&8l '3l

ML ___ _
.___________. 11 ._ i __

| ______ il

Chapter 6
MCS-85"







intel
8085A/8085A-2

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

W Single +5V Power Supply B Four Vectored Interrupt Inputs (One is
B 100% Software Compatible with 8080A "°“"‘2*‘;‘_sb'<lab_'ﬁ)eztlsta" 8080A-
mpatible in
B 1.3 us Instruction Cycle (8085A); compatible P
0.8 us (8085A-2) M Serial In/Serial Out Port
B On-Chip Clock Generator (with External . . -
Crystal, LC or RC Network) B Decimal, Binary and Double Precision

Arithmetic
B On-Chip System Controlier; Advanced
Cycle Status Information Available for B Direct Addressing Capability to 64k
Large System Control Bytes of Memory

The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 100% software compatible
with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed.

Its high level of system integration allows a minimum system of three IC's [8085A (CPU), 8156 (RAM/IO) and 8355/8755A

(ROM/PROM/I0)}] while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A.

The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the
8080A, thereby offering a high level of system integration.

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface with the 8085A.

INTA RST6.5 TRAP
INTR I RSTE5 | RST7S 1 siD SOD
INTERRUPT CONTROL SERIAL 1/O CONTROL
ﬁ 8-BIT INTERNAL DATA BUS
C 3
Z N N
N [
ACCUMULATOR TEMP. REG. INSTRUCTION
[ 8) REGISTER (8)
FLAG
FLIP-FLOPS
B 8) (o] 8
REG. REG.
INSTRUCTION ) 8 3 T8
DE‘;‘:‘gER REG. REG.
MACHINE H (81 L 18) | REGISTER
— CYCLE REG. REG. ARRAY
ENCODING 18
STACK POINTER
Y re——
116)
PROGRAM COUNTER
POWER | —= +5V
INCREMENTER/DECREMENTER
SUPPLY | —» GND ADDRESS LATCH 116)
<
TIMING AND CONTROL 2z
®) l (s)l
X K RESET I ADDRESS BUFFER ] DATA/ADDRESS BUFFER
X, —=f GEN CONTROL STATUS DMA —_— @
CLK OUT l RD WR ALE So$1 I10/M ' HLDA T RESET OUT A
T 15-Ag AD7-ADg
READY HoLb RESET IN ADDRESS BUS ADDRESS/DATA BUS

Figure 1. 8085A CPU Functional Block Diagram
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X1 Q1 40 vce
X2 02 39 3 HOLD
RESET OUT []3 38 HLDA
sopb 4 37 CLK (OUT)
SID s 36 J RESETIN
TRAP []6 35 1 READY
RST75 7 34 10/m
RST6.5 []8 30 5
RST55 o 323 RD
INTR []10 31| wR
inTA g1 % 0h ace
ADg [ 12 291 s
AD1 Q13 281 A5
AD2 14 27083 A4
AD3 []15 26 3 A13
AD4 Q16 250 A2
ADs [ 17 24 A
ADg Q18 233 A
AD7 19 22 Ag
vss [} 20 210 Ag

Figure 2. 8085A Pinout Diagram

8085A FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

Symbol
Ag-Ais
(Output, 3-state)

ADo-7
(Input/Output,
3-state)

ALE

(Output)

So, S1, and 10/M
(Output)

Function

Address Bus: The most significant 8
bits of the memory address or the 8
bits of the 1/0 address, 3-stated dur-
ing Hold and Halt modes and during
RESET.

Multiplexed Address/Data Bus: Low-
er 8 bits of the memory address (or
1/0 address) appear on the bus dur-
ing the first clock cycle (T state) of a
machine cycle. It then becomes the
data bus during the second and third
clock cycles.

Address Latch Enable: It occurs dur-
ing the first clock state of a machine
cycle and enables the address to get
latched into the on-chip latch of pe-
ripherals. The falling edge of ALE is
set to guarantee setup and hold times
for the address information. The fall-
ing edge of ALE can also be used to
strobe the status information. ALE is
never 3-stated.

Machine cycle status:

10/M S:1 So Status

Memory write
Memory read
170 write

1/0 read
Opcode fetch
Interrupt Acknowledge
Halt

Hold

Reset

= 3-state (high impedance)
X = unspecified

PR o S o e

*

XMXO 2 4 a0
X O 4 2O 40—

*

Symbol

RD
(Output, 3-state)

WR
(Output, 3-state)

READY
(Input)

HOLD

(Input)

HLDA

(Output)

INTR
(Input)

Function

S1 can be used as an advanced R/W
status. 10/M,So and S1 become valid
at the beginning of a machine cycle
and remain stable throughout the
cycle. The falling edge of ALE may be
used to latch the state of these lines.

READ control: A low level on RD in-
dicates the selected memory or 1/0
device is to be read and that the Data
Bus is available for the data transfer,
3-stated during Hold and Halt modes
and during RESET.

WRITE control: A low level on WR in-
dicates the data on the Data Bus is to
be written into the selected memory
or I/0 location. Data is set up at the
trailing edge of WR. 3-stated during
Hold and Halt modes and during
RESET.

IfREADY is high duringaread orwrite
cycle, it indicates that the memory or
peripheral is ready to send or receive
data. If READY is low, the cpu will
wait an integral number of clock
cycles for READY to go high before
completing the read or write cycle.

HOLD indicates that another master
is requesting the use of the address
and data buses. The cpu, upon re-
ceiving the hold request, will re-
linquish the use of the bus as soon as
the completion of the current bus
transfer. Internal processing can con-
tinue. The processor can regain the
bus only after the HOLD is removed.
When the HOLD isacknowledged, the
Address, Data, RD, WR, and 10/M
lines are 3-stated.

HOLD ACKNOWLEDGE: Indicates
that the cpu has received the HOLD
request and that it will relinquish the
bus in the next clock cycle. HLDA
goes low after the Hold request is
removed. The cpu takes the bus one
half clock cycle after HLDA goes low.

INTERRUPT REQUEST: is used as a
general purpose interrupt. It is sam-
pled only during the next to the last
clock cycle of an instruction and dur-
ing Hold and Halit states. If itis active,
the Program Counter (PC) will be in-
hibited from incrementing and an
INTA will be issued. During this cycle
a RESTART or CALL instruction can
be inserted to jump to the interrupt
service routine. The INTR is enabled
and disabled by software. It is dis-
abled by Reset and immediately after
an interrupt is accepted.



8085A/8085A-2

8085A FUNCTIONAL PIN DESCRIPTION (Continued)

allowing

Symbol Function Symbol Function

INTA INTERRUPT ACKNOWLEDGE: Is Schmitt-triggered  input,

(Output) used instead of (and has the same connection to an R-C network for
timing as) RD during the Instruction power-on RESET delay. The cpu is
cycle after an INTRis accepted. ltcan held in the reset condition as long as
be used to activate the 8259 Interrupt RESET IN is applied.
chip or some other interrupt port.

) RESET OUT Indicates cpu is being reset. Can be

22; 22 r:\ii.{:s;gzsi:ﬁepzi;ge;: Itrz;?; (Output) used as a system reset. The signal is

RST 7.5 except they cause an internal RE- synchronlzeq to the processor clock

} : and lasts an integral number of clock

(Inputs) START to be automatically inserted. periods

The priority of these interrupts is
. X1, X2 X1 and X2 are connected to a crystal,
prdered as shown In Tablg 1,’ These (Input) LC, or RC network todrivetheinternal

interrupts have a higher priority than
INTR. In addition, they may be indi- clock generator. X1 can also be an
o ' - external clock input from alogic gate.

vidually masked out using the SIM . TR

instruction The input frequency is divided by 2to
’ give the processor’s internal oper-

TRAP Trap interrupt is a nonmaskable RE- ating frequency.

(Input) START interrupt. It is recognized at
the same time as INTR or RST 5.5-7.5. CLK Clock Output for use as a system
It is unaffected by any mask or Inter- (Output) clock. The period of CLK is twice the
rupt Enable. It has the highest priority X1, X2 input period.
of any interrupt. (See Table 1.] sID Serial input data line. The data on this

RESET IN Sets the Program Counter to zero and (Input) line is loaded into accumulator bit 7

(Input) resets the interrupt Enable and HLDA whenever a RIM instruction is exe-
flip-flops. The dataand address buses cuted.
and the control lines are 3-stated dur- SOD Serial output data line. The output
ing RESET and because of the asyn- (Output) SOD is set or reset as specified by the
chronous_ nature of BESET, the pro- SIM instruction.
cessor's internal registers and flags
may be altered by RESET with unpre- Vee +5 volt supply.
dictable results. RESET IN is a Vss Ground Reference.

TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY
Address Branched To (1)
Name Priority When Interrupt Occurs Type Trigger

TRAP 1 24H Rising edge AND high leve! until sampled.
RST 7.5 2 3CH Rising edge (latched).

RST 6.5 3 34H High level until sampled.

RST 5.5 4 2CH High level until sampled.

INTR 5 See Note (2). High level until sampled.

NOTES:

(1) The processor pushes the PC on the stack before branching to the indicated address.
(2) The address branched to depends on the instruction provided to the cpu when the interrupt is
acknowledged.
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FUNCTIONAL DESCRIPTION

The 8085A is a complete 8-bit parallel central processor.
Itis designed with N-channel depletion loads and requires
a single +5 volt supply. Its basic clock speed is 3 MHz
(8085A ) or 5 MHz (8085A-21, thusimprovingonthe present
8080A’s performance with higher system speed. Also it is
designed to fit into a minimum system of three IC's: The
cpu (8085A1, a RAM/IO 181561, and a ROM or EPROM/IO
chip (8355 or 8755A.

The 8085A has twelve addressable 8-bit registers. Four of
them can function only as two 16-bit register pairs. Six
others can be used interchangeably as 8-bit registers or
as 16-bit register pairs. The 8085A register setisasfoliows:

Mnemonic Register Contents
ACCorA Accumulator 8 bits
PC Program Counter 16-bit address
BC,DE HL General-Purpose 8 bits x 6 or
Registers; data 16 bits x 3
pointer (HL:
SP Stack Pointer 16-bit address
Flags or F Flag Register 5flags (8-bitspace:

The 8085A uses a multiplexed Data Bus. The address is
split between the higher 8-bit Address Bus and the lower
8-bit Address/Data Bus. During the first T state (clock
cycle; of a machine cycle the low order address is sent
out on the Address/Data bus. These lower 8 bits may be
latched externally by the Address Latch Enable signal
{ALE ). During the rest ofthe machine cycle the data bus is
used for memory or I/0 data.

The 8085A provides RD, WR, So. Sy, and 10/M signals for
bus control. An Interrupt Acknowledge signal (INTA) is
also provided. HOLD and all Interrupts are synchronized
with the processor’s internal clock. The 8085A aiso pro-
vides Serial Input Data (SID) and Serial Output Data
(SODy lines for simple serial interface.

In addition to these features, the 8085A has three mask-
able, vector interrupt pins and one nonmaskable TRAP
interrupt.

INTERRUPT AND SERIAL 1/0

The 8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5,
RST 7.5, and TRAP. INTR is identical in function to the
8080A INT. Each of the three RESTART inputs, 5.5, 6.5,
and 7.5, has a programmable mask. TRAP is also a
RESTART interrupt but it is nonmaskable.

The three maskable interrupts cause the internal execu-
tion of RESTART isaving the program counter in the stack
and branching to the RESTART address. if the interrupts
are enabled and if the interrupt mask is not set. The non-
maskable TRAP causes the internal execution of a
RESTART vector independent of the state of the inter-
rupt enable or masks. (See Table 1.,

There are two different types of inputs in the restart in-
terrupts. RST 5.5 and RST 6.5 are high level-sensitive like
INTR tand INT on the 8080) and are recognized with the
same timing as INTR. RST 7.5 is rising edge-sensitive.

For RST 7.5, only a pulse is required to set an internal
flip-flop which generates the internal interrupt request.
(See Section 5.2.7.1 The RST 7.5 request flip-flop remains
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set until the request is serviced. Then it is reset auto-
matically. This flip-flop may also be reset by using the
SIM instruction or by issuing a RESET IN to the 8085A.
The RST 7.5 internal flip-flop will be set by a pulse on the
RST 7.5 pineven when the RST 7.5 interruptis masked out.

The status of the three RST interrupt masks can only be
affected by the SIM instruction and RESET IN. (See SIM,
Chapter 5.

The interrupts are arranged in a fixed priority that deter-
mines which interrupt is to be recognized if more than
one is pending as follows: TRAP — highest priority,
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This
priority scheme does not take into account the priority
of a routine that was started by a higher priority interrupt.
RST 5.5 can interrupt an RST 7.5 routine if the interrupts
are re-enabled before the end of the RST 7.5 routine.

The TRAP interrupt is useful for catastrophic events such
as power failure or bus error. The TRAP input is recog-
nized just as any other interrupt but has the highest
priority. It is not affected by any flag or mask. The TRAP
input is both edge and level sensitive. The TRAP input
must go high and remain high until it is acknowledged.
It will not be recognized again until it goes low, then high
again. This avoids any false triggering due to noise or
logic glitches. Figure 3 illustrates the TRAP interrupt
request circuitry within the 8085A. Note that the servicing
of any interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR)
disables all future interrupts (except TRAPs) until an EIl
instruction is executed.

INSIDE THE
EXTERNAL | B085A
TRAP
INTERRUPT
REQUEST | TRAP
RESET IN SCHMITT
TRIGGER
RESET
INTERRUPT
+sv—D CLK REQUEST
Q
D
F/F
CLEAR
INTERNAL TRAP F.F.
TRAP
ACKNOWLEDGE

Figure 3. TRAP and RESET IN Circuit

The TRAP interrupt is special in that it disables interrupts,
but preserves the previous interrupt enable status. Per-
forming the first RIM instruction following a TRAP inter-
rupt allows you to determine whether interrupts were
enabled or disabled prior to the TRAP. All subsequent
RIM instructions provide current interrupt enable status.
Performing a RIM instruction following INTR, or RST
5.5-7.5 will provide current Interrupt Enable status,
revealing that Interrupts are disabled. See the descrip-
tion of the RIM instruction in Chapter 5.

The serial I/0 system is also controlled by the RIM and

SIM instructions. SID is read by RIM, and SIM sets the
SOD data.
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DRIVING THE X1 AND X2 INPUTS

You may drive the clock inputs of the 8085A or 8085A-2
with a crystal, an LC tuned circuit, an RC network, or an
external clock source. The driving frequency must be at
least 1 MHz, and must be twice the desired internal clock
frequency; hence, the 8085A is operated with a 6 MHz
crystal (for 3 MHz clock), and the 8085A-2 can be operated
with a 10 MHz crystal (for 5§ MHz clock). If a crystal is used,
it must have the following characteristics:

Parallel resonance at twice the clock frequency desired
CL (load capacitance} < 30 pf

Cs (shunt capacitance) < 7 pf

Rs (equivalent shunt resistance) < 75 Ohms

Drive level: 10 mW

Frequency tolerance: +.005% (suggested)

Note the use of the 20pF capacitor between X, and
ground. This capacitor is required with crystal
frequencies below 4 MHz to assure oscillator startup at
the correct frequency. A parallel-resonant LC circuit
may be used as the frequency-determining network for
the 8085A, providing that its frequency tolerance of
approximately +10% is acceptable. The components
are chosen from the formula:

S R
2m\/L(Cext + Cint)

To minimize variations in frequency, it is recommended
that you choose a value for Cext that is at least twice that
of Cint, or 30 pF. The use of an LC circuit is not recom-
mended for frequencies higher than approximately 5 MHz.

An RC circuit may be used as the frequency-determining
network for the 8085A if maintaining a precise clock fre-
quency is of no importance. Variations in the on-chip
timing generation can cause a wide variation in frequency
when using the RC mode. lts advantage is its low com-
ponent cost. The driving frequency generated by the
circuit shown is approximately 3 MHz. It is not recom-
mended that frequencies greatly higher or lower than this
be attempted.

Figure 4 shows the recommended clock driver circuits.
Note in D and E that pullup resistors are required to assure
that the high level voltage of the input is at least 4 V.

For driving frequencies up to and including 6 MHz you
may supply the driving signal to Xy and leave X2 open-
circuited (Figue 4D). If the driving frequency is from 8 MHz
to 10 MHz, stability of the clock generator will be improved
by driving both X1 and X2 with a push-pull source (Figure
4E}. To prevent self-oscillation of the 8085A, be sure that
X2 is not coupled back to X1 through the driving circuit.

X, 8085A
—-—-
1 !
e
[ INT
—‘— * ~15pF
Rt I
-[_ > I
= 20pF* 2] x |
[
L.
*20 pF CAPACITORS REQUIRED FOR

CRYSTAL FREQUENCY - 4 MHz ONLY.

A. Quartz Crystal Clock Driver

8085A

— -

1

Lext A= Cexr

B. LC Tuned Circuit Clock Driver

8085A

C. RC Circuit Clock Driver

A— Yt

*X2 LEFT FLOATING

D. 1-6 MHz Input Frequency External Clock Driver
Circuit

+5V
Low time > 40 ns

—

X3

X2

E. 1-10 MHz Input Frequency External Clock Driver
Circuit

Figure 4. Clock Driver Circuits
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GENERATING AN 8085A WAIT STATE

if your system requirements are such that slow memories
or peripheral devices are being used, the circuit shown in
Figure 5 may be used to insert one WAIT state in each
8085A machine cycle

The D flip-flops should be chosen so that
e CLK is rising edge-triggered
® CLEAR is low-level active.

CLEAR 8085A
ALE —|CLK CLK OUTPUT —{CLK T0
8085A
D" D" READY
F/F o F/F a | INPUT
+5V —=ID D

Figure 5. Generation of a Wait State for 8085A CPU

As in the 8080, the READY line is used to extend the read
and write pulse lengths so that the 8085A can be used with
slow memory. HOLD causes the cpu to relinquish the bus
when itis through with it by floating the Address and Data
Buses.

SYSTEM INTERFACE

The 8085A family includes memory components, which
are directly compatible to the 8085A cpu. For example, a
system consisting of the three chips, 8085A, 8156, and
8355 will have the following features:

e 2K Bytes ROM

e 256 Bytes RAM

e 1 Timer/Counter

e 4 8-bit I/0 Ports

e 1 6-bit 1/0 Port

e 4 Interrupt Levels

e Serial In/Serial Out Ports

This minimum system, using the standard 1/0 technique
is as shown in Figure 6.

In addition to standard I/O, the memory mapped 1/0
offers an efficient I/O addressing technique. With this
technique, an area of memory address space is assigned
for I/0 address, thereby, using the memory address for
1/0 manipulation. Figure 7 shows the system configura-
tion of Memory Mapped 1/0 using 8085A.

The 8085A cpu can also interface with the standard
memory that does not have the multiplexed address/data
bus. It will require a simple 8212 (8-bit latch) as shown in
Figure 8.

d0h 77

X| X2 RESET IN
——=1 TRAP HOLD
—=|Rs175 HLDA
—| RsT65 soD
8085A
—«|RsT55 SID
—=INTR s,
RESET
o LS ~ Tour Sy
ADDR DATA ALE RD WR IO/M RDY CLK
VSS VCC
8 @) 1 l
o ce  PORT
Al
WR
7 g e o
"g156 B
ALE  poRT
DATA/ ¢ m
ADDR
n IN
10/M  TIMER |—
|—
reser  OUT)
oW
RD
ALE
Y @ A
E—— AB 10
8355/
8755A
DATA/
ADDR
'O/M o
RESET 8
——+——|RDY Vee
p—{cLK iOR ol
Vss Vee Voo PROG
ANV Vee
AN Vee
N\ Rl "

*NOTE: OPTIONAL CONNECTION

Figure 6. 8085A Minimum System (Standard 1/0

Technique)
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8085A

A8-15

8085A MINIMUM SYSTEM CONFIGURATION
v —r ~ >

@ﬂ

ALE

RD

WR

—Vee

10/M

CLK

RESET OUT

READY

T
t
|
t
|
I

RESET

'

TIMER
IN

[CLK]|

g

]
D

3

<

w75 ave | ce A0 | oo A8- AD| 10/ | clash
WR|RD| ALE \707 / 10 07| CE| W | AL

TIMER
ouTt

[RAM + I/0 + COUNTER/TIMER]

8156 8355 [ROM +1/0]
OR

8755A [PROM + 1/0]

*NOTE: OPTIONAL CONNECTION t t I t t

Figure 7. MCS-85™ Minimum System (Memory Mapped 1/0)

){_H:]'_)! vis Vfc l

RESET IN
—={ TRAP HOLI
—=1RST7 HLDA
—={RsT6 SoD
—={RSTS 8085A
—={INTR
INTA RESET
NTA ADDR/
ADDR DATA ALE RD WR 10/M  RDY CLK
(8) (8)]
10/M (CS)
WR
8212f =~ |—4 RD
DATA
STANDARD
MEMORY
) ADDR (CS}
¢ V
(8)
CLK
RESET
10/M (CS) 1/0 PORTS,
- CONTROLS
WR
RD
DATA
STANDARD
1/0
ADDR
\/[t U ‘
Vee
AN Veo
—AMN— Ve

Figure 8. MCS-85™ System (Using Standard Memories)
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BASIC SYSTEM TIMING

The 8085A has a multiplexed Data Bus. ALE is used as a
strobe to sample the lower 8-bits of address on the Data
Bus. Figure 9 shows an instruction fetch, memory read
and 1/0 write cycle (as would occur during processing of
the OUT instruction). Note that during the 1/0 write and
read cycle that the I/0 port address is copied on both the
upper and lower half of the address.

There are seven possible types of machine cycles. Which
of these seven takes place is defined by the status of the
three status lines (IO/M, S1, So) and the three contro!
signals (R_D, WR, and INTA). (See Table 2.) The status
lines can be used as advanced controls (for device selec-
tion, for example), since they become active at the T4
state, at the outset of each machine cycle. Control lines
RD and WR become active later, at the time when the
transfer of data is to take place, so are used as command
lines.

A machine cycle normally consists of three T states, with
the exception of OPCODE FETCH, which normaily has
either four or six T states (unless WAIT or HOLD states
are forced by the receipt of READY or HOLD inputs). Any
T state must be one of ten possible states, shown in
Table 3.

TABLE 2. 8085A MACHINE CYCLE CHART

STATUS CONTROL
MACHINE CY! = — e e
CLE 10/M | S1]S0 |RD R|INTA
OPCODE FETCH  (OF) 0 11 1] 0 1 1
MEMORY READ (MR) 0 1 ol 0 1 1
MEMORY WRITE (Mw) 0 o] 1 1 0 1
/0O READ {IOR} 1 1 o) 0 1 1
1/0 WRITE (row) 1 0 1 1 0 1
ACKNOWLEDGE
OF INTR (INA) 1 11 1 0
BUS IDLE (B1): DAD 0 1 0 1 1 1
ACK. OF
RST, TRAP 1 1 1 1 1 1
HALT TS 0 Of[TS | TS i
TABLE 3. 8085A MACHINE STATE CHART
Status & Buses Control
Machine |/
State  {$1,80 |10/Vi|Ag-Aq5|ADg-AD;|RD,WR|INTA|ALE
T X X X X 1 1 17
Ty X | X X X X x| o
TwarT X | x X X X X | 0
T3 X X X X X X 0
Ta 1 0 X TS 1 1 0
Ts 1 0! X TS 1 1 0
Te 1o X TS 1 140
Treser | X | TS | TS TS TS 110
THALT o | TS ! TS TS TS 140
ThoLD X | TS TS TS TS 1 0
0 = Logic 0" TS = High Impedance
1= Logic 1" X = Unspecified

* ALE not generated during 2nd and 3rd machire cycles of DAD instruction

1t 10/M = 1 during T4-Tg of INA machine cycle.

My M,
cLK T, T, T T, T, T, T
Ag-Ayg PC,, {HIGH ORDER ADDRESS} (PC + 1), 10 PORT
(LOW ORDER DATA FROM DATA FROM MEMORY DATA TO MEMORY
ADDRESS) MEMORY (1/0 PORT ADDRESS) OR PERIPHERAL
(INSTRUCTION)
ALE

I WY e e WY

WR
10/f \ / \
STATUS $1So (FETCH) 10 (READ) x 01 WRITE >< 1

Figure 9. 8085A Basic System Timing
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TABLE 4. ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . ... ... 0°C to 70°C
Storage Temperature . . .. .......... —65°C to +150°C
Voltage on Any Pin

With Respectto Ground . . . .. ....... —0.5V to +7V
Power Dissipation . . . . .............. 1.5 Watt

TABLE 5. D.C. CHARACTERISTICS

*“COMMENT

Stresses above those tisted under “Absolute Maximum Ratings” may cause
permanent damage to the device. Thisis a stress rating only and functionai
operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods
may affect device reliability.

(To =0°Cto 70°C; Vg = 5V £5%; Vgg = OV, unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 \Y)

VIH Input High Voltage 2.0 Vee 0.5 \%

VoL Output Low Voltage 0.45 \% loL = 2mA

VoH QOutput High Voltage 2.4 \" lon = -400uA
lee Power Supply Current 170 mA

I Input Leakage +10 uA Vin = Vee

Lo Output Leakage +10 LA 0.45V < Vot < Ve
ViLR Input Low Level, RESET -0.5 +0.8 \%

VIHR Input High Level, RESET 24 Ve 10.5 Y

Vuy Hysteresis, RESET 0.256 \
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TABLE 6. A.C. CHARACTERISTICS
Ta=0°C t0 70°C; Voo =5V 5%; Vgg =0V

\ 8085A-2121
Symbol Parameter 8085A" (Preliminary) Units
Min. Max. Min. Max.

teve CLK Cycle Period 320 2000 200 2000 ns
t CLK Low Time (Standard CLK Loading) 80 40 ns
1, CLK High Time (Standard CLK Loading) 120 70 ns
tt CLK Rise and Fall Time 30 30 ns
tyxkr X4 Rising to CLK Rising 30 120 30 100 ns
txkre X4 Rising to CLK Falling 30 150 30 110 ns
tac Ag.15 Valid to Leading Edge of Controll!] 270 115 ns
tacL Ag.7 Valid to Leading Edge of Controi 240 115 ns
tap Ay_15 Valid to Valid Data In 575 350 ns
tarr Address Float After Leading Edge of

READ (INTA) 0 0 ns
taL Ag_15 Valid Before Trailing Edge of ALE!" 115 50 ns
taLL Aq_7 Valid Before Trailing Edge of ALE 90 50 ns
taARy READY Valid from Address Valid 220 100 ns
tca Address (Ag_;5) Valid After Control 120 60 ns
tec Width of Control Low (RD, WR, INTA)

Edge of ALE 400 230 ns
toL Trailing Edge of Control to Leading Edge

of ALE 50 25 ns
tow Data Valid to Trailing Edge of WRITE 420 230 ns
tHABE HLDA to Bus Enable 210 150 ns
thaBE Bus Float After HLDA 210 150 ns
tHack HLDA Valid to Trailing Edge of CLK 110 40 ns
tHow HOLD Hold Time 0 0 ns
thps HOLD Setup Time to Trailing Edge of CLK 170 120 ns
tine INTR Hold Time 0 0 ns
tins INTR, RST, and TRAP Setup Time to

Falling Edge of CLK 160 150 ns
ta Address Hold Time After ALE 100 50 ns
tic Trailing Edge of ALE to Leading Edge

of Control 130 60 ns
tick ALE Low During CLK High 100 50 ns
tior ALE to Valid Data During Read 460 270 ns
tiow ALE to Valid Data During Write 200 120 ns
tL ALE Width 140 80 ns
t Ry ALE to READY Stable 110 30 ns
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Table 6. A.C. Characteristics (Cont.)

8085A-212
Symbol Parameter 8085A12] (Preliminary) Units
Min. Max. Min. Max.
tRAE Trailing Edge of READ to Re-Enabling 150 90 ns
of Address
tRD READ (or INTA) to Valid Data 300 150 ns
try Control Trailing Edge to Leading Edge 400 220 ns
of Next Control
trpn | Data Hold Time After READ INTA"! 0 0 ns
tRYH READY Hold Time 0 0 ns
trys READY Setup Time to Leading Edge 110 100 ns
of CLK
twD Data Valid After Trailing Edge of WRITE 100 60 ns
twpL | LEADING Edge of WRITE to Data Valid 40 20 ns
Notes:

1. AgAjgaddress Specs apply to 10/M. Sg. and S¢ except Ag-Ays are undefined during T4-Tg of OF cycle

whereas 10/M. Sg. andS; are stable.

2. Test conditions: toyg = 320ns (8085A)/200ns (B085A-2): C| = 150 pF.
3. For all output timing where C_= 150pF use the following correction factors:

25pF < G < 150pF: -0.10ns/pF
150 pF < G < 300pF: +0.30ns/pF

N o &

Output timings are measured with purely capacitive load.

Input Waveform for A.C. Tests:

To calculate timing specifications at other values of tgyc use Table 7.
Data hold time is guaranteed under all loading conditions.

All timings are measured at output votage V=08V, Vy=20V. and 1.5V with 20ns rise and fall time on inputs.

24

2.0 20
~ _—
XO . — TESTPOINTS o8

0.45
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TABLE 7. BUS TIMING SPECIFICATION AS A Tcyc DEPENDENT

8085A 8085A-2 (Preliminary)
AL - (1/2) T - 45 MIN tAL - (1/2) T - 50 MIN
ta - (1/2) T - 60 MIN A - (1/2) T - 50 MIN
tL - (1/2) T-20 MIN toL - (1/2) T-20 MIN
tck - (1/2) T - 60 MIN ek - (1/2) T - 50 MIN
te - (1/2) T- 30 MIN tie - (1/2) T- 40 MIN
TAD - (5/2+N) T-225 MAX taD - (5/2+N) T -150 MAX
trRD - (3/2+N) T-180 MAX trD - (3/2+N) T-150 MAX
traE - {1/2)T-10 MIN | tRaE - (/2T-10 MIN
tea - (1/2T-40 MIN tca - (1/2T-40 MIN
tow - (3/2+N) T-60 MIN | Tow - (3/2+N) T-170 MIN
twp - (1/2) T - 60 MIN twp - (1/2) T - 40 MIN
tee —  (32+N)T-80 MIN toe - (32+N)T-70 MIN
toL - (1/2) T- 110 MIN toL - (1/2) T-75 MIN
TARY - (3/2) T - 260 MAX tARY - (3/2) T - 200 MAX
tHACK - (1/2) T - 50 MIN thack - (1/2) T - 60 MIN
thaBF - (1/2) T +50 MAX tHABF - (1/2) T +50 MAX
THABE - (1/2) T + 50 MAX tHABE - (1/2) T +50 MAX
tac - (2/2) T - 50 MIN tac - (2/2) T- 85 MIN
t - (1/2) T - 80 MIN ty - (1/2) T- 60 MIN
t, - (1/2) T - 40 MIN t, - (1/2) T- 30 MIN
tay - (3/2) T- 80 MIN tay - (3/2) T- 80 MIN
1 DR — (4/2) T-180 MAX t bR - (4/2) T-130 MAX
NOTE: N isequal to the total WAIT states. NOTE: N isequal to the total WAIT states.
T=1tcve. T=tcve.
X1 INPUT /_\_/__\__/—-—\__/—\

CLK
ouTPuT

o { xR e

]

- e

IXKF ;4*

t2

Figure 10. Clock Timing Waveform
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Read Operation

le— tek—i D —
AgAts ADDRESS
; .
'« tRag
o e ——— = p fROH —»! - i
| |
AD,-AD R
o 7 ADDRESS DATA IN
!
r*' Q| je - Yp
t - Mo | pr—
ae F AR - e to y
- AL — —— — - lgp—— ‘
- tee ;
RD/INTA ¢ z‘
U R
tac !
Write Operation
T ’ Ta T T
CLK
|.; ek —]
L
Ag-Asg X ADDRESS
tea—>
|¢; tLow -.(
¢ T
ADD—AD7 ADDRESS DATA OUT K
}4-— ] | 'LA“*‘ tow - typ —>
1
ALEj TR wot
e taL —»
- t
W cc
e t e —] - top =

tac

Read operation with Wait Cycle (Typical) — same READY timing applies to WRITE operation.

T T2 Twart ) T3 i T
~— tick :¢-__ tca _.I
s I i
- (F H
Ag-Ars X ADDRESS Ao ; j(
— |
- tRAE
tap ROH = i<
| . i
ADg Al / '
0-AD; ADDRESS DATA IN
[
ol i
[ T

tAFR —» L—

- tLor
) '
I +
- faL = e e trp | ;
[ e
RD/INTA . \
- e~y A
e ———tL Ry T
e BAC e s ‘
i —— taRy tays | tRym trys tRYH
READY V‘ !;;;;;;;» /

NOTE 1: READY I UST REMAIN STABLE DURING SETUP AND HOLD TIMES.

Figure 11. 8085A Bus Timing, With and Without Wait
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Hold Operation

T T3 ThoLo ThoLp L
N /SN /[ N/ \__ [\ 7
{ (e
=37
HoLo_| ﬁ_gg, o ‘\
{ §
tHDs tHoH "‘HACK
: f—
HLDA
tHABF e —
tHaBE —
BUS (ADDRESS, CONTROLS) ¥
Figure 12. 8085A Hold Timing.
|
| K T T T T T ThoLo T T

ADg_. CALL INST.
v X ) )

[¢——————————— BUS FLOATING*

ALE ’ \

—_—

—i f
{ 4
I ) ¥
INTA \ / |
thase
777
INTR, /) / &
. / .
—
Uns Yinm
777 4 —f
HOLD i/ N
L)
tos — tupH
] —
HLDA /

tHack [+ thagr

*10/M 1S ALSO FLOATING DURING THIS TIME,

Figure 13. B085A Interrupt and Hold Timing
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8085A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING

Table 6-1
Instruction Code (1) tnstruction Code (1)
Mnemonic  Description By Dg Ds Dg D3 Dz Dy Dp Page Mnemonic  Description 0Dy Dg Dg Dg D3 D2 Dt Dp Page
MOVE, LOAD, AND STORE
MOVr1r2  Move register to register Q 1 0 D oD S S S 54 (4 Call on zero 1 1 0 0 1 1 0 0 514
MOV M.r Move register to memory 0 1 1 1 1] S S S 54 CNZ Call on no zero 1 1 0 i) 0 1 0 0 514
MOV M Move memory to register 0 1 D 0 8] 1 1 0 54 cp Call on positive 1 1 1 1 0 1 0 0 514
MVir Move immediate register 0 8t o D D 1 10 54 ™ Call on minus 1 1 1 1 1 1 0 0 514
MVIM Move immediate memory 0 0 1 1 0 1 1 0 54 CPE Call on parity even 1 1 1 0 1 1 0 0 514
LXI8 Load immediate register 0 0 0 0 0 0 0 1 55 cPO Call on parity odd t 1t 1 06 0 1V 0 0 514
Pair8& C RETURN
LXip Load immediate register 0 0 0 1 0 0 0 1 55 RET Return 1 1 0 0 1 0 0 1 514
Pair D & E RC Return on carry T 1 0 1t 1 0 0 0 51
LX{H Load immediate register 0 0 1 0 0 0 0 1 556 RNC Return on no carry 1 1 0 1 0 0 0 0 514
PairH & L RZ Return on zero 1 1 6 0 1 0 0 0 514
STAX B Store A indirect 0 0 0 0 0 0 1 0 58 ANZ Return on no zero 1 1 0 o 0 0 0 0 514
STAX D Stare A indirect 0 0 0 1 0 0 1 0 56 RP Return on positive 1 ] 1 1 0 o ¢ 0 510
LDAX B Load A indirect 0 0 0 0 1 0 1 0 55 RM Return on minus 1 7 1 1 1 0 0 0 514
LDAXD  Load A indirect L RPE Return on parity even i1 1 0 1 0 0 0 514
STA Store A direct o 0 1T 0T 0 S RPO Return on parity odd t1 1 0 0 5 b 0 5
LDA LoadAdlrecIv 0 0 1 1 1 0 1 0 55 RESTART
SHLD Store H & L direct 0 0 1 0 0 0 1 0 55
i RST Restart 1 1 A A A 1 1 1 514
LHLD Load H & L direct 0 0 1 0 1 0 1 0 55
XCHG Exchange D& E. H& L 1 1 1 0 1 0 1 T 58 INPUT/DUTPUT
Registers IN fnput 1 1 b} 1 1 0 t 1 516
STACK OPS ouT Output 11 0 1 0 0 1 1 56
PUSHB  Push register Pair B & 11 0 0 0 1 0 1 515 INCREMENT AND DECREMENT
C on stack INRT Increment register 0 0 D D D 1 ] 0 538
PUSH D Push register Pair D & 1 1 0 1 0 1 0 1 515 DCR Decrement register 0 0 0 0 D 1 0 1 58
E on stack INR M Increment memaory 0 0 1 1 0 1 2 0 58
PUSH H Push register Pair H & i 1 1 0 Q 1 0 1 51% OCR M Decrement memory 0 0 1 1 0 1 0 1 58
L on stack INX B Increment B & G o 0 o0 0 0 6 1 1 58
PUSH PSW  Push A and Flags 1 1 1 0 1 06 1 515 registers
on stack INX D Increment D & E 6 o o 1 0 0 1 1 58
POPR Pop register Pair B & 1 1 0 0 0 0 0 1 515 registers
C off stack INX H Increment H & L o 0o 1 o0 0 0 1 1 539
POPO Pop register Pair D & 1 1 0 1 0 0 0 t 515 registers
E off stack
POPH Pop register Pair H & 1 1 1 0 g il 4 1 515 pexs Decrement B & & v o o 0 ! 0 ! b
L off stack 0CX D Decrement D & € 0 0 0 1 1 hij 1 i 59
POPPSW  Pop A and Flags v 1 1 1 8 0 0 1 5§ DCXH  DecrementH& L o008
off stack ADD
XTHL Exchange top of 1 1 1 0 0 0 1 1 518 ADDr Add register to A 1 0 [ 0 0 S s S 586
stack, H & L ADCr Add register to A 1 0 0 0 1 S S S 56
SPHL H & L to stack pointer 1 1 1 1 1 0 0 1 516 with carry
LX! 8P Loard immediate stack 0 0 1 1 0 0 0 1 55 ADDM Add memory to A 1 c ¢ o 0o 1 10 58
painter ADCM Add memory to A 1 4 0 0 1 1 1 g 57
{NX SP Increment stack pointer 0 0 1 1 0 0 1 1 59 with carry
DCX SP Decrement stack 0 i} 1 1 1 0 1 1 59 ADI Add immediate to A 1 1 0 0 i 1 1 0 56
pointer ALl Add immediate to A 1 1 0 1 1 1 0 57
JUMP with carry
Jmp Jump unconditional 1 1 4 0 n 0 1 1 513 DAD 8 AddBECtoH &L 0 0 0 o ! 0 0 1o
mn Jump on carry 1 1 0 1 ] 0 1 0 512 DAD D AddD&EtoH&L 0 0 0 1 1 a 0 159
NG Jump on ne carry ) 1 0 1 0 o ] 0 512 DADH AddH& LtoH&L 0 0 1 0 1 0 0 159
1z Jump on zers 1 1 0 0 i 9 1 0 o513 DAD SP Add stack pointer to 0 I 1 1 1 n Q 1 548
INZ Jump on no zero 1 1 0 0 0 0 1 0 513 HEL
i Jump on positive 1 1 1 1 0 0 1 0 513 SUBTRACT
" Jump on minus 1 1 1 1 1 0 1 0 513 SUB ¥ iSulchr register 1 Q 0 1 0 S s § 57
rom
IPE Jump on parity even ! ! ! 0 ! 0 ! 0 513 SBB 1 Subtract register from 1 ] 0 1 1 S N S 57
JPO Jump on parity odd 1 1 1 0 1] 0 1 0 513 A with horrow
PeHL H & L to program L SUBM  Subiract memory R I T I R R %
counter from A
CALL SBR M Subtract memory from T 0 0 1 1 1 1 0 58
CALL Call unconditional 1 1 4 0 1 1 0 1 513 A with borrow
cc Call on carry 1 1 [ 1 T 0 0 514 Sul Subtract immediate 1 1 0t 9 1 o0 57
CNC Call on no carry 1 1 0 1 0 1 0 g 514 from A

* All mnemonics copyrighted « Intel Corporation 1976.
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8085A INSTRUCTION SET SUMMARY (Cont’d)

Table 6-1
Instruction Code (1) Instruction Code (1)

Mnemonic  Description Dy Dg D Dg D3 D2 Dy Op Page Mnemonic  Description D7 Dg D5 Dg D3 Dz Dy Op Page
SBI Subtract immediate 1 1 0 1 1 1 1 0 58 RRC Rotate A right 0 0 0 0 1 1 1 1 512

from A with borrow RAL Rotate A left through 0o 0 0 1 0 1 1 1 512
LOGICAL carry
ANA 1 And register with A 1 0 1 0 i} S S S 59 RAR Rotate A right through 0 0 0 1 1 1 1 1 512
XRAr Exclusive OR register 1 [} 1 0 1 S S S 510 carry

with A
ORA« OR register with A 1 0 1 1 0 S S § 510 SPECIALS
CMP ¢ Compareregisterwith A 1 0 1 1 1 § § § 51 CMA Complement A o ¢ 1 0 1 11 s
ANAM  And memory with A 1 0 1 0 0 1 1 0 50 s1C Set carry o o 1 10 1115
XRAM  ExclusveORmemory 1 0 1 0 1 1 1 0 510 cme Complement carry i

with A DAA Decimal adjust A 0 0 1 0 0 1 1 1 59
ORAM OR memory with A 1 0 1 1 0 1 1 0 5n CONTROL
CMP M Compare memory with A 1 0 1 1 1 1 1 0 511
ANI Andimmediatewith A+ 1 1 0 0 1 1 0 510 El Enable interrupts L
XRI Exclusive OR immediste 1 1 1 0 1 1 1 0 510 ol Disable Interrupt L

with A NOP No-operation 0 0o 0 0 0 0 0 0 517
ORt OR immediate with A 1 1 T 1 0 1t 1 0 511 HLT Halt o 1 1 1 0 1 1 0 517
cPl Compare immediate 1 1 1 1 1 1 1 0 5N

with A NEW 8085A INSTRUCTIONS
ROTATE RIM Read Interrupt Mask 0o 0 1 @ 0 0 0 0 517
RLC Rotate A left 0 Q 0 0 0 1 1 1 51 SiM Set Interrupt Mask 1] 0 1 1 0 0 0 0 518

NOTES: 1. DDS or $SS: B 000, C 001, D 010, EO11, H 100, L 101, Memory 110, A 111,
2. Two possible cycle times. {6/12) indicate instruction cycles dependent on condition flags.

*All mnemonics copyrighted < Intel Corporation 1976.
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8155/8156/8155-2/8156-2
2048 BIT STATIC MOS RAM WITH I/0 PORTS AND TIMER

B 256 Word x 8 Bits 8 1 Programmable 6-Bit 1/0 Port
B Single +5V Power Supply H Programmable 14-Bit Binary Counter/
B Completely Static Operation Timer
® Internal Address Latch B Compatible with 8085A and 8088 CPU
B 2 Programmable 8 Bit I/0 Ports B Multiplexed Address and Data Bus

B 40 Pin DIP

The 8155 and 89156 are RAM and |/O chips tc be used in the 8085A and 8088 microprocessor systems. The
RAM portion is designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns
to permit use with no wait states in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use
with the 8085A-2 and the fuil speed 5 MHz 8088 CPU.

The I/0 portion consists of three general purpose 170 ports. One of the three ports can be programmed to be status
pins, thus allowing the other two ports to operate in handshake mode.

A 14-bit programmable counter/timer is jalso included on chip to provide either a square wave or terminal count pulse
for the CPU system depending on timer mode.

PIN CONFIGURATION BLOCK DIAGRAM
PCc, ~ 40 [ Vee
rc, [ 2 39{] rc, —
TIMERIN [] 3 38 ] pc, 10/M PORT A
A PR P o K
PC, 5 36 (1 PB
,,,,,,, s O i AD, 256 X 8 L]
TIMER OUT [] 6 35 [ PBg STATIC
o/m O 7 34 p8 ]
_ O [] PBg RAM PORT B
woreds mpe A | KEEm
— ~7
b Qe . H 76 ALE—
WR Q10 g5 31 P8, B L
ALE [J 11 grs5.2/ 300 P8, RO == —
AD, [J12 81562 297 pB, R _— PORT C
AD, 13 287 PA, c <I>Pco\5
ap, 015 26 [ PA, —_
AD 16 2517 PA
« O 4 TIMER CLK Ve (45V)
ap; {17 247 PA; PR
TIMER OUT Vgs (OV)
S
ADg [ 18 23] PA,
AD, [ 19 22[] pPA,
Ves (] 20 21[1 pa,

*:18155/8155-2 = CE, 8156/8156-2 = CE




8155/8156/8155-2/8156-2

8155/8156 PIN FUNCTIONS

Symbol

RESET
finput)

ADo-7
tinput)

CEor CE
(input)
RD
linput)

WR
tinput)

Function

Pulse provided by the 8085A to ini-
tialize the system (connect to 8085A
RESET OUT . Input high on this line
resets the chip and initializes the
three 1/0 ports to input mode. The
width of RESET pulse should typically
be two 8085A clock cycle times.

3-state Address/Data lines that inter-
face with the CPU lower 8-bit Ad-
dress/Data Bus. The 8-bit address is
latched into the address latch inside
the 8155/56 on the falling edge of
ALE. The address can be either for
the memory section or the I/O section
depending on the IO/M input. The
8-bit data is either written into the
chip or read from the chip, depending
on the WR or RD input signal.

Chip Enable: On the 8155, this pin is
CEandis ACTIVE LOW. Onthe 8156,
this pin is CE and is ACTIVE HIGH.

Read control: Input low on this line
with the Chip Enable active enables
and ADg-7 buffers. If IO/M pin is low,
the RAM zontent will be read out to
the AD bus. Otherwise the content
of the selected 1/0O port or command/
status registers will be read to the
AD bus.

Write control: Input low on this line
with the Chip Enable active causes
the data on the Address/Data bus to
be written to the RAM or I/O ports and
command/status register depending
on IO/M.

Symbol

ALE
linput)

10/M

tinput)
PAo-7(8)
linput/output)

PBo-7(8)
{input/output)

PCo-5(6)
tinput/output)

TIMER IN
tinput)

TIMER OUT

routput)

Vce
Vss

Function

Address Latch Enable: This control
signal latches both the address on the
ADo-7 lines and the state of the Chip
Enable and 10/M into the chip at the
falling edge of ALE.

Selects memory if low and I/0 and
command/status registers if high.

These 8 pins are general purpose I/O
pins. The in/out direction is selected
by programming the command
register.

These 8 pins aye general purpose 1/O
pins. The in/out direction is selected
by programming the command
register.

These 6 pins can function as either
input port, output port, or as control
signals for PA and PB. Programming
is done through the command reg-
ister. When PCo-5 are used as control
signals, they will provide the fol-
lowing:

PCo — A INTR (Port A Interrupt)
PC1 — ABF (Port A Buffer Full)
PC> — A STB (Port A Strobe)

PC3 — B INTR (Port B Interrupt)
PCs — B BF (Port B Buffer Full)
PCs — B STB (Port B Strobe)

Input to the counter-timer.

Timer output. This output can be
either a square wave or a pulse de-
pending on the timer mode.

+5 volt supply.
Ground Reference.
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DESCRIPTION

The 8155/8156 contains the following:

e 2k Bit Static RAM organized as 256 x 8
e Two 8-bit1/O ports (PA & PB)andone 6-bitl/Oport(PC)
e 14-bit timer-counter

The 10/M (10/Memory Select) pin selects either the five
registers (Command, Status, PAg-7, PBo-7, PCo-5) or
the memory (RAM) portion. (See Figure 1.}

The 8-bit address on the Address/Data lines, Chip Enable

input CE or CE, and 10/M are all latched on-chip at the
falling edge of ALE. (See Figure 2.)

| |
i g 3BIT INTERNAL DATA BUS 2
| |
| |
| i
I | commano r PCJ P8 PA iver | Tiver | |
| T MSB LSB |
| STATUS |
| ! |
TIMER
| o s s MODE :
|

Figure 1. 8155/8156 Internal Registers

CE (8155)

OR

CE (81586)

10/M

N\
7
\
D on R \___/

NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS.

Figure 2. 8155/8156 On-Board Memory Read/Write Cycie
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PROGRAMMING OF THE
COMMAND REGISTER

The command register consists of eight latches. Four
bits (0-3) define the mode of the ports, two bits (4-5)
enable or disable the interrupt from port C when it acts
as control port, and the last two bits (6-7) are for the timer.

The command register contents can be altered at any
time by using the 1/0 address XXXXX000 during a WRITE
operation with the Chip Enable active and I0/M = 1. The
meaning of each bit of the command byte is defined in
Figure 3. The contents of the command register may
never be read.

READING THE STATUS REGISTER

The status register consists of seven latches, one for each
bit; six (0-5) for the status of the ports and one (6) for the
status of the timer.

The status of the timer and the 1/0 section can be polied
by reading the Status Register (Address XXXXXO000).
Status word format is shown in Figure 4. Note that you
may never write to the status register since the command
register shares the same |/O address and the command
register is selected when a write to that address is issued.

7 6 5 4 3 2 1 0
ITM;]TMJ IEBI IEAI PCzI PC-,l PB| PA I

[ [
DEFINES PAg7
0 = INPUT
= ITPUT
L DEFINES PBg.7 1-ou
00 = ALT 1
1= ALT 2
I
DEFINES PCq g 01- ALT 3
10 = ALT 4
» ENABLE PORT A
INTERRUPT = ENABLE
ENABLE PORT B 0 = DISABLE
INTERRUPT
[ 00 = NOP - DO NOT AFFECT COUNTER
OPERATION
01 = STOP — NOP IF TIMER HAS NOT STARTED;
STOP COUNTING IF THE TIMER IS
RUNNING
10 = STOP AFTER TC — STOP IMMEDIATELY
AFTER PRESENT TC IS REACHED (NOP

- |
TIMER COMMAND IF TIMER HAS NOT STARTED)

START — LOAD MODE AND CNT LENGTH
AND START IMMEDIATELY AFTER
LOADING (IF TIMER IS NOT PRESENTLY
RUNNING). IF TIMER 1S RUNNING, START
THE NEW MODE AND CNT LENGTH
IMMEDIATELY AFTER PRESENT TC

IS REACHED.

1=

AD; ADg ADs ADs AD3 AD; ADj ADg
INTE| B {INTR|INTEf A [INTR
D] e "] & 5]

-

PORT A INTERRUPT REQUEST

e

PORT A BUFFER FULL/EMPTY
{INPUT/OUTPUT}

PORT A INTERRUPT ENABLE

PORT B INTERRUPT REQUEST

PORT B BUFFER FULL/EMPTY
{INPUT/QUTPUT)

PORT B8 INTERRUPT ENABLED

TIMER INTERRUPT (THIS BIT
IS LATCHED HIGH WHEN
TERMINAL COUNT IS
REACHED, AND IS RESET TO
LOW UPON READING OF THE
C/S REGISTER AND BY
HARDWARE RESET).

Figure 3. Command Register Bit Assignment
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INPUT/OUTPUT SECTION

The I/0 section of the 8155/8156 consists of five registers:
(See Figure 5.)

* Command/Status Register (C/S) — Both registers are
assigned the address XXXXX000. The C/S address
serves the dual purpose.

When the C/S registers are selected during WRITE
operation, a command is written into the command
register. The contents of this register are notaccessible
through the pins.

When the C/S (XXXXX000) is selected during a READ
operation, the status information of the 1/0 ports and
the timer becomes available on the ADo-7 lines.

* PA Register — This register can be programmed to be
either input or output ports depending on the status of
the contents of the C/S Register. Also depending on
the command, this port can operate in either the basic
mode or the strobed mode (See timing diagram). The
1/0 pins assigned in relation to this register are PAg-7.
The address of this register is XXXXX001.

PB Register — This register functions the same as PA
Register. The I/O pins assigned are PBo-7. The address
of this register is XXXXX010.

® PC Register — This register has the address XXXXX011
and contains only 6 bits. The 6 bits can be program-
med to be either input ports, output ports or as control
signals for PA and PB by properly programming the
AD2 and AD3 bits of the C/S register.

When PCo-5 is used as a control port, 3 bits are
assigned for Port A and 3 for Port B. The first bit is an
interrupt that the 8155 sends out. The second is an
output signal indicating whether the buffer is full or
empty, and the third is an input pin to accept a strobe
for the strobed input mode. (See Table 1.

When the ‘C’ port is programmed to either ALT3 or ALT4,
the control signals for PAand PB are initialized as follows:

CONTROL INPUT MODE OUTPUT MODE
BF Low Low
INTR Low High
STB Input Control Input Control

1/0 ADDRESSt
SELECTION
A7 A6 |AS|A4]A3 (A2 (A1 |AD
X| X | X|X|X]0]|0] o0 |[interval Command;Status Register
X | X | X[ X |X]0/[0]1]General Purpose I'O Port A
Xt X | XX |[X]|0/[1]o0]General Purpose|.O Part B
X| XX | X |[X|0]1] 1 }PortC General Purpose 1O ar Control
XX | X|X!X]|1{0]0|Low-Order8 bits of Timer Count
X | X | X | XX |[110]1]|Hghsbitsof Timer Count and 2 bits
of Timer Mode
X: Don't Care.

+1/0 Address must be qualified by CE =1 8156 or CE=0.8155 and10/M=1in order
to select the appropriate register.

Figure 5. 1/0 port and Timer Addressing Scheme

Figure 6 shows how I/0 PORTS A and B are structured
within the 8155 and 8156:

8155/8156
ONE BIT OF PORT A OR PORT B

OUTPUT
p LATCH N
e M
OuTPUT
ENABLE

1%
2
o
a
-
g t
3 WRITE |
< PORT _ _ _ __ _ 4 PA/PB
2 ™MuX @y | | Mopew@ | PIN
[ I o}
= | 2 | _ 4 |
2
= “—< i | @ | e |
‘—I L _°_f|_ J CH |
Q D |
READ PORT
CLK |
NOTES: T8

(4) =1 FOR OUTPUT MODE

MULTIPLEXER = 0 FOR INPUT MODE

(2) SIMPLE INPUT CONTROL

(3) STROBED INPUT
READ PORT = {10/M=1) » (RD=0) » (CE ACTIVE) » (PORT ADDRESS SELECTED)
WRITE PORT = (I0/M=1) « (WR=0)  (CE ACTIVE) » (PORT ADDRESS SELECTED)

(1) OUTPUT MODE }

Figure 6. 8155/8156 Port Functions
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TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT.

Pin ALT 1 ALT 2 ALT 3 ALT 4

PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt)
PC1 input Port Output Port A BF (Port A Buffer Fuli) A BF (Port A Buffer Fully
PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe)
PC3 Input Port Output Port Output Port B INTR (Port B Interrupt:
PC4 Input Port Output Port Output Port B BF (Port B Buffer Full)
PC5 Input Port Output Port Output Port B STB (Port B Strobe;

Note in the diagram that when the I/O ports are pro-
grammed to be output ports, the contents of the output
ports can still be read by a READ operation when appro-
priately addressed.

The outputs of the 8155/8156 are “glitch-free” meaning
that you can write a “1” to a bit position that was previ-
ously “1" and the level at the output pin will not change.

Note also that the output latch is cleared when the port
enters the input mode. The output latch cannot be loaded
by writing to the port if the port is in the input mode. The
result is that each time a port mode is changed from input
to output, the output pins will go low. When the 8155/56
is RESET, the output latches are all cleared and all 3 ports
enter the input mode.

When in the ALT 1 or ALT 2 modes, the bits of PORT C
are structured like the diagram above in the simple input
or output mode, respectively.

Reading from an input port with nothing connected to the
pins will provide unpredictable results.

Figure 7 shows how the 8155/8156 |/O ports might be
configured in a typical MCS-85 system.
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TO 8085 RST INPUT

PORT A[_OUTPUT_ > PORT A
A INTR (SIGNALS DATA RECEIVED)
A Al
a155/8156 | BF (SIGNALS DATA READY)
A STB (ACKNOWL. DATA RECEIVED] T0/EROM
/
PORT C 8 STB (LOADS PORT B LATCH) PERIPHERAL
INTERFACE
B BF [SIGNALS BUFFER IS FULL]
B INTR (SIGNALS BUFFER
READY FOR READING)
PORTB K _INPUT TO 8085 INPUT PORT (OPTIONAL)

TO 8085 RST INPUT

Figure 7. Example: Command Register = 00111001
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TIMER SECTION

The timer is a 14-bit down-counter that counts the TIMER
IN pulses and provides either a square wave or pulse
when terminal count (TC) is reached.

The timer has the I/0 address XXXXX100 for the low order
byte of the register and the 1/0 address XXXXX101 for
the high order byte of the register. (See Figure 5).

To program the timer, the COUNT LENGTH REG is
loaded first, one byte at a time, by selecting the timer
addresses. Bits 0-13 of the high order count register will
specify the length of the next count and bits 14-15 of the
high order register will specify the timer output mode
(see Figure 8). The value loaded into the count length
register can have any value from 2H through 3FFH in
Bits 0-13.

7 6 5
le | My ’Tnl T12| T11] Tml To I Tsl
L . N ) J
TIMER MODE MSB OF CNT LENGTH

4 3 2 1 0

7 6 5 4 3 2 1 0

[ lrefrefrfwfrn[n]n]

L H
T
LSB OF CNT LENGTH

Figure 8. Timer Format

There are four modes to choose from: M2 and M1 define
the timer mode, as shown in Figure 9.

TIMER OUT WAVEFORMS:

MODE START TERMINAL TERMINAL
BITS COUNT COUNT COUNT
My { b
o o 1 SINGLE et
SQUARE WAVE
SQUARE WAVE
3. SINGLE — -
1 0 PULSEON
TERMINAL COUNT
4. CONTINUOUS
T PULSES ¥ U

Figure 9. Timer Modes

Bits 6-7 (TM2 and TM1) of command register contents
are used to start and stop the counter. There are four
commands to choose from:

T™M2 TM14

0 0 NOP — Do not affect counter operation.

0 1 STOP — NOP if timer has not started;
stop counting if the timer is running.

1 0 STOP AFTER TC — Stop immediately
after present TCisreached (NOPif timer
has not started)

1 1 START — Load mode and CNT length

and start immediately after loading (if
timer is not presently running). If timer
is running, start the new mode and CNT
length immediately after present TC is
reached.

6-23

Note that while the counter is counting, you may load a
new count and mode into the count length registers.
Before the new count and mode will be used by the
counter, you must issue a START command to the
counter. This applies even though you may only want to
change the count and use the previous mode.

in case of an odd-numbered count, the first half-cycle
of the squarewave output, which is high, is one count
longer than the second (low} half-cycle, as shown in
Figure 10.

—_— ——

—— 4 14—

(R

NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD

Figure 10. Asymmetrical Square-Wave Output Resulting
from Count of 9

The counter in the 8155 is notinitialized to any particular
mode or count when hardware RESET occurs, but RESET
does stop the counting. Therefore, counting cannot begin
following RESET until a START command is issued via
the C/S register.

Please note that the timer circuit on the 8155/8156 chip
is designed to be a square-wave timer, not an event
counter. To achieve this, it counts down by twos twice
in completing one cycle. Thus, its registers do not con-
tain values directly representing the number of TIMER IN
pulses received. You cannot load an initial value of 1into
the count register and cause the timer to operate, as its
terminal count value is 10 (binary) or 2 (decimal:. :For
the detection of single pulses, it is suggested that one
of the hardware interrupt pins on the 8085A be used.)
After the timer has started counting down, the values
residing in the count registers can be used to calculate
the actual number of TIMER IN pulses required to com-
plete the timer cycle if desired. To obtain the remaining
count, perform the following operations in order:

1. Stop the count
. Read in the 16-bit value from the count length registers

2

3. Reset the upper two mode bits

4. Reset the carry and rotate right one position all 16 bits
through carry

. If carry is set, add 1/2 of the full original count (1/2 full
count — 1 if full count is odd).

Note: If you started with an odd count and you read the
count length register before the third count pulse occurs,
you will not be able to discern whether one or two counts
has occurred. Regardless of this, the 8155/56 always
counts out the right number of pulses in generating the
TIMER OUT waveforms.
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EXAMPLE PROGRAM

ADJUST. 78

E63F
1F
47
79
1F
4F

D9

3F

7C

1F
67
7D
1F
6F
09
44
4D

C9

MOV A,B

ANI 3F
RAR
MOV B,A
MOV A.C
RAR
MOV C A

RNC

CMC

MOV A H

RAR
MOV H,A
MOV AL
RAR
MOV LA
DAD B
MOV B.H
MOV C,L

RET

Following is an actual sequence of program steps that adjusts the 8155/56 count register
contents to obtain the count, extracted from intel® Application Note AP38. “Application
Techniques for the Intel 8085A Bus.” First store the value of the full original count in register
HL of the 8085A. Then stop the count to avoid getting an incorrect count value. Then sample
the timer-counter, storing the lower-order byte of the current count register in register C and
the higher-order count byte in register B. Then, call the following 8080A/8085A subroutine:

:Load accumulator with upper half
; of count.

:Reset upper 2 bits and clear carry.
;Rotate right through carry.

:Store shifted value back in B.
:Load accumulator with lower half.
:Rotate right through carry.

:Store lower byte in C.

:1f in 2nd half of count, return.
:If in 1st half, go on.

;Clear carry.

:Divide full count by 2. (If HL
:is odd, disregard remainder.}

:Double-precision add HL and BC.

:Store results back in BC.

;Return.

After executing the subroutine, BC will contain the remaining count in the current count cycle.
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8085A MINIMUM SYSTEM CCONFIGURATION

Figure 11a shows a minimum system using three chips,

containing:
s 256 Bytes RAM
* 2K Bytes ROM
e 381/0 Pins
e 1 interval Timer
L]

4 interrupt Levels

8085 MINIMUM SYSTEM CONFIGURATION

N
A8-15 g v ~ oy ])
Q’DOJ >

ALE
8085A )

WR

10/M

CLK

RESET OUT

READY A

— VVA—+
VCC
TIMER | | . AB- AD| 110/ = |
RESET IN WR|RD| ALE | CE 10/M A0 0.71CE| m |ALE RDIOW‘CLKRST ROY
!
LATCHES
TIMER
TIMER
ouT 8355 [ROM + 1/0
CONTROL N OR
256 x 8 8755A [PROM + i/0]|
RAM
8156 1 8155
ﬁm +-PC PB -PA

EF

Figure 11a. 8085A Minimum System Configuration. (Memory Mapped 1/0)
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8088 FIVE CHIP SYSTEM

Figure 11b shows a five chip system containing:
¢ 1.25K Bytes RAM

& 2K Bytes ROM

® 381/0 Pins

® 1 Interval Timer

@ 2 Interrupt Levels

RCECES

o CE POR;
WR
__ PORT
RD B
8155
ALE  pogr
DATA! c
ADDR
B IN
10/M TIMER
reser OVT
Ag~A1g|  ADDR oW
RD
1 LN
AD; - AD
Do A ADDR/DATA j) ALE  oonr
+— CE A
8088 Z: > Aa-10
B355/8755A

T
——READY
MNIMX DATA/

—Vee /| aboR

Vee F{D W ALE 1 1 10/ PORT

READY |—r

10/M I iorl—!
—

&

&

’“ It

Vss Vee Voo

RST (3, RD F—o RESET
X; X, | L
CLK[— ‘ WR i READY
Vee

> I
? . GND % WR
4 MANUAL RD
GND RESET S

(Vss) @ C

VAN
S

Vss  Vecc

Figure 11b. 8088 Five Chip System Configuration
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature

Voltage on Any Pin
With Respectto Ground ........

Power Dissipation

D.C. CHARACTERISTICS

...... 0°Cto+70°C
... -85°Cto+150°C

....... -0.5V to +7V
.............. 1.5W

"COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum

rating conditions for extended periods may affect device
reliability.

(Ta = 0°C to 70°C; Ve = 5V + 5%)

SYMBOL| PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voitage -0.5 0.8 \
ViH Input High Voltage 2.0 Vec10.56 \
VoL Output Low Voltage 0.45 \% loL = 2mA
VoH Output High Voltage 2.4 \% loy = -400uA
he Input Leakage +10 MA Vin = Vg to OV
ILo Output Leakage Current +10 HA 0.45V < VouTt < Vce
lcc Vce Supply Current 180 mA
1L (CE) Chip Enable Leakage
8155 +100 pA ViN = Ve to OV
8156 ~-100 rA
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A.C. CHARACTERISTICS (7, = 0°Cto 70°C; Ve = 5V * 5%)

8155/8156 reimimary
SYMBOL | PARAMETER MIN. MAX. MIN. MAX. UNITS
taL Address to Latch Set Up Time 50 30 ns
teA Address Hold Time after Latch 80 30 ns
tLc Latch to READ/WRITE Control 100 40 ns
trRD Valid Data Out Delay from READ Control 170 140 ns
taD Address Stable to Data Out Valid 400 330 ns
L Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 0 80 ns
toL READ/WRITE Control to Latch Enabie 20 10 ns
tce READ/WRITE Control Width 250 200 ns
tow Data In to WRITE Set Up Time 150 100 ns
twp Data In Hold Time After WRITE 0 0 ns
tRv Recovery Time Between Controls 300 200 ns
twe WRITE to Port Output 400 300 ns
tpR Port Input Setup Time 70 50 ns
trp Port Input Hold Time 50 10 ns
tsgr Strobe to Buffer Full 400 300 ns
tss Strobe Width 200 150 ns
tRBE READ to Buffer Empty 400 300 ns
ts) Strobe to INTR On 400 300 ns
tRDI READ to INTR Off 400 300 ns
tpss Port Setup Time to Strobe Strobe 50 0 ns
tPHS Port Hold Time After Strobe 120 100 ns
tsBE Strobe to Buffer Empty 400 300 ns
tweF WRITE to Buffer Full 400 300 ns
twi WRITE to INTR Off 400 300 ns
trL TIMER-IN to TIMER-OUT Low 400 300 ns
try TIMER-IN to TIMER-OUT High 400 300 ns
tRDE Data Bus Enable from READ Control 10 10 ns
t TIMER-IN Low Time 80 40 ns
ta TIMER-IN High Time 120 70 ns

Input Waveform for A.C. Tests:

24

20w, 20
TEST POINTS
Xu" ~sos

o.45
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WAVEFORMS

a. Read Cycle

€ (8155)

OR

CE (8156}

»

10/m S

- Z
tap
= -\
ADg_, ADDRESS >———-< DATA VALID

A 7 ~ N 7
a— ‘AL ] I tLA —

ALE \

-
LL
RD

b. Write Cycle

E (8155)

-~ o

OR

N

CE (8156)

y

10/M

AN

AN

™

ADy ,

Iy

o

B
2,

ADDRESS

et

DATA VALID

[ty ——

#KLA——>

ALE

.

N

bW

te

Figure 12. 8155/8156 Read/Write Timing Diagrams
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a. Strobed Input Mode

. \

tseF

o X / Zr ‘

‘
e ety —] e

INTR fv\\ \ ‘
\ X H

N\
\\ ‘nmj ‘

| e tpgg — s —
pss tons

INPUT DATA
FROM PORT

b. Strobed Output Mode

BF
STROBE

twer —
INTR

-
twi
WR \ : ;
!

[ e

OUTPUT DATA
TO PORT

Figure 13. Strobed I/0 Timing
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a. Basic Input Mode

trp
RD
ter
INPUT x: K
|
DATA BUS*
b. Basic Output Mode
WR

typ —>|
ouTPUT X

*DATA BUS TIMING IS SHOWN IN FIGURE 7.

Figure 14. Basic 1/0 Timing Waveform

LOAD COUNTER FROM CLR —»} RELOAD COUNTER FROM CLR —|
1 2 | 1 5 a4 | 3 | 2 ! 1 5 |

t, 12

TIMER IN
4 1y
tcye
AJ ,I

TIMER OUT \

(PULSE) \ MNoTED

| R
L —{ tTH

3

TIMER OUT -, 7
TIMER OUT \ 7
(SQUARE WAVE) \ (NOTE 1) 7

e e ———

el

rH
NOTE 1: THE TIMER OUTPUT ISPERIODIC IF IN AN AUTOMATIC
RELOAD MODE (M1 MODE BIT = 1)

Figure 15. Timer Output Waveform Countdown from 5 to 1
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8185/8185-2
1024 x 8-BIT STATIC RAM FOR MCS-85"

m Multiplexed Address and Data Bus m Low Standby Power Dissipation

m Directly Compatible with 8085A

and 8088 Microprocessors ® Single +5V Supply

m Low Operating Power Dissipation m High Density 18-Pin Package

The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using
N-channel Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly
to the B085A and 8088 microprocessors to provide a maximum level of system integration.

The low standby power dissipation minimizes system power requirements when the 8185 is disabled.

The 8185-2 is a high-speed selected version of the 8185 that is compatible with the 5 MHz 8085A-2 and the full speed
5 MHz 8088.

PIN CONFIGURATION BLOCK DIAGRAM

ADg d

AD, [
AD, ]
AD; []
AD, [
ADs ]
ADg ]
AD; [
Vss (]

[ Vee
17 [J RO
16 [ wr
15 ] ALE [ —

@

— CE, ————]
adcs CE,
CE gD —————{ OGIC
1 ==
CE WR ————————
12 [ CE; AE—— ]
1[0 Ag

1007 As l

1K x 8
DATA
< \ RAM
ADg-AD; / BrreR MEMCRY
ARRAY

X-Y DECODE

> R/W

© ©® N e ;s W N
w

PIN NAMES

ADg-AD; | ADDRESS/DATA LINES l
g | ADDRESS

Ag. Ag | ADDRESS LINES
cs CHIP SELECT LATCH
| CE, CHIP ENABLE (10/M}
CcE, CHIP ENABLE
ALE ADDRESS LATCH ENABLE
/D READ ENABLE
WR WRITE ENABLE

Ag, Ag —————|

ALE ———————*]
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OPERATIONAL DESCRIPTION

The 8185 has been designed to provide for direct interface
to the multiplexed bus structure and bus timing of the
8085A microprocessor.

At the beginning of an 8185 memory access cycle, the 8-
bit address on ADo-7, Ag and Ag, and the status of CE1 and
CEzareall latched internally in the 8185 by the falling edge
of ALE. If the latched status of both CE1 and CEz are
active, the 8185 powers itself up, but no action occurs until
the CS line goes low and the appropriate RD or WR control
signal input is activated.

The CS input is not latched by the 8185 in order to allow
the maximum amount of time for address decoding in
selecting the 8185 chip. Maximum power consumption
savings will occur, however, only when CE1 and CE2 are
activated selectively to power down the 8185 when it is not
in use. A possible connection would be to wire the 8085A’s
I0/M line to the 8185's CEj input, thereby keeping the
8185 powered down during /O and interrupt cycles.

TABLE 1.
TRUTH TABLE FOR
POWER DOWN AND FUNCTION ENABLE

CE, | CE, | CS§ | (Cs")? 8185 Status
1 X X 0 Power Down and
Function Disable|1|
X 0 X 0 Power Down and
Function Disable|1)
0 1 1 0 Powered Up and
Function Disable|1|
0 1 0 1 Powered Up and
Enabled
Notes:
X: Don't Care.

1: Function Disable implies Data Bus in high impedance state
and not writing. _
2: CS* =(CE1=0j+(CE2=1)+(CS=0)

CS* = 1 signifies all chip enables and chip select active
TABLE 2.
TRUTH TABLE FOR
CONTROL AND DATA BUS PIN STATUS
| __|ADg.7 During Data

(CS*) | RD | WR|Portion of Cycle (8185 Function

0 X X |Hi-Impedance No Function

1 0 1 |Data from Memory|Read

1 1 0 [Data to Memory |Write

1 1 1 |Hi-Impedance Reading, but not

Driving Data Bus

Note:
X: Don't Care.

l__‘ I:] h Vss Veo

L

RN

X, X, RESET IN
TRAP HOLDf+—
RST75 HLOA [—=
RST65 —
8085A sob
RSTS5 SID a—
INTR s, f—
RESET
WTA  sbpa/ ourt Sol—
ADDR DATA ALE RD WR IO/M RDY CLK
Vss Ve
@ e ‘
H— cE PORT
A
WR
NG
" g1s6 ©
ALE  popt
para; €
ADDR
IN
10/M  TiMER [e—
reseT  OVT
oW
RD
ALE
Y & A
Z‘—‘ > Ag 1o
8355/
8755A
DATA/
ADOR
10/ poRT
RESET 8
|DY
p—{cLK
Vss Ve Voo PROG
WR
RD
CE.
'8185
ALE
H— TS, cE,
H— Ag. Ag
-
Vss Ve
VW Ve
AN Ve

Figure 1. 8185 in an MCS-85 System.
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4 Chips:

2K Bytes ROM
1.25K Bytes RAM
38 I/0 Lines

1 Counter/Timer
2 Serial 1/0 Lines
5 Interrupt Inputs
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8088 FIVE CHIP SYSTEM

Figure 2 shows a five chip system containing:
e 1.25 K Bytes RAM

* 2 K Bytes ROM

® 381/0 Pins

® 1 Interval Timer

® 2 Interrupt Levels

A /\ Vss th:c

S" CE PORZ
WR
w , PCE
)
8155 B
ALE  poRT
A DATAI  C
e ADDR
B IN|—
I0/M TIMER
reser OUT

As—Ais|  ADDR iow
RD
AD, - AD; ADDRIDATA
———cLk

8088 L

Ag-10
READY > 8355/8755A
-
MNIWX f—v DATA/
ce ADDR

Vee ﬁ' 0 ALE o FORT
|
X

AD B
. RST @ RD RESET
2 —
clk Wh
READY 10/M iol

L 8284 ? T T T—Pkoe

RESET . Vss Vee Voo
v
. RDY1 cc
RN

| . GND WR
& MANUAL wee AD
RESET 3 s o

GND
(Vss) 0} CE

PORT
A

T
g}

o

READY Vee

l

!

X
m
vl

RN

7N
LV

1]

Vss  Vee

Figure 2. 8088 Five Chip System Configuration. 6-34
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ABSOLUTE MAXIMUM RATINGS*

"COMMENT A
. o o
Temperature Under Bias .............. 9 Cto +7ODC Stresses above those listed under "Absolute Maximum Ratings” may
Storage Temperature .............. -65°C to +150°C permanent damage to the device Thisis a stress rating onity.andunctios
Voitage on Any Pin operation of the device at these or any other conditions abové: thos
. indicated in the operational sections of this specification is not implied

with R?Spem‘to Ground .............. -0.5V to +7V Exposure to absolute maximum rating conditions for extended periads

Power Dissipation ............................. 1.5W may affect device reliability

D.C. CHARACTERISTICS Ta=0°C to 70°C: Vcc = 5V + 5%

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 0.8 \%
ViH Input High Voltage 2.0 Vce+0.5 Y
VoL Output Low Voltage 0.45 v loL = 2mA
Von Output High Voltage 2.4 loH = 400uA
I Input Leakage +10 uA VIN = Vcc to 0V
ILo Output Leakage Current +10 uA 0.45V < Vour < Vee
Icc Vce Supply Current
Powered Up 100 mA
Powered Down 25 mA

A.C. CHARACTERISTICS (Ta=0°C to 70°C: Ve = 5V + 5%,

8185 8185-2
Preliminary Preliminary
Symbol Parameter '/ Min. Max. Min. Max. Units
tAL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time After Latch 80 30 ns
tLe Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
tLo ALE to Data Out Valid 300 200 ns
tLe Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 0 80 ns
toL READ/WRITE Control to Latch Enable 20 10 ns
tcc READ/WRITE Control Width 250 200 ns
tow Data In to WRITE Set Up Time 150 150 ns
twp Data In Hold Time After WRITE 20 20 ns
tsc Chip Select Set Up to Control Line 10 10 ns
tcs Chip Select Hold Time After Control 10 10 ns
tAaLCE Chip Enable Set Up to ALE Falling 30 10 ns
tLACE Chip Enable Hold Time After ALE 50 30 ns
Notes:

1. All AC parameters are referenced at
a) 2.4V and .45V for inputs
b) 2.0V and .8V for outputs.

input Waveform for A.C. Tests:

24

20w — 20
TEST POINTS
L ~o8
045
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taLce ——=i e
|
|

(CE1=0)e |
{CE2=1) |

i

1

‘ -

i

{ |

;
o ]
WA, RD ‘ Z

} . " 7

| |

taL ; “ A - [er— tROF
— ~ —— e e e
ADo-ADy ADDRESS DATA OUT (READ CYCLE)
(Ag, Ag) i
! ; e o e . — ———
i wo
i el e—twp e tge
tow
m
ADg-AD7 ADDRESS WRITE DATA (WRITE CYCLE)
7
| tse e ——| tcs }v——
s
cs
-

(SELECTED) (DESELECTED)

Figure 3. 8185 Timing.
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8355/8355-2
16,384-BIT ROM WITH I1/10

= 2048 Words x 8 Bits a Each 1/O Port Line Individually

Programmable as Input or Output
= Single + 5V Power Supply

s Multiplexed Address and Data Bus
8 Directly compatible with 8085A

and 8088 Microprocessors B Internal Address Latch
= 2 General Purpose 8-Bit I/O Ports = 40-Pin DIP

The Intel® 8355 is a ROM and 1/ O chip to be used in the 8085A and 8088 microprocessor systems. The ROM por-
tion is organized as 2048 words by 8 bits. It has a maximum acess time of 400 ns to permit use with no wait states in
the 8085A CPU.

The I/0 portion consists of 2 general purpose 1/0 ports. Each 1/0 port has 8 port lines and each I/0 port line is
individually programmable as input or output.

The 8355-2 has a 300ns access time for compatibility with the 8085A-2 and full speed 5 MHz 8088 microprocessors.

PIN CONFIGURATION BLOCK DIAGRAM

CE; 1 ~ @ chc
CE.[J2 39 [e8, CLK
cks 38 [Jpeg l
RESET[] 4 37 []pB, READY |
N.C. (NOT CONNECTED)[] 5 36 [1PB,
READY [] 6 35 [1pB, ADo~A7<::___-‘J>
oM 34 [ps, PORT A
RO® a6 /mase 2 32 178
iow [} 10 31{Jea, A — 2K X 8
ALte[] 1 30 [Ipag [ — ROM
ap, [ 13 28[1rA, . =5
AD, ([ 14 27 [1PA,

[ ———

ap, [ 15 26 [1PA, RESET

Ap,[] 16 25[]PA, R

apg [ 17 2a[pa,

Apg [ 18 231 Ay, L__

AD, ] 19 2[4, Vee (¥5V)
vgs [ 20 21 A, T Vs (V)
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Symbol

ALE
(Input)

ADo-7
(Input)

Ag-10
(Input)

CEs
CE2
{Input)

10/M
(Input)

RD

(Input)

1OW
(Input)

Function

When ALE (Address Latch Enable is
high, ADo-7, {O/M, Ag-10, CE, and CE
enter address latched. The signals
(AD, 10/M, As-10, CE, CE) are latched
in at the trailing edge of ALE.

Bidirectional Address/Data bus. The
lower 8-bits of the ROM or i/0O address
are applied to the bus lines when ALE
is high.

During an 1/0 cycle, Port A or B are
selected based on the latched vaiue of
ADo. If RD or IOR is low when the latched
chip enables are active, the output
buffers present data on the bus.

These are the high order bits of the ROM
address. They do not affect I/O oper-
ations.

Chip Enable Inputs: CE1 is active low
and CE2 is active high. The 8355 can be
accessed only when BOTH Chip En-
ables are active at the time the ALE
signal latches them up. If either Chip
Enable input is not active, the ADg-7
and READY outputs will be in a high
impedance state.

If the latched 10/M is high when RD is
low, the output data comes from an
170 port. if it is low the output data
comes from the ROM.

If the latched Chip Enables are active
when RD goes low, the ADg-7 output
buffers are enabled and output either
the selected ROM location or 1/O port.
When both RD and TOR are high, the
ADo-7 output buffers are 3-state.

If the latched Chip Enables are active,
a low on [OW causes the output port
pointed to by the latched value of ADo
to be written with the data on ADg-7.
The state of I0/M is ignored.

Symbol

CLK
(Input)

READY
(Output)

PAo-7
(Input/
Output)

PBo-7
(input/
Output)
RESET
(Input)

TOR
(Input)

Vce
Vss

Function

The CLK is used to force the READY
into its high impedance state after it
has been forced low by CE low, CE
high and ALE high.

Ready is a 3-state output controlled by
CE1, CE2, ALE and CLK. READY is
forced low when the Chip Enables are
active during the time ALE is high, and
remains low until the rising edge of the
next CLK (see Figure 6).

These are general purpose I/0O pins.
Their input/output direction is deter-
mined by the contents of Data Direction
Register (DDR}. Port A is selected for
write operations when the Chip Enables
are active and TOW is low and a 0 was
previously latched from ADo.

Read operation is selected by either
iOR low and active Chip Enables and
ADg low, or IO/M high, RD low, active
chip enables, and ADg low.

This general purpose /O port is
identical to Port A except that it is
selected by a 1 latched from ADo.

An input high on RESET causes all pins
in Port A and B to assume input mode.

When the Chip Enables are active, a low
on IOR will output the selected 1/0 port
onto the AD bus. IOR low performs the
same function as the combination |0/M
high and RD low. When IOR is not used
in a system, 10R should be tied to Vcc
(1.

+5 volt supply.

Ground Reference.
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FUNCTIONAL DESCRIPTION

ROM Section

The 8355 contains an 8-bit address latch which allows it
to interface directly to MCS-48 and MCS-85 Microcom-
puters without additional hardware.

The ROM section of the chip is addressed by an 11-bit
address and the Chip Enables. The address and levels on
the Chip Enable pins are latched into the address latches
on the falling edge of ALE. If the latched Chip Enables
are active and 10/M is low when RD goes low, the contents
of the ROM location addressed by the tatched address
are put out through ADg-7 output buffers.

{/0 Section

The 1/O section of the chip is addressed by the latched
value of ADo-1. Two 8-bit Data Direction Registers (DDR)
in 8355 determine the input/output status of each pin in
the corresponding ports. A “0” in a particular bit position
of a DDR signifies that the corresponding /O port bit is
in the input mode. A “1” in a particular bit position signi-
fies that the corresponding I/O port bit is in the output
mode. In this manner the I/0 ports of the 8355 are bit-by-
bit programmable as inputs or outputs. The table sum-
marizes port and DDR designation. DDR’s cannot be
read.

AD+1 | ADo Selection
0 0 Port A
0] 1 Port B
1 0 Port A Data Direction Register (DDR A;
1 1 Port B Data Direction Register (DDR B)

When TOW goes low and the Chip Enables are active, the
data on the ADg-7 is written into 1/O port selected by the
latched value of ADg-1. During this operation all 1/O bits
of the selected port are affected, regardless of their I/O
mode and the state of 1O/M. The actuali output level does
not change until IOW returns high (glitch free output).

A port can be read out when the latched Chip Enables are
active and either RD goes low with 10/M high, or IOR
goes low. Both input and output mode bits of a selected
port will appear on lines ADo-7.

To clarify the function of the 1/O ports and Data Direction
Registers, the following diagram shows the configuration
of one bit of PORT A and DDR A. The same logic applies
to PORT B and DDR B.

Note that hardware RESET or writing a zero to the DDR
latch will cause the output latch’s output buffer to be
disabled, preventing the data in the output latch from
being passed through to the pin. This is equivaient to
putting the port in the input mode. Note also that the data
can be written to the Output Latch even though the Out-
put Buffer has been disabled. This enables a port to be
initialized with a value prior to enabling the output.

The diagram also shows that the contents of PORT A and
PORT B can be read even when the ports are configured
as outputs.
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8355
ONE BIT OF PORT A AND DOR A:

VAN GUTPUT |
0 LATCH
g D Q > :
CLK |
ouTPuT
ENABLE |
@ |
3 WRITE PA
@ |
<
2 DOR |
c|Bo LATCH |
o [3} a
= ) PAg
F4 CLR ¢ Lk PIN
@ |
&S
51 ReseT |
WRITE ODR A :
|
: a—

READ PA

WRITE PA = (i0W=0) » (CHIP ENABLES ACTIVE} ® (PNRT A ADDRESS SELECTED}
WRITE DDR A = {I0W=0) » {CHIP ENABLES ACTIVE} « (DDR A ADDRESS SELECTED!
READ PA = {[(IO/M=1) © (RD=0)] + (10R=0)} » (CHIP ENABLES ACTIVE) ® (PORT A ADDRESS SELECTED)

NOTE: WRITE PA IS NOT QUALIFIED BY IG/M.

System Interface with 8085A and 8088

A system using the 8355 can use either one of the two
170 interface technigues:

e Standard I/O
& Memory Mapped |I/O

If a standard t/O technique is used, the system can use
the feature of both CE and CE. By using a combination
of unused address lines Aji_15 and the Chip Enable
inputs, the system can use up to 5 each 8355’s without
requiring a CE decoder. See Figure 2a and 2b.

If a memory mapped I/O approach is used the 8355 will
be selected by the combination of both the Chip En-
ables and 10/M using the ADg. 15 address lines. See
Figure 1.

L[
=

ALE

RD

WR

CLK (62}
READY
10/M

Y
D

)

ADg; AD CLK  1O/M

ALE iOW READY (E

Ag

8355

Figure 1. 8355 in 8085A System (Memory-Mapped 1/0)
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8088 FIVE CHIP SYSTEM

Figure 2a shows a five chip system containing:
e 1.25 K Bytes RAM

e 2 K Bytes ROM

® 381/0 Pins

® 1 Internal Timer

e 2 Interrupt Levels

10/ TIMER
peser OVT

Ag—Ag ADDR oW

CLKADo—Aor ADDR/DATA i> ALE  Lopr
|

aFEE

B

CE A

As-10

8088 g 1) 8356/8755A
——READY
_ DATA/
MNIMX — Ve AOOR

Vee 0 ALE — 10/M  PORT
RST 3 RD (I

=

¢———| RESET
cilk WR — READY Vee
READY 10/M — I_. ioR [

" B [t
8284 PROG

RESET ¢ Ee Vss Ve Voo
O‘ I RDY1 Vee

GND
MANUAL

RESET S N
GND
(Vss) ® cE

Vss  Vcc

Figure 2a. 8088 Five Chip System Configuration 6-40
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ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias ................

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-

0°Cto +70°C tion of the device at these or any other conditions above

Storage Temperature ............... -65°Cto +150°C those indicated in the operational sections of this specifi-

Voltage on Any Pin
With Respectto Ground ............... -0.5V to +7V rating conditions for extended periods may affect device

Power Dissipation

cation is not implied. Exposure to absolute maximum

1.5W reliability.

D.C. CHARACTERISTICS (15 =0°C to 70°C; V¢ = 5V * 5%)

SYMBOL | PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL input Low Voltage -0.5 0.8 \Y Vee = 5.0V

ViH tnput High Voltage 2.0 Vect0.6 \ Ve = 5.0V

VoL Output Low Voltage 0.45 \ loL = 2mA

VoH Output High Voltage 2.4 Vv lon = -400uA

L Input Leakage 10 MA Vin = Vee to OV

ILo Output Leakage Current 10 MA 0.45V <Voyut SVcC
lec Vec Supply Current 180 mA

A.C. CHARACTERISTICS (1A =0°Cto 70°C; V¢ = 5V * 5%)

8355 (Préliminary)
Symbol Parameter Min. Max. Min. Max. Units
tcye Clock Cycle Time 320 200 ns
T1 CLK Pulse Width 80 40 ns
T2 CLK Pulse Width 120 70 ns
tt,tr CLK Rise and Fall Time 30 30 ns
tAL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time after Latch 80 30 ns
tLe Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Out Delay from READ Control 170 140 ns
tAD Address Stable to Data Out Valid 400 330 ns
tee Latch Enable Width 100 70 ns
tRDF Data Bus Float after READ 0 100 0 85 ns
tcL READ/WRITE Control to Latch Enable 20 10 ns
tcc READ/WRITE Control Width 250 200 ns
tow Data In to Write Set Up Time 150 150 ns
twp Data In Hold Time After WRITE 10 10 ns
twp WRITE to Port Output 400 400 ns
tPR Port Input Set Up Time 50 50 ns
tRP Port Input Hold Time 50 50 ns
tRYH READY HOLD Time 0 160 o] 160 ns
tARY ADDRESS (CEi to READY 160 160 ns
tRv Recovery Time Between Controls 300 200 ns
tROE READ Control to Data Bus Enable 10 10 ns

Note: CLoap = 150pF

Input Waveform for A.C. Tests:

2.4

20— > 2.0
TEST POINTS
0.8 4~ =08

0.45
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2.0V

Y

e Ty ——

t 0.8V

teve

Figure 3. Clock Specification for 8355

: pp— I
X_

A 4
8-10
1o/ X‘ ADDRESS
tap
4 !
ADo-7 ADDRESS >——§ DATA
N 7 N N 7
(CE1=0 - CE,=1) ;L !\ x
s ta
ALE Jl
= taL f— tape —> le tapp >
tRD
RD \
R \ / \
te Ry
tow le— twp —{
! Tec
iow k Z
toL ——=f

Figure 4. ROM Read and |/0 Read and Write
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a. Input Mode

b. Output Mode

PORT
OUTPUT

DATA*
BUS

GLITCH FREE

/ OUTPUT

X

*DATA BUS TIMING IS SHOWN IN FIGURE 4.

Figure 5. 1/0 Port Timing

CLK

)
b

le— ta( !

(CEy=1-CE4=0)

4
READY = == et e o] -

- 'Anv->l

Figure 6. Wait State Timing (Ready = 0)
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8755A /8755A-2
16,384-BIT EPROM WITH /0

= 2048 Words x 8 Bits a 2 General Purpose 8-Bit I/O Ports

m Single + 5V Power Supply (Vcc) s Each 1/O Port Line Individually
Programmable as Input or Output
= Directly Compatible with 8085A

and 8088 Microprocessors » Multiplexed Address and Data Bus
m U.V. Erasable and Electrically = 40-Pin DIP
Reprogrammable

= Internal Address Latch

The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/ O chip to be used in the 8085A
and 8088 microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum
access time of 450 ns to permit use with no wait states in an 8085A CPU.

The 1/0 portion consists of 2 general purpose |/O ports. Each I/0 port has 8 port lines, and each 1/0 port line is
individually programmable as input or output.

The 8765A-2 is a high speed selected version of the 8755A compatible with the 5 MHz 8085A-2 and the full speed 5
MHz 8088.

PIN CONFIGURATION BLOCK DIAGRAM

PROG AND CE; (] 1 40 O Ve
CE:[] 2 39 [1PB; cLK
cLk [ 3 38 [1PBs l
P
RESET [] 4 37 [1PBg READY
Voo [ 5 36 [1PB,
READY [] 6 35 [JPB3 ADy;
10/ 7 34 [1PB, PORT A
A0 o 32 P8y
JR— CEy =i}
iow (J10 87554/ 31[1PA; 2 2K x8
—_
ALE (11 8755A2 35[PA, 10/M EPROM
ALE PORT B
ap, ] 13 28 [JPA, RB—————
AD, [ 14 27 [JPA, oW —————
ADy [ 15 26 [1PA, RESET ————]
ADy ] 16 25 [OPA, [o]; I——
A ] 17 24 [7P4,
AD, A . ] 1
s{re 2P Ao PROG/CE, Voo (+5V)
AD; [ 19 22[0As
Voo Vgg (OV)
Vss (] 20 21[1As
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8755A FUNCTIONAL PIN DEFINITION

Symbol

ALE
tinput)

ADo-7
{input/output)

Ag-10
{input)

PROG/CE"
CE2
(input)

10/M
tinput;

RD

finput)

oW
{input)

CLK
(input)

Function

When Address Latch Enable goes
high, ADo-7, 10/M, Ag-10, CE2, and
CE7 enter the address latches. The
signals (AD, IO/M, Ag-10, CE) are
latched in at the trailing edge of ALE.

Bidirectional Address/Data bus. The
lower 8-bits of the PROM or /O
address are applied to the bus lines
when ALE is high.

During an 1/0O cycle, Port A or B are
selected based on the latched value of
ADq. If RD or IOR is low when the
latched Chip Enables are active, the
output buffers present data on the
bus.

These are the high order bits of the
PROM address. They do not affect
/O operations.

Chip Enable Inputs: CEq is active low
and CE: is active high. The 8755A
can be accessed only when BOTH
Chip Enables are active at the time
the ALE signal latches them up. If
either Chip Enable input is notactive,
the ADo-7 and READY outputs will
be in a high impedance state. CE1 is
also used as a programming pin. (See
section on programming.;

If the latched 10/M is high when RD
is low, the output data comes from
an I/0 port. If itis low the output data
comes from the PROM.

If the latched Chip Enables are active
when RD goes low, the ADg-7 output
buffers are enabled and output either
the selected PROM location or 1/O
port. When both RDand iOR are high,
the ADo-7 output buffers are 3-stated.

If the latched Chip Enables are active,
a low on [OW causes the output port
pointed to by the latched value of
ADo to be written with the data on
ADo-7. The state of 10/M is ignored.

The CLK is used to force the READY
into its high impedance state after it
has been forced low by CE1 low, CE2
high, and ALE high.

Symbol
READY
(output)

PAo-7
tinput/output)

PBg-7
(input/output}

RESET
finput)

IOR
linput)

Vee
Vss
Vop

Function

READY is a 3-state output controlled
by CEz, CEy, ALE and CLK. READY
is forced low when the Chip Enables
are active during the time ALE is high,
and remains low until the rising edge
of the next CLK. {See Figure 6.}

These are general purpose I/0 pins.
Their input/output direction is deter-
mined by the contents of Data Direc-
tion Register (DDR,. PortAisselected
for write operations when_the Chip
Enables are active and IOW is low
and a 0 was previously latched from
ADo, AD1.

Read operation is selected by either
IOR low and active Chip Enables and
ADg and AD1 low, or IO/M high, RD
low, active Chip Enables, and ADg
and AD1 low.

This general purpose /O port is
identical to Port A except that it is
selected by a 1 latched from ADpand
a 0 from AD1.

In normal operation, an input high on
RESET causes all pins in Ports A and
B to assume input mode (clear DDR
register).

When the Chip Enables are active, a
low on IOR will output the selected
I/0 port onto the AD bus. IOR low
performs the same function as the
combination_of 10/M high and RD
low. When IORis notusedinasystem,
IOR should be tied to Vce (“17).

+5 volt supply.
Ground Reference.

Vop is a programming voltage, and
must be tied to +5V when the 8755A
is being read.

For programming, a high voltage is

supplied with Vpp= 25V, typical. (See
section on programming. )
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FUNCTIONAL DESCRIPTION

PROM Section

The 8755A contains an 8-bit address latch which aliows
it to interface directly to MCS-48 and MCS-85 Micro-
computers without additional hardware.

The PROM section of the chip is addressed by the 11-bit
address and CE. The address, CE1 and CE? are latched
into the address latches on the falling edge of ALE. If the
latched Chip Enables are active and |0/M is low when RD
goes low, the contents of the PROM location addressed
by the latched address are put out on the ADo-7 lines.

1/0 Section

The 1/O section of the chip is addressed by the latched
value of ADg-1. Two 8-bit Data Direction Registers (DDR)
in 8755A determine the input/output status of each pin
in the corresponding ports. A “0” in a particular bit posi-
tion of a DDR signifies that the corresponding I/O port bit
isin the input mode. A “1” in a particular bit position signi-
fies that the corresponding I/O port bit is in the output
mode. In this manner the I/O ports of the 8755A are bit-by-
bit programmable as inputs or outputs. The table
summarizes port and DDR designation. DDR’s cannot be
read.

AD1 ADo Selection
0 0 Port A
0 1 Port B
1 0 | Port A Data Direction Register (DDR A)
1 1 Port B Data Direction Register (DDR B)

When IOW goes low and the Chip Enables are active, the
data on the AD is written into I/0O port selected by the
latched vaiue of ADo-1. During this operation all /O bits
of the selected port are affected, regardless of their I/O
mode and the state of I0/M. The actual output level does
not change until IOW returns high. (glitch free output)

A port can be read out when the latched Chip Enables are
active and either RD goes low with IO/M high, or IOR goes
low. Both input and output mode bits of a selected port
will appear on lines ADo-7.

To clarify the function of the I/0 Ports and Data Direction
Registers, the following diagram shows the configuration
of one bit of PORT A and DDR A. The same logic applies
to PORT B and DDR B.

8755A
ONE 8IT OF PORT A AND DDR A

{\ OUTPUT |
[} LATCH
° D e N :
CLK
ouUTPUT |
ENABLE |
2 WRITE PA |
o |
RS
B DDR |
a|De LATCH |
2 [} Q -
< 4 Ag
2 CLR cLk PIN
x |
s |
z RESET
WRITE DDR A !
|
|
- - ‘

READ PA

WRITE PA = (IGW=0) o (CHIP ENABLES ACTIVE} « (PORT A ADDRESS SELECTED)
WRITE DOR A = (TOW=0) » (CHIP ENABLES ACTIVE) » (DOR A ADORESS SELECTED)
READ PA = {{(0/M=1) « (RD=0)] + (I0R=0)} » (CHIP ENABLES ACTIVE)  (PORT A ADDRESS SELECTED)

NGTE: WRITE PA IS NOT QUALIFIED BY 10/M.

Note that hardware RESET or writing a zero to the DDR
latch will cause the output latch’'s output buffer to be
disabled, preventing the data in the Output Latch from
being passed through to the pin. This is equivalent to
putting the port in the input mode. Note aiso that the data
can be written to the Output Latch even though the Output
Buffer has teen disabled. This enables a port to be ini-
tialized with a value prior to enabling the output.

The diagram also shows that the contents of PORT A and
PORT B can be read even when the ports are configured
as outputs.

TABLE 1. 8755A PROGRAMMING MODULE CROSS
REFERENCE

MODULE NAME USE WITH

UPP 955 UPP(4)

UPP UP2(2) UPP 855
PROMPT 975 PROMPT 80/85(3)
PROMPT 475 PROMPT 48(1)
NOTES:

1. Described on p. 13-34 of 1978 Data Catalog.
2. Special adaptor socket.

3. Described on p. 13-39 of 1978 Data Catalog.
4. Described on p. 13-71 of 1978 Data Catalog.
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ERASURE CHARACTERISTICS

The erasure characteristics of the 8755A are such that
erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Angstroms
‘A1, It should be noted that suntight and certain types of
fluorescent lamps have wavelengths in the 3000-4000A
range. Data show that constant exposure to room level
fluorescent lighting could erase the typical 8755A in
approximately 3 years while it would take approximately 1
week to cause erasure when exposed to direct sunlight.
If the 8755A is to be exposed to these types of lighting
conditions for extended periods of time, opaque labels
are available from Intel which should be placed over the
8755 window to prevent unintentional erasure.

The recommended erasure procedure for the 8755A is
exposure to shortwave ultraviolet light which has a wave-
length of 2537 Angstroms (A1, The integrated dose ri.e.,
UV intensity X exposure time: for erasure should be a
minimum of 15W-sec/cm2. The erasure time with this
dosage is approximately 15 to 20 minutes using an ultra-
violet lamp with a 12000uW/cm2 power rating. The
8755A should be placed within one inch from the lamp
tubes during erasure. Some lamps have a filter on their
tubes and this filter should be removed before erasure.

PROGRAMMING

Initially, and after each erasure, all bits of the EPROM
portions of the 8755A are in the “1” state. Information is
introduced by selectively programming “0” into the
desired bit locations. A programmed “0” can only be
changed to a “1” by UV erasure.

The 8755A can be programmed on the Intel® Universal
PROM Programmer (UPP:, and the PROMPT™ 80/85 and
PROMPT-48™ design aids. The appropriate programming
modules and adapters for use in programming both
8755A’s and 8755's are shown in Table 1.

The program mode itself consists of programming a
single address at a time, giving a single 50 msec pulse
for every address. Generally, it is desirable to have a
verify cycle after a program cycle for the same address
as shown in the attached timing diagram. In the verify
cycle fi.e., normal memory read cycle; 'Vpp should
be at +5V.

Preliminary timing diagrams and parameter values per-
taining to the 8755A programming operation are con-
tained in Figure 7.
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SYSTEM APPLICATIONS

System Interface with 8085A and 8088

A system using the 8755A can use either one of the two I/0
Interface techniques:

e Standard I/0
® Memory Mapped I/0

If a standard |/0 technique is used, the system can use
the feature of both CE3 and CE . By using a combination
of unused address lines A,,_,; and the Chip Enable
inputs, the 8085A system can use up to 5 each 8755A’s
without requiring a CE decoder. See Figure 2a and 2b.

If a memory mapped /O approach is used the 8755A will be
selected by the combination of both the Chip Enables and
I0/M using the ADg-15 address lines. See Figure 1.

= :
L
<

ALE
RD
WR
CLK (0:2)
READY
10/M

v,

8085A

D
-

cc

!

by,
i0R

RD CLK I10/M
ALE 1OW READY CE

Ag-10

8755A

Figure 1. 8755A in 8085A System(Memory-Mapped 1/0)
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8088 FIVE CHIP SYSTEM

Figure 1b shows a five chip system containing:
* 1.25 K Bytes RAM

e 2 K Bytes ROM

38 1/0 Pins

* 1 Interval Timer

e 2 Interrupt Levels

? VAN Vlss V(ic

TE PORT

(- CE 1
WR

tEEn

ALE  poRT
DATAI  C
ADDR
B N
I0/M TIMER
reser YT
A L iow
RD
AD AD =
Do 7K ADDRIDATA ﬁ) ALE  Lopt
S+ ce A m
8088 5 - j Aa-10
7
READY 8355/8755A
MNIX — Ve 23;‘:"
Vee ‘4 0 ~—| ALE 10/ PORT
Ab B
RST 3 RD ¢ ——~|ResET

Lga

clk— WR S — READY
READY |— 10IM L — ‘

s B [ 1 Y LPnoc;

RESET ‘ —1 Vss Ve Voo
O‘ o I ROY1 Vee
‘ N GND WA
MANUAL vee, RD
GND RESET > -
Wss) o & g1gs
ALE
+— cs
o CE;
ST Ag, Ag

Vss  Vee

Figure 2a. 8088 Five Chip System Configuration
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Figure 2b. 8755A in 8085A System (Standard 1/0)
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias
Storage Temperature
Voltage on Any Pin
With Respect to Ground
Power Dissipation

1.5W

"COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device ar these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to ahsolute maximum
rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTICS (14 = 0°C to 70°C; Vioc = BV * 5%)

SYMBOL| PARAMETER MIN. MAX. UNITS TEST CONDITIONS

Vi Input Low Voltage -0.5 0.8 \% Vee = 5.0V

Vin Input High Voltage 2.0 Vec 0.5 \ Vee = 5.0V

VoL QOutput Low Voltage 0.45 \ loL =2mA

VoH Output High Voltage 2.4 \ loy = -400uA

i Input Leakage 10 MA Vin = Veg to OV

ILo Output Leakage Current 110 uA 0.45V <Vpyt Ve

Icc Vec Supply Current 180 mA

A.C. CHARACTERISTICS (75 =0°Cto 70°C; Ve = 5V * 5%)
8755A ( Prae{isn?ilr\;azry)
Symbol Parameter Min. Max. Min. Max. Units
teyc Ciock Cycle Time 320 200 ns
T CLK Pulse Width 80 40 ns
T2 CLK Pulse Width 120 70 ns
tr.tr CLK Rise and Fall Time 30 30 ns
tAL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time after Latch 80 45 ns
tLe Latch to READ/WRITE Control 100 40 ns
tRD Valid Data Qut Delay from READ Control 170 140 ns
tap Address Stable to Data Out Valid 450 330 ns
L Latch Enable Width 100 70 ns
tRDF Data Bus Float after READ 0 100 0 85 ns
toL READ/WRITE Control to Latch Enable 20 10 ns
tce READ/WRITE Control Width 250 200 ns
tow Data in to Write Set Up Time 150 150 ns
twD Data in Hold Time After WRITE 30 10 ns
twe WRITE to Port Qutput 400 400 ns
tPR Port Input Set Up Time 50 50 ns
trRp Port Input Hold Time 50 50 ns
tRYH READY HOLD Time 0 160 0 180 ns
taRy ADDRESS ICE' to READY 160 160 ns
tRy Recovery Time Between Controls 300 200 ns
tRDE READ Control to Data Bus Enable 10 10 ns
to ALE to Data Out Valid 350 270 ns
Note: CLoap - 150pF
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Input Waveform for A.C. Tests:
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Figure 3. Clock Specification for 8755A
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Figure 4. PROM Read, 1/0 Read and Write Timing
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A. INPUT MODE

ﬁ—»’r—— tap

PORT
OuTPUT

GLITCH FREE

typ o L~ OUTPUT

DATA*
BuUS

*DATA BUS TIMING IS SHOWN IN FIGURE 4.

Figure 5. 1/0 Port Timing
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Figure 6. Wait State Timing (READY = 0)
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D.C. SPECIFICATION PROGRAMMING
(TA=0°C to 70°C: Vcc = 5V £ 5%; Vss = 0V)

Symbol Parameter Min. Typ. Max. Unit
Vbobp Programming Voltage (during Write
to EPROM) 24 25 26 \"
Ibp Prog Supply Current 15 30 mA
A.C. SPECIFICATION FOR PROGRAMMING
(TA=0°C to 70°C; Vcc =5V *+ 5%; Vss = 0V}
Symbol Parameter Min. Typ. Max. Unit
tes Data Setup Time 10 ns
tPD Data Hold Time 0 ns
ts Prog Pulse Setup Time 2 us
tH Prog Pulse Hold Time 2 us
tPR Prog Pulse Rise Time 0.01 2 uS
trF Prog Pulse Fall Time 0.01 2 us
tPRG Prog Pulse Width 45 50 msec
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WAVEFORMS
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*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vpp = +5V FOR 8755A)

Figure 7. 8755A Program Mode Timing Diagram
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