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An NS32CG160-Based
Circuit with Static RAM

1.0 INTRODUCTION

This application note shows a basic configuration of a circuit

based on the NS32CG160 processor. This circuit includes

the NS32CG160, Static RAM and EPROM, data buffers, ad-

dress latches and control.

This circuit is designed to work at 25 MHz with no wait

states for 55 ns access time SRAM, and with three wait

states for 200 ns access time EPROM. This document will

also present the number of wait states needed for other

speeds of memory.

2.0 SYSTEM DESCRIPTION

2.1 General Description

The major parts of the system are:

A. The CPU circuitÐincluding the NS32CG160-25, the reset

circuit and an oscillator.

B. The address latch/bufferÐincluding two 74AS373 units,

and one 74AS244 unit.

C. The data buffersÐincluding two 74F245 units.

D. The memory controlÐincluding PAL 20R6Ð10, PAL

16R4Ð10, 74AS74.

E. The SRAM partÐincluding four P4C188Ð55 units.

F. The EPROM partÐincluding two NMC27C512-20 units.

2.2 CPU Circuit

A. Power and GroundingÐconnecting all VCC pins to a5V,

and all GND pins to ground.

B. OscillatorÐa XTAL, whose frequency is twice the CPU

clock frequency, should be connected to OSCIN.

C. Reset circuitÐa simple RC circuit whose time base is

more than 50 ms.

D. Pull up resistor on unused inputsÐpull up resistor need-

ed on ENMI, ECWAIT, EHOLD, EIR0:EIR3,
EDRQ0:EDRQ1, EEOT.

2.3 Address Latch

The two 74AS373 units create a 16 bits transparent latch

with TRI-STATE outputs. They latch A0:A15 from

AD0:AD15 during T1, and keep them stable until the end of

the transaction. The Latch-enable input is connected to

ALE.

The lines A16:A23 are buffered on the way to the other

system elements.

2.4 Data Buffers

The two 74F245 units create a 16 bits bidirectional trans-

ceiver with TRI-STATE outputs. These bidirectional trans-

ceivers are used to buffer D0:D15 between CPU and memo-

ry. The direction is controlled by EDDIN, and the Output-

enable input is connected to EDBE.

2.5 Memory Control

When we want to organize the memory map we should con-

sider two opposite demands. The first demand is that we

have a ROM at address 0, because after reset the CPU

goes to address 0 in order to fetch instructions. The second

demand is that we have a RAM at the low 64 kbytes of

memory, because the MOD register is 16 bits length. In or-

der to handle these two demands we use a SHADOW

mechanism. The RAM is mapped at address 0x0 and the

ROM is mapped at address 0x800000. At reset, a flag called
ESHAD is set (low). When this flag is low every access to

the low part of memory will be from the ROM. The first in-

structions of the user program on the ROM should be a

jump command to the real ROM address and then reset the
ESHAD flag (high). The flag is reset when writing to a dedi-

cated address in the memory space so ECSSH (Chip Se-

lect SHadow) has low to high transaction, this line is used

as clock pulse to 74AS74 (D flip-flop) whose D input is high.

Example:

The RAM addresses are 0x000000-0x007FFF

The ROM addresses are 0x800000-0x81FFFF

The shadow hardware addresses are 0xF60000-0xF7FFFF
ESHAD e 0 (system after reset)

The assembly code is:

jump@(begina0x800000)

‘‘this line changes the PC to the real ROM address

begin:movb $0, @0xF70000 ‘‘this line reset ESHAD (high)

The 20R6Ð10 (ADEC) is a PAL that generates Chip Select

signals.

The 16R4Ð10 (WAIT) is a PAL that controls Wait states

generation.

The Chip-Select signals are based on address lines

(A17:A23, A0, EHBE) and control lines (ETSO, EADSS,
ESHAD, EDDIN). We use EADSS (EADS used as clear

input to D flip-flop whose D input is high) and ETSO to

generate a pulse identify the R.E. of T2. We use a state

machine in order to give Enable at R.E. of T2 when the

address is stable, and to have maximum access time to

memory. The Wait lines gives a constant number of wait

states depending on the kind of memory we use. The PALs

may be changed if the wait states number increases. For

more details see: 3. PAL EQUATION.

2.6 SRAM

In this system we use four units of 16K x 4-bit SRAM which

create a 16 bits data bus divided into two groups. The first

group includes D0:D7, the second group includes D8:D15.

The addresses of SRAM are 0x000000:0x007FFF.

The address space of these units is 16K words, therefore

every unit gets A1:A14 as address lines.
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The difference in Chip Selects between the two groups is

that the first group (low DATA BUS) is active when A0 is

low, and the second group (high DATA BUS) is active when
EHBE is low. In that way we can access a byte or a word.

The number of wait states needed in read or write cycles

depends on the SRAM access time. The following table

summarizes some of the options.

Speed Read Cycle Write Cycle Notes

55 ns
0 Wait States 0 Wait States

Used in

or Less This System

70 ns 1 Wait States 0 Wait States Ð

2.7 EPROM

In this system we use two units of 64K x 8-bit EPROM which

create a 16-bit data bus. We always read all 16 bits togeth-

er.

The address space of these units is 64K word, therefore

every unit gets A1:A16 as address lines.

The addresses of the EPROM are 0x800000:0x81FFFF.

The number of wait states needed in read cycle depends on

the EPROM access time. The following table summarizes

some of the options.

Speed Read Cycle Notes

200 ns 3 Wait States Used in This System

170 ns 3 Wait States Ð

150 ns 2 Wait States Ð

2
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4.0 TIMING

The timing in this document is for NS32CG160-25.

4.1 SRAMÐREAD Cycle

Symbol Description Reference Min Max

tAv Address Valid After R.E. T1 Ð 12

tAf Address Float After R.E. T2 0 12

tALEa ALE Active After F.E. T4 or Ti Ð 14

tALEia ALE Inactive After R.E. T1 Ð 14

tDDINv EDDIN Valid After R.E. T1 Ð 12

tTSOa ETSO Active After R.E. T2 Ð 12

tSOia ETSO Inactive After R.E. T4 Ð 12

tDBEa EDBE Active After F.E. T2 Ð 14

tDBEia EDBE Inactive After F.E. T4 Ð 12

tACSRAM Chip Enable ACcess time SRAM Ð Ð 55

tHZSRAM Chip Disable to Output in High Z SRAM Ð Ð 25

tPD04 74AS04 Propagation Delay DN to QN Ð 1 5

tPD373 74AS373 Propagation Delay DN to QN Ð Ð 6.5

tPD245 74F245 Propagation Delay DN to QN Ð 2 7

tOE245 74F245 Output Enable Ð 2.5 9

tOD245 74F245 Output Disable Ð 2 7.5

tPDPAL Propagation Delay Input to Output PALÐ10 ns Ð 3 10

tCOPAL Propagation Delay Clock to Output PALÐ10 ns Ð 2 8

tDI–SRAM e Data-In set-up timeÐSRAM e 2T-tCOPAL-tACSRAM-TPD245 e 80-8-55-7

TDI b SRAM e 10 ns e data-in setup time for NS32CG160

tHZAD e AD BUS in High Z before R.E. Ti/T1 e 0.5T-tDBEia-tOD245 e 20-12-7.5

tHZAD e 0.5 ns

SRAMÐREAD CYCLE
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4.2 SRAMÐWRITE Cycle

Symbol Description Reference Min Max

tAv Address Valid After R.E. T1 Ð 12

tDv Data-Out Valid After R.E. T2 0 12

tALEa ALE Active After F.E. T4 or Ti Ð 14

tALEia ALE Inactive After R.E. T1 Ð 14

tDDINv EDDIN Valid After R.E. T1 Ð 12

tTSOa ETSO Active After R.E. T2 Ð 12

tSOia ETSO Inactive After R.E. T4 Ð 12

tDBEa EDBE Active After R.E. T2 Ð 12

tDBEia EDBE Inactive After F.E. T4 Ð 12

tDWSRAM Data Valid to the End of Write SRAM Ð 25 Ð

tPD04 74AS04 Propagation Delay DN to QN Ð 1 5

tPD373 74AS373 Propagation Delay DN to QN Ð Ð 6.5

tPD245 74AS245 Propagation Delay DN to QN Ð 2 7

tOE245 74F245 Output Enable Ð 2.5 9

tOD245 74F245 Output Disable Ð 2 7.5

tPDPAL Propagation Delay Input to Output PALÐ10 ns Ð 3 10

tCOPAL Propagation Delay Clock to Output PALÐ10 ns Ð 2 8

tDW e Data Valid to the End of Write e 2T-tDBEa-tOE245 or 2T-tDv-tPD245

tDW–SRAM e 80-12-9 or 80-12-7

tDW–SRAM e 59 ns or 61 ns l tDWSRAM

SRAMÐWRITE CYCLE
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4.3 EPROMÐREAD Cycle

Symbol Description Reference Min Max

tAv Address Valid After R.E. T1 Ð 12

tAf Address Float After R.E. T2 0 12

tALEa ALE Active After F.E. T4 or Ti Ð 14

tALEia ALE Inactive After R.E. T1 Ð 14

tDDINv EDDIN Valid After R.E. T1 Ð 12

tTSOa ETSO Active After R.E. T2 Ð 12

tSOia ETSO Inactive After R.E. T4 Ð 12

tDBEa EDBE Active After F.E. T2 Ð 14

tDBEia EDBE Inactive After F.E. T4 Ð 12

tACROM Address to Output ACcess time ROM Ð Ð 200

tHZROM Output Disable to Output in High Z ROM Ð Ð 55

tPD04 74AS04 Propagation Delay DN to QN Ð 1 5

tPD373 74AS373 Propagation Delay DN to QN Ð Ð 6.5

tPD245 74F245 Propagation Delay DN to QN Ð 2 7

tOE245 74F245 Output Enable Ð 2.5 9

tOD245 74F245 Output Disable Ð 2 7.5

tPDPAL Propagation Delay Input to Output PALÐ10 ns Ð 3 10

tCOPAL Propagation Delay Clock to Output PALÐ10 ns Ð 2 8

tDI–EPROM e Data-In set-up–EPROM e 6T-tAv-tPD373-tACROM-tPD245

tdI–EPROM e 240-12-6.5-200-7

tDI–EPROM e 14.5 ns l data-in set-up time for NS32CG160

tHZAD e AD BUS in High Z before R.E. Ti/T1 e 0.5-tDBEia-tOD245 e 20-12-7.5

tHZAD e 0.5 ns

EPROMÐREAD CYCLE
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APPENDIX A

Bill of Materials

Number Component Qty. Reference

(001) IC NS32CG160-25 1 U1

(002) IC P4C188-55 4 U9–U12

(003) IC NMC27C512-20 2 U7–U8

(004) IC 20R6-10 1 U6 Name: ADEC

(005) IC 16R4-10 1 U22 Name: WAIT

(006) IC 74AS04 1 U14

(007) IC 74AS74 1 U21

(008) IC 74AS244 2 U15, U23

(009) IC 74AS373 2 U4–U5

(010) IC 74F245 2 U2–U3

(011) Crystal OscillatorÐ50 MHz 1 U13

(012) RES - SIP8PULLÐ10k 2 RP1–RP2

(013) RES - DiscreteÐ4.7k 1 R1

(014) CAP/C 0.1 mF 1 C1

(015) DIODE 1N914 1 D1

(016) Push-Bottom 1 SW1

APPENDIX B

Block Diagram
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APPENDIX C

Electrical Schematics
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can

into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life

failure to perform, when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.
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