo Vs. zao 
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'BB is 
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 NSC800 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. 



NSC800™ Applications 
System: ROM Monitor and 
System Board 

ABSTRACT 

This document describes a NSCBOO-based microcomputer 
system and ROM monitor software that can be tailored to fit 
a variety of applications, and can be used with the IBM PC 
and several off-the-shelf NSCBOO development products 
currently available for fast software development. Included 
are system schematics, a system user's manual and a list of 
some vendors of NSCBOO/ZBO development products. Ad­
ditional documentation and program listings are available 
through National's Dial-A-Helper on-line information system. 
(See Appendix F). 

SECTION 1.0 OVERVIEW 

1_1 Introduction 

The NSCBOO Applications System is a general-purpose, B­
bit microcomputer and ROM monitor program, MONBOO, 
that can easily be configured and reconfigured to fit a wide 
variety of applications. The main purpose of the NSCBOO 
Applications System is to allow the system designer to 
quickly and efficiently develop application programs using 
the IBM PC and available off-the-shelf development tools 
for the NSCBOO microprocessor. 

The MONBOO monitor program allows the user to perform 
such tasks as program downloads, program editing, pro­
gram execution, defining breakpoints, register manipulation, 
and on-line assembly. Also included are several handy mon­
itor 1/0 calls and math routines that can be called from user 
programs. MONBOO is a powerful debugging tool that allows 
the programmer to develop NSCBOO code on any PC or 
other host system, download the code to the NSCBOO sys­
tem, and debug it using MONBOO's command set. 

The NSCBOO Applications System can run stand-alone, and 
needs only the addition of a suitable power supply and RS-
232 compatible terminal to operate. The design of the sys­
tem is extremely simple, and the parts count is low. The 
NSCBOO series peripheral devices provide the system with 
such functions as parallel 1/0, RAM, programmable timers, 
and serial 110. Most of the system signals are accessible to 
the user by means of wire-wrap jumper blocks. Thus, addi­
tion of other types of devices is simple. With these headers, 
the system interrupts, timers, and ports can be configured 
and reconfigured to fit various applications. The core de­
sign, however, remains consistent, and it can serve as a 
core design for more specific applications. The NSCBOO Ap­
plications System provides a powerful solution for a multi­
tude of educational, industrial, and communications needs. 

1_2 Features 
• Fully compatible with the ZBO instruction set and archi­

tecture 
- 15B instructions 
- 22 internal registers 
- 10 addressing modes 

National Semiconductor 
Application Note 612 
Louis W. Shay 

• Fabricated in National's microCMOS technology. 
NSCBOO family devices have a very low power con­
sumption. The NSCBOO also has a unique power-save 
feature. 

• Multiplexed bus structure 
• Five prioritized interrupts on-chip, with support for addi-

tion of off-chip interrupt control circuitry 
• Operation at speeds from 150 kHz to 4 MHz 
• Six programmable, parallel 1/0 ports (up to 44 lines) 
• Four 16-bit, programmable timers, each having six pos­

sible modes of operation 
• Two programmable Universal Asynchronous Receiverl 

Transmitters (UARTs) for serial 1/0, with RS232 stan­
dard CMOS line drivers 

• B kbytes of static RAM for user programs, expandable 
to 40 kbytes 

• ROM monitor program, MONBOO 
- 1 B commands including a file downloader, memory 

manipulation, program execution with up to five 
breakpoints, CPU register manipulation, and more 

- Monitor service routines available to user programs 
that perform various 1/0 and math functions 

- Source code is provided. The monitor may be modi-
fied to fit specific applications. 

1.3 Setup and Operation 

Once the NSCBOO Applications System has been assem­
bled using the schematics provided, it requires only the ad­
dition of a suitable power supply and VT100-type terminal to 
operate. The system runs stand-alone, and needs no other 
host computer or software to operate. However, it is possi­
ble to use a PC as the terminal device by means of the PC's 
serial port and a VT100 terminal emulation program such as 
KERMIT. In this way the PC can be used to assemble and 
link programs, download them to the NSCBOO target sys­
tem, then run the program under MONBOO's control. The 
terminal attaches to connector J1, which is the main serial 
1/0 port. This connector is RS-232 and DCE configured. 
The baud rate is controlled by the setting of the DIP switch 
on the system board. Switch settings are listed in Appendix 
B. 
Power supply requirements are as follows: 

• +5.0V ±5% 

• +12.0V ±10% 

• -12.0V ±10% 
Power is applied to connector J6. Connector pin assign­
ments are listed in Appendix A . 

On power-up, the monitor will output a sign-on message to 
the terminal on the main 1/0 port and prompt for a com­
mand. If the message does not appear, then verify the cir­
cuit connections, power supply, switch settings, and termi­
nal setup and power the board on again. 
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1.4 Document Organization 
The remainder of this document describes the hardware 
and software of the NSC800 Applications System. Section 2 
describes the system hardware and architecture. Section 3 
describes the MON800 program operation and command 
set. Appendices A, Band C detail system connector pin­
outs, and switch AND Jumper configuration options. Appen­
dix D describes the Intel Hex file format used by MON800 
when downloading files from a remote host. Appendix E is 
an example for using the MS-KERMIT program (Columbia 
University) to Interface the NSC800 Applications System to 

NSCBOO 
CPU 

EPROt.l 
8k 

RAM 
40k 

DECODE I-... ....t 

NSC858 
UART 

NSC858 
UART 

the IBM PC/AT. Appendix F is a MON800 program listing. 
Appendix G contains system schematics, suggested board 
layout, and a parts list. Appendix H Is a list of vendors that 
offer support products for the NSC800. 

SECTION 2. HARDWARE DESCRIPTION 
Figure 1 is a block diagram of the NSC800 Applications Sys­
tem. Following are descriptions of each element in the sys­
tem. For detailed descriptions of NSC800 series compo­
nents, refer to the Series 32000 Microprocessors Data­
book (1987). 

J3. 

PARALLEL 
I/O 
ACCESS 

OS14C88/89 

OS14C88/89 

J1. 
MAIN 
SERIAL 
PORT 
(OB-25) 

J2. 
AUX. 
SERIAL 
PORT 
(OB-25) 

J4. CPU BUS ACCESS J5. UART ACCESS 
TL/C/l0435-1 

FIGURE 1. NSC800 Applications System Block Diagram 
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2.1 CPU 

The NSCSOO microprocessor is the heart of the NSCSOO 
Applications System. The NSCSOO is completely code-com­
patible with the ZSO microprocessor, and will run programs 
written for the ZSO. The external hardware is different, how­
ever. The NSCSOO uses a multiplexed address/data bus. 
There are five prioritized hardware interrupts, including one 
non-maskable interrupt, and one that supports the addition 
of an off-chip interrupt controller circuit. All necessary bus 
timing and control signals are also generated on-chip, in­
cluding DMA support and DRAM refresh functions. The 
CPU can address 64 kbytes of memory and 256 I/O ports. 
Operating speeds can be as low as 150 kHz for low-power 
applications, or as fast as 4 MHz. The NSCSOO also has a 
unique power·save feature, that allows a remote source to 
place the NSCSOO in a minimum power state, or "sleep 
mode". 

2.2 RAM·I/O·Tlmers 

The NSCS10A RAM-I/O-Timer modules integrate several 
system functions onto one chip. The chip features three 
programmable parallel I/O ports. The port lines are bi-direc­
tional and individually controlled. One of the ports supports 
strobed-mode I/O, interrupt-mode operation, and can be 
placed in TRI-STATEIBl mode. 

The chip also contains two 16-bit programmable timers. 
Each timer has six modes of operation, including pulsed out­
put, square wave output, and gated modes that allow the 
timers to be started and stopped via an external signal. 

12S bytes of RAM are on-chip for storage of system data. 
The RAM can retain data at voltages below 2V. The RAM is 
suitable for battery-backed storage of critical system data. 

2.3 Serial 110 
Serial I/O is implemented with the NSC858 UART. These 
devices feature programmable baud rates to 256k baud, in­
dependent transmitter and receiver functions, modem con­
trol functions, polled or interrupt-mode operation, and soft­
ware or hardware power-down options. 

The EI.A. line drivers used for the RS232 interface are Na­
tional's DS14C88 and DS14C89 CMOS line driver and re­
ceiver chips. For more information on these devices, refer to 
National's Interface Databook (1986). 

There are two serial ports in the system. One port is dedi­
cated to communication with the host terminal. This is the 
main serial port. It is permanently configured as a DCE port. 
The second UART is the auxiliary port, and can be used for 
target applications. 

2.4 Switches and Jumper Options 

There are two push switches, S1 and S2, that can be used 
to generate a hardware reset or non-maskable interrupt, re­
spectively. The a-position DIP switch on the board is read at 
reset time, and that value controls the main serial channel 
baud rate, data bits, etc. The DIP switch can also be read by 
user programs. 

Pin jumpers are provided to allow configuration of hardware 
signals. W1 and W2 select external input or switch options 
for RESET and NMI signals. W3 and W4 control serial 110 
port options. Jumper settings are listed in Appendix C. 
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2.5 Hardware Interface 

There are six connectors on the NSC800 Applications Sys­
tem board. J 1 and J2 are the main and auxiliary serial port 
connectors. These connectors are standard DB-25 connec­
tors and the pinouts are as per the RS232 standard. J3 is 
the parallel port header. J4 is the CPU bus access header, 
from which most of the system signals such as address, 
data, and control signals can be accessed. J5 is the UART 
access header. Auxiliary port I/O signals are accessed 
here. J6 is the power connector. All connector pin functions 
are listed in Appendix A. 

Configuring the system is very simple because of the wire­
wrap headers J3, J4, and J5. For example, if the deSigner 
wishes to use the ClK signal from the NSCSOO to drive 
Timer # 1 of one of the NSCS10A chips, all that needs to be 
done is to run a wire from the ClK pin on J4 to the T11N line 
of J3. Now, if the designer wants to use the timer output to 
drive the RST A line of the NSC800, just connect the two 
signals together using another wire. To reconfigure the sys­
tem to fit another application, remove the wires and start 
over. 

2.6 System Architecture 

Tables 2.1 and 2.2 list the memory and I/O space configura­
tion for the NSCSOO Applications System. MONSOO uses 
256 bytes of RAM in address range FFOOH to FFFFH for 
storage of monitor data. Detailed usage of this reserved 
space is described in Section 3. 

TABLE 2.1. Memory Configuration 

Hex Address Function 

0OOO-1FFF MON800 EPROM (NMC27C64 8k x 8) 
2000-207F NSCS10A #1 RAM (128 Bytes) 
2080-3FFF Invalid-Do Not Use 
4000-407F NSCS10A #2 RAM (128 Bytes) 
4080-5FFF Invalid-Do Not Use 
6000-7FFF User RAM # 5 (8k)-Decode Provided 
8000-9FFF User RAM #4 (Sk)-Decode Provided 
AOOO-BFFF User RAM # 3 (Sk)-Decode Provided 
COOO-DFFF User RAM # 2 (Sk)-Decode Provided 
EOOO-FFEF User RAM #1 
FFOO-FFFF Reserved for MONSOO Use 

TABLE 2.1.1/0 Configuration 

Hex Address Function 

00-1F 8-Bit DIP Switch Input latch 
20-3F NSC810A #1 Ports & Timers 
40-5F NSC810A #1 Ports & Timers 
60-7F User I/O-Decode Provided 
80-9F User I/O-Decode Provided 
AO-BF User I/O-Decode Provided 

** Do Not Use I/O Address BBh ... 
CO-CF NSC85S Auxiliary Serial Port 
DO-DF Invalid-Do Not Use 
EO-EF NSCS58 Main Serial Port 
FO-FF Invalid-Do Not Use 
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SECTION 3. MON800 MONITOR 

3.1 Overview: MON800 

The primary purpose of the NSC800 Applications System 
and MON800 firmware is to provide the system designer 
with an efficient and cost-effective way to develop applica­
tions using the NSC800 series devices. Keeping this in 
mind, the system was designed to be used with a variety of 
hardware and software packages currently on the shelf. The 
IBM PC can function as a complete software development 
station using available software. Assembled and linked 
code can be downloaded from the PC to the NSC800 sys­
tem in Intel Hex file format using DOS commands and the 
PC's serial port. Other software can be used to emulate a 
VT100 terminal through the PC's serial port so that com­
mands can be issued to the monitor from the PC. One such 
package is the KERMIT shareware program. An example for 
interfacing the NSC800 Applications System to the IBM PC 
is given in Appendix E. 

The rest of this section describes the organization and oper­
ation of the MON800 program, system interrupts, command 
set, service calls, and examples for each. 

MON800's command set is very useful for debugging user 
programs. A command summary is given below. 

1. Memory manipulation commands 
- Assemble an NSC800 instruction and place it in 

memory 
- Examine/Change a single location, or several 
- Display a block of memory 
- Move a block of memory 
- Fill a block of memory 

2. Register manipulation commands 
- Display all user CPU registers 
- Examine/modify one register, or several 

3. Program execution commands 
- Execute user program from address xxxx 
- Set a breakpoint at address xxxx (up to five total) 
- List active breakpoints 
- Kill a breakpoint (1 or all) 

4. I/O commands 
- Input byte from a specified port 
- Output a byte to a specified port 

5. Miscellaneous Commands 
- Download a file from the main or auxiliary port 
- Verify the success of the download operation 
- Configure the auxiliary port 
- Show a list of commands 
- Calculate an address offset: offset = yyyy - xxxx 
- Convert Hex-to-Decimal, Decimal-to-Hex 

In addition to the command set are several monitor service 
routines that can be called from user programs. These rou­
tines include: 

- Text string output 
- Text string input 
- Output a hex input byte as two ASCII characters 
- Output a hex byte to the serial port 
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- Input to the accumulator from the serial port 
- Convert a Hex nibble to an ASCII byte 
- Convert an ASCII byte to a hex nibble 
- 16-bit unsigned comparison 
- 8-bit unsigned multiply 
- 16-bit unsigned multiply 

Note: 110 calls use the main serial channel. 

3.2 MON800 Organization and Operation 

For detailed monitor functions and structure, refer to the 
MON800 listing file that is available on Dial-A-Helper. (See 
Appendix F). The MON800 program is organized in the fol­
lowing sections: 

A. System reset/initialization routine 

B. Monitor command interpreter loop "GETCOM" 
- Individual command programs 

C. Monitor Restart/Interrupt Routines 

D. Monitor Subroutines 

E. Data Tables 

The MON800 program uses RAM during its operation. 256 
bytes are reserved at addresses FFOOh to FFFFh. User pro­
grams should not use this area, and the monitor will not 
allow the user to write these locations when in monitor com­
mand mode. A memory map of the monitor's RAM space is 
listed in Table 3.1. 

TABLE 3.1. MON800 RAM Usage 

Hex Address Function 

FFOO Default User Stack Base (Initial Value) 

FFOO-FF60 Monitor Stack Area (Base = FF60) 

FF64-FF7D User CPU Register Set Storage 
FF7E-FF96 MON800 Flags, Break Addresses, etc. 
FF97-FFB7 Interrupt Vector Table (11 Vectors) 

FFB8-FFFF I/O Buffer, 72 Bytes 

3.2.1 System Initialization 

Upon power-up or reset, the system will initialize itself. The 
first thing it does is initialize its own RAM data. The stack 
pointer is loaded, user breakpoints are cleared, status flags 
are initialized, the Interrupt Vector Table is loaded with 
MON800's default vector set, and the user CPU registers 
are set for a default reentry to the monitor command loop. 
The serial ports are then initialized. A sign-on message is 
sent to the main serial port when the initialization is com­
plete. 

3.2.2 The "GETCOM" Loop 

Once the system is initialized, control passes to the com­
mand interpreter loop, labeled "GETCOM" on the list file. 
This routine sends a prompt to the terminal and waits for 
input. When the carriage return is typed, the routine looks in 
the I/O buffer for the first non-space character. This charac­
ter must be a capital A-Z, or an "INVALID COMMAND" 
message will display. If the first letter is valid, the routine 
then passes control to the command routine specified. 
Some of the letters A-Z have no function, and these will 
also result in an error message. When the command routine 
has completed execution, control passes back to "GET­
COM". This is the starting point for all monitor operations. 



3.2.3 Interrupts and Restarts 

When the NSC800 encounters an interrupt or restart from 
either the hardware inputs or by a "RST xx" instruction, the 
current Program Counter (PC) register value is pushed onto 
the stack, and the PC is loaded with a predefined value, or 
vector, that is the entry point for the corresponding interrupt 
request. Since these hard vectors are in ROM at the start, 
MON800 routes interrupt requests through a second set of 
vectors located in MON800's reserved RAM space. These 
are soft vectors, and can be modified by user programs. 

The Interrupt Vector Table is located in RAM at addresses 
FF97h to FFB7h. At reset or power-on, this table is loaded 
with MON800's default interrupt vector set. The table has 
eleven entries, one for each interrupt source except reset. 
The vector entry is simply a "JP xxxx" instruction that points 
to a service routine in MON800 ROM. The user can change 
the jump address to another location, most likely the entry 
point to a user's own interrupt service routine. One way to 
do this is to use a block move instruction to load a user's 
vector set into the table. Table 3.2 lists the Interrupt Vector 
Entries and default functions. 

Note that some of the default functions are critical for prop­
er monitor operation. For example, breakpoints use the RST 
30 vector. If it is changed, breakpoints will no longer func­
tion. 
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TABLE 3.2. MONBOO Interrupt Vector Table 

Hex Address Interrupt Default Function 

FF97 RST08 Re-enter the Monitor 
FF9A RST10 Monitor Service Call 
FF9D RST18 No Function 
FFAO RST20 No Function 
FFA3 RST28 No Function 
FFA6 RSTC No Function 
FFA9 RST30 Monitor Breakpoint Trap 
FFAC RSTB No Function 
FFAF RST38,INTR No Function 
FFB2 RSTA No Function 
FFB5 NMI Re-enter the Monitor 
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Example: Modifying an interrupt vector. 

The vector is an opcode for a "JP xxxx" Instruction. Its format is "C3 aabb", where C3 is the opcode, aa is the low byte of the 
address, and bb is the high byte. If the vector to be modified is RST 20, the new address should be loaded at address FFA 1. 
This can be done with the following code: 

LO HL, U_NTRY ;GET THE USER ENTRY POINT ADDRESS xxxx 
LO (FFA1H), HL ; MODIFY THE VECTOR 
Note: Use of breakpoints In Interrupt routines may produce unpredictable results If the Interrupts are still active when the monitor Is re-entered. The monitor 

breakpoints were not Intended for real-time use. Rather, use the register manipulation commands to load CPU registers with simulated data values, and use 
the breakpoints to debug the logical flow of the code before running It In real-time. 

3,3 MON800 Command Descriptions and Examples 

The following sections describe the individual MON800 commands and their usage. All MON800 commands are Identified by the 
capital letters A-Z. All alphabetic entries must be in upper case. Each term In the command line should be separated by at least 
one space. 

3.3.1 A-Assemble NSC800 Instruction 

Syntax: A xxxx Where: xxxx = load address 

Description 
This command invokes a line assembler routine which prompts the user for a NSC800 instruction in mnemonic form, assembles 
the instruction, and loads the opcode at address xxxx. The prompt Issued by the line assembler is the address at which the 
opcode will be loaded at. If there are no assembly errors, the routine will prompt for another instruction at the next sequential 
address. To exit the routine, type the return key <CR> twice. 

Example: 
>A 8000<CR> 
8000 :LO C,B<CR> 
8001:AOD A, (IX+6) <CR> 
8004: CP 055 < CR> 
8006 :JP M,D1F2<CR> 
8009 :SET 7, (HL) <CR> 
800B:<CR> 
> 
Assembler Rules 

1. All alphabetic text must be capitals. 

2. All numeric entries are interpreted as hex values. 

3. Immediate values must be preceded by a zero if the operand can also be a register. For example, the assembler will not 
know the difference between "CP B" and "CP B7". To be correct, use "CP OB7". 

4. Blank characters are allowed before the mnemonic and after, but not in the operand string or after. 

3.3.2 B-Set Monitor Breakpoint 

Syntax: B xxxx 

Description 
This command will cause a monitor breakpoint to be placed at address xxxx. The address must be in hexidecimal format. When 
the CPU fetches an opcode from this address, the current CPU state is saved in monitor RAM space and control of the system is 
returned to the monitor. 

Example: 
> B 4000 
This will cause a breakpoint to be placed at hex address 4000. 

Restrictions and Considerations 

1. The break address must be in valid RAM space. 

2. A maximum of five active breakpoints are allowed at anyone time. 

3. The address must be the location of the first opcode byte of an instruction. Breakpoints at any other locations will not be 
recognized and will result in a F7H byte being inserted into the instruction stream at that location. 

4. Upon recognition of a breakpoint, the value of the PC register will be pushed onto the user's stack. The stack pointer will be 
restored once the user PC value has been removed by the monitor. If user programs modify the SP register, care should be 
taken to insure that the SP is in valid RAM space at the time of the break. 

5. When a breakpoint is encountered, system interrupts are not disabled. Use caution when using breakpoints in an interrupt­
driven system. 

7-144 



3.3.3 C-Convert Hex to Decimal/Decimal to Hex 
Syntax: C <D or H> [value] 

Description 
This command will convert a hex value (OOOO-FFFF) to decimal, or a decimal value (0-65535) to hex. "0" specifies decimal 
output, In which case the Input, [value], should be hex. "H" specifies hex output, In which case [value] should be decimal. If 
nothing Is specified for [value], the monitor will prompt for Input. 

Examples: 

1. > C D 10 
2. > C D 

INPUT HEX VALUE: 10 
Both (1) and (2) result in the output: = 00016 

3. > C H 16 
4. > C H 

INPUT DECIMAL VALUE: 16 
Both (3) and (4) result in the output: = 0001 a 
3.3.4 D-Download Intel Hex File 

Syntax: D < 1 or 2> 

Description 
This command will cause the monitor to download an Intel Hex file via the main serial port, specified by "1", or via the auxiliary 
serial port. When the command is issued, the monitor will "listen" to the specified port for the incoming file. The file must then be 
manually transmitted from the remote system. There is no handshaking between the NSC800 system and the remote system. 

When the file is completely received, the monitor verifies the checksum and will output a status message indicating success or 
failure to the main port. If there is a break in transmission, or invalid characters are received, the download is aborted and a 
message issued. The status of the download operation can also be viewed by the "V" command. 

Example: 
> D 2 
This will cause the monitor to listen to the auxiliary serial port for incoming data. The ASCII character ":" signifies the start of a 
record. The monitor will ignore all input unit! it gets ":". When all records are received, including the end-of-file record, the 
checksum is verified. If the checksum is good, the message "DOWNLOAD SUCCESSFUL" will be output to the main port. The 
download will be aborted if errors occur. A list of possible failure messages follows: 

"FAILED-NON-HEX CHAR" -indicates an illegal character found. 

"FAILED-BAD LOAD ADDRESS" -data address is not in user RAM space. 

"FAILED-CHECKSUM ERROR" -indicates a checksum error. 

"FAILED-BAD RECORD TYPE" -only record types 0 and 1 are allowed. 

"FAILED-VERIFY FAILED" -data load to RAM failed. 

For a description of the Intel Hex file format, see Appendix D. 

Usage Considerations 
Downloads to the main serial channel may require more steps to complete the operation. There will be four main steps in the 
process. 

Step 1. With the RS232 terminal at the main port, issue the command "D 1". 

Step 2. Remove the terminal from the main port, and attach the device which will be sending the file. An alternative to this would 
be for the remote system, say a PC, to use a terminal emulation program to complete Step 1, then switch from the 
terminal emulator to DOS or some other mode that allows the file to be transmitted via the PC's serial port. (See 
Appendix E for an example of how the KERMIT program is used to communicate with MON800 from an IBM PC/AT.) 

Step 3. Send the file from the remote device. On a PC/ AT the DOS command. 

> oopy file.hex oom1: 
can be used, provided that the port called com1: is attached to the NSC800 system at the main port. 

Step 4. When the file has been sent, reattach the terminal to the main port and use the "V" command to check the status of the 
download. 
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3.3.5 E-Examlne/Modlfy a Single Memory Location 
Syntax: E xxxx 

Description 
This command allows the user to examine or change a memory location specified by hex address xxxx. 

Example: 
> E 2000 
<ESC> TO EXIT 
2000 5F - 00 < CR> 
2001 5F - < CR> 
2002 5F - 00 < CR> 
2003 5F - <ESC> 
> 
This entry will cause the monitor to display the contents of address 2000H. The monitor then prompts the user for input with" -". 
The contents can be changed by entering the new data and hitting return <CR>. The monitor then displays the next address 
and prompts again. If the user types <CR> without entering any data, the monitor will move to the next location without 
changing the contents of the current location. Hitting the escape < ESC> key causes an immediate exit from the routine. The 
above sequence will affect the memory in the following way. 

Restrictions 

Address Old Data 
2000 5F 
2001 
2002 
2003 

5F 
5F 
5F 

New Data 
00 
5F 
00 
5F 

This command may only be used to modify address locations that are in user RAM space. Attempts to write reserved RAM 
locations are not allowed. 

3.3.6 F-FIII Memory Block 

Syntax: F xxxx yyyy zz 

Description 
This command will cause hex memory locations xxxx to yyyy to be filled with hex data zz. 

Example: 
> F 2000 20AO 5A 
The result of this command will be the hex data value 5A being written to memory addresses 2000 through 20AO. 

Restrictions 
1. Both start and end addresses must be in user RAM. 

2. The block end address, yyyy, must be the same or higher than the block start address, xxxx. 

3. Attempts to fill reserved RAM locations are not allowed. 

3.3.7 G-Go. Begin User Program Execution 
Syntax: G [xxxx] 

Description 
The "G" command will load the NSC800 CPU registers from reserved RAM locations where the user's CPU state has been 
saved, and begin execution. A hex start address, xxxx, may be specified, and program execution will begin at that location. If no 
start address is specified, the PC value that was saved at the time the last breakpoint was encountered will be used. 

Examples: 

1. > G 2000 
This will cause the CPU to execute code at address 2000. 

2. > G 
This will cause the CPU to execute code at the current user program's PC location that was saved at the time of the last 
breakpoint. If no breakpoint was encountered prior to this, the monitor will be re-entered by default. 

3.3.8 H-Help. Display List of Commands 
Syntax: H 

Description 
This command will cause a command menu to be displayed on the terminal. 

3.3.9 I-Input from I/O Port 

Syntax: I xx 

Description 
The monitor will read the 1/0 port location specified by hex value xx, and display its contents to the screen. 
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3.3.10 J-Calculate Jump Offset 
Syntax: J xxxx yyyy 
Description 
This command provides the user with a quick way of determining the hex offset between two hex addresses xxxx and yyyy. The 
monitor calculates the difference yyyy - xxxx and displays the result to the screen. The hex values are treated as unsigned 
integers. This is especially handy when computing negative offsets. 

Example: 
> J AAAB AAAA 
The monitor will display the result FFFF, which is an offset of negative one. 

3.3.11 K-KIII, or Delete, Monitor Breakpolnt(s) 
Syntax: K [xxxxl 
Description 
This command will delete a breakpoint at hex location xxxx. If no address is specified, all breakpoints are deleted. 

3.3.12 L-Llst Monitor Breakpolnt(s) 
Syntax: L 

Description 
Using this command, the user can view the current breakpoint addresses. 

Example: 
If breakpoints exist at locations 2000, 2002, and 2004, then the following sequence of commands will produce the following 
output. 
>L 
2000 20002 20004 
>K 20002 
>L 
2000 2004 
>B 2002 
>L 
2000 2002 2004 
>K 
>L 

> 
This shows how the B, K, and L commands can be used to set, delete, and list monitor breakpoints. 

3.3.13 M-Dlsplay Memory Block 
Syntax: M xxxx yyyy 
Description 
The contents of the memory locations between hex addresses xxxx and yyyy can be displayed to the screen using this 
command. Addresses that are specified are rounded to 16-byte blocks when displayed. 

Example: 
> M 4005 4015 
This entry will produce the following output: 

o 1 2 3 4 5 6 7 8 9 ABC D E F ASCII 
4000 00 FF 00 FA 00 55 03 02 01 OC CO BB FF 55 66 77 ••••• U ••••••• Uf. 
4010 00 00 00 00 00 CC DD DC BB 00 55 AA FF D3 F6 75 •••••••••• U ••••• 
> 

3.3.14 o-output Byte to I/O Port 
Syntax: 0 xx dd 

Description 
This command will cause the hex data byte dd to be output to I/O port location xx (hex). 

Example: 
> 0 21 55 

This will cause the data 55H to be written to I/O port location 21 H. 
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3.3.15 P-Conflgure Auxiliary Port 

Syntax: P modulus mode stop 

Description 
This command can be used to initialize the NSC858 UART for the auxiliary serial port in the following way. 

modulus -is a 16-bit hex value that will be loaded into the baud rate divisor latches of the NSC858 UART. 

mode -is an 8-bit hex value that will be written to both TxMODE and RxMODE registers of the NSC858 UART. 

stop -a 2-bit hex value indicating the number of stop bits to use. 0 = 1 stop bit, 1 = 1.5 stop bits, 2 = 2 stop bits. 

Example: 
> P OC B8 2 
The NSC858 registers will be loaded as follows: 

Register Name 1/0 Address Contents 

Receiver Mode 21H B8H 

Transmitter Mode 22H B8H 

Global Mode 23H 09H 

Command 24H C3H 

Baud Rate Divisor (LSB) 25H OCH 

Baud Rate Divisor (MSB) 26H OOH 

This command provides the user with a quick way to configure the auxiliary serial port. 

3.3.16 R-Examlne/Modlfy User CPU Registers 
Syntax: R [specifier] 
Where: [specifier] = A, B, C, 0, E, F, H, L, A', B' , C', 0', E' , F', H', L' , I, IX, IY, SP or PC. 

Description 

Comments 

RxC Int., 8 Data, Even Pty. 

TxC Int., 8 Data, Even Pty. 

2 Stop, 16X Clock Factor 

'" Default '" 

9600 Baud (1.84 MHz) 

The user CPU registers can be examined or modified using this command. An individual register may be specified with an 
optional specifier term. If no specifier is given, the monitor will display all user CPU register values. To modify a particular 
register's contents, a specifier must be given. 

Examples: 

1. 
> R 
A F BCD E H L A' F' B' C' D' E' H'L' I IX IY SP PC 
00 OC 55 23 45 66 77 A4 D2 00 00 00 00 00 00 00 45 1234 5678 ABCD 2000 

> 
2. 
> R A 
<ESC> TO EXIT 
A 00 - 33 <CR> 
F OC - <CR> 
B 55 - <ESC> 
> 
In Example 1, all register values, with the exception of the R register, will be displayed. When a specifier is given as in (2), a 
register can be modified by typing in the new value and hitting carriage return, <CR>. A return by itself will display the next 
register without modifying the previous one. Typing escape, <ESC>, will exit the program immediately. 
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3.3.17 T -Move a Block of Memory 

Syntax: T xxxx yyyy zzzz 
Where: xxxx = block start address 

yyyy = block end address 
zzzz = destination address 

Description 
This command copies the contents of memory between and 
including start address xxxx and end address yyyy to the 
destination address ZZZZ. The source block can be any­
where in the memory space, including ROM. 

Rules 

1. The block end address yyyy must be equal to or larger 
than the block start address xxxx. If not, the message 
"ILLEGAL ADDRESS" will display. 

2. There must be enough room in the user RAM area to 
store the destination block, or the message "TOO 
LARGE" will display. 

3.3.18 V-Verify Download Status 

Syntax: V 
Description 
This allows the. user to verify the status of the most recent 
file download operation. It is useful when using the main 
serial port to download files. When a download to the main 
port is complete, or an abort has occurred, a status mes­
sage is sent back to the main port. If the terminal is not 
ready to receive this message, the user can verify the status 
by this command, which will repeat the status message one 
time for every download. 

3.4 MON800 Service Calls 

MON800 includes a set of handy utility routines that can be 
called by user programs. These include terminal I/O rou­
tines, data conversion routines, and math routines. To call a 
service routine from a user program, the "A" register is 
loaded with the call number, the necessary registers are 
loaded with appropriate input values, and the "RST 1 OHIO 
instruction is issued. Note that the default RAM vector for 
RST 10 (addresses E003-4) must not be altered, or the 
service call routine will not be entered correctly. If the call 
number is illegal, an error message is displayed and control 
returns to the monitor. The monitor service routines are de­
scribed In the remainder of this section. 

3.4.1 Text String Output Utility 

Inputs: A = 00 
HL = Address of first byte of ASCII string 

Outputs: None 

Description 
This routine will output an ASCII character string to the ter­
minal via the main serial channel. The HL register contains 
the address of the first byte in the ASCII string (lowest ad­
dress). The string should terminate with NULL (00) byte. 
The routine will output characters to the main port until a 00 
byte is encountered In the data string. 

3.4.2 Text String Input Utility 

Inputs: A = 01 
HL = Starting address of input buffer space 
8C = Max. buffer size, in bytes 

Outputs: 8C = M8X.....-size-8ytes_buffered 
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Description 
This routine allows text to be input from the terminal via the 
main serial channel to a buffer area in RAM. The HL register 
specifies the starting address of the input buffer. The 8C 
register specifies the maximum size, in bytes, of this buffer. 
The routine will ignore input after the maximum size has 
been reached. The program returns to the caller when a 
carriage return (ODH) is detected. HL is unaffected. BC will 
equal the input value minus the number of bytes buffered. 

3.4.3 Output ASCII Hex Byte 

Inputs: A = 02 
B = Output byte 

Outputs: None 

Description 
The contents of register 8 are converted to two ASCII bytes 
which represent the hex byte in that register. The ASCII 
characters are then sent to the main serial port. The con­
tents of the B register are unaffected. 

3.4.4 Output Hex Register Contents 

Inputs: A = 03 
8 = Output byte 

Outputs: None 

Description 
The binary contents of register B are sent directly to the 
main serial port. The contents of B are not affected. 

3.4.5 Input Hex Byte to Accumulator A 

Inputs: A = 04 
Outputs: A = Input byte 

Description 
This routine polls the main serial channel for input. The first 
byte received is loaded into register A and is returned to the 
caller. 

3.4.6 Convert Hex Nibble In Register B to ASCII Byte In 
A 

Inputs: A = 05 
8 = Hex Nibble Input (least significant nibble) 

Outputs: A = ASCII byte output 

Description 
This program will convert the binary value of the least signif­
icant nibble of register 8 to a ASCII hex character O-F. The 
ASCII byte is returned in A. 8 is unchanged. 

3.4.7 Convert ASCII Byte In B to Hex Nibble In A 

Inputs: A = 06 
8 = ASCII input 

Outputs: A = Ox, where x = hex nibble 
= FF, if 8 = non-hex ASCII character 

Description 
The contents of register 8 will be converted to a four-bit hex 
representation. This nibble is returned in A. If the ASCII in­
put is a character other than the characters 0, 1, 2, 3, 4, 5, 6, 
7, 8, 9, A, 8, C, 0, E or F (no lower case letters), the A 
register will be loaded with FFH. 



3.4.816-Blt Unsigned Compare HL-DE 

Inputs: A = 07 
HL = 16-bit input value 
DE = 16-bit input value 

Outputs: A = 00, if HL > DE 
A = FO, if HL = DE 
A = FF, if HL < DE 

Description 
This program performs a non-destructive, unsigned compar­
ison of the 16-bit values in the HL and DE registers. The 
result of the compare operation is returned in register A. 

3,4.9 8-Blt Unsigned Multiply: HL = D • E 

Inputs: A = 08 
o = 8-bit multiplier 
E = 8-bit multiplicand 

Outputs: HL = 16-bit product 

Description 
This program multiplies the contents of the 0 and E regis­
ters and places the result in the HL register. The contents of 
D are destroyed. 
Note: The execution speed of this program Is affected by the service call 

decoder execution. To multiply more effectively, use the "MUL T08" 
subroutine found in the MON800 program listing. This code segment 
can be included in the user program to increase execution speed. 

3.4.10 16-Blt Unsigned Multiply 

Inputs: A = 09 
HL = 16-bit multiplicand 
DE = 16-bit multiplier 

Outputs: IX = 32-bit product (lower half) 
IV = 32-bit product (upper half) 

Description 
The contents of HL and DE are multiplied, and the result is 
placed in the IX and IV registers. The contents of HL, DE 
and BC are destroyed. 
Note: The execution speed of this routine is affected by the service call 

decoder program. To multiply more efficiently, place the "MULT16" 
code segment from the MON800 listing in the user program. This will 
greatly increase the execution speed. 

APPENDIX A. CONNECTOR PIN DESCRIPTIONS 

The following tables list pin descriptions and pin assign­
ments for the interface connectors/headers in the NSC800 
Applications System. Refer to the kit schematic and the 
NSC800 series datasheets for detailed operation of each 
signal. 

Signal Access Headers 
Tables A-2, A-3 and A-4 show the individual pin functions of 
the interface headers J3, J4 and J5, respectively. The signal 
mnemonics listed correspond to signal names in the 
NSC800 Applications System schematic. For specific func­
tions of each signal, refer to the schematic and data sheets. 

TABLE A-1. Pin Assignments and Signal Directions 

Connector 

J1 (DCE) 
J2 (DCE) 

J2 (DTE) 

for Serial Connectors J1 and J21 (E.I.A. Standard RS232C) 

Pin Mnemonic Description 

1 PG Protective Ground 
2 RXD Received Data 
3 TXD Transmitted Data 
4 CTS Clear to Send 
5 RTS Request to Send 
6 DTR Data Terminal Ready 
7 SG Signal Ground 

8-19 - Not Used 
20 DSR Data Set Ready 

21-25 - Not Used 

1 PG Protective Ground 
2 TXD Transmitted Data 
3 RXD Received Data 
4 RTS Request to Send 
5 CTS Clear to Send 
6 DSR Data Set Ready 
7 SG Signal Ground 
8 DCD Data Carrier Detect 

9-19 - Not Used 
20 DTR Data Terminal Ready 

21-25 - Not Used 
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Direction 

Ground 
Out 
In 
Out 
In 
In 
Ground 

Out 

Ground 
Out 
In 
Out 
In 
In 
Ground 
In 

Out 



TABLE A-2. Parallel 1/0-Timer Access Header-J3 

Pin Mnemonic Pin Mnemonic 

A1 1PAO 81 2PAO 

A2 1PA1 82 2PA1 

A3 1PA2 83 2PA2 

A4 1PA3 84 2PA3 

A5 1PA4 85 2PA4 

A6 1PA5 86 2PA5 

A7 1PA6 87 2PA6 

AS 1PA7 8S 2PA7 

A9 1P80 89 2P80 

A10 1P81 810 2P81 

A11 1P82 811 2P82 

A12 1P83 812 2P83 

A13 1P84 813 2P84 

A14 1P85 814 2P85 

A15 1P86 815 2P86 

A16 1P87 816 2P87 

A17 1PCO 817 2PCO 

A18 1PC1 818 2PC1 

A19 1PC2 819 2PC2 

A20 1PC3 820 2PC3 

A21 1PC4 821 2PC4 

A22 1PC5 822 2PC5 

A23 HOIN 823 2TOIN 

A24 1TOOUT 824 2TOOUT 
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TABLE A-3. CPU Bus Signal Access Header-J4 

Pin Mnemonic Pin Mnemonic 

A1 ADO 81 AO 

A2 AD1 82 A1 

A3 AD2 83 A2 

A4 AD3 84 A3 

A5 AD4 85 A4 

A6 AD5 86 A5 

A7 AD6 87 A6 

A8 AD7 88 A7 

A9 ALE 89 A8 

A10 RD 810 A9 

A11 WR 811 A10 

A12 10lM 812 A11 

A13 RES OUT 813 A12 

A14 PS 814 A13 

A15 WAIT 815 A14 

A16 8REQ 816 A15 

A17 INTR 817 INTA 

A18 RSTC 818 RFSH 

A19 RST8 819 SO 

A20 RSTA 820 S1 

A21 8ACK 821 ClK 

A22 RAM5 822 101 

A23 RAM4 823 102 

A24 RAM3 824 103 

A25 RAM2 825 Not Used 

A26 XFfESTN 826 XNMI 

TABLE A-4. UART Signal Access Header-J5 

Pin Mnemonic Pin Mnemonic 

A1 1RTI 81 2RXD 

A2 1RXC 82 2TXD 

A3 1TXC 83 2C'i'S 

A4 2RTI 84 2RTS 

A5 2RXC 85 2DSR 

A6 2TXC 86 2DTR 

A7 Not Used 87 2DCD 

Note: 00 not drive UART Input lines 81, 83, 85 or 87 unless the 0514C89 
receiver IC (U5) has been removed or disconnected. 
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APPENDIX B. SERIAL PORT CONFIGURATION SETTINGS 

Table B-1 lists the switch settings that control the serial channel initialization at power-up or reset. DS3 is read by the NSC800 
via Port A of NSC810A # (U2). The switch's data is gated onto the Port A data bus by setting Port C, bit 1 (PC1) of the same 
NSC810A to a low level (logic 0). Thus, the switch may also be accessed by user programs, and unused switch positions S5-S8 
may have custom functions assigned to them. In order to use Port A for any other purpose, the programmer must be sure to set 
PC1 to a high (logic 1) level). For applications that use the strobed 1/0 function of the NSC810A, use NSC81 OA # 2 (U3) for this 
purpose. 

TABLE B·1. Serial Channel Initialization Settlngs-DS3 

Function 51 52 

Baud = 1200 x x 
Baud = 2400 x x 
Baud = 4800 x x 
Baud = 9600 x x 
Data Bits = 7 x On 
Data Bits = 8 x Off 
Stop Bits = 1 On x 
Stop Bits = 2 Off x 

APPENDIX C. JUMPER OPTIONS AND SETTINGS 

W1-Reset Input 

W1-INMllnput 

Main Serial Channel-RS232 

W3-RS232 Chassis Ground (J1-Pin1). 

Auxiliary Serial Channel-RS232 Interface Only 

W4.1-RS232 Chassis Ground (J2-Pin1). 

Aux. Port Configuration Settings 

W4.2-TXD/RXD 

W4.3-CTS/RTS 

W4.4-DSR/DTR 

W4.5-DCD 

53 54 55 

Off Off x 
Off On x 
On Off x 
On On x 
x x x 
x x x 
x x x 
x x x 

On Board Switch (S1): 
Remote Input (J4-A26): 

On Board Switch (S2) : 
Remote Input (J4-B26): 

Isolation: 
System Ground: 

Isolation: 
System Ground: 
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x 
x 
x 
x 
x 
x 
x 
x 

DTE 

1 t02 
3t04 

1 to 2 
3 t04 

1 t02 
3t04 

1 t02 

57 

x 
x 
x 
x 
x 
x 
x 
x 

58 

x 
x 
x 
x 
x 
x 
x 
x 

1 to 2 
2t03 

1 t02 
2t03 

Open 
1 to 2 

Open 
1 to 2 

DCE 

1 to 3 
2t04 

1 to 3 
2t04 

1 to 3 
2t04 

1 to 3 
2t04 

> 
Z 
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N 

• 



~ r-------------------------------------------------------------------------------------------, .... 
CD • Z 
<C 

APPENDIX D. INTEL HEX FILE FORMAT 

This section describes the file transfer format that is used 
when downloading linked executable code modules to the 
NSC800 Applications System using the MON800 "0" com­
mand. The program information is contained in groups of 
ASCII characters called load-records. An Intel load-record 
has the following general format: 

: nn aaaa tt dd ... dd cc 
where: 

is the start-of-record mark (hex 3A). 

nn is the record length field. Two ASCII characters 
represent the number of data bytes (in hex) that 
are in the load-record. A zero value here indi­
cates an end-of-file record. 

aaaa is the load address field. Four ASCII characters 
represent the starting hexadecimal load address 
for the data In the record. The data is loaded in 
successive addresses. 

tt is· the record type field. Two ASCII characters 
represent the record type: 00 = data record, 
01 = end-of-file record, 02 = extended address 
record, 03 = start address record. Only record 
types 0 and 1 are accepted by MON800. 

dd ••• dd is the data field. Each byte of data in the record is 
represented by two ASCII characters that indi­
cate its hex value. 

cc is the checksum field. The checksum is calculat­
ed by taking the hexadecimal sum of the fields 
nn, aaaa, tt, dd ... dd and cc. The final sum, 
taken modulo 2, should be zero. Thus, cc is the 
negative sum of the hex bytes in the record. 

Example. Here is an example data load-record followed by 
an end-of-file record. 

:OC2030000422CFED430622ED430422CF32 
:OOOOOOOlFF 

APPENDIX E. EXAMPLE INTERFACE: IBM AT·NSC800 
APPLICATIONS SYSTEM 

This is an example of how off-the-shelf software can be 
used to create a direct interface from the IBM PC/AT to the 
NSC800 Applications System. The interface is simple, fairly 
easy to use, and will allow the PC to function as a software 
development tool for the NSC800. The example setup is as 
follows: 

• IBM PC/AT with serial port 

• NSC800 Applications System microcomputer and power 
supply 

• MS DOS version 3.0 or higher 

• KERMIT serial I/O program (Columbia University, public 
domain software) 

• NSC800 or Z80 cross-assembler and linker package, C 
cross-compiler, etc. (Intel Hex output is a must) 

Operation 

1. The NSC800 system is connected to the AT serial port 
through its main serial channel. The AT port is assumed 
to be DTE. The critical signals needed are Transmitted 
Data (pin 2), Received data (pin 3), and ground (pin 7). 

. 2. NSCBOO programs can be coded, assembled, and linked 
using the PC-resident software. For this example, a pro­
gram called testBOO.asm is created using a text editor. Its 
assembled and linked Intel hex output file is called 
testBOO.hex. This is the program to be downloaded to the 
NSCBOO system for debugging. 

7-154 

3. The NSCBOO system is configured to meet the RS232 
requirements of the PC's serial port. 

4. On the PC, the KERMIT program is run. KERMIT will 
emulate a VT100 compatible terminal at the PC comm 
port. The NSC800 system is powered on, and a MON800 
sign-on message should appear on the PC screen. 

5. MON800 commands can now be issued to the NSC800 
system directly from the PC. To download the example 
program, test800.hex, the MONBOO command "0 1" is 
given. 

6. To download a file from the PC, the KERMIT program is 
exited to DOS, and the DOS command 

"copy \<pathname>\testBOO.hex com1:" 

is given. The file should be sent to the serial port. 

7. After the file is sent, the KERMIT program is again run so 
that MON800 commands can be issued to the system. 
The "V" command is used to find out any error mes­
sages associated with the file download. A "M xxxx 
yyyy" command will display the program information that 
was loaded into RAM. Once the file is in RAM, MON800 
can be used to debug the user program. 

APPENDIX F. MON800 PROGRAM LISTING 

A complete assembler list file of the MON800 program, 
MON800.LST includes four files. 
They are: 

MONBOOA.ASM - ASCII source code for MONBOO rev A 

MON800A.OBJ - Relocatable object code (binary) 

MON800AHEX - Linked executable code module (Intel 
hex format) 

MON800ALST - Assembler list file 

The user may make changes to the ASCII source code to 
customize MON800 to fit individual system requirements. 
System address assignments and constants are configured 
by means of the equate statements at the beginning of the 
assembly program. 

The MONBOO program occupies approximately 8k bytes of 
ROM, and, if unmodified, this program will fit in any 8k by 8 
EPROM such as National's NMC27C64Q-250 CMOS 
EPROM. National Semiconductor does not guarantee this 
software. All program changes are made at the user's own 
risk. 

The code described in this App Note is available on Dial-A­
Helper. 

Dial-A-Helper is a service provided by the Microcontroller 
Applications Group. The Dial-A-Helper system provides ac­
cess to an automated information storage and retrieval sys­
tem that may be accessed over standard dial-up telephone 
lines 24 hours a day. The system capabilities include a 
MESSAGE SECTION (electronic mail) for communicating to 
and from the Microcontroller Applications Group and a FILE 
SECTION mode that can be used to search out and retrieve 
application data about NSC Microcontrollers. The minimum 



system requirement is a dumb terminal, 300 or 1200 baud 
modem, and a telephone. With a communications package 
and a PC, the code detailed in this App Note can be down 
loaded from the FILE SECTION to disk for later use. The 
Dial-A-Helper telephone lines are: 

Modem (408) 739-1162 
Voice (408) 721-7264 

For Additional Information, Please Contact the Factory 
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APPENDIX G. NSC800 APPLICATIONS 
SYSTEM SCHEMATICS 

The schematics for the NSC800 are provided on the follow­
ing pages. Also included is a suggested chip layout for a 
wire-wrapped or PC board and a component list. 
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Place filter caps near IC's 
U3 U6 U7 U8 U9 
C9 ClO Cll Cl2 Cl3 
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GND No Connect 

2,5,9,12 

7 

7 
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NSC800 Designer Kit Suggested Chip Layout for Wire-Wrapped or PC Board 
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NSC800 Designer Kit: Component List 

Description I Ref. I Qty. 

1.IC'S 

NSC800N-4 U1 1 

NSC810AN-4 U8,U9 '2 

NSC858N U5,6 2 

MM74HC154N U2 1 

MM74HC373N U3 1 

MM74HC245N U7 1 

MM74HCOON U11 1 

DS14C88N U12,U14 2 

DS14C89AN U13,U15 2 

NMC27C64Q250 U4 1 

NMC6164AN-70 U10 1 

2. DISCREET COMPONENTS 

10 kfl 5% R3-R6 4 

10k SIP (9 Resistors) RP1, RP2 2 

1 Mfl5% R1, R7 2 

1N914 Diode 01 1 

33ILF C1-C3 3 

0.01 ILF C4-C15 12 

10 ILF C18 1 

22pF C19 1 

47pF C20 1 

1.8432 MHz Crystal-

AT cut, Parallel Y2 1 

3. MISCELLANEOUS HARDWARE 

DB25-Female Connector J1,J2 2 

Wire-Wrap Headers: 
2x26 Pin J3 1 
2x25 Pin J4 1 
2x 7 Pin J5 1 

MOLEX 4-Pin SIP (Male) J6 1 

8-Position DIP Switch DS1 1 

Push Switch (Momentary) S1 1 

SPOT (On-Momentary) S2 1 

4. NSC800 OSCILLATOR NETWORK: Component Values 
for Various Crystal Speeds. Y1 = AT Cut, Parallel Resonant 
Crystal. 

Y1 (MHz) R1 R2 C1 C2 

8.00 1M 0 22pF 33 pF 
4.00 1M 0 33pF 47pF 
2.00 1M 1.5k 68pF 100pF 
1.00 1M 1.5k 100pF 150pF 
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APPENDIX H. DEVELOPMENT SUPPORT PRODUCTS FOR THE NSCBOO 

The following is a list of vendors who offer products that support hardware and software development for NSC800 microproces­
sors. The companies, products, and approximate price (where available) for each are listed. 
Note to Vendors: If your company offers a related product that Is not Included on this list, let us tell our customers about your products. Send your company 

name, phone number, product information, and price ranges to the following address: 

NSC800 Applications Engineering 
Mail Stop E2-55 
National Semiconductor Corporation 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

Company 

Applied Microsystems 

Corporation 
(800) 426-3925 

Avocet Systems, Inc. 

(207) 236-8227 

Digital Research, Inc. 
(408) 649-3896 

Ecosoft, Inc 
(317) 255-6476 

Huntsville 
Microsystems,lnc. 
(205) 881-6000 

Manx Software Systems 
(800) 221-0440 

Microcomputer Tools 

(415) 825-4200 

Northwest Instrument 
Systems, Inc. 

(800) 547-4445 

Orion Instruments 
(415) 361-8883 

Softech Microsystems 
(718) 851-3100 

2500 A.D. Software,lnc. 
(719) 395-8683 

Product Approximate Price 

NS800 Emulator EM-800 

-16k RAM stand-alone $2995 

-64k RAM + PC driver $3995 

Z80 "c" cross-compiler 
-MS-DOS host $895 

Z80 "c" native compiler $295 

Z80 macro assembler 
-MS-DOS host $349 

Z80 macro assembler 
-MS-DOS host $200 

Z80 "c" compiler 
-Native (CP/M host) $100 

NSC800 emulator IDP-800 
-Emulator, power supply, 
x-assembler (MS-DOS) $3195 

Aztec C cross-compiler 
-MS-DOS $750 
-VAX/ULTRIX $3000 
-CP/M-SO $349 

Z80 macro-assembler 

-MS-DOS host $150 

Microtek MICE 2 + emulators 

64k RAM + PC-based 
debugger software $5950 

Unilab 8620 Analyzer/ $3500 to 
Emulator (PC-based) $5000 

"c" cross-compiler 
-MS-DOS host $300 

Z80 macro assembler 
-MS-DOS host $80 

Z80 C x-compiler and 

macro assembler (MS-DOS) $500 
Z80 macro assembler only $200 
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NSC800 Applications 
System: 
NS16550A UART 
8237 A DMA Controller 
Interface 

INTRODUCTION 
This document describes a system which utilizes the DMA 
control signals and FIFOs of the NS16550A UART in con· 
junction with the 8237 A DMA Controller and the NSC800 
CPU. Included is an operation overview section and descrip. 
tions of hardware requirements, software used and system 
timing considerations. 

OPERATION OVERVIEW 
The system used is an NSC800 Application System with all 
software written in NSC800 assembly code. DMA request 
signals from the 16550A to an 8237 A DMA controller cause 
direct data transfers to be made from on board RAM to the 
16550A transmitter FIFO or from the receiver FIFO to RAM. 
Simultaneous memory and I/O read/write signals from the 
8237 A produce single cycle data transfers between the 
UART and memory. This results in high speed file upload 
and download operations independent of the system CPU. 

HARDWARE REQUIREMENTS 
The system requires an NSC800 based board running a 
ROM based MON800 (Version 1.0) monitor program, at 
least 8K RAM, two RS-232 serial ports (one controlled by an 
NSC858 UART and the other by an NS16550A), an 
NSC810A RAM-I/O·Timer, an 8237A DMA controller and 
various interface logic components. 

DMA Request/Bus Access Control 
The RXRDY and TXRDY DMA signals from the 16550A are 
connected to 8237 A device request inputs DREQO and 
DREQ2 and indicate a full receiver FIFO and empty trans· 
mitter FIFO respectively. Upon receiving a device request, 
the 8237 A asserts a hold request signal which is connected 
to the NSC800's bus request input. After completing execu· 
tion of its current instruction, the CPU will TRI·STATE® its 
buses and asserts a bus acknowledge signal. The 8237 re­
ceives this signal in its hold acknowledge input and immedi­
ately performs its programmed DMA operation. 

Read/Write/Chip Select 
An LS257 Data Selector generates separate memory and 
I/O read and write signals from the CPU read and write 
outputs. AEN, a signal from the 8237A asserted during DMA 
cycles, is connected to the output enable pin of the LS257. 
Thus during DMA cycles, the LS257 will TRI·ST ATE its out­
puts and all memory and I/O read/write strobes are gener­
ated by the 8237 A. The chip select signal for the 16550A is 
produced by ORing 8237 A device acknowledge signals 
(DACKO and DACK2) with the output of the system address 
decoder. This allows selection of the UART by the CPU 
during normal bus cycles and by the 8237 A during DMA 
cycles. The chip selects for the 8237 A and system RAM are 
generated by the system address decoder. Note that there 
are two 8k x 8 RAM chips in the system schematics. The 
extra RAM was used during software development, it is not 
necessary in a minimal system. 

National Semiconductor 
Application Note 613 
Greg DeJager 

Address/Data Buses 
The 8237 A provides a low address bus which is common 
with the system's lower address bus. The 8237A also has 
an 8·bit multiplexed bus which outputs upper address bits 
and data. This bus is common with the system data bus. An 
LS373 is used to latch the upper address byte onto the 
system upper address bus. The AEN signal is used to en· 
able the latch and disable the system's LS373 during DMA 
cycles. 

During DMA cycles, the 8237 A outputs a 16·bit memory ad· 
dress but no I/O address. Register and FIFO addresses for 
the 16550A are generated instead by an LS157 multiplexer 
which outputs the receiver or transmitter FIFO address 
(000) during DMA cycles and system address signals A2-
AO during CPU bus cycles. 

Hardware Interrupts 
NSC800 interrupts RST A and RSTB are used to facilitate 
and terminate the file upload and download processes. The 
hardware connections and purpose of the interrupts is ex­
plained in the SOFTWARE DESCRIPTION AND DMA OP­
ERATIONS section of this document. 

SOFTWARE DESCRIPTION AND DMA OPERATIONS 
The two programs included in this package, DMAWR.ASM 
and DMARD.ASM, are NSC800 assembly listings for file 
download and upload operations respectively. The following 
includes a description of serial port initialization and full de­
scriptions of DMAWR.ASM and DMARD.ASM programs and 
their associated interrupt service routines. 

Serial Port Initialization 
Both programs initialize the NS16550A to 9600 bau~bits, 
1 stop, no parity. Modem control outputs RTS and DSR are 
asserted to support communication with a terminal. FIFO's 
are enabled and programmed for DMA mode 1. In 
DMAWR.ASM, the receiver FIFO interrupt trigger level is set 
to 14 bytes in order to maximize the efficiency of the down· 
load operation. 

DMAWR.ASM Description 
DMAWR.ASM performs a file download operation by trans· 
ferring bytes received in the serial port to RAM. After initial· 
izing the system, the CPU enters a NOP loop and, unless 
servicing interrupts, remains there until the file transfer is 
complete. 

The program first prompts the user for a destination address 
for the incoming file and programs the 8237 A with this 16·bit 
value. The 8237 A is then programmed to accept a device 
service request (RXRDY) through channel 0 and to perform 
I/O read/memory write transfers in the demand mode. In 
this mode, the controller executes single byte transfers as 
long as the device request remains asserted. In this system, 
the controller begins reading bytes from the FIFO when the 
trigger level is reached (RXRDY goes active) and stops 
reading when the FIFO empties (RXRDY goes inactive). 
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Throughout the file transfer process, the DMA controller au­
tomatically empties the receiver FIFO into RAM each time 
the trigger level is reached. 

The end of a file is indicated to the CPU by an NSC810 timer 
which produces a timeout signal which interrupts the CPU 
through RSTB if no characters have been received for a 2.5 
second period of time. The 810A is programmed as are­
startable timer with the greatest possible timeout period 
(maximum prescaler (64) and modulus (FFFFH). The timer 
counts down only when RXRDY is inactive and resets itself 
each time RXRDY becomes active. Thus the timer output is 
asserted if RXRDY remains inactive (no characters received 
into serial port) for more than 2.5 seconds. 

DMAWR.ASM must be started before any characters arrive 
in the serial port. Since the user must start transmission of a 
file on some other machine, there is an indeterminable 
amount of time before the first characters are received. The 
RXRDY signal remains inactive during this time and until the 
first 14 characters arrive and RXRDY is asserted, the 810A 
will interrupt the CPU every 2.5 seconds. 

RSTB Service Routine 

The interrupt service routine handles this "false" interrupt 
by first checking if any characters have been received yet. If 
not, the CPU reinitializes the timer and the interrupt and 
exits the routine. The maximum possible timeout period of 
2.5 seconds is used to minimize these initial false interrupts. 
When a "true" interrupt has been received (bytes had been 
received but none have arrived during the last 2.5 seconds 
signifying the end of the file), the interrupt service routine 
stops the timer, outputs a termination message and exits to 
the MON800 monitor. 

DMARD.ASM Description 

DMARD.ASM performs a file upload operation by transfer­
ring bytes from RAM to the serial port transmit FIFO. After 
initializing the system, the CPU enters a NOP loop and, un­
less servicing interrupts, remains there until the file transfer 
is complete. 

The program first prompts the user for the starting and end­
ing address of the data to be transmitted. The 8237 A 16-bit 
address register is programmed with the starting address. 
The total number of bytes in the file is also calculated. This 
number is used by the RSTA interrupt service routine. The 
8237 A is then set up to accept a device service request 
(TXRDY) through channel 2 and to perform memory readl 
1/0 write transfers in the block mode. In this mode, a device 
request causes the controller to transfer a block of data with 
the block size being programmed into its transfer count reg­
ister. With exception of the first and last block transfer of the 
file being uploaded, a block size of 16 is programmed into 
the count register so that an active TXRDY signal (empty 
FIFO) will result in the 8237 A filling the Transmit FIFO. The 
RST A Service Routine section describes how the count for 
each block is determined and how the end of the file is 
recognized. 

It is necessary to use block mode because the NS16550A 
does not deassert TXRDY quickly enough to stop a demand 
mode transfer when the transmitter FIFO becomes full. 
TXRDY goes inactive upon receiving the trailing edge of the 
write pulse of the byte which fills the FIFO. This is to late 
stop the controller from performing one additional transfer 
which will overflow the FIFO. This is different from RXRDY 
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which goes inactive upon receiving the leading edge of the 
final read pulse allowing enough time to prevent another 
transfer. Because the 8237 A must have its transfer count 
register reinitialized after each block transfer, the CPU must 
be interrupted each time the transmit FIFO is refilled. This is 
done by latching the End of Process (EOP) signal into the 
RSTA interrupt of the NSC800. The EOP is generated by 
the 8237 A at the end of a block transfer. 

RST A Service Routine 

The RST A interrupt service routine performs three opera­
tions: calculation of the size of the next block to be trans­
ferred (16 or less), programming the 8237 A transfer count 
register with this value and reenabling the RST A interrupt. 
The routine maintains a count of the number of bytes of the 
file already transferred. It uses this number along with the 
total number of bytes in the file (calculated in the main pro­
gram) to determine the number of remaining bytes. If great­
er or equal to 16, a block size of 16 is programmed into the 
8237 A transfer count register. If there is less than 16 bytes 
left, the number remaining is programmed into the count 
register. When there are 0 bytes left, the upload operation is 
complete and the program exits to the MON800 monitor. 
Note: The main program initially programs the count register to 1. This is 

done because it is assumed that a file contains at least one byte but 
that the file could be less than 16 bytes. Thus upon starting the file 
transfer, a one byte block is transferred and, if there are at least 16 
more bytes in the file, the RST A service routine programs the next 
transfer to be 16 bytes. 

TIMING CONSIDERATIONS AND OPERATING SPEED 

DMARD.ASM 

The 8237 A used in this application has a maximum operat­
ing frequency of 5 MHz (8237A-5). The 8237A in normal 
timing mode can transfer characters from 120 ns RAM to 
the 16550A FIFO at this maximum speed. The 8237A can 
also operate in a compressed timing mode in which bytes 
are transferred to sequential addresses in two clock periods 
instead of three. This is done by shortening the read pulse 
from two clocks to one. However, at 5 MHz the access time 
for the RAM is too long to meet the data set up time (tcJs) for 
writing to the 16550A. The maximum operating frequency 
which meets RAM read/16550A write timing specs is calcu­
lated to be 3.57 MHz. At this lower frequency, character 
transfers still occur faster in the compressed mode: 560 ns 
per character (two clocks at 3.57 MHz) for compressed 
mode versus 600 ns (three clocks at 5 MHz) for normal 
timing. Since the maximum speed of the NSC800 CPU used 
is 4 MHz, the system was not tested at 5 MHz. It was tested 
at 4 MHz, however, and both normal and compressed timing 
modes did run properly, even though data set up time for 
the 16550A was not met in compressed mode. 

DMAWR.ASM 

When operating in the demand mode, the 8237 A requires 
that its device request input, RXRDY in this case, be deas­
serted before the final clock period of the last character's 
transfer cycle. However, when the 8237 A reads the last 
character in the receiver FIFO, there is a delay before the 
16550A deasserts RXRDY. This creates the bottleneck for 
the 16550A to memory transfer process. The maximum op­
erating frequency which will allow RXRDY to be deasserted 
in time is calculated to be 3.125 MHz. However, the system 
was found to run at 4 MHz without failure as the RXRDY 
signal was found to go inactive sooner than is specified. 
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DMAWR.ASM Flowchart 

TLlC/l0436-1 

RSTB Service Routine Flowchart 

TL/C/l0436-2 
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DMARD. ASM Flowchart RSTA Service Routine Flowchart 

TL/C/l0436-3 TL/C/l0436-4 
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Place Filter Caps Near IC's 
U3U6 U7 U8 U9 U10U11 U12U13U14U16U17U19U20 
C9C10C11 C12C13C14C15C16C17C1BC19C20C21 C22 

IC Power and Ground Connections 
+5 +12 -12 GND No Connect 

14 7 
14 7 2,5,9,12 
14 7 

14 7 
14 7 2,5,9,12 
28 14 
24 12 
20 10 
40 20 
28 14 
28 14 
16 8 
40 20 
20 10 
31 20 
20 10 
28 14 
40 20 
16 8 
14 7 
14 7 

7-169 

> 
Z 
ch ..... 
w 

• I 



~ ..... 
o 

1,2,3~5 
1,2,3) AtJ-A7 

1,2,3) ArXrIJJ7 • 
U22 

._ RI 

'''I'~ I~~~<:A I ~ 

1~7 
1~ 

1~ 
1 (/DRE

Q 

-

+5 

j. R4 
~ 10k 

L-

U23 
741.S08 

120 11 
13. ---

1,2,3 , R£SET 0UT1 

~/16550 

-:!:-

AN-613 

I ~ 
• "'\ 

U17 r 
82371. 

I 

~ 
741.S08 741.S08 ~
23 U23 

; 3 ~ 6 

f~ ~~~ 
+5 +5 

TUC/10436-9 



DMARD - MEMORY TO SERIAL PORT UPLOAD ROUTINE FOR NSC800 DESIGNER KIT 
LAST REVISION: 12/1/88 BY G.D. 

THIS SOFTWARE UTILIZES AN INTERFACE BETWEEN THE NSC800 MICROPROCESSOR, 
8237 DMA CONTROLLER, NS16550A UART AND RAM MEMORY. THE USER IS PROMPTED 
FOR THE STARTING AND ENDING ADDRESS OF THE MEMORY BLOCK TO BE UPLOADED. 
A TRANSMITTER FIFO EMPTY INDICATION (/TXRDY) FROM THE 16550 UART CAUSES 
THE 8237 TO ASSUME CONTROL OF THE BUS AND TRANSFER DATA FROM RAM TO THE 
16550 TRANSMITTER FIFO. THE TRANSFERS CONTINUE UNTIL THE USER ENTERED 
ENDING ADDRESS IS REACHED. THE SOFTWARE INCLUDES INITIALIZATION ROUTINES 
FOR THE 16550, 8237, NSC810 PARALLEL PORT AND NSC800 INTERRUPTS. AN 
INTERRUPT SERVICE ROUTINE RELOADS THE 8237 AFTER EACH FILL OF THE 16550 
FIFO. THE CPU PERFORMS A NOP LOOP BETWEEN DMA ACCESSES AND INTERRUPT 
SERVICES. 

: HARDWARE EQUATES 
UART EQU 60H 
DLL EQU UART+O 
DLM EQU UART+1 
FCR EQU UART+2 
LCR EQU UART+3 
MCR EQU UART+4 

DMA EQU 
CH2ADDR EQU 
CH2WRD EQU 
COMM EQU 
MASK EQU 
MODE EQU 

40H 
DMA+4 
DMA+5 
DMA+8 
DMA+10 
DMA+ll 

;PORT ADDRESS OF 16550 UART 
iBAUD DIVISOR LSB 
:BAUD DIVISOR MSB 
:FIFO CONTROL 
:LINE CONTROL 
:MODE CONTROL 

iPORT ADDRESS OF 8237 DMA CONTROLLER 
iCHANNEL 2 STARTING MEMORY ADDRESS 
:CHANNEL 2 CURRENT WORD 
iCOMMAND 
iCHANNEL MASK 
iMODE 

PORT EQU COH iPORT ADDRESS OF.S10A PARALLEL PORT 
MDR EQU 
PBDDR EQU 
PBCLR EQU 
PBSET EQU 

ORG OOH 

PORT+7 iPORT MODE 
PORT+5 ;PORT B DIRECTION 
PORT+9 i CLEAR PORT BITS 
PORT+13 iSET PORT BITS 

:***** HARDWARE RESTART A (/RSTA) SERVICE ROUTINE VECTOR RELOCATION ******* 
LD A,C3H :OPCODE FOR 'JP' INSTRUCTION 
LD (BF9BH),A :PLACE OPCODE AT MONITOR LOCATION 
LD HL,BCOOH ;ADDRESS FOR NEW ROUTINE 
LD (BF9CH),HL iLOAD NEW ADDRESS 

:*********************** 16550 INITIALIZATION *************************** 
LD A,80H 
OUT (LCR),A :DLAB 
LD A,OCH 
OUT (DLL),A :9600 BAUD 
LD A,OOH 
OUT (DLM),A 
LD A,03H 
OUT (LCR),A :8,1,N 
LD A,Ol 
OUT (FCR),A :ENABLE FIFOS 
LD A,03H 
OUT (FCR),A :RESET FIFOS 
LD A,09H 
OUT (FCR),A :SET DMA MODE TO 1 
LD A,03H 
OUT (MCR),A iSET /RTS AND /DSR ACTIVE (FOR USE BY TERMINAL) 
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~ .-----------------------------------------------------------------------------------~ --~ ;************ 8l0A INITIALIZATION FOR INTERRUPT LATCH CONTROL ************* 
Z LD A,O 
<C OUT (MDR),A ;PORT B - MODE ° (BASIC I/O) 

LD A,l 
OUT (PBDDR),A ;SET PBO DIRECTION AS OUTPUT 
OUT (PBSET),A ;SET PBO HIGH (/RSTA INACTIVE) 

.****************** INITIALIZE CPU INTERRUPT /RSTA ************************ 
I EI ;ENABLE CPU INTERRUPTS 

LD A, 08H 
OUT (BBH),A ;UNMASK /RSTA INTERRUPT 

;******* INPUT STARTING 
LD HL,MESGO 
CALL GETWORD 
PUSH DE 
LD HL,MESGl 
CALL GETWORD 
PUSH DE 
POP HL 
POP DE 

LD A,E 

AND ENDING ADDRESS OF BLOCK TO BE UPLOADED ******** 
;PROMPT FOR STARTING ADDRESS 
;RETURNS STARTING ADDRESS IN DE 

;PROMPT FOR ENDING ADDRESS 
;RETURNS ENDING ADDRESS 

;HL CONTAINS ENDING ADDRESS 
;DE CONTAINS STARTING ADDRESS 

OUT (CH2ADDR),A ;LOAD 8237 WITH LSB OF STARTING ADDRESS 
LD A,D 
OUT (CH2ADDR),A ;LOAD MSB OF STARTING ADDRESS 

XOR A 
SBC HL,DE 
PUSH HL 
POP DE 
INC DE 

; CLEAR CARRY 
;SUBTR. ADDRESSES TO GET # OF BYTES TO BE TRANS 

;DE REGISTER PAIR CONTAINS BLOCK SIZE 

;************************** INITIALIZE 8237 ****************************** 
LD A,48H 
OUT (COMM),A ;COMMAND REG: MEM TO MEM DISABLE, CONTROLLER ENABLE, 

;COMPRESSED TIMING, FIXED PRIORITY, LATE WRITE, 
;ACTIVE LOW DREQ, ACTIVE LOW DACK 

LD A,8AH 
OUT (MODE),A 

LD A,OOH 
OUT (CH2WRD),A 
OUT (CH2WRD),A 
LD H,O 
LD L,l 
LD B,OO 
LD C,lOH 
LD A,02H 
OUT (MASK), A 

;MODE REG: CH2, READ TRANSFERS (MEM TO PORT), 
;NO AUTOINITIALIZATION, INC ADDRESS, BLOCK MODE 

;LSB OF BYTE COUNT OF 8237 
;START WITH 1 BYTE BLOCK 
;MSB 

;CURRENT COUNT = 1 

;BC = 16 (CONSTANT) 

;UNMASK CHANNEL 2 

;************************ NOP WAIT LOOP FOR CPU ****************************** 
WAIT NOP ;NOP LOOP WAITING FOR DMA ACCESSES AND INTERRUPTS 

JR WAIT 

;********************* PROCEDURE GETWORD ************************************* 
GETWORD LD A,O ;ROUTINE INPUTS WORD FROM PORT 

RST 10H ;OUTPUT PROMPT FOR ADDRESS 
CALL GETBYT 
LD D,C ;MSB OF ADDRESS 

CALL GETBYT 
LD E,C ; LSB OF ADDRESS 
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RET 

• ************************* PROCEDURE GETBYTE **************************** 
GETBYT LD C,O :ROUTINE TO INPUT BYTE FROM PORT 

CALL INNIB 
SLA A 
SLA A 
SLA A 
SLA A 
LD C,A :MOST SIGNIFICANT NIBBLE 
CALL INNIB 
OR C :LEAST SIGNIFICANT NIBBLE 
LD C,A 
RET 

:*********************** PROCEDURE INNIB ****************************** 
INNIB LD A,04H :ROUTINE TO INPUT, ECHO AND CONVERT NIBBLE 

RST lOH :INPUT HEX BYTE FROM PORT 
LD B,A 
LD A,3 
RST lOH :ECHO BYTE TO SCREEN 
LD A,06H 
RST lOH :CONVERT TO HEX NIBBLE (ACC Ox) 
RET 

:************ /RSTA INTERRUPT SERVICE ROUTINE **************** 
ORG lOOH :START OF INTERRUPT ROUTINE 

LD A,l 
OUT (PBCLR), A 
OUT (PBSET),A 
LD A,07H 
RST 10H 

CP FOH 
JP Z,DONE 

PUSH HL 
ADD HL,BC 
LD A,07H 
RST 10H 
CP FFH 
JP Z,NEED_16 

XOR A 
SBC HL,DE 
LD B,L 
LD A,lOH 

:CLEAR PBO TO SET /RSTA LATCH OUTPUT 
:SET PBO AGAIN 

:16 BIT COMPARE OF HL (# TRANSFERRED) 
:AND DE (TOTAL TO BE TRANSF) 
:COMPARE ROUTINE RETURNS ACC=FOH IF HL=DE 

:SAVE COUNT 
;ADD 16 TO COUNT 

;16 BIT COMPARE ROUTINE 

:COUNT+16 IS LESS THAN TOTAL SO SEND BLOCK OF 16 
;ELSE DETERMINE FRACTION OF 16 TO BE SENT 
; CLEAR CARRY 
:LOAD 8237 WITH BYTE COUNT REMAINING (COUNT < 16) 

SUB A,B 
DEC A 
JP CONT 

;BYTE COUNT=16-(HL-DE)-1 (COUNT MUST BE # TRANSF.- 1) 

NEED 16 LD A,OFH 
CONT- POP HL 

LD C,A :LD SIZE OF BLOCK TO BE TRANSMITTED INTO BC 
INC C 
LD B,O 
ADC HL,BC :ADD BLOCK SIZE TO TOTAL 
OUT (CH2WRD),A :LSB 
LD A,O 
OUT (CH2WRD),A :MSB 

EI 
LD A,02H 
OUT (MASK),A 
RETI 

RST OSH 

;REENABLE CPU INTERRUPTS 

:UNMASK CHANNEL 2 

;EXIT MONITOR DONE 

MESGO 
MESGl 

DB l3,10,'ENTER STARTING ADDR OF MEMORY BLOCK TO BE UPLOADED: ',13,10,0 
DB 13,lO,'ENTER ENDING ADDR OF MEMORY BLOCK:',13,lO,O 
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TITLE DMA WRITE TRANSFER 
LIST ON 
PL 58 

****************************************************************************** 
DMAWR - SERIAL PORT TO MEMORY DOWNLOAD ROUTINE FOR NSC800 DESIGNER KIT * 
LAST REVISION: 12/2/88 BY G. D. * 

* THIS SOFTWARE UTILIZES AN INTERFACE BETWEEN THE NSC800 MICROPROCESSOR, * 
8237 DMA CONTROLLER, NS16550A UART, NSC810A TIMER AND RAM MEMORY. DATA * 
RECEIVED BY THE 16550 UART FILLS ITS INTERNAL FIFO UNTIL A PROGRAMMED TRIGGER* 
LEVEL IS REACHED. THIS ACTIVATES /RXRDY, A DMA REQUEST SIGNAL TO THE 8237. * 
THE 8237 THEN ASSUMES CONTROL OF THE SYSTEM BUS AND EMPTIES THE FIFO BY * 
TRANSFERRING DATA DIRECTLY TO RAM. THE DOWNLOAD PROCESS IS TERMINATED BY A * 
TIMEOUT SIGNAL FROM THE NSC810A. * 
****************************************************************************** 

; HARDWARE EQUATES 
UART EQU 60H 
DLL EQU UART+O 
DLM EQU UART+l 
FCR EQU UART+2 
LCR EQU UART+3 
MCR EQU UART+4 

DMA EQU 
CHOADDR EQU 
CHOWRD EQU 
COMM EQU 
MASK EQU 
MODE EQU 

TIMR 
LMOD 
HMOD 
TMRMOD 
START 
STOP 
DDRC 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 

ORG OOH 

40H 
DMA+O 
DMA+l 
DMA+8 
DMA+10 
DMA+ll 

COH 
TIMR+16 
TIMR+17 
TIMR+24 
TIMR+21 
TIMR+20 
TIMR+6 

;PORT ADDRESS OF 16550 UART 
iBAUD DIVISOR LSB 
iBAUD DIVISOR MSB 
iFIFO CONTROL 
iLINE CONTROL 
iMODEM CONTROL 

iPORT ADDRESS OF 8237 DMA CONTROLLER 
iCHANNEL 0 STARTING MEMORY ADDRESS 
iCHANNEL 0 CURRENT WORD COUNT 
iCOMMAND REGISTER 
iCHANNEL MASK REGISTER 
iCONTROLLER MODE REGISTER 

iPORT ADDRESS OF 810A TIMER 
;LSB OF MODULUS 
iMSB OF MODULUS 
;TIMER 0 MODE 
iTIMER 0 START 
;TIMER 0 STOP 
iPORT C DIRECTION REGISTER 

i******** HARDWARE RESTART B (/RSTB) SERVICE ROUTINE VECTOR RELOCATION ******* 
LD A,C3H iOPCODE FOR IJPI INSTRUCTION 
LD (BF95H),A iPLACE OPCODE IN MONITOR JUMP TABLE 
LD HL,BEOOH iADDRESS FOR NEW ROUTINE 
LD (BF96H),HL iLOAD NEW ADDRESS 

i***************** INPUT DOWNLOAD DESTINATION ADDRESS ************************ 
LD HL,MESGO iPROMPT FOR ADDRESS 
LD A,O 
RST 10H 
CALL GETBYT 
LD D,C 
CALL GETBYT 
LD E,C 
LD (ADDR),DE 
LD HL,MESGl 
LD A,O 
RST 10H 

iSERVICE ROUTINE TO OUTPUT STRING 

iMSB OF ADDRESS 

iLSB OF ADDRESS 
iSTORE STARTING ADDRESS 
iOUTPUT STATUS MESSAGE 

i******************* INITIALIZATION OF 16550 UART **************************** 
LD A,80H 
OUT (LCR) ,A iDLAB 
LD A,OCH 
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OUT (DLL),A 
LD A,OOH 
OUT (DLM) ,A 
LD A,03H 
OUT (LCR) ,A 
LD A,OlH 
OUT (FCR),A 
LD A,03H 
OUT (FCR) ,A 
LD A,C9H 
OUT (FCR),A 
LD A,03H 
OUT (MCR) ,A 

;9600 BAUD 

i8,1,N 

iENABLE FIFOS 

iRESET FIFOS 

iSET TRIGGER LEVEL TO 14, SET DMA MODE TO 1 

iSET /RTS AND /DSR ACTIVE (FOR USE BY TERMINAL) 

i******************** INITIALIZATION OF 810A TIMER *************************** 
LD A,O 
OUT (DDRC),A ;SET PORT C (TIMER GATE PIN) TO BE INPUTS 
OUT (TMRMOD),A iTIMER ° RESET 
LD A,lBH 
OUT (TMRMOD),A iMODE: RESTARTABLE TIMER 
LD A,FFH 
OUT (LMOD),A ;LSB OF MODULUS 
OUT (HMOD),A iMSB OF MODULUS 

i******************** INITIALIZATION OF CPU INTERRUPTS *********************** 
EI iENABLE CPU INTERRUPTS 
LD A,04H 
OUT (BBH),A iUNMASK /RSTB INTERRUPT 

i************************ INITIALIZATION OF 8237 ***************************** 
LD IX,ADDR 
LD A, (IX+O) 
OUT (CHOADDR),A ;LSB OF STARTING MEMORY ADDRESS 
LD A, (IX+l) 
OUT (CHOADDR),A iMSB OF STARTING MEMORY ADDRESS 
LD A,FFH 
OUT (CHOWRD),A iLSB OF WORD COUNT 

LD A,FFH 
OUT (CHOWRD) ,A 
LD A,40H 
OUT (COMM) ,A 

LD A,04H 
OUT (MODE),A 

LD A,OOH 
OUT (MASK), A 
OUT (START) ,A 

;MAXlMUM # OF TRANSFERS = 64k 

iMSB OF WORD COUNT 

iCOMMAND REG: MEM TO MEM DISABLE, CONTROLLER ENABLE, 
;NORMAL TIMING, FIXED PRIORITY, LATE WRITE, ACTIVE 
;LOW DREQ, ACTIVE LOW DACK 

iMODE REG: CHO, WRITE TRANSFERS (PORT TO MEM) , 
iNO AUTOINITIALIZATION, INC ADDRESS, DEMAND MODE 

;UNMASK CHANNEL ° 
iSTART 810 TIMER 

i**************************** CPU WAIT LOOP ********************************** 
WAIT NOP iALLOW PORT TO MEMORY TRANSFERS UNTIL 810A TIMEOUT 

JR WAIT 
;***************************************************************************** 

i************************** PROCEDURE GETBYT ********************************* 
GETBYT LD C,O 

CALL INNIB ;INPUTS ASCII BYTE FROM PORT AND CONVERTS TO HEX NIB 
SLA A 
SLA A 
SLA A 
SLA A 
LD C,A iMOST SIGNIFICANT NIBBLE 
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CALL INNIB 
OR C 
LD C,A 
RET 

:RETURN BYTE IN REG C 

:************************* PROCEDURE INNIB ********************************** 
INNIB LD A,04H 

RST lOH ;INPUT ASCII BYTE FROM SERIAL PORT 
LD B,A 
LD A,3 
RST lOH ;ECHO BYTE TO SCREEN 
LD A,06H 
RST lOH ;CONVERT ASCII BYTE TO HEX NIBBLE (ACC Ox) 
RET 

ORG OlOOH 
;******************* IRSTB INTERRUPT SERVICE ROUTINE ************************* 

IN A, (CHOADDR) ;READ LSB OF DMA CURRENT MEMORY ADDRESS 

END 

ADDR 
MESGO 
MESGl 
MESG2 

LD C,A 
IN A, (CHOADDR) ;READ MSB OF CURRENT ADDRESS 
LD B,A 
LD IX,ADDR 
LD A, (IX) 
CP C 
JP NZ,END 
LD A, (IX+l) 
CP B 

;GET LSB OF STARTING DMA ADDRESS 

;BYTES WERE TRANSFERRED BEFORE TIMEOUT SO STOP 
;GET MSB OF STARTING ADDRESS 

JP NZ,END ;BYTES WERE TRANSFERRED SO STOP 
LD A,O :ELSE RESTART TIMER 
OUT (TMRMOD),A :RESET 
LD A,lBH 
OUT (TMRMOD),A ;LOAD MODE 
LD A,FFH 
OUT (LMOD),A 
OUT (HMOD),A 
OUT (START), A 
EI 
RETI 

; LSB OF MODULUS 
:MSB OF MODULUS 
;RESTART TIMER 
;REENABLE INTERRUPT 

OUT (STOP),A 
LD HL,MESG2 
LD A,O 

;VALID TIMEOUT SO STOP TIMER AND SET OUTPUT INACTIVE 
;VALID TIMEOUT SO OUTPUT MESG AND STOP 

RST 10H ;OUTPUT TERMINATION MESSAGE 
RST OSH ;RETURN TO DEBUGGER 

DW OOH 
DB 13,10, 'ENTER 16 BIT DESTINATION ADDRESS: ',0 
DB 13,10, 'DOWNLOADING ••• ',13,10,0 
DB 13,10, 'PORT RECEIVER TIMEOUT. DOWNLOAD COMPLETE. ',13,10,0 

The source code for DMARD, DMAWR and the monitor program (MONSOO V1.ASM) are 
available on Dial-A-Helper. The files are located in the \F11 00\NSC800 directory. 

Dial-A-Helper is a service provided by the Microcontroller Applications Group. The Dial-A­
Helper system provides access to an automated information storage and retrieval system 
that may be accessed over standard dial-up telephone lines 24 hours a day. The system 
capabilities include a MESSAGE SECTION (electronic mail) for communicating to and 
from the Microcontroller Applications Group and a FILE SECTION mode that can be used 
to search out and retrieve application data about NSC Microcontrollers. The minimum 
system requirement is a dumb terminal, 300 or 1200 baud modem, and a telephone. 

With a communications package and a PC, the code detailed in this App Note can be 
down loaded from the FILE SECTION to disk for later use. The Dial-A-Helper telephone 
lines are: 

Modem (408) 739-1162 
Voice (408) 721-5582 

For Additional Information, Please Contact Factory 
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Glossary 
In our efforts to be concise and precise, we often invent new words or acronyms to use as shorthand representations of "things" 
that require much longer names if the jargon is not used. Being humans, we then become very impressed with our ability to 
exclude those not in "the know" and another "in" group is formed. This glossary has been developed to help bridge this 
language gap. We know it will help. We hope you will use it. 

Abort-The first step of recovery when an instruction or its operand(s) is not available in main memory. An Abort is initiated by 
the Memory Management Unit (MMU) and handled by the CPU. 

Absolute Address-An address that is permanently assigned to a fixed location in main memory. In assembly code, a pattern 
of characters that identifies a fixed storage location. 

Access Time-The time interval between when a request for information is made and the instant this information is available. 

Access Class-The five Series 32000 access classes are memory read, memory write, memory read-modify-write, memory 
address, and register address. The access class informs the Series 32000 CPU how to interpret a reference to a general 
operand. Each instruction assigns an access class to each of it two operands, which in turn fully defines the action of any 
addressing mode in referencing that operand. 

Accumulator-A register which stores the result of an ALU operation. 

Ada-A high level language designed for the Department of Defense. It gives preference to full English words. It is meant to be 
the standard military language. 

Address-An expression, usually numerical, which designates a specific location in a storage or memory device. 

Address-Data Reglster-A register which may contain either address or data, sometimes referred to as a general-purpose 
register. 

Address Strobe-Control signal used to tell external devices when the address is valid on the external address bus. 

Address Translation-The process by which a logical address emanating from the CPU is transformed into a physical address 
to main memory. This is performed by the Memory Management Unit (MMU) in Series 32000 systems. Logical address to 
Physical address mapping is established by the operating system when it brings pages into main memory. 

Addressing Mode-The manner in which an operand is accessed. Series 32000 CPUs have nine addressing modes: Register, 
Register Relative, Memory Relative, Immediate, Absolute, External, Top-of Stack, Memory Space, and Scaled Indexing. 

Algorithm-A set of procedures to which a given result is obtained. 

Alignment-The issue of whether an instruction must begin on a byte, double byte, or quad byte address boundary. 

ALU-Arithmetic Logic Unit. A computational subsystem which performs the arithmetic and logical operations of a digital 
system. 

Array-A structured data type consisting of a number of elements, all of the same data type, such that each data element can 
be individually identified by an integer index. Arrays represent a basic storag~ data type used in all high-level languages. 

ASCII-(American National Standard Code for Information Interchange, 1968). This standard code uses a character set gener­
ally coded as 7 -bit characters (8-bits when using parity check). Originally defined to allow human readable information to be 
passed to a terminal, it is used for information interchange among data processing systems, communication systems, and 
associated equipment. The ASCII set consists of alphabetic, numeric, and control characters. Synonymous with USASCII. 

Assemble-To prepare a machine language program (also called machine code or object code) from a symbolic language 
program by substituting absolute operation codes for symbolic operation codes and absolute or relocatable addresses for 
symbolic addresses. Machine code is a series of ones and zeros which a computer "understands". 

Assembler-This program changes the programmer's source program (written in English assembly language and understand­
able to the programmer) to the 1's and O's that the machine "understands". In particular, the Assembler converts assembly 
language to machine code. This machine code output is called the OBJECT file. 

Assembly Language-A step up in the language chain. This is a set of instructions which is made up of alpha numeric 
characters which, with study, are understandable to the programmer. Different type of machines have different assembly 
languages, so the assembly language programmer must learn a different set of instructions each time s/he changes machine. 

Associative Cache-A dual storage area where each data entry has an associated "tag" entry. The tags are simultaneously 
compared to the input value (a logical address) in the case of the MMU, and if a matching tag is found, the associated data entry 
is output. An associative cache is present within the MMU in Series 32000 systems to provide logical-to-physical address 
translation. 

Asynchronous Devlce-A device in which the speed of operation is not related to any frequency in the system to which it is 
connected. 

BASIC-This acronym stands for Beginner's All-purpose Symbolic Instruction Code. BASIC is one of the most "English like" of 
the high level languages and is usually the first programming language learned. 

Baud Rate-Data transfer rate. For most serial transmission protocols, this is synonymous with bits-per-second (bps). 

BCD-Binary Coded Decimal. A binary numbering system for coding decimal numbers. A 4-bit grouping provides a binary value 
range from 0000 to 1001, and codes the decimal digits "0" through "9". To count to 9 requires a single 4-bit grouping; to count 
to 99 takes two groupings of 4 bits; to count to 999 takes three groupings of 4 bits, etc. 

Benchmark-In terms of computers, this refers to a software program designed to perform some task which will demonstrate 
the relative processing speed of one computer versus another. 
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Glossary (Continued) 

Bit-An abbreviation of "binary digit". It is a unit of information represented by either a one or a zero. 

Bit Fleld-A group of bits addressable as a single entity. A bit field is fully specified by the location of its least significant bit and 
its length in bits. In Series 32000 systems, bit fields may be from one to 32 bits in length. 

Branch-A nonsequential flow in a software instruction stream. 

Breakpolnt-A place in a routine specified by an instruction, instruction digit, or other condition, where the software program 
flow will be interrupted by external intervention or by a monitor routine. 

Buffer-An isolating circuit used to avoid reaction of a driven circuit on the corresponding driver circuit. Buffers also supply 
increased current drive capacity. 

Bus-A group of conductors used for transmitting signals or power. 

Bus Cycle-The time necessary to complete one transfer of information requiring the use of external address, data and control 
buses. 

Byte-Eight bits. 

Byte Enable-BEO to BE3. CPU control signals which activate memory banks, each bank providing one byte of data per 
address. 

C-A highly structured high level language developed by Bell Laboratories to optimize the size and efficiency of the program. 
This language has gained much popularity because it allows the programmer to get close to the hardware (low level) as well as 
being a high level language. Before C, the programmer who had to address the hardware had to use assembly language or 
machine code. 

Cache-See Associative Cache. 

Cache Hit-In the MMU, logical-to-physical address translation takes place via the associative cache. For this to happen, the 
addressed page must be resident in physical memory such that a logical address tag is present in the MMU's translation cache. 

Cache Miss-When a logical address is presented to the MMU, and no physical address translation entry is found in the MMU's 
associative cache. 

Cascaded-Stringing together of units to expand the operation of the unit. Interrupt Control Units present in a Series 32000 
system which are in addition the Master ICU are referred to as "cascaded" ICUs; i.e., interrupts cascade from a second-level 
ICU through the master ICU to the CPU. 

Clock-A device that generates a periodic signal used for synchronization. 

Clock Cycle-After making a low-to-high transition, the clock will have completed one cycle when it is about to make another 
low-to-high transition. This time is equal to 1 If where f = the clock frequency. 

COBOL-This acronym stands for "Common Business Oriented Language". It is a language especially good for bookkeeping 
and accounting. 

COFF-COMMON OBJECT FILE FORMAT is a standard way of constructing files developed by AT&T for the express purpose of 
making all files similar. This will help reduce the situation where large files developed by one organization won't run on another 
organization's equipment simply because the software interfaces are different. It provides a great potential for savings in both 
time and money. 

Compile-To take a program written in a High-Level Language such as C, Pascal, or FORTRAN and convert it into an object­
code format which can be loaded into a computer's main memory. During compilation, symbolic HLL statements, called source 
code, are converted into one or more machine instructions which the CPU "understands". A compiler also calls the assemble 
function. 

Complier-The program that converts from Source to Machine Code. The conversion is from a particular high level language to 
machine code. For example, the C compiler will convert a C source program written by a programmer to machine code. This 
machine code output is in the same format as that of the assembler and is also called an OBJECT file. 

CPU-Central Processing Unit. The portion of a computer system that contains the arithmetic logic unit, register file, and other 
control oriented subsystems. It performs arithmetic operations, controls instruction processing, and provides timing signals and 
other housekeeping operations. 

Cross Support-The alternative to using a "Native" development like SYS32 to develop your programs is to use Cross Support 
software. "Native" means that the CPU in the development system is the same as the CPU in the system being developed. 
Cross support software is all of the necessary programs for development that operate on one CPU, but generate code for 
another CPU. Use of the VAX to generate Series 32000 code is a good example of cross support. 

Demand-Paged Virtual Memory-A virtual memory method in which memory is divided into blocks of equal size which are 
referred to as pages. These pages are then moved back and forth between main memory and secondary storage as required by 
the CPU. Demand paging reduces the problem of memory fragmentation which results in unused memory space. 

Dispatch Table-In Series 32000 systems, this is an area of memory which contains interrupt descriptors for all possible 
hardware interrupts and software traps. The interrupt descriptor directs the CPU to the module descriptor for the procedure 
which is designed to handle that particular interrupt. 

Dlsplacement-A numerical offset from a known point of reference. Displacements are used in programming to facilitate 
pOSition independent code, such that a given program can be loaded anywhere in memory. In Series 32000 processors, a 
displacement is contained in the instruction itself. 
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Glossary (Continued) 

DMA-Direct Memory Access. A method that uses a small processor (DMA Controller) whose sole task is that of controlling 
input-output or data movement. With DMA, data is moved into or out of the system without CPU intervention once the DMA 
controller has been initialized by the CPU and activated. 

Double-Preclslon-With reference to 32000 floating-point arithmetic, a double-precision number has a 52-bit fraction field, 11-
bit exponent field and a sign bit (64-bits total). 

Double Word-Two words, i.e., 32 bits. 

Edltor-A program which allows a person to write and modify text. This program can be as complicated as the situation 
requires, from the very simple line editor to the most complicated word processor. Letters, numbers and unprintable control 
characters are stored in memory so that they can be recalled for modification or printing. The programmer uses this device to 
enter the program into the computer. At this stage, the program is recognizable to both the programmer and the computer as 
lines of English text. This English version of the program is known as the SOURCE. 

Emulate-To imitate one system with another, such that the imitating system accepts the same data, executes the same 
programs, and achieves the same results as the imitated system. 

Exception-An occurrence which must be resolved through CPU intervention. An exception results in the suspension of normal 
program flow. In Series 32000 systems, exceptions occur as a result of a hardware reset, interrupt or software traps. Execution 
of floating-point instructions may also result in occurrences which must be resolved through CPU intervention. 

Exponent-In scientific notation, a numeral that indicates the power to which the base is raised. 

EXEC2-NSC's Real Time Executive for Series 32000. 

FIFO-First-in first-out. A FIFO device is one from which data can be read out only in the same order as it was entered, but not 
necessarily at the same rate. 

Floatlng-Polnt-A method by which computers deal with numbers having a fractional component. In general, it pertains to a 
system in which the location of the decimal/binary point does not remain fixed with respect to one end of numerical expressions, 
but is regularly recalculated. The location of the point is usually given by expressing a power of the base. 

FORTRAN-A high level language written for the scientific community. It makes heavy use of algebraic expressions and 
arithmetic statements. 

FP-Frame Pointer. CPU register which points to a dynamically allocated data area crepted at the beginning of a procedure by 
the ENTER instruction. 

FPU-Floating-Point Unit is a slave processor in Series 32000 systems which implements in hardware all calculations needed to 
support floating-point arithmetic, which otherwise would have to be implemented in software. The NS32081 FPU provides high­
speed floating point instructions for single (32-bit) and double (64-bit) precision. Supports IEEE standard for binary floating point 
arithmetic. Compatible with NS32032, NS32C032, NS32016, NS32C016 and NS3200B CPUs. 

Fragmented-The term used to describe the presence of small, unused blocks of memory. The problem is especially common 
in segmented memory systems, and results in inefficient use of memory storage. 

Frame-A block of memory on the stack that provides local storage for parameters in the current procedure. 

GENIX-The NSC version of the UNIX operating system, ported to work with the Series 32000. It also has all of the necessary 
utilities added so that program development can be accomplished. 

Hardware-Physical equipment, e.g., mechanical, magnetic, electrical, or electronic devices, as opposed to the software 
programs or method in which the hardware is used. 

High Level Language&-These are languages which are not dependent on the type of computer on which they run. A program 
written in a high level language will generally run on any computer for which there is a compiler for that language. This feature 
makes high level languages "Portable", i.e., the same program will run on many different types of computers. A HLL requires a 
compiler or interpreter that translates each HLL statement into a series of machine language instructions for a particular 
machine. 

ICU-Interrupt Control Unit. A memory-mapped microprocessor support chip in Series 32000 systems which handles external 
interrupts as well as additional software traps. The ICU provides a vector to the CPU to identify the servicing software procedure. 

Indexing-In computers, a method of address modification that is by means of index registers. 

Index Reglster-A register whose contents may be added to or subtracted from the operand address. 

Indirect Addressing-Programming method where the initial address is the storage location of a word which is the actual 
address. This Indirect address is the location of the data to be operated upon. 

Instructlon-A statement that specifies an operation and the values or locations of its operands, i.e., it tells the CPU what to do 
and to what. 

Instruction Cycle-The period of time during which a programmed system executes a particular instruction. 

Instruction Fetch-The action of accessing the next instruction from memory, often overlapped by its partial execution. 

Instruction Queue-With Series 32000 CPUs, this is a small area of RAM organized as a FIFO buffer which stores prefetched 
instructions until the CPU is ready to execute them. 

Interpreter-A program which translates HLL statements into machine instructions at run time, i.e., while the program is 
executing, and is co-resident with the user program. 
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m Glossary (Continued) en o Interrupt-To signal the CPU to stop a software program in such a way that it can be resumed and branch to another section of 
c:; code. Interrupts can be caused by events external or internal to the CPU, and by either software or hardware. 

INTBASE-Interrupt Base Register. In the Series 32000, a 32-bit CPU register which holds the address of the dispatch table 
containing addresses for interrupts and traps. 

ISE-In-System Emulator. A computer system which imitates the operation of another in terms of software execution. In 
microprocessor system development, the ISE takes the place of the microprocessor by means of a connector at the end of an 
umbilical cable. Not only does the ISE perform all the functions of the microprocessor, but it also allows the engineer to debug 
his system by setting breakpoints on various conditions, permits tracing of program flow, and provides substitution memory 
which may be used in place of actual target system memory. 

ISV-Independent Software Vendor. A vendor, independent from National Semiconductor, who ports or develops software for 
Series 32000 components. They in turn sell this software to our customers who are designing Series 32000 based products. 

Kernel-This is the name given to the core of the operating system. Other programs are added to the kernel to provide the 
features of the operating system. The kernel provides control and synchronization. 

Language-A set of characters and symbols and the rules for using them. In our context, it is the "English like" format of the 
instructions which are understood by both the programmer and the computer. 

Library-High level languages as well as assembly language contain many routines which are used over and over again. To 
prevent the programmer from having to write the routine every time it is needed, these routines are stored in libraries to be 
referenced each time they are needed. These libraries are also OBJECT files. 

Linear Address Space-An address space where addresses start at location zero and proceed in a linear fashion (i.e., with no 
holes or breaks) to the upper limit imposed by the total number of bits in a logical address. 

Link Base-In the Series 32000, Module Descriptor entry which points to a table in memory containing entries which reference 
variables or entry points in Modules external to the one presently executing. 

Linker-Large programs are generally broken down to component parts and farmed out to several programmers. Each one of 
these parts is called a MODULE. Each programmer will develop the module using either high level or assembly language, then 
"assemble" assembly language modules or "compile" high level language modules. A programmer tells the linker how to 
connect these modules to make the program run. The linker makes these connections, resolves all questions about data 
needed by one module, but contained in another, finds all library routines, and cleans up any other loose ends. The output from 
the linker is called BINARY file and is the file that will run on the computer. 

Logical Address Space-The range of addresses which a programmer can assign in a software program. This range is 
determined by the length of the computer's address registers. 

LSB-Least Significant Bit. The bit in a string of bits representing the lowest value. 

Machine Code-The code that a computer recognizes. Specifies internal register files and operations that directly control the 
computer's internal hardware. 

Machine Language-The ones and zeros which are "understood" by the machine. This is often called "Binary Code." The 
programmer must be able to understand the bit patterns to be able to decipher the language. Each machine has a unique 
machine language. 

Main Memory-The program and data storage area in a computer system which is physically addressed by the microprocessor 
or MMU address lines. 

Mantissa-In a floating-point number, this is the fractional component. 

Mapping-The process whereby the operating system assigns physical addresses in main memory to the logical addresses 
assigned by the software. 

Memory-Mapped-Referring to peripheral hardware devices which are addressed as if they were part of the computer's 
memory space. They are accessed in the same manner as main memory, i.e., through memory read/write operations. 

Mlcrocode-A sequence of primitive instructions that control the internal hardware of a computer. Their execution is initiated by 
the decoding of a software instruction. Microcode is maintained in special storage and often used in place of hardwired logic. 

Mlcrocomputer-A computer system whose Central Processing Unit is a Microprocessor. Generally refers to a board-level 
product. 

Mlnlcomputer-A "box-level" computer with system capabilities generally between that of a microcomputer and a mainframe. 

MMU-Memory Management Unit. This is a slave processor in Series 32000 which aids in the implementation of demand-paged 
virtual memory. It provides logical to physical address translation and initiates an instruction abort to the CPU when a desired 
memory location is not in main memory. 

MOD-Mod Register. In the Series 32000, a 1S-bit CPU register which holds the address of the Module Descriptor of the 
currently executing software module. 

Module-An independent subprogram that performs a specific function and is usually part of a task, i.e., part of a larger 
program. 

Module Descriptor-In the Series 32000, a set of four 32-bit entries found in main memory. Three are currently defined and 
point to the static data area, link table, and first instruction of the module it describes. The fourth is reserved. 
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Glossary (Continued) 

Modularlty-A software concept which provides a means of overcoming natural human limitations for dealing with programming 
complexity by specifying the subdivision of large and complex programming tasks into smaller and simpler subprograms, or 
modules, each of which performs some well-defined portion of the complete processing task. 

MSB-Most Significant Bit. The bit in a string of bits representing the highest value. 

NET -Short for NETWORK and describes a number of computers connected to each other via phone or high speed links. A net 
is convenient for exchanging common information in the form of "mail" as well as for data exchange. 

NMI-Nonmaskable Interrupt. A hardware interrupt which cannot be disabled by software. It is generally the highest priority 
interrupt. 

Object Code-Output from a compiler or assembler which is itself executable machine code (or is suitable for processing to 
produce executable machine code). 

Operand-In a computer, a datum which is processed by the CPU. It is referenced by the address part of an instruction. 

Operating System-A collection of integrated service routines used by the computer to control the sequence of programs. The 
operating system consists of software which controls the execution of computer programs and which may provide storage 
assignment, input/output control, scheduling, data management, accounting, debugging, editing, and related services. Their 
sophistication varies from small monitor systems, like those used on boards, to the large, complex systems used on main 
frames. 

Operating System Mode-In this mode, the CPU can execute all instructions in the instruction set, access all bits in the 
Processor Status Register, and access any memory location available to the processor. 

Operator-In the description of an instruction, it is the action to be performed on operands. 

Page Fault-A hardware generated trap used to tell the operating system to bring the missing page in from secondary storage. 

Page Swap-The exchange of a page of software in secondary storage with another page located in main memory. The 
operating system supervises this operation, which is executed by the CPU and involves external devices such as disk and DMA 
controllers. 

Page Table-A 1 K-byte area in main memory containing 256 entries which describe the location and attributes of all pointer 
tables, i.e., a list of pointer table addresses. 

Perlpheral-A device which is part of the computer system and operates under the supervision of the CPU. Peripheral devices 
are often physically separated from the CPU. 

Pascal-A high level language designed originally to teach structured programming. It has become popular in the software 
community and has been expanded to be a versatile language in industry. 

Physical Address-The address presented to main memory, either by the CPU or MMU. 

Pointer Table-A 512-byte page located either in main memory or secondary storage containing 128 entries. Each entry 
describes an individual page of the software program. Each page of the software program may reside in main memory or in 
secondary storage. 

Pop-To read a datum from the top of a stack. 

PORT-To port an operating system is to cause that particular operating system to operate with a defined hardware package. 
GENIX is the NSC version of UNIX which has been ported to SYS32. The operating system for other Series 32000 based 
systems will differ in some degree from SYS32 and the NSC GENIX binary will not operate. It is now necessary to modify GENIX 
to fit the situation caused by the new hardware. The GENIX SOURCE is used because this is the program that is most readily 
understood by the programmer. The source is changed, compiled, and linked to get a new binary for that particular machine. 

Primitive Data Type-A data type which can be directly manipulated by the hardware. With Series 32000, these are integers, 
floating-point numbers, Booleans, BCD digits, and bit fields. 

Procedure-A subprogram which performs a particular function required by a module, i.e., by a larger program; an ordered set 
of instructions that have a general or frequent use. 

Process-A task. 

Program Base-Module Descriptor entry which points to the first instruction in the module being described. 

Program Counter-CPU register which specifies the logical address of the currently executing instruction. 

Protection-The process of restricting a software program's access to certain portions of memory using hardware mecha­
nisms. Typically done at the operating system and page level. 

PSR-Processor Status Register. A 16-bit register on Series 32000 CPU's which contains bits used by the software to make 
decisions and determine program flow. 

Push-to write a datum to the top of a stack. 

Quad word-Four words, i.e., 64 bits. 

Queue-A First-In-First-Out data storage area, in which the data may be removed at a rate different from that at which it was 
stored. 

Real Time-The actual time in human terms, related to a process. In a UNIX system, real time is total elapsed time, CPU time is 
the percent of time a process is actually in the CPU. Sys time is the time spent in system mode, and user time is the time spent in 
user mode. 
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~ !! Glossary (Continued) 

o Real Time Operating Systems-An operating system which operates with a known and predictable response time limit, so that 
S it can control a physical event. 

Record-A structured data type with multiple elements, each of which may be of a different data type, e.g., strings, arrays, 
bytes, etc. 

Reglster-A temporary storage location, usually in the CPU, which holds digital data. 

Relative Address-The number that specifies the difference between the base address and the absolute address. 

Relocatable-In reference to software programs, this is code which can be loaded into any location in main memory without 
affecting the operation of the program. 

Return Address-The address to which a subroutine call, interrupt or trap subroutine will return after it is finished executing. 

Routlne-A procedure. 

Royalty-Royalty is money paid to the inventor for each item of product sold. A good analogy to use is the music business. Any 
time a song is used, the songwriter is paid a royalty. Think of UNIX as a song and GENIX or SYSTEM V as special arrangements. 
For each shipment of GENIX or SYSTEM V, the customer pays a royalty to NSC who, in turn, pays a royalty to AT&T. 

S8-ln the Series 32000 Static Base Register. Points to the start of the static data area for the currently executing module. 

Secondary Storage-This is generally slow-access, nonvolatile memory such as a hard-disk which is used to store the pages 
of software programs not currently needed by the CPU. 

Segmented Address Space-Term used to describe the division of allocatable memory space into blocks of segments of 
variable size. 

Setup Time-The minimum amount of time that data must be present at an input to ensure data acceptance when the device is 
clocked. 

Slave Processor-A processor which cooperates with the main microprocessor in executing certain instructions from the 
instruction stream. A slave processor generally accelerates certain functions which increases overall system throughput. Exam­
ples of slave processors are the FPU and MMU of Series 32000. 

Software-Programs or data structures that execute instructions or cause instructions to be executed and that will cause the 
computer to do work. 

Software Llcense-NSC does not sell software. Rather, we license the right to use our software. A software license is required 
for all Series 32000 software. We use the license to protect NSC's interests and to assist in honoring our commitment to AT&T. 
The license is also the vehicle which we use to track customers so that updates can be issued in a timely manner. 

Software QI A-It is the charter of the Quality Assurance people to ensure that when a software product reaches the customer 
that it is "bug" free. In the real world, it is impossible to test every combination of functions, so some bugs do get through. The 
QI A engineer develops test programs which rigorously test the product prior to its introduction to the market place. 

SP1-ln the Series 32000, User Stack Pointer. Points to the top of the User Stack and is selected for all stack operations while 
in User Mode. 

SPO-In the Series 32000, Interrupt Stack Pointer. Points to the top of the interrupt stack. It is used by the operating system 
whenever an interrupt or trap occurs. 

Stack-A one-dimensional data structure in which values are entered and removed one datum at a time from a location called 
the Top-of-Stack. To the programmer, it appears as a block of memory and a variable called the Stack Pointer (which points to 
the top of the stack). 

Stack Polnter-CPU register which points to the top of a stack. 

Static Base Reglster-A 32-bit CPU register which points to the beginning of the static data area for the currently executing 
module. 

String-An array of integers, all of the same length. The integers may be bytes, words, or double words. The integers may be 
interpreted in various ways (see ASCII). 

Subroutlne-A self-contained program which is part of a procedure. 

Symmetry-A computer architecture is said to be symmetrical when any instruction can specify any operand length (byte, word 
or double word) and make use of any address-data register or memory location while using any addressing mode. 

Synchronous-Refers to two or more things made to happen in a system at the same time, by means of a common clock 
signal. 

Tag-A label appended to some data entry used In a look-up process whereby the desired datum can be identified by Its tag. 

Task-The highest-level subdivision of a user software program. The largest program entity that a computer's hardware directly 
deals with. 

TeU-Timing Control Unit. A device used to provide system clocks, bus control signals and bus cycle extension capability for 
Series 32000. 

Trap-An internally generated interrupt request caused as a direct and immediate result of the encounter of an event. 

T·State-One clock period. If the system clock frequency is 10 MHz, one T-State will take 100 ns to complete. Operations 
internal and external to the CPU are synchronized to the beginning and middle of the T-States. There are four T-States in a 
normal Series 32000 CPU bus cycle. 

8-8 



Glossary (Continued) 
UNIXTM-An operating system developed at Bell Laboratories in the early 1970s. Software programs that run under UNIX are 
written in the high-level language C, making them highly portable. UNIX systems do not distinguish user programs from operat­
ing system programs in either capability or usage, and they allow users to route the output of one program directly into the input 
of another. This operating is unique and is becoming very popular in the microcomputer world. 

USENET-A net to which UNIX systems in the United States connect. Some systems in Europe and Australia also use this net 
for the purpose of passing information. 
User-A software program. The total set of tasks (instructions) that accomplish a desired result. Tasks are managed by the 
operating system. 

User Mode-Machine state in which the executing procedure has limited use of the instruction set and limited access to 
memory and the PSR. 

uucp-Software which allows UNIX computers to pass information to other UNIX systems. 

Varlable-A parameter that can assume any of a given set of values. 
Vector-Byte provided by the ICU (Interrupt Control Unit) which tells the CPU where within the Descriptor table the descriptor is 
located for the interrupt it has just requested. 

Virtual Address-Address generated by the user to the available address space which is translated by the computer and 
operating system to a physical address of available memory. 
Virtual Memory-The storage space that may be regarded as addressable main storage by the system. The operating system 
maps Virtual addresses into physical (main memory) addresses. The size of virtual memory is limited by the method of memory 
management employed and by the amount of secondary storage available, not by the actual number of main storage locations, 
so that the user does not have to worry about real memory size or allocation. 
VMS-This is the operating system designed by Digital Equipment Corporation for their VAX series of computers. The original 
Series 32000 software was developed on a VAX which was being controlled by the VMS Operating System. 

Walt·State-An additional clock period added to a CPU memory cycle which gives an external memory device additional time to 
provide the CPU with data. Also used by bus arbitration circuitry to hold the CPU in an idle state until access to a shared 
resource is gained. 
Wlnchester-Small, hard-disk media commonly found in personal computers. 

Word-A character string or bit string considered as the primary data entity. For historical reasons, a word is a group of 16 bits 
in Series 32000 systems. 
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Consumer Series • Power Components • Transistor Datasheets • Process Characteristics 

DRAM MANAGEMENT HANDBOOK-1989 
Dynamic Memory Control • Error Detection and Correction. Microprocessor Applications for the 
DP8408A109A/17118/19/28/29. Microprocessor Applications for the DP8420Al21A122A 
Microprocessor Applications for the NS32CG821 

EMBEDDED SYSTEM PROCESSOR DATABOOK-1989 
Embedded System Processor Overview • Central Processing Units. Slave Processors. Peripherals 
Development Systems and Software Tools 

F100K DATABOOK-1989 
Family Overview • F1 OOK Datasheets • 11 C Datasheets • 10K and 1 OOK Memory Datasheets 
Design Guide • Circuit Basics • Logic Design. Transmission Line Concepts. System Considerations 
Power Distribution and Thermal Considerations. Testing Techniques. Quality Assurance and Reliability 



FACTTM ADVANCED CMOS LOGIC DATABOOK-1989 
Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations • 54AC17 4ACXXX • 54ACT 17 4ACTXXX 

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK-Rev. 1-1988 
Circuit Characteristics. Ratings, Specifications and Waveforms. Design Considerations • 54F174FXXX 

FAST® APPLICATIONS HANDBOOK-REPRINT 
Reprint of 1987 Fairchild FAST Applications Handbook 
Contains application information on the FAST family: Introduction • Multiplexers. Decoders. Encoders 
Operators. FIFOs. Counters. TTL Small Scale Integration. Line Driving and System Design 
FAST Characteristics and Testing • Packaging Characteristics. Index 

GENERAL PURPOSE LINEAR DEVICES DATABOOK-1989 
Continuous Voltage Regulators • Switching Voltage Regulators • Operational Amplifiers • Buffers • Voltage Comparators 
Instrumentation Amplifiers • Surface Mount 

GRAPHICS HANDBOOK-1989 
Advanced Graphics Chipset. DP8500 Development Tools. Application Notes 

INTERFACE DATABOOK-1988 
Transmission Line Drivers/Receivers • Bus Transceivers • Peripheral Power Drivers • Display Drivers 
Memory Support • Microprocessor Support • Level Translators and Buffers. Frequency Synthesis • Hi-Rei Interface 

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. 

LS/S/TTL DATABOOK-1989 
Contains former Fairchild Products 
Introduction to Bipolar Logic • Low Power Schottky • Schottky • TTL • TTL-Low Power 

MASS STORAGE HANDBOOK-1989 
Rigid Disk Pulse Detectors • Rigid Disk Data Separators/Synchronizers and ENDECs 
Rigid Disk Data Controller. SCSI Bus Interface Circuits • Floppy Disk Controllers. Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits • Rigid Disk Microcontroller Circuits • Disk Interface Design Guide 

MEMORY DATABOOK-1988 
PROMs, EPROMs, EEPROMs • Flash EPROMs and EEPROMs • TTL I/O SRAMs 
ECL I/O SRAMs • ECL I/O Memory Modules 

MICROCONTROLLER DATABOOK-1989 
COP400 Family • COP800 Family • COPS Applications • HPC Family • HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals • Microcontroller Development Tools 

MICROPROCESSOR DATABOOK-1989 
Series 32000 Overview • Central Processing Units • Slave Processors • Peripherals 
Development Systems and Software Tools • Application Notes • NSC800 Family 

PROGRAMMABLE LOGIC DATABOOK & DESIGN MANUAL-1989 
Product Line Overview • Datasheets • Designing with PLDs • PLD Design Methodology • PLD Design Development Tools 
Fabrication of Programmable Logic • Application Examples 



REAL TIME CLOCK HANDBOOK-1989 
Real Time Clocks and Timer Clock Peripherals • Application Notes 

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 

SPECIAL PURPOSE LINEAR DEVICES DATABOOK-1989 
Audio Circuits. Radio Circuits • Video Circuits • Motion Control Circuits • Special Function Circuits 
Surface Mount 

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



NOTES 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 
ALABAMA Sunnyvale GEORGIA MASSACHUSETTS 

Huntsville Arrow Electronics Norcross Andover 
Arrow Electronics (408) 745-6600 Arrow Electronics Bell Industries 
(205) 837-6955 Bell Industries (404) 449-8252 (508) 474-8880 
Bell Industries (408) 734-8570 Bell Industries Lexington 
(205) 837-1074 Hamilton/ Avnet (404) 662-0923 Pioneer Standard 
Hamilton/ Avnet (408) 743-3355 Hamilton/ Avnet (617) 861-9200 
(205) 837-7210 Time Electronics (404) 447-7500 Zeus Components 
Pioneer Technology (408) 734-9888 Pioneer Technology (617) 863-8800 
(205) 837-9300 Thousand Oaks (404) 448-1711 Norwood 

ARIZONA Bell Industries ILLINOIS Gerber Electronics 
Chandler (805) 499-6821 Addison (617) 769-6000 

Hamilton/ Avnet Torrance Pioneer Electronics Peabody 
(602) 231-5100 Time Electronics (312) 437-9680 Hamilton/ Avnet 

Phoenix (213) 320-0880 Bensenville (508) 531-7430 

Arrow Electronics Tustin Hamilton/ Avnet Time Electronics 
(602) 437-0750 Arrow Electronics (312) 860-7780 (508) 532-6200 

Tempe (714) 838-5422 Elk Grove Village Wilmington 
Anthem Electronics Yorba Linda Anthem Electronics Anthem Electronics 
(602) 966-6600 Zeus Components (312) 640-6066 (508) 657-5170 

Bell Industries (714) 921-9000 Bell Industries Arrow Electronics 
(602) 966-7800 COLORADO (312) 640-1910 (508) 658-0900 

CALIFORNIA Englewood Itasca MICHIGAN 
Agora Hills Anthem Electronics Arrow Electronics Ann Arbor 

Zeus Components (303) 790-4500 (312) 250-0500 Arrow Electronics 
(818) 889-3838 Arrow Electronics Urbana (313) 971-8220 

Anaheim (303) 790-4444 Bell Industries Bell Industries 
Time Electronics Hamilton/Avnet (217) 328-1077 (313) 971-9093 

(714) 934-0911 (303) 799-7800 Wood Dale Grand Rapids 
Chatsworth Wheatridge Time Electronics Arrow Electronics 

Anthem Electronics Bell Industries (312) 350-0610 (616) 243-0912 

(818) 700-1000 (303) 424-1985 INDIANA Hamilton/ Avnet 
Arrow Electronics CONNECTICUT Carmel (616) 243-8805 

(818) 701-7500 Cheshire Hamilton/ Avnet Pioneer Standard 
Hamilton Electro Sales Time Electronics (317) 844-9333 (616) 698-1800 

(818) 700-6500 (203) 271-3200 Fort Wayne Livonia 
Time Electronics Danbury Bell Industries Pioneer Standard 
(818) 998-7200 Hamilton/ Avnet (219) 423-3422 (313) 525-1800 

Costa Mesa (203) 797-2800 Indianapolis Novi 
Avnet Electronics Meriden Advent Electronics Inc. Hamilton/ Avnet 
(714) 754-6050 Anthem Electronics (317) 872-4910 (313) 347-4720 

Hamilton Electro Sales (203) 237-2282 Arrow Electronics Wyoming 
(714) 641-4159 Norwalk (317) 243-9353 R. M. Electronics. Inc. 

Garden Grove Pioneer Standard Bell Industries (616) 531-9300 

Bell Industries (203) 853-1515 (317) 634-8200 MINNESOTA 
(714) 895-7801 Wallingford Pioneer Standard Eden Prairie 

Gardena Arrow Electronics (317) 849-7300 Anthem Electronics 
Bell Industries (203) 265-7741 IOWA (612) 944-5454 
(213) 515-1800 FLORIDA Cedar Rapids Pioneer Standard 
Hamilton/ Avnet Altamonte Springs Advent Electronics (612) 944-3355 
(213) 217-6751 Bell Industries (319) 363-0221 Edina 

Irvine (407) 339-0078 Arrow Electronics Arrow Electronics 
Anthem Electronics Pioneer Technology (319) 395-7230 (612) 830-1800 
(714) 768-4444 (407) 834-9090 Bell Industries Minnetonka 

Ontario Clearwater (319) 395-0730 Hamilton/ Avnet 
Hamilton/ Avnet Pioneer Technology Hamilton/ Avnet (612) 932-0600 
(714) 989-4602 (813) 536-0445 (319) 362-4757 MISSOURI 

Rocklin Deerfield Beach Chesterfield 
Anthem Electronics KANSAS 
(916) 624-9744 

Arrow Electronics Lenexa Hamllton/ Avnet 
(305) 429-8200 Arrow Electronics (314) 537-1600 

Bell Industries Bell Industries SI. Louis 
(916) 652-0414 (305) 421-1997 

(913) 541-9542 
Arrow Electronics 

Sacramento Hamilton/ Avnet 

Hamilton/ Avnet 
Pioneer Technology (913) 888-8900 (314) 567-6888 

(916) 925-2216 
(305) 428-8877 Pioneer Standard Time Electronics 

Fort Lauderdale (913) 492-0500 (314) 391-6444 
San Diego Hamilton/ Avnet 

Anthem Electronics (305) 971-2900 MARYLAND NEW HAMPSHIRE 
(619) 453-9005 Lake Mary Columbia Hudson 
Arrow Electronics Arrow Electronics Anthem Electronics Bell Industries 
(619) 565-4800 (407) 333-9300 (301) 995-6640 (603) 882-1133 

Hamilton/ Avnet Largo Arrow Electronics Manchester 

(619) 571-7510 (301) 995-0003 Arrow Electronics 
Bell Industries (603) 668-6968 Time Electronics (813) 541-4434 Hamilton/ Avnet 

(619) 586-1331 (301) 995-3500 Hamilton/ Avnet 
Oviedo (603) 624-9400 San Jose Zeus Components Time Electronics 

Anthem Electronics (407) 365-3000 (301) 964-3090 
(408) 453-1200 SI. Petersburg Zeus Components 
Pioneer Technology Hamilton/ Avnet (301) 997-1118 
(408) 954-9100 (813) 576-3930 Gaithersburg 
Zeus Components Winter Park Pioneer Technology 
(408) 998-5121 Hamilton/ Avnet (301) 921-0660 

(407) 628-3888 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

NEW JERSEY NORTH CAROLINA Pittsburgh WISCONSIN 
Cherry Hili Charlotte Hamilton! Avnet Brookfield 

Hamilton! Avnet Pioneer Technology (412) 281·4150 Arrow Electronics 
(609) 424·0100 (704) 527·8188 Pioneer (414)792·0150 

Fairfield Time Electronics (412) 782·2300 Mequon 
Anthem Electronics (704) 522·7600 TEXAS Taylor Electric 
(201) 227·7960 Durham Austin (414) 241·4321 
Hamilton! Avnet Pioneer Technology Arrow Electronics Waukesha 
(201) 575·3390 (919) 544·5400 (512) 835·4180 Bell Industries 

Marlton Raleigh Hamilton! Avnet (414) 547·8879 
Arrow Electronics Arrow Electronics (512) 837·8911 Hamilton!Avnet 
(609) 596·8000 (919) 876·3132 Pioneer Standard (414) 784-4516 

Parsippany Hamilton! Avnet (512) 835·4000 CANADA 
Arrow Electronics (919) 878·0810 Time Electronics WESTERN PROVINCES 
(201) 538·0900 Winston·Salem (512) 399·3051 Burnaby 

Pine Brook Arrow Electronics Carrollton Hamilton! Avnet 
Nu Horizons Electronics (919) 725·8711 Arrow Electronics (604) 437·6667 
(201) 882·8300 OHIO (214) 380·6464 Semad Electronics 
Pioneer Standard Centerville Time Electronics (604) 420·9889 
(201) 575·3510 Arrow Electronics (214) 241·7441 Calgary 
Time Electronics (513) 435·5563 Dallas Hamilton! Avnet 
(201) 882·4611 Bell Industries Hamilton! Avnet (403) 250·9380 

NEW MEXICO (513) 435·8660 (214) 404·9906 Semad Electronics 
Albuquerque Bell Industries·Military Pioneer Standard (403) 252·5664 

Alliance Electronics Inc. (513) 434·8231 (214) 386·7300 Zentronics 
(505) 292·3360 Cleveland Houston (403) 272·1021 
Arrow Electronics Pioneer Arrow Electronics Edmonton 
(505) 243-4566 (216) 587·3600 (713) 530·4700 Zentronics 
Bell Industries Dayton Pioneer Standard (403) 468·9306 
(505) 292·2700 Hamilton! Avnet (713) 988·5555 Richmond 
Hamilton! Avnet (513) 439·6700 Richardson Zentronics 
(505) 765·1500 Pioneer Standard Anthem Electronics (604) 273·5575 

NEW YORK (513) 236·9900 (214) 238·7100 Saskatoon 
Amityville Zeus Components Zeus Components Zentronics 

Nu Horizons Electronics (914) 937·7400 (214) 783·7010 (306) 955·2207 

(516) 226·6000 Solon Stafford Winnipeg 

Binghamton Arrow Electronics Hamilton! Avnet Zentronics 

Pioneer (216) 248·3990 (713) 240-7733 (204) 694·1957 

(607) 722·9300 Hamilton! Avnet UTAH EASTERN PROVINCES 
Buffalo (216) 831·3500 Midvale Brampton 

Summit Electronics Westerville Bell Industries Zentronics 
(716) 887·2800 Hamilton! Avnet (801) 255·9611 (416) 451·9600 

Fairport (614) 882-7004 Salt Lake City Mississauga 
Pioneer Standard OKLAHOMA Anthem Electronics Hamilton! Avnet 
(716) 381·7070 Tulsa (801) 973·8555 (416) 677-7432 
Time Electronics Arrow Electronics Arrow Electronics Nepean 
(716) 383·8853 (918) 252·7537 (801) 973-6913 Hamilton! Avnet 

Hauppauge Hamilton! Avnet Hamilton! Avnet (613) 226·1700 
Anthem Electronics (918) 252·7297 (801) 972-4300 Zentronics 
(516) 273·1660 Radio Inc. West Valley (613) 226·8840 
Arrow Electronics (918) 587-9123 Time Electronics Ottawa 
(516) 231·1000 OREGON (801) 973·8181 Semad Electronics 
Hamilton! Avnet Beaverton WASHINGTON (613) 727·8325 
(516) 434·7413 Almac-Stroum Electronics Bellevue Pointe Claire 
Time Electronics (503) 629·8090 Almac·Stroum Electronics Semad Electronics 
(516) 273·0100 Anthem Electronics (206) 643·9992 (514) 694·0860 

Port Chester (503) 643·1114 Bothell SI. Laurent 
Zeus Components Arrow Electronics Anthem Electronics Hamilton! Avnet 
(914) 937-7400 (503) 645·6456 (206) 483·1700 (514) 335-1000 

Rochester Hamilton! Avnet Kent Zentronics 
Arrow Electronics (503) 627-0201 Arrow Electronics (514) 737·9700 
(716) 427-0300 Lake Oswego (206) 575·4420 Willowdale 
Hamilton! Avnet Bell Industries Redmond ElectroSonic Inc. 
(716) 475·9130 (503) 635·6500 Hamilton! Avnet (416) 494-1666 
Summit Electronics 

PENNSYLVANIA (206) 881·6697 
(716) 334-8110 

Ronkonkoma Horsham 

Zeus Components Anthem Electronics 

(516) 737-4500 (215) 443-5150 

Syracuse Pioneer Technology 

Hamilton! Avnet (215) 674·4000 

(315) 437-2641 King of Prussia 

Time Electronics Time Electronics 

(315) 432·0355 (215) 337·0900 

Westbury Monroeville 

Hamilton! Avnet Export Div. Arrow Electronics 

(516) 997-6868 (412) 856·7000 

Woodbury 
Pioneer Electronics 
(516) 921-8700 



SALES OFFICES 

ALABAMA FLORIDA MICHIGAN ONTARIO 
Huntsville Boca Raton Grand Rapids Mississauga 

(205) 721-9367 (407) 997-8133 (616) 940-0588 (416) 678-2920 

ARIZONA Orlando W. Bloomfield Nepean 

Tempe (305) 629-1720 (313) 855-0166 (613) 596-0411 

(602) 966-4563 SI. Petersburg MINNESOTA OREGON 

CALIFORNIA 
(813) 577-1380 Bloomington Portland 

Inglewood GEORGIA (612) 854-8200 (503) 639-5442 

(213) 645-4226 Norcross NEW JERSEY PENNSYLVANIA 
Roseville (404) 441-2740 Paramus Horsham 

(916) 766-5577 ILLINOIS (201) 599-0955 (215) 672-6767 
San Diego Schaumburg NEW MEXICO PUERTO RICO 

(619) 567-0666 (312) 397-8777 Albuquerque Rio Piedras 
Santa Clara INDIANA (505) 884-5601 (809) 758-9211 

(408) 562-5900 Carmel NEW YORK QUEBEC Tustin (317) 843-7160 Lachine (714) 259-8880 Fairport 
Fort Wayne (716) 223-7700 (514) 636-8525 Woodland Hills (219) 484-0722 

(818) 668-2602 Liverpool TEXAS 
IOWA (315) 451-9091 Austin COLORADO Cedar Rapids Melville (512) 346-3990 Boulder (319) 395-0090 (516) 351-1000 

(303) 440-3400 Houston 

Colorado Springs KANSAS Wappinger Falls (713) 771-3547 

(303) 578-3319 Overland Park (914) 298-0680 Richardson 

Englewood (913) 451-4402 NORTH CAROLINA (214) 234-3811 

(303) 790-8090 MARYLAND Cary UTAH 

CONNECTICUT Hanover (919) 481-4311 Salt Lake City 

Hamden (301) 796-8900 OHIO (801) 322-4747 

(203) 268-1560 MASSACHUSETTS Dayton WASHINGTON 
Burlington (513) 435-6886 Bellevue 

(617) 273-3170 Dublin (206) 453-9944 
(614) 766-3679 

WISCONSIN Independence 
Brookfield (216) 524-5577 

(414) 782-1818 
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