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INS8228/1NS8238 System Controller and Bus Driver 

General Description 
The INS8228/INS8238 is a system controller/bus driver 
contained in a standard, 28-pin dual-in-line package. 
The chip, which is fabricated using Schottky Bipolar 
technology, generates all the read and write control 
signals required to directly interface the memory and 
input/output components of National Semiconductor's 
INS8080A microcomputer family. The chip also pro­
vides drive and isolation for the bidirectional data bus of 
the INS8080A microprocessor. Data bus 'isolation 
enables the use of slower memory and input/output 
components in a system, and provides for enhanced 
system noise immunity. 

A user-selected single-level interrupt vector (RST 7) is 
provided by the ch ip for use in the interrupt structure of 
small systems that need only one basic vector. No 
additional components (such as an interrupt instruction 
port) are required to use the single interrupt vector in 
these systems. The I NS8228/1 NS8238 also generates an 
Interrupt Acknowledge (INTA) control signal for each 
byte of a multibyte CALL instruction when an interrupt 
is acknowledged by the I NS8080A. This feature permits 
the use of a multifevel priority interrupt structure in 
large, interrupt-driven systems. 

Features 

• MICROBUSlM* Compatible 

• Single Chip System' Controller and Bus Driver for 
1 NS8080A Microcomputer Systems 

• Allows Use of Multibyte CALL Instructions for 
Interrupt Acknowledge 

• Provides User-Selected Single-Level Interrupt Vector 
(RST7) 

• Provides Isolation for Data Bus 

• Supports a Wide Variety of System Bus Structures 

• Reduces System Component Count 

• INS8238 Provides Advanced Input/Output Write and 
Memory Write Control Signals for Large System 
Timing Control 

INS8080 Family CPU Group to MICROBUS Configuration 

*Trademark, National Semi.conductor Corp. 

© 1978 National Semiconductor Corp. 
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Absolute Maximum Ratings 
Temperature Under Bias ............ O°C to +70°C 
Storage Temperature ............ _65°-C to +150°C 
Supply Voltage. Vee ............. -0.5 V to +7 V 
Input Voltage ............ " .... -1.5 Vto +7 V 
Output Current ...................... 100 mA 

DC Electrical Characteristics 
TA = o°c to +70°C; Vee = 5 V ± 5%. 

Limits 
Symbol Parameter 

Typ)1] 
Units Test Conditions 

Min. Max. 

Ve Input Clamp Voltage. All Inputs 0.75 -1.0 V Vee = 4.75V; Ie = ~5 mA 

I nput Load Current 
STSfB 500 /lA Vee,: 5.25 V 

IF 02& Os 750 /lA VF = 0.45 V 
00.01.04.05. & 07 250 /lA 

. All Other Inputs 250 /lA 

I nput Leakage Current 

IR 
STSTB 100 /lA Vee =5.25 V 
OBo- DB7 '20 /lA VR = 5.25 V 
All Oth~r Inputs 100 /lA 

VTH Input Threshold Voltage. All Inputs 0.8 2.0 V Vee= 5 V 

lee Power Supply Current 140 190 mA Vee = 5.25 V 

Output Low Voltage 

VOL OO-D7 0.45 V Vee = 4,75 V; 10L = 2 mA 
All pther Outputs 0.45 V 10L = 10 rnA 

Output High Voltage 

VOH 00- 0 7 3.6 3.8 V Vee = 4.75 V; 10H = -10 /lA 
All Other Outputs 2.4 V IOH=-1mA 

los Short Circuit Current. AII.Outputs 15 90 mA Vee=5V 

10 (off) Off State Output Current 100 /lA Vee= 5.25 V; Vo = 5.25 V 
All Control Outputs -100 /lA Vo = 0.45 V 

liNT INTA Current 5 mA (See Test Conditions-Pg. 3) 

Not .. : 
1. Typical values are for T A = 25°C and nominal supply voltages. 

Capacitance 
Th-is parameter is periodically sampled and not 100% tested. 

Symbol Parameter 
Min. 

Limits 

Typ.!1] Max. 
Units 

CIN Input Capacitance 8 12 pF 

COUT 
Output Capacitance 

7 15 pF 
Control Signals 

! 
I/O 

I/O Capacitance 
8 15 pF . (0 or DB) 

VSIAS "2.5 V.Vee = 5.0 V. TA = 25°C, f = 1 MHz. 
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AC Electrical Characteristics 
T A = 0° C to +700 C; v cc = 5 V ± 5%. 

Symbol Parameter 
Limits 

Min. Max. 
Units Condition 

tpw Width of Status Strobe 22 ns 

tss Setup Time, Status Inputs Do - D7 8 ns 

tSH Hold Time, Status Inputs Do-D7 5 ns 

toc Delay from STSTB to any Control Signal 20 60 ns CL = 100 pF 

tRR Delay from DBIN to Control Outputs 30 ns CL = 100 pF 

tRE Delay from DBIN to Enable/Disable 8080 Bus 45 ns CL = 25 pF 

tRO Delay from System Bus to 80!!O Bus during Read 30 ns CL = 25 pF 

tWR Delay from WR to Control Outputs 5 45 ns CL = 100 pF 

tWE Delay to Enable System Bus DBo - DB7 after STSTB 30 ns CL=100pF 

two Delay from 8080 Bus DO - D7 to System Bus DBo - DB7 during Write 5 40 ns CL =100pF 

tE Delay from System Bus Enable to System Bus DBo- DB7 30 ns CL =100pF 

tHO H LDA to Read Status Outputs 25 ns Cl.. = 100 pF 

tos Setup Time, System Bus Inputs to HLDA 10 ns 

tOH Hold Time, System Bus Inputs to HLDA 20 ns 

Test Conditions 

Test Load l2J 

Vee 

Rl 

OUTPUT 
PIN 

l: R2 

~NO 

2. For DO - 07: R1 ~ 4 kn, R2 =~, CL = 25 pF.For ali other outputs: R1 = 500 n, R2 = 1 kn, CL = 100 pF. 

INTA Test Circuit (for RST 7) 

~ 
+12 V 

lku±10% 

1. 
OP822818238 

liNT 

23 
INTA 
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Waveforms 
4>1 

4>2 
STATUS STROBE ----=\"'lr'---------..:-. ... 

8080DATABUS~~~~~~~~~==~~~~~~~~~~~~ DBIN 

1ImI,i1l1!,l\lmI! 

HLDA:::::~~=f~==:J~==5JH=~~=============== IN1AU~~:G ~t~: 
SYSTEM BUS DURING READ :::::::: 

INS8080A BUS DURING READ --------

SYSTEM BUS DURING WRITE --------- <I: ' ¥ 
---....!WE ..--

SYSTEM BUS ENABLE' W 
SYSTEM BUS OUTPUTS ------------:-~F~-------------

INS8080A BUS DURING WRITE ::::::::: :1~~~~~ __ ~§~*-~tw~D~~~~~~~~~ 

VOL TAGE MEASUREMENT POINTS: 00.07 (when outputs) logiC "0" = 0.8 V, logic "1" = 3.0 V. All oti)ersignals measured at 1.5 V. 

'Advanced IIOW MEMW for 8238 only. 

INS822811NS8238 Functional Pin Definitions 
The following describes the function of all of the 
I NS8228/1 NS8238 pinouts. Some of these descriptions 
reference internal circuits. 

INPUT SIGNALS 

Status Strobe (STSTB): Activated (low) at the start of 
each new machine cycle. The STSTB input is used to 
store a status word (refer to chart) from the I NS8080A 
microprocessor into the internal status latch, of the 
I NS8228/INS8238. The INS8080A outputs this status 
word onto its data bus during the first state (SYNC 
interval) of each machine cycle. 

OataBus In '(OBIN): When high, indicates that the 
INS8080A data bus is in the input mode, The OBIN 
signal is used to gate data from memory or an input!· 
output device onto the data bus. 

Write (WR): When low, indicates that the data on the 
INS8080A data bus are stable for WR ITE memory or 
output operation. 

Hold Acknowledge (HLOA): When high, indicates that 
the INS8080A data and address buses will go to their 
high impedance state. When in the data bus read mode 
OBIN input in the. high state, a high HLOA input will 
latch the data bus information into the driver circuits 
and gate off the applicable control signal I/O R, MEMR, 
or INTA (return to the output high state). 

Bus Enable (BUSEN): Asynchronous DMA input to the 
internal gating array of the I NS8228/1 NS8238. When 
low, normal operation of the internal bidirectional bus 
driver and gating array occurs. When high, the bus driver 
and gating array are driven to their high impedance 
state. 

Vec Supply: +5 volts. 

Ground: 0 volt reference. 

OUTPUT SIGNALS 

Memory Read (MEMR): When low, signals data to be 
-loaded in from memory. The MEMR signal is generated 

by strobing in status word 1, 2, or 4. (Refer to status 
word chart.j 

Memory Write (MEMW): When low, signals data to be 
stored. in memqry: The M EMW signal is generated for 
the INS8238 by strobing in status word 3 or 5. (Refer 
to, status word chart.) For the I NS8228, the MEMW 

. signal is generated by gating a low-level WR input with 
the strobed in status word 3 or 5. 

Input/Output Read (I/OR):. When low, signals data to be 
loaded in from an addressed input/o'utput device. The 
I/OR signal is generated, by strobing in status word 6. 

Input/Output Write (I/OW): When low, signals data to 
be transferred to an addressed input/output device. The 
!lOW signal for the I NS8238 is generated by strobing in 
status word 7. For the INS8228 the I/OW signal is 
generated by gating in a low-level WR input with the 
strobed in status word 7. 

Interrupt Acknowledge (lNTA): When low, indicates that 
an interrupt has been acknowledged by the 'I NS8080A 
microprocessor. The I NTA signal is generated by strobing 
in status word 8 or 10. 

Single Level Interrupt (RST7): When the INTA output 
is tied to 12V through a 1 kn resistor, strobing in status 
word 8 or 10 will cause the CPU data bus outputs, when 
active, to go to the high state. 

INPUT/OUTPUT SIGNALS' 

CPU Oata (07-00) Bus: This bus comprises eight 
TRI-STATE input/output lines that connect to the 
INS8080A microprocessor. The bus provides bidirec-

D-2.2 



INS8228/1NS8238 Functional Pin Definitions (cont'd) 
tional communication between the CPU, memory, a'nd System Data (DB7-DBO) Bus: This bus comprises eight 
input/output devices for instructions and data transfers. TRI-STATE input/\lutput lines that connect to the 
A status word (which describes the current machine memory and input/output components of the system. 
cycle) is also outputted on this data bus during the first The internal bidirectional bus driver isolates the 
rnicrocycle of each machine cycle (SYNC = logic 1). DB7-DBO Data Bus from the 07-00 Data Bus. 

Status Word Chart 

Status Data Bus Bit Control 
Machine Cycle Word 0., 06 Os 04 03 02 01 DO Signal 

I nstruction Fetch 0 0 0 0 0 MEMR 

Memory Read 2 0 0 0 0 0 0 MEMR 

Memory Write 3 0 0 0 0 0 0 0 0 MEMW 

Stack Read 4 0 0 0 0 0 MEMR 

Stack Write 5 0 0 0 0 0 0 0 MEMW 

Input Read 6 0 0 0 0 0 0 IloR 

Output Write 7 0 0 0 0 0 0 0 I/OW 

Interrupt Acknowledge 8 0 0 0 0 0 INTA 

Halt Acknowledge 9 0 0 0 0 0 (nonel 

Interrupt Acknowledge While Halt 10 0 0 0 0 INTA 

INS8228/1NS8238 Block Diagram and Pin Configuration 

00_ _DB~ STSTB 28 vee 01_ _OB, 

02_ 
_ DB2 

HLDA IIDW 
CPU 03_ BIDIRECTIONAL 

:::t·"·~ .. ,, .. , DATA 
04_ BUS DRIVER WR MEMW 

BUS 
DS_ 

_ DB5 
DBIN IIOR 

06_ 
_ DB6 

0)_ _DB) , OB4 MEMR 

04 INTA 

DB) BUSEN 

D) 06 

ME1ifR DBJ 20 DB6 

MEMW 03 10 19 OS 

TiOii DB2 11 lB DBS 

02 12 11 01 
IIOW 

STSTB .. DBO 13 16 OBI 

OBIN GND 14 IS DO 

WR .. 0 _'NTA 

HLDA 

NOTE: INS8228/1NS8238 Identical to DP8228/DP8238 
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Physical Dimensions· 

0.025 
RAO ~" 

GLASS ,0,055 1I.20G 

~-'I , .~ 

I ~l :f~~ 
10.060 I I __ U.l01l_1 1 _ 0.018 -~O.1Z&O.010 --1 10.100 I '11.010 l'O.OOl MIN 

Ceramic Dual-in-line Package (J) 
Order Number INS8228J/INS8238J 

"" I (1.600) ~ 0.540 iO.OOS 

RAO '''''rffim-ffiT.iffi'Ff:fFm-ffi''ffiffiFfffi9im=,!! Ill."'!'."" 
- B 10 11 12 

0.[175 11.040 I 
I 

0.600-0.620 .11l·90S} --- 0.160 ~U05 
-~rn.i40:;5.148i----ti (4.064 !O.121) 

f I I 1" jr-r----=-t+-------,~J:"I::::I 
. ___ I f MI. , 0.625 :::~: '- (::::=::~~~I t-

f--~(1!i.815~:;:~)--1 G.G75~ I _ ~ ~I::::I --Ij--'(:::~~:::::!I (::!~:l 
(1.905 ~0.J81) I- TVI' MIN 

National Semiconductor 
Corporalion 
2900 Semiconductor Drive 
Santa Clara. California 95051 
rel: (408) 737-5000 
TWX: (910) 339·9240 

National Semiconductor GmbH 
8000 MOncnen 21 
61f2 Elsenheimerstrasse 
West Germany 
Tel: 0891915027 
Te!ex' 05·22772 

24-Le.d Molded DIP (N) 
Order Number INS8228N/INS8238N 

NS Int,rnationallm:" Japan 
Miyake Building 
1-9 Yotsuya. Shmjuku-ku 160 
Tokyo, Japan 
Tel: (03) 355-3711 
TWX: 232·2015 NSq-J 

NS Eleclronics (Hong Kong) Lid. 
8th Floor. 
Cheung Kong Electronic Bldg. 
4 Hing Vip Street 
Kwun Tong 
Kowloon, Hong Kong 
Tel: 3-411241-8 
Telex: 73866 NSEHK HX 
Cable: NATSEMI 

NS El,ctronics 00 BrasH 
Avda Bngade!ro fafla Lima 844 
11 AMar Conjunto 1104 
Jardlm Paulistano 
Sao Paul(l, Brasil 
Telex' 1121008 CABINE SAO PAULO 

HS (Iectronics Ply. Lt •. 
Cor. Stud Rd. & Min, Highway 
Bayswat~r. Victoria 3153 
Australia 
Tel: 03·729-6333 
Tetell": 32096 

National (Ioes not assume any responsibility for use of any circuitry desett,bed; no circuit patent licenses are implied; and National reserveS'the right, at any ,time without, notice, to change said Circuitry 
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