








SCHOTTKY BIPOLAR 8214

APPLICATIONS OF THE 8214
8 Level Controller (8080)

The most common of applications of the 8214 is that of an
eight level priority structure for 8080 or 8008 microcom-
puter systems.

Shown in the figure below is a detailed logic schematic of a
simple circuit that will accept eight input requests, maintain
current status, issue the interrupt signal to the 8080 and en-
code the proper RST instruction to gate onto the data bus.

The eight requests are connected to the 8214 by the de-
signer in whatever order of priority is to be preassigned. For
example, eight keyboards could be monitored and each as-
signed a degree of importance (level of priority) so that
faster processor attention or access can be assigned to the
critical or time dependent tasks.

The inputs to the Current Status Register are connected to
the Data Bus so that data can be written out into this “‘port”.

An 8212 is used to encode the RST instruction and also to
act as a 3-state gate to place the proper RST instruction
when the 8080 Data Bus is in the input mode. Note that the
INT signal from the 8214 is latched in the SR flip-flop of
the 8212 so that proper timing is maintained. The 8212 is
selected (enabled) when the INTA signal from the 8080
status latch and the DBIN from the 8080 are active, this as-
sures that the RST instruction will be placed on the Data
Bus at the proper time. Note that the INT output from the
8212 is inverted and pulled up before it is connected to the
8080. This is to generate an INT signal to the 8080 that has
the correct polarity and meéts the input voltage require-
ment (3.3V).

Basic Operation

When the initial interrupt request is presented to the 8214
it will issue an interrupt to the 8080 if the structure is en-
abled. The 8214 will encode the request into 3 bits (modulo
8) and output them to the 8212. After the acknowledge-
ment of the interrupt has been issued by the 8080 the en-
coded RST instruction is gated onto the Data Bus by the
8212. The processor executes the instruction and points the
program counter to the desired serviced routine. In this
routine the programmer will probably save the status of the
register array and flags within a series of PUSH instructions
(4). Then a copy of the current interrupt level (modulo 8)
can be “built” in the Accumulator and output to the Cur-
rent Status Register of the 8214 for use as a comparison
reference for all further incoming requests to the system.

This Vectored Eight Level Priority Interrupt Structure for
8080 microcomputer systems is a powerful yet flexible cir-
cuit that is high performance and has a minimal component
count.

D7 Dg Ds Dy D3 D2 Dy Dg

By |msTl1 |1 Az far g 1] 1]
LOWEST | 0 [ 7 11 (1 (1] LI O A |
1(6 (1 (1] 1t1jo0j1i1]1

2|5 1 (11101 ]|1f1]1
3|41 (1j1]0fo0o|1f1]1

4|13 1 (1joj1[1]|1]1]1
S$|2jJ1[(1]0|1]0|1]1]1
6|11 ;1]0]J0 1 ]|1[1]1
HIGHEST| 7 [*0 1 |10 [0 [0 |1 101

*RST 0 WILL VECTOR PROGRAM COUNTER TO LOCATION
0 (ZERO) AND INVOKE THE SAME ROUTINE AS “RESET"”
INPUT TO 8080.

THIS COULD RE-INITIALIZE THE SYSTEM BASED ON THE
ROUTINE INVOKED.
(A CAUTION TO SYSTEM PROGRAMMERS.)
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SCHOTTKY BIPOLAR 8214

APPLICATIONS OF THE 8214
Cascading the 8214

When greater than eight levels of interrupts must be priori-
tized and serviced, the 8214 can be cascaded with other
8214s to support such an architecture.

On the previous page a simple circuit is shown that can con-
trol 16 levels of interrupt and is easily expandable to sup-
port up to 40 levels of interrupt by just cascading more
8214s.

As described previously, there are signals provided in the
8214 for cascading (ELR, ETLG, ENLG) and in effect the
ENLG output of the first 8214 “ripples’’ down to the next
and so on. The entire array of 8214s regardless of size, can
be thought of as a single priority control unit, with the first
having the highest priority and the next 8214 having a lower
priority and so on.

In this application, the manner in which software handles
the servicing of the interrupt will change. Since more than
eight vectors must be generated a method other than the
common RST instruction must be implemented. Basically,
the priority control array must somehow modify the con-
tents of the 8080 Program Counter so that it can point
(“vector”) to one of 16 (or how many levels are to be
serviced) and fetch the proper service routine. A simple ap-
proach is to treat the priority control array as a single input
port that can input a value into the Accumulator and use
this value as an offset to modify the Program Counter (In-
direct Jump).

An initial CALL is needed to invoke this Indirect Jump
routine so the circuitry is configured to insert an RST 7
(FFh) for all interrupts, thus the Indirect Jump Routine
starts at location (56d).

The Assembly Code for the flow chart is as follows:

PUSH PSW

PUSH B (save processor status)

PUSH D (22 microseconds)

PUSH H

IN (n) (input Priority Array Value)

MOV LA (transfer Accumulator to L register)
MV H,(n) (load Base Address into H register)
PCHL (transfer H&L to Program Counter)

(The execution time for the total routine is 35.5 micro-
seconds based on an 8080 clock period of 500ns.)

Following is a basic flowchart of the priority array Indirect
Jump routine. Note that the last step in the routine will
vector the processor to fetch the proper service routine as
dictated by the interrupting level.

5-159

RST 7 _l

SAVE
PROCESSOR
STATUS

INPUT
PRIORITY ARRAY
VALUE

l

TRANSFER
ACCUMULATOR
TO L REGISTER

LOAD
BASE VALUE
INTO H REGISTER

1

TRANSFER
H & L REGISTER
TO PROGRAM COUNTER
‘—» SERVICE ROUTINE
D7 Dg Ds Dy D3 D2 D1 Do
REQUEST (PR)| 0-7[8-16] — [ — [ —
PRIORTES EN| En |A2 M| P00 |0 O
LOWEST | 0 01 1 1 1 ojof|oO
01 1 1]0jo0of(0f0O
2 01 1]1]0j1/0/|0}0
3 0{1 1/{0]0/j0[0]| O
4 0(l1][0}|1 1/]0j0/0
5 0j1/0f(f1[0]0f0]O
6 0j1/0|o0o|1[0]0]0O
7 0O[1f{0|0j0f0]|O0}{0O
8 110 |1 1 1]0(0]0
9 110 11 1/0/l0j{0]O0
10 1/]0)]1]0|/1]/0j0]0O
1 11]0)]1]0]0f0|O0]| O
12 1/01]0]1 1/0({0]|0
13 1/]0J]0/1]0j0/0]0
14 1/]0|0|/0|1(0]O0]O
HIGHEST | 15 110]0|j]0|(0fO0|0]| O

Shown in the figure above is a chart of the 16 different array
values that are used to offset the Program Counter and vec-
tor to the proper service routine. These values are the ones
that are loaded into the “’L"” register; the value loaded into
the “H"’ register with an “‘immediate instruction” is used to
identify the major area of memory where the service rou-
tines are stored, similar to a “‘course setting” and the value
in the ““L" register is used to identify a specific location,
similar to a ““fine setting”’.

Note that DO, D1, and D2 are always set to “‘zero”’, this pro-
vides the programmer eight (8) memory locations between
the start of each service routine so that maintenance of the
associated Current Status Register and a JUMP or CALL in-
struction can be implemented.

This method of interrupt control can be almost indefinitely
expanded and provides the system designer with a powerful
tool to enhance total system throughput.



SCHOTTKY BIPOLAR 8214

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . . . . . oottt ittt e e e e e e 0°C to 70°C
StOrage TeMPEratUIE . . . i i v i e ettt et et e e e et ettt et e e -65°C to +150°C
All Output and Supply Voltages . . . . . . oo ittt ittt e et e e e e -0.5V to +7V
Al INPUL VO agES . . . . . o oo it it i e e e e e e e e e e e -1.0V to +5.5V
(O 10 41U O ¥ T T o 100 mA

*COMMENT: Stresses above those listed under ‘*Absolute Maximum Rating’’ may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi-
cations is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability.

Ta = 0°C to +70°C, Ve = 5V *5%.

Symbol Parameter Min, #;n;'ﬁ] Max. Unit Conditions
Ve Input Clamp Voltage (all inputs) -1.0 \% lc=-5mA
Ig Input Forward Current: ETLG input -.15 -0.5 mA Vg=0.45V
all other inputs -.08 -0.25 [ mA
Ir Input Reverse Current: ETLG input 80 MA VRr=5.26V
all other inputs 40 MA
ViL Input LOW Voltage: all inputs 0.8 \Y Vcce=b.0V
ViH Input HIGH Voltage: all inputs 2.0 \Y Vce=5.0V
lcc Power Supply Current 90 130 mA See Note 2.
VoL Output LOW Voltage: all outputs 3 .45 Vv loL=15mA
VoH Output HIGH Voltage: = ENLG output 24 3.0 \Y loy=-1mA
los Short Circuit Output Current: ENLG output | -20 -35 -55 mA Vos=0V, Vcc=b.0V
IcEx Output Leakage Current: INT and Ag-A5 100 uA Vcex=5.25V
NOTES:

1. Typical values are for Tp = 256°C, Vg =5.0V.
2. Bg-Bg, SGS, CLK, Ro-ﬂ grounded, all other inputs and all outputs open.
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SCHOTTKY BIPOLAR 8214

A.C. CHARACTERISTICS AND WAVEFORMS T, = 0°C to +70°C, Vg = +5V 5%

Limits

Symbol Parameter Min. Typ.[11 | Max. Unit
tey CLK Cycle Time 80 50 ns
tpw CLK, ECS, INT Pulse Width 25 15 ns
tiss INTE Setup Time to CLK 16 12 ns
tisH INTE Hold Time after CLK 20 10 ns
teTcsl?! ETLG Setup Time to CLK 25 12 ns
tetcn (2! ETLG Hold Time After CLK 20 10 ns
teces!?! ECS Setup Time to CLK 80 50 ns
teccn (3! ECS Hold Time After CLK 0 ns
tecrs3! ECS Setup Time to CLK 110 70 ns
tecrn (8! ECS Hold Time After CLK 0

tecss(?! ECS Setup Time to CLK 75 70 ns
tecsn (2! ECS Hold Time After CLK 0 ns
tpcs!?! SGS and By-B5 Setup Time to CLK 70 50 ns
tpcn (2! SGS and Bg-B; Hold Time After CLK 0 ns
tres!3! Ro-R7 Setup Time to CLK 90 55 ns
tren B! Ro-R7 Hold Time After CLK 0 ns
tics INT Setup Time to CLK 55 35 ns
tci CLK to INT Propagation Delay 15 25 ns
trisl4! Ro-R7 Setup Time to INT 10 0 ns
trin 4! Ro-R7 Hold Time After INT 35 20 ns
tRA Rg-R7 to Ag-A; Propagation Delay 80 |100 ns
tELA ELR to Ag-A, Propagation Delay 40 55 ns
teca ECS to Ag-A5 Propagation Delay 100 |120 ns
tETA ETLG to Ag-A, Propagation Delay 35 70 ns
tpecs4! SGS and Bg-B, Setup Time to ECS 15 10 ns
tpech 4] SGS and Bg-B; Hold Time After ECS 15 10 ns
tREN Ro-R7 to ENLG Propagation Delay 45 70 ns
tETEN ETLG to ENLG Propagation Delay 20 25 ns
tecRN ECS to ENLG Propagation Delay 85 90 ns
tecsN ECS to ENLG Propagation Delay 35 55 ns

CAPACITANCE [5]
Limits

Symbol Parameter Min. | Typ.[1] | Max Unit
Cin Input Capacitance 5 10 pF
CouTt Output Capacitance 7 12 pF

TEST CONDITIONS: Vgjag= 2.5V, Vg = 5V, Ta = 25°C, f = 1 MHz

NOTE 5. Th?s parameter is periodically sampled and not 100% tested.
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SCHOTTKY BIPOLAR 8214

WAVEFORMS
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(1 Typical values are for Tp = 25°C Ve = 5.0V.
(2) Required for proper operation if ISE is enabled during next clock pulse.

(3 These times are not required for proper operation but for desired change in interrupt flip-flop.

(4) Required for new request or status to be properly loaded.

TEST CONDITIONS: TEST LOAD CIRCUIT

Input pulse amplitude: 2.5 volts.

Input rise and fall times: 5 ns between 1 and 2 volts.
Output loading of 15 mA and 30 pf.

Speed measurements taken at the 1.5V levels.

ouT ©

Vee

300

== 30pf
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Schottky Bipolar 8216 /8226

4 BIT PARALLEL BIDIRECTIONAL BUS DRIVER

= Data Bus Buffer Driver for 8080 CPU

» Low Input Load Current — .25 mA
Maximum

= High Output Drive Capability for

Driving System Data Bus

The 8216/8226 is a 4-bit bi-directional bus driver/receiver.

All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.65V Vo, and for high capaci-
tance terminated bus structures, the DB outputs provide a high 50mA lg_ capability.

= 3.65V Output High Voltage for Direct
Interface to 8080 CPU

= Three State Outputs
= Reduces System Package Count

A non-inverting (8216) and an inverting {8226) are available to meet a wide variety of applications for buffering in micro-
computer systems.

PIN CONFIGURATION

s
noo[jz
o8, |3
b, (4

o8, [
o, [}7

oo, [ |5

eno[ |8

16 ] Vec

15| DIEN

1] ] oo,
8216/ 3| %%
8226 12[ oy

11[] oo,
10] ] os,

9 DL,

PIN NAMES

DByDB,

DATA BUS
BI-DIRECTIONAL

DiyDly

DATA INPUT

DO,-DO5

DATA QUTPUT

DIEN

DATA IN ENABLE
DIRECTION CONTROL

Cs

CHIP SELECT

LOGIC DIAGRAM

8216

Dly 0—

DO, O-

DI, o

DO, o0—

¢———o0 DB,

D, o

DO, o

¢——o DB,

Di; o

DO, 0.

AJ ﬁq A VLl ZFJ Y] AJ Y]

¢——o0 Dg,

DIEN O—

—o0 CS

Dl o

LOGIC DIAGRAM
8226

DO, O

@

oy o

DO, o

¢————0 DB,

DL, o

DO, o

Py

¢———o DB,

Di; o

DO, 0-

¢———o 08,

SYATATRY

DIEN O

5-163




SCHOTTKY BIPOLAR 8216/8226

FUNCTIONAL DESCRIPTION

Microprocessors like the 8080 are MOS devices and are
generally capable of driving a single TTL load. The same is
true for MOS memory devices. While this type of drive is
sufficient in small systems with few components, quite often
it is necessary to buffer the microprocessor and memories
when adding components or expanding to a multi-board
system.

The 8216/8226 is a four bit bi-directional bus driver specif-
ically designed to buffer microcomputer system components.

Bi-Directional Driver

Each buffered line of the four bit driver consists of two
separate buffers that are tri-state in nature to achieve direct
bus interface and bi-directional capability. On one side of
the driver the output of one buffer and the input of another
are tied together (DB), this side is used to interface to the
system side components such as memories, 1/0, etc., be-
cause its interface is direct TTL compatible and it has high
drive (6OmA). On the other side of the driver the inputs
and outputs are separated to provide maximum flexibility.
Of course, they can be tied together so that the driver can
be used to buffer a true bi-directional bus such as the 8080
Data Bus. The DO outputs on this side of the driver have a
special high voltage output drive capability (3.65V) so that
direct interface to the 8080 and 8008 CPUs is achieved with
an adequate amount of noise immunity (360mV worst case).

Control Gating DIEN, CS

The CS input is actually a device select. When it is “‘high”
the output drivers are all forced to their high-impedance
state. When it is at “zero” the device is selected (enabled)
and the direction of the data flow is determined by the
DIEN input.

The DIEN input controls the direction of data flow (see
Figure 1) for complete truth table. This direction control
isaccomplished by forcing one of the pair of buffers into its
high impedance state and allowing the other to transmit its
data. A simple two gate circuit is used for this function.

The 8216/8226 is adevice that will reduce component count
in microcomputer systems and at the same time enhance
noise immunity to assure reliable, high performance op-
eration.
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Figure 1. 8216/8226 Logic Diagrams



SCHOTTKY BIPOLAR 8216/8226

APPLICATIONS OF 8216/8226

8080 Data Bus Buffer

The 8080 CPU Data Bus is capable of driving a single TTL
load and is more than adequate for small, single board sys-
tems. When expanding such a system to more than one board
to increase 1/0 or Memory size, it is necessary to provide a
buffer. The 8216/8226 is a device that is exactly fitted to
this application.

Shown in Figure 2 are a pair of 8216/8226 connected di-
rectly to the 8080 Data Bus and associated control signals.

The buffer is bi-directional in nature and serves to isolate the
CPU data bus.

On the system side, the DB lines interface with standard
semiconductor 1/0 and Memory components and are com-
pletely TTL compatible. The DB lines also provide a high
drive capability (60mA) so that an extremely large system
can be dirven along with possible bus termination networks.

On the 8080 side the DI and DO lines are tied together and
are directly connected to the 8080 Data Bus for bi-directional
operation. The DO outputs of the 8216/8226 have a high
voltage output capability of 3.65 volts which allows direct
connection to the 8080 whose minimum input voltage is
3.3 volts. It also gives a very adequate noise margin of
350mV (worst case).

The DIEN inputs to 8216/8226 is connected directly to the
8080. DIEN is tied to DBIN so that proper bus flow is
maintained, and CS is tied to BUSEN so that the system
side Data Bus will be 3-stated when a Hold request has been
acknowledged during a DMA activity.

Memory and 1/O Interface to a Bi-directional Bus

In large microcomputer systems it is often necessary to pro-
vide Memory and 1/0 with their own buffers and at the same
time maintain a direct, common interface to a bi-directional
Data Bus. The 8216/8226 has separated data in and data
out lines on one side and a common bi-directional set on the
other to accomodate such a function.

Shown in Figure 3 is an example of how the 8216/8226 is
used in this type of application.

The interface to Memory is simple and direct. The memories
used are typically Intel® 8102, 8102A, 8101 or 8107B-4 and
have separate data inputs and outputs. The DI and DO lines
of the 8216/8226 tie to them directly and under control of
the MEMR signal, which is connected to the DIEN input,
an interface to the bi-directional Data Bus is maintained.

The interface to |/O is similar to Memory. The 1/O devices
used are typically Intel® 82555, and can be used for both
input and output ports. The I/O R signal is connected di-
rectly to the DIEN input so that proper data flow from the
1/0 device to the Data Bus is maintained.
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The 8216/8226 can be used in a wide variety of other buf-
fering functions in microcomputer systems such as Address
Bus Drivers, Drivers to peripheral devices such as printers,
and as Drivers for long length cables to other peripherals or
systems.

BUSEN T
1 !15
4] DIEN
10 DI 3
oofb—t | 2|0 o8 DB, |
7
9 6
D —+ 5 DB,
! R0
8 8226 |10
Dt [ DB,
7 12 13
?1— SYSTEM
8080 - DATA
— s BUS
4 DO 4
4 ’ 6
ol 828
5 8226 |10
Dg n DBg
6 12 13
D, 14 DB,
cs -
r__|

Figure 2. 8080 Data Bus Buffer.
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Figure 3. Memory and 1/0 Interface to a Bi-Directional Bus.



SCHOTTKY BIPOLAR 8216/8226

D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . . . .. oo vttt ittt et e e et e e e e e e e e e e 0°C to 70°C
StOrage TEMPEIatUre . . . . .o vttt et e e et ettt e e e e et et e e et e et e -65°C to +150°C
All Output and Supply Voltages . . . . . .o ittt ettt e e et e et e e e e e e -0.5V to +7V
Al INPUL VORAgES . . . . ottt i e e e e e e e e e e e et e, -1.0V to +5.5V
L@ 773 YU A 0T T3 A 125 mA

*COMMENT: Stresses above those listed under ‘“Absolute Maximum Rating’’ may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi-
cation is not implied.

Ta = 0°C to +70°C,Vo=+5V #5%
CcC

Limits
Symbol Parameter Min. Typ. Max. Unit Conditions
Ifq Input Load Current DIEN, CS -0.15 | -5 mA Vg =0.45
Igo Input Load Current All Other Inputs -0.08 -.25 mA Vg =0.45
IR1 Input Leakage Current DIEN, CS 20 uA Vg =5.256V
Ir2 Input Leakage Current DI Inputs 10 MA Vg =5.25V
Ve Input Forward Voltage Clamp -1 \) Ic=-5mA
ViL Input ““Low’’ Voltage .95 \Y
Vin Input ““High’* Voltage 2.0 \Y
liol Output Leakage Current DO 20 MA Vo = 0.45V/5.25V
(3-State) DB 100
| p Supply C 8216 95 130 mA
ower Su urrent
ce PP 226 85 | 120 | mA
Voui1 Output “Low"” Voltage 0.3 .45 \' DO Outputs lg =15mA
DB Outputs lg =25mA
8216 0.5 .6 \Y DB Outputs g =65mA
VoLr2 Output “Low" Voltage
8226 0.5 \Y DB Outputs Ig =50mA
VoH1 Output “High” Voltage 3.65 4.0 \' DO Outputs lgy = -1TmA
VoH2 Output ““High’’ Voltage 2.4 3.0 \% DB Outputs Igy = -10mA
los Output Short Circuit Current -15 -35 -65 mA DO Outputs Vo =0V,
-30 -75 -120 | mA DB Outputs Vcc=5.0V

NOTE: Typical values are for T = 25°C, Vcc =5.0V.
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SCHOTTKY BIPOLAR 8216/8226

WAVEFORMS

INPUTS XI .5V

— tgp —>

OUTPUT 15V
ENABLE X:EV

‘ Vou
* —_
OUTPUTS 15v F—__l
T VoL
5V
A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vg = +5V 5%
Limits
Symbol Parameter Min. Typ.[1] Max. Unit Conditions
Tpp1 Input to Output Delay DO Outputs 15 25 ns CL=30pF, R1=300%2
R,=600%2
Tep2 Input to Output Delay DB Outputs
8216 20 30 ns C_=300pF, R1=90%2
8226 16 25 ns R, = 180%2
Te Output Enable Time
8216 45 65 ns (Note 2)
8226 35 54 ns (Note 3)
Tp Output Disable Time 20 35 ns (Note 4)
V,
TEST CONDITIONS: TEST LOAD CIRCUIT o
Input pulse amplitude of 2.5V.
Input rise and fall times of 5 ns between 1 and 2 volts. B
Output loading is 5 mA and 10 pF.
ouT O—
Speed measurements are made at 1.5 volt levels.
:F c, R,
Capacitance'®! =
Limits
Symbol Parameter Min. | Typ.[1] Max. | Unit
CiNn Input Capacitance 4 8 pF
CouT1 Output Capacitance 6 10 pF
CouT2 Output Capacitance 13 18 pF

TEST CONDITIONS: VB|AS = 2.5V, VCC = 5.0V, TA = 25°C, f=1MHz.

NOTES:

1
2
3.
4
5

. Typical values are for Tp = 25°C, Vg = 5.0V.
. DO Outputs, C_= 30pF, Rq = 300/10 K, R2 = 180/1K&2; DB Outputs, C|_ = 300pF, Rq =90/10 KR, Ry = 180/1 K.
DO Outputs, C_= 30pF, R1 = 300/10 K, Ry = 600/1K; DB Outputs, C =300pF, R1=90/10K2, Ry =180/1KS.
. DO Outputs, C_=5pF, R1 = 300/10K<2, R2 =600/1 KQ2; DB Outputs, C|_ = 5pF, R1 =90/10 K, Rg = 180/1 KQ.
. This parameter is periodically sampled and not 100% tested.

5-167






Coming Soon
8253







intal  silicon Gate MOS 8253

PROGRAMMABLE INTERVAL TIMER

= 3 Independent 16-Bit = Count Binary or BCD
Counters = Single +5V Supp}
" DC to 3 MHz = 24 Pin Dual-in-line:Package
» Programmable Counter
Modes
The 8253 is a programmable counter/timer chip designed for use as an 8080 (or It uses nMOS technology

with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as three independent 16-bit counters, each with a count rate

Q:U modes of operation are
software programmable by the 8080.

PIN CONFIGURATION

f— CLKO

<::> COU#I\:)TER GATEO

————0UT 0

je——— CLK 1

COUNTER
#1 le—— GATE 1

|—— 0UT 1

CONTROL

WORD [ je——— CLK 2
REGISTER /‘__ /L— COUNTER
AND \\'_ \l_ #2 [«—— GATE 2
MODE
SELECTION —> 0UT 2

INTERNAL BUS /
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SILICON GATE MOS 8253

8253 PRELIMINARY
FUNCTIONAL DESCRIPTION

In Microcomputer-based systems the most common inter-
face is to a mechanical device such as a printer head or step-
per motor. All such devices have inherent delays that must
be accounted for if accurate and reliable performance is to
be achieved. The systems software allows for such delays by
programmed timing loops. This type of programming re-
quires significant overhead and maintenance of multiple
loops gets extremely complicated.

The 8253 Programmable Interval Timer is a single chip so-
lution to system timing problems. In essence, it is a group of
three 16-bit counters that are independent in nature but
driven commonly as 1/0 peripheral ports. Instead of setting
up timing loops in the system software, the programmer
configures the 8253 to match his requirements. The pro-
grammer initializes one of the three counters of the 8253
with the quantity and mode desired then, upon command,
the 8253 will count out the delay and interrupt the micro-
computer when it has finished its task. It is easy to see that
the software overhead is minimal and that multiple delays
can be easily maintained by assigned interrupt levels to dif-
ferent counters. Other functions that are non-delay in nature
and require counters can also be implemented with the 8253.

® Programmable Baud Rate Generator
® Event Counter

® Binary Rate Multiplier

® Real Time Clock

System Interface

The 8253 is a component of the MCS-80 system and inter-
faces in the same manner as all other peripherals of the
family. It is treated by the systems software as an array of
1/0 ports; three are counters and the fourth is a control
register for programming. The OUT lines of each counter
would normally be tied to the interrupt request inputs of
the 8259.

The 8253 represents a significant improvement for solving
one of the most common problems in system design and
reducing software overhead.

|j«——— CLKO

DATA
BUFFER
——0uT o
RD ————=d
W fl—— cLK1
R ——
READ/ COUNTER
WRITE #1 le——— GATE1
Ay LOGIC
[——> O0UT 1
Aq .
53 —_T
CONTROL
WORD /| CLK 2
REGISTER / COUNTER
AND \' K #2 [¢— GATE 2
MODE
SELECTION [—>0UuT 2
INTERNAL BUS /"\..
8253 Block Diagram.
¢ ADDRESS BUS (16) {
A1 |Ao
§ CONTROL BUS {
i/oR |i/owW
§ DATA BUS (8) y
<2
A, A, CS DyD;
8253
COUNTER COUNTER COUNTER
0 1 2
. I : LI} Y 1
"out caTe cik ' "out GaTE cik’ "out GATE cLk

HEBRI

8253 System Interface.




Intel Silicon Gate MOS 8257

PROGRAMMABLE DMA CONTROLLER

* Four Channel DMA Controller = Auto Load Mode

= Priority DMA Request Logic = Single TTL Clock (¢2/TTL)

= Channel Inhibit Logic = Single +5V Supply

" Terminal and Modulo 256/128 = Expandable ,
Outputs * 40 Pin Dualih-Line Package

The 8257 is a Direct Memory Access (DMA) Chip which has four channels for use in<g icrocomputer systems. Its pri-
mary function is to generate, upon a peripheral request, a sequential memory ad allow the peripheral to ac-
cess or deposit data directly from or to memory. It uses the Hold feature of th "the system bus It also keeps

count of the number of DMA cycles for each channel and notifies the periphef
been reached. Other features that it has are two mode priority logic to resgl
mable channel inhibit logic, an early write pulse option, a modulo 256/12§
matic load mode, a terminal count status register, and control signal .timi

sf among the four channels, program-
for s., tored data transfers, an auto-

CONTROL
HOLD =— LOGIC

| | erioriTY
VEMW <—————O RESOLVER

ADSTB +—] J

Tc INTERNAL

BUS

128/256 «——0—08 ——
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SILICON GATE MOS 8257

8257 PRELIMINARY FUNCTIONAL DESCRIPTION

The transfer of data between a mass storage device such as
a floppy disk or mag cassette and system RAM memory is
often limited by the speed of the microprocessor. Removing
the processor during such a transfer and letting an auxillary
device manage the transfer in a more efficient manner would
greatly improve the speed and make mass storage devices
more attractive, even to the small system designer.

The transfer technique is called DMA (Direct Memory Ac-
cess); in essence the CPU is idled so that it no longer has
contro! of the system bus and a DMA controller takes over
to manage the transfer.

The 8257 Programmable DMA Controller is a single chip,
four channel device that can efficiently manage DMA activ-
ities. Each channel is assigned a priority level so that if
multi-DMA activities are required each mass storage device
can be serviced, based on its importance in the system. In

operation, a request is made from a peripheral device for
access to the system bus. After its priority is accepted a
HOLD command is ussued to the CPU, the CPU issues
a HLDA and that DMA channel has complete control of the
system bus. Transfers can be made in blocks, suspending
the processors operation during the entire transfer or, the
transfer can be made a few bytes at a time, hidden in the
execution states of each instruction cycle, (cycle-stealing).

The modes and priority resolving are maintained by the
system software as well as initializing each channel as to the
starting address and length of transfer.

The system interface is similar to the other peripherals of
the MCS-80 but an additional 8212 is necessary to control
the entire address bus. A special control signal BUSEN is
connected directly to the 8228 so that the data bus and
control bus will be released at the proper time.

¢ ADDRESS BUS (16) )
! CONTROL BUS 3
i1ow T/oR HOLD RESET
¢ DATA BUS (8) )
Aghsg q MEMR MEMW READY
8
(N (.
8212 \'_’ 8
HLDA S20rTL)
BUSEN
8228
v Q é) Q Q
CS AgA; AgA; ADSTB  AEN D,-D, 1/0 MEM HOLD HLDA CLK RDYIN  RESET
W R R W
8257
128/256 DACK DRQ DACK DRQ DACK DRQ DACK DRQ
MOD _ TC 3 3 2 2 1 1 0 0
- o O O A A
DMA CHANNEL REQUESTS AND ACKNOWLEDGES
System Interface 8257.
( ADDRESS BUS )
{ CONTROL BUS

i 11

| i ||

DATA BUS

ISRV

{

g Uy

DRQO
DACK 0
DRQ1
DACK 1
DRQ2
DACK 2
DRQ3
DACK 3

8257
AND
8212

DISK 1

SYSTEM
RAM
MEMORY

DMA CONTROLLER

DUAL FLOPPY DISK CONTROLLER

System Application of 8257.
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intal  silicon Gate MOS 8259

PROGRAMMABLE INTERRUPT CONTROLLER

= Eight Level Priority Controller * Individual Request Mask

= Expandable to 64 Levels Capability
= Programmable Interrupt - (s'fl"gg "'ﬁv) Supp
Modes (Algorithms) o Clocks) &
= 28 Pin Dual-in: ackage
The 8259 handles up to eight vectored priority interrupts for the 8080A CPU. | 3ifor up to 64 vectored priority
interrupts, without additional circuitry. It will be packaged in a 28-pin plasti S technology and requires a

single +5V supply. Circuitry is static, requiring no clock input. ; o
The 8259 is designed to minimize the software and real time overhead in &hfﬁéi’dling vel prigéis’;’y interrupts. It has several

modes, permitting optimization for a variety of system requirements.

PIN CONFIGURATION

Ao

aonan

<— IR 07

<«—— IR 1
REQUEST [«=— IR 2
LATCH |«—— IR3 | INTERRUPT
MASK <«—— |R4 | REQUESTS
REGISTER |«—— RS

<«—— IR 6

LOGIC

[«——IR7

l'll"ll']l‘lﬁlj_’,._fll"lﬂl']

§F «<——0| conTROL
LOGIC

INT

INTA ——Q \\

INTERNAL BUS
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SILICON GATE MOS 8259

8259 PRELIMINARY
FUNCTIONAL DESCRIPTION

In microcomputer systems, the rate at which a peripheral
device or devices can be serviced determines the total amount
of system tasks that can be assigned to the control of the
microprocessor. The higher the throughput the more jobs
the microcomputer can do and the more cost effective it be-
comes. Interrupts have long been accepted as a key to im-
proving system throughput by servicing a peripheral device
only when the device has requested it to do so. Efficient
managing of the interrupt requests to the CPU will have a
significant effect on the overall cost effectiveness of the
microcomputer system.

The 8259 Programmable Interrupt Controller is a single-chip
device that can manage eight levels of requests and has built-
in features for expandability to other 8259s (up to 64 levels).
It is programmed by the systems software as an 1/O periphe-
ral. A selection of priority algorithms is available to the pro-
grammer so that the manner in which the requests are pro-
cessed by the 8259 can be configured to match his system
requirements. The priority assignments and algorithms can
be changed or reconfigured dynamically at any time during
the main program. This means that the complete interrupt
structure can be defined as required, based on the total sys-
tem environment.

The system interface is the same as other peripheral devices
in the MCS-80. A special input is provided (SP) to program
the 8259 as a slave or master device when expanding to
more than eight levels. Basically the master accepts INT in-
puts from the slaves and issues a composite request to the
8080A; when it receives the INTA from the 8228 it puts
the first byte on the CALL on the bus. On subsequent
iNTAs the interrupting slave puts out the address of the
vector.

¢ ADDRESS BUS (16)

Y CONTROL BUS )
i/OR |i7OW [INT [INTA
§ DATA BUS (8) )

A, D, D, RD WR INT INTA
CASCADE

8259
LINES

IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ
7 6 5 4 3 2 1 0

T,

I
INTERRUPT
REQUESTS

SLAVE
PROG.

8259 System Interface.

( ADDRESS BUS (16)

_

CONTROL BUS

INT REQ

DATA BUS (8)

S

/}

8259
SLAVE 2 °

SP SP

SLAVE 1 o

8259 8259

MASTER

SP

T | 4

21 20 19 18 17 16 15 14

T L

13 12 11 10 9 8 7 6 5 4 3 2 1 0

]
INTERRUPT REQUESTS

Cascading the 8259 22 Level Controller (Expandable to 64 levels).
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Intel Standard Number
Product Package . Comments
Of Pins
Number Type
8224 C D P 16
g:!l:)UP . 8228 cC D P 28
Including 8080A-1,
8080A c 40 8080A-2 and M80BOA
8702A o 24
8708/4 C 24
ROMs - 8302 Cc 24
8308 Cc 24
| 8316A C P 24
8101-2 C P 22
8111-2 C P 18
8102-2 Cc P 16
8102A-4 C P 16
RAMs -
8107B-4 C P 22
5101 C P 22
8210 D P 18
i 8222 D 22 New Product
8212 D P 24
1/0 4 8255 C 40
8251 C P 28
8205 Cc D 16
PERIPHERAL - 8214 C D 24
8216/26 D 16
[ 8253 24 Coming Soon
COMING _ 8257 40 .
SOON Coming Soon
i 8259 28 Coming Soon
C=Ceramic D =Cerdip P =Plastic



PACKAGING INFORMATION

Dimensions in inches and (millimeters).

16-LEAD CERAMIC DUAL IN-LINE PACKAGE (C)

16-LEAD CerDIP DUAL IN-LINE PACKAGE (D)

PIN 1
i | e
, | 735 (18,669)
830 (21,082) PIN Y
.280 (7,366) !
1325 (8,255)
290 (7,366
325 (8,255)
| 735 (18,669) _|
' 830 (21,082) ! 200 508
055 (1,397)
050 (1,27)7125 (3175 o205 (6223) e
050,143 max. 3§ 295 (7.493) "] g .05 (1143) 5 (1,397) . 215 (6229
70 (17781 N |00 (7781 160 (4.064) % 295 (7.493) 1
1
2 Gosh | : (0208
X 015 (0,381 008 (0,203
50381 1023 (0,584) 020 (0,508) 012 (0,305)
1023 (0,584) 1060 (1.524)
010 (0,254) __.080 (2,286) 1032 (0,813) I._ 020 (0,508 L_ﬂ)w__.l 010 (0,254 080 (2,286) 032 <o 813) 100 (2,54 290 (7,366) _
065 (1,651 Tozea REF. ] 1060 (1:524) a0 (10414 065 (1,651) 02798 T "! 350 (3.87) donoag
100 (254)
50 (3,81)
745 (18,923 ALTERNATE PIN =1 IDENT.
r— ———— 55‘7—,7,' ﬂ'nﬂ (1IF NO NOTCH AT END OF PKG.) \_
= v <
|
215 (6,985)
245 (6223) 295 (7.493)
256 (6,477)
060 (1, 524)“&_{_ I 290 (7,366) R Sa= 0 A —
125 (3,175) i 310 (7.878) ‘l
0 075 (1,905) 025 (0,635) 050 (1,27)
-+|REF, REF. 890 (22,606} A
915 (23,241) :
. X — | e 080(2,286) ~ |8 0.043 290 (7,366)
} p— = 056 (1,397) I o oo 1065 (1,851) I‘.aw (7.374)’1
125 3,175 200 (5,08) { 150 (3,810) i
! ! |
K] (i:i,s:m MAX, ? — ¥ T
— 200 (5,08
i - ‘ - 008 (0,203) i (Y i l [
100 (254} 1012 (0,305)
020 {0.508) MIN, d00(254 54 ‘ 1020 (0,508)
PRI B ,J L | o -150¢ 1060 (1.524)
—— —~— o
048 (1043 i 280 (7,366) o:z(om) l 016 (0,406) 043 (1,092) . o _|
065 (1,651) ‘-‘ i 410 (10,414) REF. "’ L 1023 (0,584) " 060 (1.524) oo/a(?m 5 \-
.032(0,813) 015 (0,381) 030 (2386) 008 TYP,
%{%’% REF. REF. 023 (0584) 0 z79a) Y 012{0,305)

18-LEAD CerDIP DUAL IN-LINE PACKAGE (D)

18-LEAD PLASTIC DUAL IN-LINE PACKAGE (P)

850 (21,59) |
830 (23.62)
PIN1
b o T e O s O e T s O e Y e Y o | l"|" A f
I .240 (6,096)
290 (7.37) 260 (6,604)
325 (8,26) l
l 805 (22,987)
% U [ N Ry N R NN Ry G R S N R Sy o - S .925 (23,495)
1240 (6,10) ,mo (z 54)
045 (1,14) 0700178) 295 4531 200(508), 140 3 555) 025 053
_’I o0 1,78 110(279) r'_ REF."| 60 (4,069)
OPIIONAL\k z'z o zon(s'oa \ | ———
G —_ . X -
L | 1550 MAX MAX. T
S—]
015 (0,38) =Y, 075 (1,905)
1023 {058 I 02 030 f REF. |5 MAX.
023 (0 020 (051) m 017 ase)
050 (1,27] 10575 (1,461) |
0075 (0,19} 032 p T 050027 1280 (737) __l (A |__| 100 (2,54)
0115 (0,29) (0.81) -100(254) 410 (10.21) 090 (2,286) 045 (1,143) 032 {0,813) |-150 (381)
== —_— & 098 (2 489)
090 (2,29) 150 381) 110(2,794) .065(1.651)  REF. ,016 (0,405, 012 (0308)
10 2.79) .024 (0,610)
1.080 (27,688)
1.110 (28,194)
o
PIN #11D
380 (9,652)|
400 (10,16)1 o~ 25R. REF
(NOTCH OPTIGNAL)
010 {0,254)
1040 (1,016) 054 (1,372)
1080 (2,032)
] I 1 | —
200 (5,08)
AX.
[
= 39019
100 (254 1020 (0,508) 390
ke 53;{ L sza) 050 (1.27) 1410 (104141

- e

f¢———————————— 10 EQ. SPACES @ .100 (2,540}
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PACKAGING INFORMATION

Dimensions in inches and (millimeters).

22-LEAD PLASTIC DUAL IN-LINE PACKAGE (P)

PIN1

.200 (5,08)
REF. l‘ " I

1025 (0,635)
__1.080(27,686) REF.
1110 (28,194)
- 4
020 (0,508) 1140 (3,566 i
MIN. 160 (4,084)
4 _1
200 (258)
150 (3.81) o
00 a5 —1 400 (10,16) 18
el 109 (2 010 (0,252
kb | | zma
T R B P
1023 (0,684) . TYP.
24-LEAD CerDIP DUAL IN-LINE PACKAGE (D) 24-LEAD CERAMIC DUAL IN-LINE PACKAGE (C)
1.200 (30.48) |
300 (33,02
- N m—
NOTE 1. 0.126 (3,176) MAX.
1490 (12,448) NOTE 2. 0.050 (1,279) MAX.
1850 (13,970)
550 (13.97)
ﬁ 50 (16,51)
| SN R S R S R S G S R S R R R S R SN Ry S gy S DU T
NOTE 1
: X 1.175 (29,845) o 050 (1.270)
1 ‘%ﬁ%%: :%: 1%;—:: |"" % :%;%: - oa0 o) ‘|= 1.300 (33,020) | l 120 (3,048)
— | @30 Max. ’I:I] P NOTE 2
(6,59) [ 100 z ”
015 (0.38) T 008 (020 150 n 81)
25 (059) “ ‘ aosy || o2 @3 I——‘ m(oam_,n__] % 590 (14,988)
10075 (0,19) ! 032 050 (1.27) 800 (15.29) ' oy 610 (16.494)
mﬁ)"ll | (0,81) ::L;:;_:"’ 730 (1858) _-61-4—)” ozzl"_)(o,sss) BEND LINE
| 080 (2.29)
110 2.79)

008 (0203)
1012 (0,305)

24-LEAD PLASTIC DUAL IN-LINE PACKAGE (P)

28-LEAD CERAMIC DUAL IN-LINE PACKAGE (C)

1.40 (3,656)
MAX.

iniainininisinizinininininin

1.230 (31,242)
1250 (31.750)
(REF)
e
150 (48201
-_E’—’_L
—r
160 (381)
REF.
250 (6.36)
REF. s30 13462
50 (13,970)
200 (8.98) i "1 ~ [+ 7 e
MAX. - ;
_____ —
146 (3,683
165 (4,101)
o0 (0762) v
| 020 (0,508)

+ J 590 (u sss) '
810 (15,494)

|- .060 (l 524)

m (o m) | MR
wo 254
REF.

£

BEND LINE
018 (0,406) 1008 (0,203)
1023 (0,584) 012 (0,305)

40-LEAD CERAMIC DUAL IN

020 (0 ,508)

i
_L [ 1

(_h_l
(14,735)

L0 6 O O N

210 (5 842]

015 {0,381)
oz:(osw_’”_ - L“—L"’J"’

100 (2,640)

E I

r“
1

-LINE PACKAGE (C)

2.100 (53,34}
MAX.

PIN 1
ogooonnnoonnoonooOoooannn

i

514 (13,068
588 (14,936)

| S EEE RSN SN NN NN pEEE .|

4 L 230 (5,842)
MAX.
008 (0,203)
0,020 (0,508) \ 012 (0,305)
MIN, ”__ o0 54
015 (0,381) I L_m(zm! 1150 (3.81)
—l—tzose) 10 (2780 1V
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Tokyo 101

Tel: (03) 295-5441
TELEX: 781-28426

JAPAN
Pan Elektron Inc.

No. 1 Higashikata-Machi
Midori-Ku, Yokohama 226

Tel: (045) 471-8321
TELEX: 781-4773

NATIONAL DISTRIBUTOR MANAGER

Jamie Kirk

3065 Bowers Avenue

Santa Clara. California 95051
Tel" (408) 246-7501

TWX: 910-338-0026

TELEX 34-6372

GREAT LAKES REGION
Hank Josefczyk

8312 North Main Street
Dayton. Ohio 45415

Tel (513) 880-5350
TELEX: 288-004

Intel Corp.

725 South Adams Road
Suite 288

Birmingham 48011

Tel: (313) 642-7018

MINNESOTA

Intel Corp.

475 Southgate Office Plaza
5001 West 80th Street
Bloomington 55437

Tel (612) 835-6722

TWX: 910-576-2867

MISSOURI

Sheridan Associates. Inc
110 S Highway 140
Suite 10

Florissant 63033

Tel. (314) 837-5200

NEW YORK

Ossmann Components Sales Corp.

395 Cleveland Drive
Buffalo 14215
Tel (716) 832-4271

Ossmann Components Sales Corp.

280 Metro Park
Rochester 14623
Tel. (716) 442-3290

Ossmann Components Sales Corp.

1911 Vestal Parkway E
Veslal 13850
Tei (607) 785-9949

Ossmann Components Sales Corp.

132 Pickard Building
Syracuse 13211

Tel (315) 454-4477
TWX 710-541-1522

Ossmann Components Sales Corp.

140 Pine Street
Kingston 12401
Tel: (914) 338-5505

SCANDINAVIA

John Johansen

Intel Office

Lingbyvej 32 2nd FI
DK2100 Copenhagen East
Denmark

Tel: (01) 182000

TELEX: 19567

Lennart Erikkson

intel Office

Box 86

5-16212 Vallingby 1
Sweden

Tel: (08) 375370

TELEX: 13164 (ABCENT)

GERMANY

Alfred Neye Enatachnik GmbH
Schillerstrasse 14

2085 Quickborn-Hamburg

Tel: (041 06) 612-1

TELEX: 02-13590

ISRAEL

Telsys Ltd.

54, Jabotinsky Road
Ramat - Gan 52 464
Tel: (3)-739865
TELEX: 32392

ITALY

Eledra 38

Via Ludovico da Viadana 9
20122 Milano

Tel: (02) 860307

TELEX: 32027

SPAIN

Interface

Ronda General Mitre %7
Barcelona 17

Tel: (93) 203-53-30
TELEX: 54713

EASTERN

Jim Saxton

187 Billerica Road

Cheimsford. Massachusetts 01824
Tel (617) 861-1136

TWX. 710-321-0187

NORTH CAROLINA
Barnhill and Associates
913 Plateau Lane
Raleigh 27609

Tel. (919) 876-5617

OHIO

Sheridan Associates, Inc
23224 Commerce Park Rd.
Beachwood 44122

Tel (216) 831-0130
Shendan Associates, Inc
Shiloh Bidg.

Suite 250

5045 North Main Street
Dayton 45405

Tel (513) 277-8911
Sheridan Associates, Inc.
10 Knollcrest Drive
Cincinnati 15237

Tel (513) 761-5432
TWX 810-461-2670

Intel Corp.

8312 North Main Street
Dayton 45415

Tel (513) 830-5250
TELEX 288-004

OREGON
ES/Chase Co.

P O Box 626
Beaverton 97005
Tel (503) 649-6177

PENNSYLVANIA
Vantage Sales Company
21 Bala Avenue

Bala Cynwyd 19004

Tel (215) 667-0990

TWX 510-662-5846
Sheridan Associates, Inc.
1717 Penn Avenue

Suite 5009

Pittsburgh 15221

Tel (412) 244-1640

Intel Corp.

520 Pennsylvania Ave., Suite 102
Fort Washington 19034
Tel (215) 542-9444

TWX 510-661-3055

EUROPEAN MARKETING OFFICES
ENGLAND

Keith Chapple

Intel Office

Broadtield House

4 Between Towns Road

Cowley, Oxford OX4 3NB

Tel. (0865) 771431

TELEX. 837203

NETHERLANDS
Inelco Nederland BV
AFD Elektronic

Joan Muyskenweg 22
Amsterdam 1006
Tel: (020) 93-48-24
TELEX: 14622

NORWAY

Nordisk Elektronik (Norge) A/S
Mustads Vei 1

Oslo 2

Tel. (02) 55 3893

TELEX: 16963

SOUTH AFRICA

Electronic Building Elements
P.O. Box 4609

Pretoria

Tel: 78-9221

TELEX: 30181 SA

TENNESSEE

Barnhill and Associates
206 Chicasaw Drive
Johnson City 37601

Tel: (615) 928-0184

TEXAS

Evans & McDowell Associates
13777 N. Central Expressway

Suite 405

Dallas 75231

Tel (214) 238-7157
TWX 910-867-4763

Evans & McDowell Associates
6610 Harwin Averue, Suite 125

Houston 77036

Tel. (713) 783-2900
Intel Corp.

6350 L B.J. Freeway
Suite 178

Dallas 75240

Tel. (214) 661-8829
TWX. 910-860-5487

VIRGINIA

Barnhill and Associales
P.O. Box 1104

2532 Langhorne Road
Lynchburg 24501

Tel (703) 846-4624

WASHINGTON
ES/Chase Co.

P.O. Box 249
Edmonds 98020
Tel. (206) 774-3586

CANADA

Mululek, Inc

4 Barran Street

Ottawa. Ontario K2J 1G2
Tel (613) 825-4695
TELEX 053-4585

GERMANY
Erling Holst
Intel Office

Wollratschauserstrasse 169

D8 Munchen 71

Tel: (089) 798923
TELEX: 5-212870
Klaus Kottenbrink
Intel Office

D-6272 Niedernhauser
Wiesenweg 26

W. Germany

Tel. 6127/2314

SWEDEN -
Nordisk Electronik AB
Fack

S-103 Stockholm 7
Tel: (08)-24-83-40
TELEX: 10547

SWITZERLAND
Industrade AG
Gemsenstrasse 2
Postcheck 80 - 21180
8021 Zurich

Tel: (01) 602230
TELEX: 56788
UNITED KINGDOM
Rapid Recall, Ltd.
11-14 Betterton Street
Drury Lane

London WC2H 9BS
Tel: (01) 379-6741
TELEX: 28752



U.S. DISTRIBUTORS
WEST

ARIZONA

Cramer/Arizona

2643 East University Drive
Phoenix 85034

Tel: (602) 263-1112
Hamilton/Avnet Electronics
2615 South 21st Street
Phoenix 85034

Tel: (602) 275-7851

CALIFORNIA
Hamilton/Avnet Electronics
575 E. Middlefield Road
Mountain View 94040

Tel: (415) 961-7000
Hamilton/Avnet Electronics
8917 Complex Drive

San Diego 92123

Tel: (714) 279-2421
Hamilton Electro Sales
10912 W, Washington Boulevard
Culver City 80230

Tel: (213) 558-2121
Cramer/San Francisco

720 Palomar Avenue
Sunnyvale 94086

Tel: (408) 739-3011
Cramer/Los Angeles

17201 Daimler Street

frvine 92705

Tel: (714) 979-3000
Cramer/San Diego

8975 Complex Drive

San Diego 92123

Tel: (714) 565-1881

COLORADO
Cramer/Denver

5465 E. Evans PI. at Hudson
Denver 80222

Tel: (303) 758-2100
Hamilton/Avnet Electronics
5921 No. Broadway

Denver 80216

Tel: (303) 534-1212

NEW MEXICO
Hamilton/Avnet Electronics
2450 Baylor Drive, S.E.
Albuquerque 87119

Tel: (505) 765-1500
Cramer/New Mexico

137 Vermont, N.E.
Albuquerque 87108

Tel: (505) 265-5767

OREGON

Almac/Stroum Electronics
4475 S.W. Scholls Ferry Rd.
Portland 97225

Tel: (503) 292-3534

UTAH

Cramer/Utah

391 W. 2500 South

Salt Lake City 84115

Tel: (801) 487-4131
Hamilton/Avnet Electronics
647 W. Billinis Road

Salt Lake City 84119

Tel: (801) 262-8451

WASHINGTON
Hamilton/Avnet Electronics
13407 Northrup Way
Bellevue 98005

Tel: (206) 746-8750
Almac/Stroum Electronics
5811 Sixth Ave. South
Seattle 98108

Tel: (206) 763-2300
Cramer/Seattle

5602 Sixth Ave. South
Seattle 98108

Tel: (206) 762-5755

U.S. DISTRIBUTORS

MID-AMERICA

INDIANA

Sheridan Associates, Inc.
4002 Medows Dr.
Indianapolis 46205

Tel: (317) 547-7777

ILLINOIS

Cramer/Chicago

1911 So. Busse Rd.

Mt. Prospect 60056

Tel: (312) 593-8230
Hamilton/Avnet Electronics
3901 No. 25th Ave.

Schiller Park 60176

Tel: (312) 678-6310

KANSAS

Hamilton/Avnet Electronics
37 Lenexa Industrial Center
9800 Pflumm Road

Lenexa 66215

Tel: (913) 888-8300
Sheridan Associates, Inc.
10100 Santa Fe Dr.

Mark 1 Bldg., Suite 101
Overland Park 66212

Tel: (913) 383-1636

MICHIGAN

Sheridan Sales Co.
24543 Indoplex Drive
Farmington Hills 48024
Tel: (313) 477-3800
Cramer/Detroit

13193 Wayne Road
Livonia 48150

Tel: {313) 425-7000
TWX: 810-242-2985
Hamilton/Avnet Electronics
12870 Farmington Road
Livonia 48150

Tel. (313) 522-4700
TWX: 810-242-8775

MINNESOTA

Industrial Components, Inc.
5280 West 74th Street
Minneapolis 55435

Tel: (612) 831-2666
Cramer/Bonn

7275 Bush Lake Road
Edina 55435

Tel: (612) 835-7811
Hamilton/Avnet Electronics
7683 Washington Avenue So.
Edina 55435

Tel. (612) 941-3801

MISSOURI

Hamilton/Avnet Electronics

364 Brookes Lane

Hazelwood 63042

Tel: (314) 731-1144

Sheridan Sales Co.

110 South Highway 140, Suite 10
Florissant 63033

Tel: (314) 837-5200

OHIO

Hamilton/Avnet Electronics
118 Westpark Road
Dayton 45459

Tel. (513) 433-0610

TWX: 810-450-2531
Sheridan Sales Co.

10 Knollcrest Drive
Cincinnati 45222

Tel: (513) 761-5432

TWX: 810-461-2670
Cramer/Cleveland

5835 Harper Road
Cleveland 44139

Tel: (216) 248-8400

TWX: 810-427-9407
Hamilton/Avnet Electronics
761 Beta Drive

Cleveland 44143

Tel: (216) 461-1400
Cramer/Tri States, Inc.
666 Redna Terrace
Cincinnati 45215

Tel. (513) 771-6441

TWX: 810-461-2882
Sheridan Sales Co.

23224 Commerce Park Road
Beachwood 44122

Tel: (216) 831-0130
Sheridan Sales Co.
Shitoh Building, Suite 250
5045 North Main Street
Dayton 45405

Tel: (513) 277-8911

TEXAS

Cramer Electronics

2970 Blystone

Dallas 75220

Tel: (214) 350-1355
Hamilton/Avnet Electronics
4445 Sigma Road

Dallas 75240

Tel: (214) 661-8661
Hamilton/Avnet Electronics
1216 W. Clay

Houston 77019

Tel. (713) 526-4661
Component Specialties, Inc.
10807 Shady Trail, Suite 101
Dallas 75220

Tel: (214) 357-4576
Component Specialties, Inc.
7313 Ashcroft Street
Houston 77036

Tel: (713) 771-7237

WISCONSIN
Cramer/Wisconsin

430 West Rawson Avenue
Oak Creek 53154

Tel: (414) 764-1700

NORTHEAST

CONNECTICUT
Cramer/Connecticut

35 Dodge Avenue

North Haven 06473

Tel: (203) 239-5641
Hamilton/Avnet Electronics
643 Danbury Road
Georgetown 06829

Tel: (203) 762-0361

MARYLAND
Cramer/EW Baltimore
7255 Standard Drive
Hanover 21076

Tel: (301) 796-5730
Cramer/EW Washington
16021 Industrial Drive
Gaithersburg 20760

Tel: (301) 948-0110
Hamilton/Avnet Electronics
7255 Standard Drive
Hanover 21076

Tel: (301) 796-5000

MASSACHUSETTS

Cramer Electronics Inc.

85 Wells Avenue

Newton 02159

Tel: (617) 969-7700
Hamilton/Avnet Electronics
185 Cambridge Street
Buriington 01803

Tel: (617) 273-2120

NEW JERSEY
Cramer/Pennsylvania, Inc.
12 Springdale Road

Cherry Hill Industrial Center
Cherry Hill 08003

Tel: (609) 424-5993

TWX: 710-896-0908
Hamilton/Avnet Electronics
218 Little Falls Road

Cedar Grove 07009

Tel: (201) 239-0800

TWX: 710-994-5787
Cramer/New Jersey

No. 1 Barrett Avenue
Moonachie 07074

Tel: (201) 935-5600
Hamilton/Avnet Electronics
113 Gaither Drive

East Gate Industrial Park
Mt. Laurel 08057

Tel: (609) 234-2133

TWX: 710-897-1405

NEW YORK
Cramer/Binghamion
3220 Watson Boulevard
Endwell 13760

Tel. (607) 754-6661
Cramer/Rochester

3000 Winton Road South
Rochester 14623

Tel: (716) 275-0300
Hamilton/Avnet Electronics
167 Clay Road
Rochester 14623

Tel: (716) 442-7820
Cramer/Syracuse

6716 Joy Road

East Syracuse 13057
Tel: (315) 437-6671
Hamilton/Avnet Electronics
6500 Joy Road

E. Syracuse 13057

Tel: (315) 437-2642
Cramer/Long Island

29 Oser Avenue
Hauppauge, L.I. 11787
Tel: (516) 231-5600
TWX: 510-227-9863
Hamilton/Avnet Electronics
70 State Street
Westbury, L.I. 11590
Tel: (516) 333-5800
TWX: 510-222-8237

PENNSYLVANIA
Sheridan Sales Co.

1717 Penn Avenue, Suite 5009

Pittsburgh 15221
Tel: (412) 244-1640
Cramer Electronics
616 Bealty Drive
Monroeville 15146
Tel: (412) 242-7410

SOUTHEAST

ALABAMA

Cramer/EW Huntsville, Inc.
2310 Bob Wallace Avenue, S.W.
Huntsville 35805

Tel: (205) 539-5722
Hamilton/Avnet Electronics
805 Oster Drive NW

Huntsville 35805

Tel: (205) 533-1170

FLORIDA

Cramer/E.W. Hollywood
4035 No. 29th Avenue
Hollywood 33020

Tel: (305) 923-8181
Hamilton/Avnet Electronics
4020 No. 29th Ave.
Hollywood 33021

Tel: (305) 925-5401
Cramer/E.W. Orlando
345 No. Graham Ave.
Orlando 32814

Tel: (305) 894-1511

GEORGIA

Cramer/EW Atlanta

3923 Oakcliff Industrial Center
Atlanta 30340

Tel: (404) 448-9050
Hamilton/Avnet Etectronics
6700 1 85, Access Road, Suite 28
Norcross 30071

Tel. (404) 448-0800

NORTH CAROLINA
Cramer Electronics
938 Burke Street
Winston-Salem 27102
Tel: (919) 725-8711

CANADA

ALBERTA

L. A. Varah Ltd.
4742 14th Street N.E.
Calgary T2E 6LT

Tel: (403) 276-8818
Telex: 1382589 77

BRITISH COLUMBIA
L. A. Varah Ltd.

2077 Alberta Street
Vancouver 10

Tel: (604) 873-3211

ONTARIO

Cramer/Canada

920 Alness Avenue, Unit No. 9
Downsview

Toronto 392

Tel: (416) 661-9222

TWX. 610-492-6210
Hamilton/Avnet Electronics
6291-16 Dorman Road
Mississauga L4V 1H2

Tel: (416) 677-7432

TWX: 610-492-8867
Hamilton/Avnet Electronics
1735 Courtwood Cresc.
Ottawa K2C 342

Tel. (613) 226-1700

TWX: 610 562-1906

QUEBEC

Hamilton/Avnet Electronics
2670 Paulus

St. Laurent H45 1G2

Tel: (514) 331-6443

TWX: 610-421-3731
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INSTRUCTION SET

Summary of Processor Instructions

Instruction Codel?) Clock(2! Instruction Code 1] Clock (2]

Mnemonic  Description D; Dg Ds Dy D3 D Dy Do Cycles Mnemonic  Description D; Dg Ds Dy D3 D, Dy Dy Cycles
MOV ,q, 2 Move register to register 01 DD DS S S 5 RZ Return on zero 1t 1 0 0 1 0 0 O 5/
MOV M, r  Move register to memory 0 1 1 1 0 §$ S S 7 RNZ Return on no zero 1 1 0 0 0 0 ¢Cc o 5/11
MOV, M  Move memory to register 01+ D DD 1 1 0 7 RP Return on positive 1 1 1 1 0 0 0 0 5/11
HLT Halt 0 1 1 1 0 1 1 0 7 RM Return on minus 11 1 1 1.0 0O 5/1
MVI ¢ Move immediate register 00 D DD 1 10 7 RPE Return on parity even T 1 1. 0 1 0 00 5/11
MVIM Move immediate memory o0 1 1 0 1 10 10 RPO Return on parity odd 1 1 1 0 0 0 0 O 5/11
INR ¢ Increment register 0 0 D D D1 0 O 5 RST Restart 11 A A A 1 1 1 1
DCR Decrement register 00 D DD 1 01 5 IN Input 11 0o 1 1 0 1 1 10
INR M Increment memory 00 1 1 0 1 0 O 10 ouT Output 1 1 0 1 0 0 1 1 10
OCRM Decrement memory 00 1 1 0 1 01 10 LXI B Load immediate register 00 0 0 0 0 0 1 10
ADDr Add register to A 1.0 0 0 0 S s S 4 PairB & C
ADCr Add register to Awithcarry 1 0 0 0 1 S S S 4 LXI D Load immediate register 00 0 1 00 0 1 10
SUBr Subtract register from A 1 0 6 1 0 S S S 4 PairD & E
SBBr Subtract register from A 1 0 0 1 1 S S S 4 LXIH Load immediate register 00 1 0 0 0 0 1 10

with borrow PairH & L
ANA ¢ And register with A 10 1 0 0 S S S 4 LX1 SP Load immediate stack pointer 0 0 1 1 0 0 0 1 10
XRAr Exclusive Or register with A 1 0 1 0 1 S S S 4 PUSH B Push register Pair B & C on t 1 0 0 0 1 0 1 n
ORA ¢ Or register with A 1 0 1 1 0§ S S 4 stack
CMPr Compare register with A 10 1 1 1 8 § 8§ 4 PUSHD  Push register Pair D & E on 11 0 1 0 1 0 1 "
ADD M Add memory to A 1 0 0 0 O 1 1 0 7 stack
ADCM Add memory to Awithcarry 1 0 0 0 1 1 1 0 7 PUSHH  Push register Pair H & L on 11 1 0 0 1 01 n
SUB M Subtract memory from A 1 0 0 1 0 1 1 0 7 stack
SBB M Subtract memory from A 10 0 1 1 1 1 0 7 PUSH PSW  Push A and Flags 11 1 1 0 1 0 1 1"

with borrow on stack
ANA M And memory with A 10 1 0 0 1 10 7 POPB Pop register pair B & C off 1 1 0 0 0 0 0 1 10
XRAM Exclusive Or memory with A 10 1 0 1 1 1 0 7 stack
ORAM Or memory with A 10 1 1 0 1 1 O 7 POPD Pop register pair D & E off 11 0 1 0 0 0 1 10
CMP M Compare memory with A 1 0 1 111 10 7 stack
ADI Add immediate to A 11 0 0 0 1 10 7 POPH Pop register pair H & L off 11 1 0 0 0 0 1 10
ACI Add immediate to A with 11 0o 0 1 1 1 0 7 stack

carry POPPSW  Pop A and Flags 11 1 1 0 0 0 1 10
Sul Subtract immediate from A 11 6 1 0 1 1t O 7 off stack
S8l Subtract immediate from A 11 0 1 1 1 1 0 7 STA Store A direct o0 1t 1 0 0 1 0 13

with borrow LDA Load A direct 0 0 1 1 1.0 1 0 13
ANI And immediate with A 11 1 0o 0 1 1 0 7 XCHG Exchange D& E,H& L 11 1 0 0 1 1 4
XRI Exclusive Or immediate with 1 1 10 1 1 1 0 7 Registers

A XTHL Exchange top of stack,H & L 11 1 0 0 0 1 1 18
ORI Or immediate with A T 1 1 1 0 1 1 0 7 SPHL H & L to stack pointer T 1 1 1 1 0 0 1 5
cPl Compare immediate with A T 1 1 1 11 10 7 PCHL H & L to program counter T 1 1 0 1 0 0 1 5
RLC Rotate A left 00 0 0 0 1 1 4 DAD B AddB&CtoH& L 00 0 0 1 0 0 1 10
RRC Rotate A right 00 0 0 1 1 1 4 DADD AddD&EtoH&L 60 0 1 1 0 01 10
RAL Rotate A left through carry 00 0 1 0 1 1 1 4 DAD H AddH& LtoH&L 00 1t 0 t 0 0 1 10
RAR Rotate A right through 60 0 1 1 1 1 4 DADSP  Add stack pointer to H & L 00 1 1 1 0 0 1 10

carry STAX B Store A indirect 00 6 0 0 0 1 0 7
Jmp Jump unconditional T 1 0 0 0 0 1 1 10 STAXD  Store A indirect 00 0 1 00 10 7
i Jump on carry 1 0 1 1 0 10 10 LDAXB  Load A indirect 00 0 0 1 0 t 0 7
INC Jump on no carry t 1 0 1 0 0 10 10 LDAXD  Load A indirect 00 0 1 1 0 10 7
iz Jump on zero T 1 0 0 1.0 10 10 INX B Increment B & C registers 00 0 0 0 0 1 1 5
INZ Jump on no zero 1 1 0 0 0 0 1 0 10 INX D increment D & E registers 00 0 1 0 0 1 1 [
» Jump on positive T 1 1 1 0 0 10 10 INX H Increment H & L registers 00 1 0 0 0 1 1 5
™ Jump on minus T 1 1 1 1 0 10 10 INX SP Increment stack pointer 00 1t 1 0 0 1 1 5
JPE Jump on parity even 1 1 0 1 0 10 10 DCX B Decrement B & C 000 0 0 1 0 1 1 5
PO Jump on parity odd Tt 1 1 0 00 10 10 DCX D Decrement D & E 00 0 1 1 0 1 1 5
CALL Call unconditional 11 0 0 1 1 0 1 17 DCXH Decrement H & L 00 1 0 1 0 11 5
cc Call on carry Tt 1. 0 1 1 1 00 nn7 DCX SP Decrement stack pointer 00 1 1 10 11 5
CNC Call on no carry 1 1+ 0 1t 0 1 0 0 1n7 CMA Complement A 00 1 0 1t 1 1 1 4
cz Call on zero Tt 1+ 0 0 1 1 0O 1N STC Set carry 00 1 1 0 1 11 4
CNZ Call on no zero 1 1 0 0 0 1 0 O [RTAR) cMC Complement carry o0 1 1 1 1 11 4
ce Call on positive 11 1 1 0 1 0 0O 1N DAA Decimal adjust A 0o 1 0 0 1V 11 4
C™m Call on minus 11 1 1 1 1 0 0 nunmn SHLD Store H & L direct 00 1 0 0 0 1 0 16
CPE Call on parity even 11 1 0 1 1 0 0 1n7 LHLD Load H & L direct oo 1 0 1 0 10 16
CcPO Call on parity odd 1 1 1 0 0o 1 0 O 117 El Enable Interrupts 1 1 1 1 10 1 1 4
RET Return 1 1 0 0 1t 0 0 1 10 DI Disable interrupt T 1 1 1 0 0 11 4
RC Return on carry 11 0 t 1.0 0O 5/11 NOP No-operation 0 0 0 0 0 0 O O 4
RNC Return on no carry 11 0 1 0 0 0 O 5/11
NOTES: 1. DDD or SSS —000B — 001 C—-010D — 011 E—100H — 101 L — 110 Memory — 111 A.

2. Two possible cycle times, (6/11) indicate instruction cycles dependent on condition flags.



INSTRUCTION SET

Summary of Processor Instructions

By Alphabetical Order
Instruction Code ] Clock(2] Instruction Codell) Clock[2)

Mnemonic Beseription D Dg Ds Dy D3 Dz Dy Dy Cycles Masmonic Deseription 0, Dg Dsg Dg 03 Dz Dy Dp Cydes
ACl Add immediate 10 A with 1 1 0 0 1 1 1 0 7 MVIM Move immediate memory 0 0 1 1 0 1 1 0 10

carry MVie Move immediate register 0 0 D D 0 1 1 0 7
ADC M Add memory to A with carry 1 0 0 0 1 1 1 0 7 MOV M, r Move register to memory 0 1 1 1 0 S N S 7
ADCr Add register to A with carry 1 0 0 0 1 s S S 4 MOV, M Move memory to register [] 1 D D 0 1 1 (1] ?
ADD M Add memory to A 1 0 0 0 0 1 0 1 7 MOV q,2 Move register to register 0 1 0 D D s S S 5
ADD ¢ Add register to A 1 0 0 1] 0 S S S 4 NOP No-operation 0 0 0 0 0 0 0 0 4
ADI Add immediate to A 1 1 0 0 0 1 1 0 7 ORA M Or memory with A 1 [} 1 1 0 1 1 0 ?
ANA M And memory with A ] 0 1 0 0 1 1 0 7 ORA ¢ Or register with A 1 0 1 1 0 s S S 4
ANA T And register with A 1 0 1 0 0 S S S 4 ORI Or immediste with A 1 1 1 1 0 1 1 0 ?
ANI And immediate with A 1 1 1 0 0 1 1 0 ? out Output 1 1 0 1 0 0 1 1 10
CALL Call unconditional 1 1 0 0 1 1 9 1 17 PCHL H & L to program counter 1 1 1 0 1 0 0 t 5
cc Call on carry 1 1 0 1 1 1 0 0 1n? POPB Pop register pair B & C off 1 1 0 0 0 0 0 1 10
CcM Call on minus 1 1 1 1 1 1 0 0 un? stack
CMA Compliment A 0 0 1 0 1 1 1 1 4 POP D Pop register pair D & E off 1 1 0 1 1] 0 0 1 10
CMC Compliment carry 0 0 1 1 1 1 1 1 4 stack
CMP M Compare memory with A 1 0 1 1 1 1 1 0 7 POPH Pop register pair H & L off 1 1 1 0 0 0 0 1 10
CMPr Compare register with A 1 0 1 1 1 S S S 4 stack
CNC Czll on no carry 1 1 0 1 0 1 0 0 nne POP PSW Pop A and Flags 1 1 1 1 0 0 0 1 10
CNZ Call on no zero 1 1 0 0 0 1 0 0 117 of stack
cP Call an positive 1 1 1 1 0 1 0 0 117 PUSH B Push register Pair 8 & C on 1 1 [] 0 0 1 0 1 n
CPE Call on parity even 1 1 1 0 1 1 0 0 1Mn? stack
cP Compare immediate with A 1 1 1 1 1 1 1 0 7 PUSH D Push register Pair D & E on 1 1 0 1 0 1 0 1 ]
CPO Call on parity odd 1 1 1 [} 0 1 0 0 1mn? stack
[#4 Call on zero 1 1 0 0 1 1 0 0 117 PUSHH Push register Poir H & L on 1 1 1 0 0 1 0 1 n
DAA Decimal adjust A [1] 0 1 0 0 1 1 1 4 stack
DADB AddB&CIOH&L 6 0 o0 o0 1 0 0 1 0 PUSHPSW  Push A and Flags T 1y 0 1 0 1M
DAD D AddD&EOHAL [} 0 0 1 1 0 0 i 10 on stack
DAD H Add H& Lo H& L 0 0 1 0 1 0 0 1 10 RAL Rotate A left through carey 0 0 0 1 0 1 1 1 4
DAD SP Add stack pointer to H& L 0 0 1 1 1 0 0 1 10 RAR Rotate A right through 0 0 0 1 1 1 1 4
DCR M Cecrement memory 0 0 1 1 0 1 0 1 10 arry
DCR¢ Decrement register 0 0 [} D 1] 1 0 1 5 RC Return on carry 1 1 0 1 1 0 0 0 s/
Dcx s Oecrement B & C 0 0 0 0 1 0 1 1 5 RET Retura 1 1 0 0 1 0 0 1 10
DCX D Decrement D & E 6 0 0 1 1 0 1 1 5 RLC Rotate A left 0 0 0o o0 o0 1 1 1 4
OCX H Cecrement H & L 0 0 1 0 1 0 1 1 [ RM Return on minus 1 1 1 1 1 0 0 0 M
DCX SP Decrement stack pointer o0 1 1 1 0 1t 1 5§ RNC Return on no carry t 1t 0 1 0 0 0 0 S5M
] Disble Interrupt 1 1 1 1 0 0 1 1 4 RNZ Return on no zero 1 1 0 0 0 0 0 0 s/11
El Enable Interrupts 1 1 1 1 1 0 1 1 4 RP Return on positive 1 1 1 1 0 0 1] 0 5M
HLT Halt 0 1 1 1 0 1 1 0 7 RPE Return on perity even 1 1 1 0 1 0 0 0 s/
IN Input 1 1 0 1 1 0 1 1 10 RPO Return on parity odd 1 1 1 ] 0 0 1] 0 s/
INRM Increment memory 0 0 1 1 0 1 0 0 10 RAC Rotate A right 0 0 0 0 1 1 1 1 4
INRr Increment register 0 0 D D D 1 0 0 [ RST Restart 1 1 A A A 1 1 1 n
INX B Increment 8 & C registers 0 0 0 0 0 0 1 1 s RZ Return on zero 1 1 0 [} 1 0 0 0 sMm
INX D Increment O & E registers 0 0 0 1 0 0 1 1 [ SBB M Subtrect memory from A 1 0 0 1 1 1 1 0 7
INXH Increment H & L registers 0 0 1 0 1] 0 1 1 5 with borrow
INX SP Increment stack pointer 0 0 1 1 0 0 1 1 5 SBB s Subtract register from A 1 0 0 1 1 S S 4
Jc Jump on carry 1 1 0 1 1 0 1 0 10 with borrow
M Jump on minus 1 1 1 1 1 0 1 0 10 $B1 Subtract immediate from A 1 1 0 1 1 1 1 1] 7
JMP Jump unconditional 1 1 0 0 [ 0 1 1 10 with borrow
JNC Jump on na carry 1 1 /] 1 0 0 1 0 10 SHLD Store H & L direct 0 0 1 0 0 0 1 0 16
INZ Jump on na zera 1 1 0 0 0 0 1 0 10 SPHL H & L to stack pointer 1 1 1 1 1 [] 0 1 5
JP Jump on positive 1 1 1 1 o -0 1 0 10 STA Store A direct 0 0 1 1 0 0 1 0 13
JPE Jump on parity even 1 1 1 0 1 0 1 0 10 STAX B Store A indirect 0 0 0 0 0 0 1 0 7
JPO Jump on parity odd 1 1 1 0 0 0 1 0 10 STAX D Store A indirect 0 0 0 1 0 1] 1 0 7
32 Jump on zero 1 ] 0 0 1 0 1 0 10 STC Set carry 0 0 1 1 0 1 1 1 4
LDA Load A direct 0 0 1 1 1 0 1 0 13 susm Subtract memory from A 1 0 0 1 0 1 1 0 7
LDAX B Load A indiract 0 0 0 0 1 0 1 0 7 SUBr Subtract register from A 1 0 0 1 0 S S S 4
LDAX D Load A indirect 0 0 0 1 1 0 1 0 ? sul Subtract immedsate from A 1 1 0 1 0 1 1 0 7
LHLD Load H & L direct 0 0 1 [} i 0 1 0 16 XCHG Exchange D & E,H& L 1 i 1 0 1 0 1 1 4
LXI 8 Load immediate segister 0 0 0 0 0 0 0 1 10 Registers

Pair8 & C XBRA M Exclusive Or memory with A 1 0 1 0 1 1 0 7
LXI D Load immediate register [] L] 0 1 0 0 0 1 10 XRA 1 Exclusive Or register with A 1 0 1 0 1 S S S 4

Pair D & E XR) Exclusive Or immediate with 1 1 1 0 1 1 1 (] 7
LXIH Load immediate register 0 0 1 0 0 0 0 1 10 A

Pair H& L XTHL Exchange 1op of stack, H & L 1 1 1 0 0 0 1 1 18
LXI SP Load immadiate stack pointer 0 0 ] 1 0 0 0 1 10
NOTES: 1. DDD or SSS —000B — 001 C— 010D —011E — 100H — 101L — 110 Memory — 111 A,

2. Two possible cycle times, (6/11) indicate instruction cycles dependent on condition flags.



Dear Customer,

Please fill out the card below completely to make
sure your name is entered accurately on the MCS-80
Registered Users List. This assures you of getting the
latest information on all new MCS-80 Product Develop-
ments and Application Literature.

Any comments or suggestions regarding
MCS-80 would be appreciated.

Sincerely,

Ken McKenzie
MCS-80 Product Manager
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