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8085A/8085A-2
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

Single +5V Power Supply

] m Four Vectored Interrupt Inputs (One is
100% Software Compatible with 8080A g'Dﬂ'Mﬂ;;abl'e) Plus an 8080A-

® 1.3 us Instruction Cycle (8085A); ompatible Interrupt
0.8 us (8085A-2) w Serial In/Serial Out Port

s On-Chip Clock Generator (with External ; . .
Crystal, LC or RC Network) ] De.clmal,_ Binary and Double Precision

Arithmetic
® On-Chip System Controller; Advanced

Cycle Status Information Available for
Large System Control

Direct Addressing Capability to 64k
Bytes of Memory

The intel® 8085A is a complete 8 bit paraliel 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), 8166 (RAM/10) and 8355/8755A
(ROM/PROMY/10)] 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 merory products allow a direct interface with the 8085A.
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Figure 2. 8085A Pin

Figure 1. 8085A CPU Functional Block Diagram Configuration
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Table 1.

Pin Description

Symbol Type Name and Function Symbol Type Name and Function
Ag—Aqs o Address Bus: The most significant READY | Ready: If READY is high during a
8 bits of the memory address or the read or write cycle, it indicates that
8 bits of the I/O address, 3-stated the memory or peripheral is ready to
during Hold and Halt modes and send or receive data. If READY is
during RESET. low, the cpu will wait an integral
ADg7 170 | Multiplexed Address/Data Bus: number of clock cycles for READY
Lower 8 bits of the memory address to go hlgh_before completing the
(or I/O address) appear on the bus read or write cy_cle. READY must
during the first clock cycle (T state) °,°"f°"“ to specified setup and hold
of a machine cycle. it then becomes times.
the data bus during the second and HOLD | Hold: Indicates that another master
third clock cycles. is requesting the use of the address
ALE o Address Latch Enable: It occurs and data buses. The cpu, upon
during the first clock state of a ma- receiving the hold request, will
chine cycle and enables the address relinquish the use of the bus as
to get latched into the on-chip latch saon as the completion of the cur-
of peripherals. The falling edge of rent bus trans_fer. Internal process-
ALE is set to guarantee setup and ing can continue. The processor
hold times for the address informa- can regain the bus only after the
tion. The falling edge of ALE can HOLD is removed. When the HOLD
also be used to strobe the status is acknowledged. the Address,
information. ALE is never 3-stated. gasttaat:?’ WR, and 10/M lines are
So.S1,and 10/}} 0 Machine Cycle Status: HLDA o Hold Acknowledge: Indicates that
10/ 8, S; Status the cpu has received the HOLD re-
0 0 1 Memory write quest and that it will relinquish the
0 1 0 Memory read bus in the next clock cycle. HLDA
1 0 1 VO write goes low after the Hold request is
1 1 0 l/Oread removed. The cpu takes the bus one
0 1 1 Opcode fetch half clock cycle after HLDA goes
1 1 1 Opcode fetch low.
! t K‘;E:\r:vs:edge INTR | Interrupt Request: Is'used as a
. 0 0 Halt general purpose interrupt. It is
" X X Hold sampled only during the next to the
. X X Reset last clock cycle of an instruction
* = 3-state (high impedance) and during Hold and Halt states. If it
X = unspecified is active, the Program Counter (PC)
will be inhibited from incrementing
S4 can be used as an advanced R/W and an INTA will be issued. During
st1a\tus. I0/M, Sg and S; become this cycle a RESTART or CALL in-
valid at the beginning of a machine struction can be inserted to jump to
cycle and remain stable throughout the interrupt service routine. The
the cycle. The falling edge of ALE INTR is enabled and disabied by
may be used to latch the state of _softwar"e. Itis dlsableg by Rese_t and
these lines. |mrrleg|ately after an interrupt is ac-
— - cepted.
RD [¢) Read Control: A low level on RD — -
indicates the selected memory or INTA 0 interrupt Acknowledge: lsus_ed_m—
1/O device is to be read and that the stead of (and has the same timing
Data Bus is available for the data as) RD during the Instruction cycle
transfer, 3-stated during Hold and after an INTR is accepted. It can be
Halt modes and during RESET. us_ed to activate an §259A Interrupt
ﬁ [e] Write Control: A low leve! on WR chip or some other interrupt port
indicates the data on the Data Bus is RST 5.5 | Restart Interrupts: 'Ijhe.se three in-
to be written into the selected RST 6.5 puts have the same timing as INTR
mermory or I/O location. Data is set RST 7.5 except they cause an internal
up at the trailing edge of WR. 3- ﬁESTART to be automatically
stated during Hold and Halt modes inserted.
and during RESET. The priority of these interrupts is
ordered as shown in Table 2. These
interrupts have a higher priority
than INTR. In-addition, they may be
individually masked out using the
SIM instruction.
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Table 1. Pin Description (Continued)

Symbol Type Name and Function Symbol Type Name and Function
TRAP | Trap: Trap interrupt is a non- RESET OUT [e] Reset Out: Reset Outindicates cpu
maskable RESTART interrupt. It is is being reset. Can be used
recognized at the same time as as a system reset. The signal is
INTR or RST 5.5-7.5. It is unaffected synchronized to the processor
by any mask or Interrupt Enable. It clock and lasts an integral number
has the highest priority of any inter- of clock periods.
rupt. (See Table 2.) Xy, X2 | X4 and X5: Are connected to a
ESET | | Reset In: Sets the Program Coun- crystal, LC, or RC network to drive
ter to zero and resets the Interrupt the internal clock generator. Xy can
Enable and HLDA flip-flops. The also be an external clock input from
data and address buses and the a logic gate. The input frequency is
control lines are 3-stated during divided by 2 to give the processor’s
RESET and because of the internal operating frequency.
asynchronous naturle of RESET, th: CLK O | Clock: Clock output for use as a sys-
processor's internal registers ap tem clock. The period of CLK is
flags may be altered by RESET with twice the X4, X, input period
unpredictable results. RESET iNis a 172 .
Schmitt-triggered input, allowing SiD | Serial Input Data Line: The data on
connection to an R-C network for this line is loaded into accumulator
power-on RESET delay. The cpu is bit 7 whenever a RIM instruction is
held in the reset condition as long executed.
as RESET IN is applied. SOD O | Serial Output Data Line: The out-
put SOD is set or reset as specified
by the SIM instruction.
Vee Power: +5 volt supply.
Vss Ground: Reference.
Table 2. Interrupt Priority, Restart Address, and Sensitivity
Address Branched To (1)
Name Priority When Interrupt Occurs Type Trigger
TRAP 1 24H Rising edge AND high level until sampled.
RST 7.5 2 3CH Rising edge (latched).
RST 6.5 3 34H High level until sampled.
RST 6.5 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 ¢pu 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-2), thusimproving onthe present
8080A’s performance with higher system speed. Also itis
designed to fit into a minimum system of three IC’s: The
cpu (8085A), a RAM/IO (8156}, and a ROM or EPROM/10
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 setis asfollows:

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 of the machine cyclethe databusis
used for memory or /0 data.

The 8085A provides RD, WR, Sy, S+, and IO/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 also pro-
vides Serial Input Data (SID) and Serial Output Data
(SOD) 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 funation 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
execution of RESTART (saving the program counter in the
stack and branching to the RESTARTaddress) if the inter-
rupts 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 interrupt
enable or masks. (See Table 2.)

There are two different types of inputs in the restart inter-
rupts. RST 5.5 and RST 6.5 are high level-sensitive like
INTR (and 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.) The RST 7.5 request flip-flop remains

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 puise on the
RST 7.5 pin even whenthe 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 El
instruction is executed.

INSIDE THE
exTERNAL | 8085A
INTERRUPT
REQUEST TRAP
RESET IN SCHMITT
TRIGGER
RESET
INTERRUPT
+5v—D CLK REQUEST
Q
o
FIF
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 1/0 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
Cv (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 LG 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:

1

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. Its 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 [) 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 X1 and leave X2 open-
circuited (Figue 4D). H the driving frequency is from 6 MHz
to 10 MHz, stability of the clock generator will be improved
by driving both X1 and Xz 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.

2m\/L(Cext + Cint)
% 8085A
—_— +5V
1 } Low time > 60 ns
| Cinr 4702
: ~15pF T0 —

h = 1Ko
= 3 % X4

X2 _‘|

*20 pF CAPACITQRS REQUIRED FOR

CRYSTAL FREQUENCY < 4 MHz ONLY.

a. Quartz Crystal Clock Driver

Xy 8085A
-

1

2

-

|
|
Lext j: Cexr #
|
—

8085A

|

¢. RC Circult Clock Driver

* X2
*Xo LEFT FLOATING

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

+5V

Low time > 40 ns

X

X2
L

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 memor
or peripheral devices are being used, the circuit shown
Figure 5 may be used to insert one WAIT state in ea
8085A machine cycle

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

CLEAR B085A
ALE* —»ICLK CLK OUTPUT* CLK TO
BOB5A
“D"” “D" READY
F/F a F/F G | INPUT
+5V —=1D D

*ALE AND CLK (OUT} SHOULD BE BUFFERED IF CLK INPUT OF LATCH
EXCEEDS 8085A 10L OR IOH,

Figure 5. Generation of a Walt 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 it is 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:

® 2K Bytes ROM

® 256 Bytes RAM

¢ 1 Timer/Counter

® 4 8-bit I/0 Ports

® 1 6-bit I/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/0, the memory mapped 1/O
offers an efficient 1/0 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 I/0 using 8085A.

6-15

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.

D Vss Ve
Xy X, RESET |
—=1 TRAP . HOLDf=—
-] RST75 HLDA |—+
—=| RST6,5 8085A SOD p—s
—»| RSTES SID fe—
—={ INTR s b—
RESET
™2 acoR/ . - out Sof—
ADDR DATA ALE RD WR 10/@ RDY CLK
Z\ Ves Voo
(@) (8) l l
H— ce  PORT “
A
WR
PORT m
RD [
8156
ALE  popT! ‘ﬁ»
pata; €
ADDR
b IN
10/@ TIMER ja—
ouThH—>
oW
K>
H— A
z_‘ As.10
8355
8756A
DATA/
ADDR
N v
K
ET 8|
2. Y Vec
p—fciK ioR

Vs Ve Voo PROG
AAA Vee

\AAS

AAA,
\A A

AAA
VVv

AV

*NOTE: OPTIONAL CONNECTION

Figure 6. 8085A Minimum System (Standard I/O
Technique)
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AB-16 ¥ ~ T ~ A

N
= — >

ALE
8085A i}
WR

10/M

CLK

RESET OUT |
READY N
|

. o

! \
TIMER || __ = AB- AD| 10/
RESET z IN WR|AD| ALE | CE q\}:‘: oM \}Aw 0.7, CE] M/ ALE| Hbfﬁvictxnsﬂnnv

Vcc

—AM— Voo

Vec

u
9156 8355 [ROM +1/0]
OR

[RAM + 1/0 + COUNTER/TIMER] 67554 (PROM+ /0]

*NOTE: OPTIONAL CONNECTION t ‘ j(a] t t

Figure 7. MCS-85™ Minimum System (Memory Mapped |/O)

1,

RST? HLDA f—-e
RSTE SOD f—+
RSTE 8085A SID J——

INTR $1 =
RESET ¢
0

mEEEay
3

ADDR/
ADDR DATA ALE AD WK 10/M  RDY CLK

(8} (8)

10/M (cs)
W

e 1
J\EDI\TA
STANDAROD
MEMORY
ADDR {CS)
AY
1] IA

(16}

LK

RESET

10/M (CS) 1/0 PORTS,
CONYROLS

WA
D

DATA
STANDARD
110

SO

A— Vee

~ANWW— Ve

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

Table 3. 8085A Machine Cycle Chart

The 8085A has a multiplexed Data Bus. ALE is used as a MACHINE CYCLE STATUS CONTROL
strobe to sample the lower 8-bits of address on the Data - 10/M|s1so |RD | WR[TNTA
Bus. Figure 9 shows an instruction fetch, memory read AN i N I Y IS I
and |/O write cycle (as would occur during processing of MEMORY WRITE (MW} odlola1]l11 ol 1
the OUT instruction). Note that during the !/O write and 1/0 READ {10R) 1] ofo 1] 1
read cycle that the 1/0 port address is copied on both the 1/0 WRITE {row) tloprfrpof o
r and lower half of the address ACKNOWLEDGE
uppe - OF INTR (INA) 1 1] 0
There are seven possible types of machine cycles. Which BUS IDLE {81): DAD 0 0 !
. . ACK. OF
of these seven takes place is defined by the status of the RST TRAP PR I I I R B
three status lines (1I0/M, S41, So) and the three control HALT Tsj ol ofrs| 18| 1
signals (RD, WR, and INTA). (See Table 3.) The status
lines can be used as advanced controls (for device selec-
tion, for example), since they become active at the T1 Table 4. 8085A Machine State Chart
state, at the outset of each machine cycle. Control lines Status & Buses Control
RD and WR become active later, at the time when the Machine _
transfer of data is to take place, so are used as command State |S1.80/10/M]Ag-A15|ADo-AD7/RDWR|INTA|ALE
lines. T4 X | x X X 1 1 1™
A machine cycle normally consists of three T states, with T2 X | X X X X X |0
the exception of OPCODE FETCH, which normally has Twarr X 4 X X X X X110
either four or six T states (unless WAIT or HOLD states Ts X | X X X X xXi0
are forced by the receipt of READY or HOLD inputs). Any Ta 1 ] o0¢ X TS 1 100
Tstate must be one of ten possible states, shown in Tabie 4. Ts 1 | ot X TS 1 11 0
Ts 1 | ot X TS 1 1010
Treser | X | TS | TS TS TS1 1] 0
THALT 0 |{TS| TS TS TS| 1] 0
Too | X | TS| T8 TS TS| 1] 0
0 = Logic “0" TS = High impadance
1 = Logic “1" X = Unspecified
* ALE not generated during 2nd and 3rd machine cycles of DAD instruction.
1 10/M = 1 during T4-Tg of INA machine cycle.
My M, My
Ag-Ag x PC, {HIGH ORDER ADDRESS) X {PC + 1),, x 10 PORT
(LOW ORDER DATA FROM DATA FROM MEMORY DATA TO MEMORY
ADDRESS) ORY (1/0 PORT ADDRESS) OR PERIPHERAL
{INSTRUCTION)
we__ |\ ‘au a
= _/ [
10/M / \
STATUS X §)8y (FETCH) X 10 (READ) X 01 WRITE n
Figure 9. 8085A Basic System Timing
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ABSOLUTE MAXIMUM RATINGS*

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

With Respect to Ground . . . .. ....... —0.5V to +7V

Power Dissipation . .. ............... 1.5 Watt

*NOTICE: 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
specification is not implied. Exposure to absoluts
maximum rating conditions for extended periods may
affect davice reliability.

D.C. CHARACTERISTICS (T4 = 0°C to 70°C; Vo = OV +5%, Vgg = OV; unless otherwise specified)

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

Vi Input High Voltage 20 Ve *0.6 \

Voo Output Low Voltage 0.45 \ loL = 2mA

Vou Output High Voltage 2.4 v . gy = -400uA
lee Power Supply Current 170 mA

TS Input Leakage +10 HA 0= VN =Vee

Lo Output Leakage +10 MA 0.45V < Vg1 < Ve
VILR Input Low Level, RESET -0.5 +0.8 Vv

ViHR Input High Level, RESET 2.4 Ve 10.5 \

Vuy Hysteresis, RESET 0.28 v

6-18
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A.C. CHARACTERISTICS (15 = 0°C to 70°C, Vo = OV £5%, Vgg = 0V)

Symbol Parameter 8085A1 8085A-2% Units
Min. Max. Min. Max.

teve CLK Cycle Period 320 2000 200 2000 ns
t CLK Low Time (Standard CLK Loading) 80 40 ns
t, CLK High Time (Standard CLK Loading) 120 70 ns
et CLK Rise and Fall Time 30 30 ns
YR X, Rising tc CLK Rising 30 120 30 100 ns
txke X, Rising to CLK Falling 30 150 30 110 ns
tac Ag_15 Valid to Leading Edge of Controi 270 115 ns
tacL Ap-7 Valid to Leading Edge of Control 240 115 ns
taD Ap-15 Valid to Valid Data Tn 575 350 ns
tarr Address Float After Leading Edge of

READ (iNTA) _ 0 )} ns
tay Ag_5 Valid Before Trailing Edge of ALEI™ 115 50 ns
ta Aq_7 Valld Before Trailing Edge of ALE 90 50 ns
tARY READY Valld from Address Valld 220 100 ns
tca Address (Ag-35) Valid After Control 120 60 ns
tee Width of Control Low (RD, WR, INTA)

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

of ALE 50 25 ns
tow Data Valid to Trailing Edge of WRITE 420 230 ns
taBe HLDA to Bus Enable 210 150 ns
tyaBrF Bus Float After HLDA 210 150 ns
thack HLDA Valid to Trailing Edge of CLK 110 40 ns
THoH HOLD Hold Time 0 0 ns
tips HOLD Setup Time to Trailing Edge of CLK 170 120 ns
[T 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
[ Tralling Edge of ALE to Leading Edge

of Control 130 60 ns
tiek ALE Low During CLK High 100 50 ns
Y or ALE to Valld Data During Read 460 270 ns
TLow ALE fo Valld Data During Wrlte 200 120 ns

L ALE Width 140 80 ns

LAy ALE 1o READY Stable 110 30 ns

6-19
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A.C. CHARACTERISTICS (Continued)

Symbot Parameter 8085A2 8085A-212) Units
Min. Max. Min. Max.
tpag | Trailing Edge of READ to Re-Enabling 150 90 ns
of Address
tao | READ (or INTA) to Valid Data 300 150 ns
try Control Trailing Edge to Leading Edge 400 220 ns
of Next Control
trpH | 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
twp | Data valid After Trailing Edge of WRITE 100 60 ns
twpL | LEADING Edge of WRITE to Data Valid 40 20 ns
NOTES

Ag-Aq5 address Specs apply to 10/M, So, and S¢ except Ag-A4g are undefined during T4-Tg of OF cycle
whereas I0/M, Sp, andS; are stable.
Test conditions: tgyg = 320 ns (B0B5A)/200 ns (8085A-2); | = 150 pF.

3. For all output timing where C_= 150pF use the following correction factors:
25pF < G_< 150pF: ~0.10ns/pF
150pF < C < 300pF: +0.30ns/pF

No o o~

A.C. TESTING INPUT, QUTPUT WAVEFORM

Qutput timings are measured with purely capacitive load.
All timings are measured at output votage V_=0.8V, Vi

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

=2.0V, and 1.5V with 20ns rise and fall time on inputs.

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

2.0 20
> TEST POINTS <
0.8 0.8

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 AND 0.45V FOR

A LOGIC

“0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1"

AND 0.8V FOR A LOGIC “0."

DEVICE
UNDER
TEST

= 150 pF

T
Cy = 150 pF

C, INCLUDES JIG CAPACITANCE
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Table 5. Bus Timing Specification as a Tcyc Dependent
8085A 8085A-2
taL - (1/2) T-45 MIN taL - (1/2) T- 50 MIN
LI - {1/2) T - 60 MIN A - (1/2) T - 50 MIN
LTy - (1/2) T-20 MIN o - (1/2) T-20 MIN
tck - (1/2) T-60 MIN ek - (1/2) T-50 MIN
t ¢ - (1/2) T-30 MIN e - (1/2) T-40 MIN
tAD - (5/2+N) T -225 MAX tap - (6/2+N) T -150 MAX
tap - (3/2+N) T-180 MAX tep - (3/2+N) T -150 MAX
tRAE - (1/2)T-10 MIN tRAE - (1/2)T-10 MIN
toa - (1/2) T- 40 MIN tea - (1/2) T- 40 MIN
tow - (3/2+N) T - 60 MIN tow - (3/2+N) T~70 MIN
two - (1/22T- 60 MIN twp - (1/2T7-40 MIN
tee - (3/2+ N} T - 80 MIN tee - (3/2+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 tyack - (1/2) T - 60 MIN
tHABF - (1/2) T +50 MAX tHABE - (1/2) T +50 MAX
tHABE (1/2) T +560 MAX tuaBE - (1/2) T +50 MAX
tac - (2/2) T - 50 MIN tAC - (2/2) T- 85 MIN
t, - (1/2) T- 80 MIN t - (1/2) T - 60 MIN
tz - (1/2) T - 40 MIN t, - (1/2) T-30 MIN
tay - (3/2) T- 80 MIN try - (3/2) T- 80 MIN
t pr — (4/2)T- 180 MAX t pR - (4/2) T~ 130 MAX
NOTE: N is equal to the total WAIT states. NOTE: N is equal to the total WAIT states.
T=tgyc. ' T=tcye
WAVEFORMS
CLOCK
X3 INPUT {_\__/_—\__/_—\.—_/—-_—\
t,._.‘ ty ‘ —— t
CLK Jr
ouTPUT
tXKR |[+— ty !
tove
~—={ txKF
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WAVEFORMS (Continued)

|-— tek

READ [ T | T \ T3 | A8
cLK \ / k i \ / \ /
fe— ek — -— 'CA———|
Ag-Ars ADDRESS
tho——» ‘RDH‘bki frae—=
ADy-AD, ADDRESS -W/ /////‘ DATA IN (
r*—‘u—’ [ tLa ——|
ALEj tarR | o ton e (CL"y_—
d
- AL e - tap
ROD/INTA . teo—oN tee
tac
wanE T1 | TZ I T3 | T‘
cLK / \ / \ /

Ag-Ars X

AD,-AD, X

ALE j

ADDRESS
« toa—
i—— Low ——i
¢ T
ADDRESS DATA OUT K
rﬂ— fi—w| |— ‘LA——*] tow o typ —|
s twoL ’
e tay
N b /
f— tic— [« toL—]
t
ac

TO WRITE |

T |

g
CLK
[ tLCK —]

L |

Twart i T3

READ OPERATION WITH WAIT CYCLE (TYPICAL) — SAME READY TIMING APPLIES

[-— tea —»|

T

f \ / \ /

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

i
i\
Aa-Ars ADDRESS ) (
f
i PR E—
tap tROH —»| |«
i ¢
ADy-AD, ADDRESS H / /////X DATAIN (
]ias |
fat— ty —] fe— ta —
| taFR —»| ja— o tCL —m e
ALE j tor
4+
la— taL —»| trp
RD/INTA toe
RD/INTA te N T
e tiay 1l
tac
taRy tavs | tRvn . tRys tave !
-}
READY 1
1
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WAVEFORMS (Continued)
HOLD

T2 T TwoLo Thoio T

°LK\F__/’_TF__/'_"’R__/_'\___/_—\__/

i
J ]
HOLD e
-1 o el
tHps tHOH k— tHack>
d ¢

HLDA

L'mxar-»— I—

tHaBE —4

BUS {ADDRESS, CONTROLS} |

INTERRUPT AND HOLD

\ K] ‘ T ‘ T ~ T ' L ‘ T l Tuotn l T t T

Ag_1s X 4&-—‘.—[‘
ADe; X H CALL INST. - ) —

BUS FLOATING* ———————

AR I\

1

INTA \ I
— tuase o

77
R,/ \ o
{ f
tng — fine )
[777 —
HoLD [/ ///? N \
()

tps tion
\

—_
HLDA ’_\
thack |“ thasr *10/M IS ALSO FLOATING DURING THIS TIMiI
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Table 6. Instruction Set Summary

Instruction Code Operations Instruction Code Operations
Mnemonic | Dy Dg D5 D4 D3 D; Dy Description Mnemonic | Dy Dg Ds Dy D3 D> Dy Dy Description
MOVE, LOAD, AND STORE cz 1100 1 1 0 0 |[Callonzero
MOWir2 | 0 1 D D D S S S |Moveregister to register ggz } : ‘;’ ‘1’ g 1 g g gﬂ:'l on no zero
MOV M.r 0 1 1 1 0 S S S |Moveregister to memory all on positive
MOV rM 01 DDD 1 1 0 |Movememory to register grE : : : (1) : } g g ga::onmlqus
MVIr 0 0 DD D 1 1 0 |Moveimmediate register 14 100 all on parity even
MVIM 00110 1 1 0]Moveimmediate memory g%sm 1 00
i B 0 0 0 0 0 0 O 1 |Loadimmediate register
Pair B & C RET 11 0 0 1 0 0 1 |Retum
XD 0 0010 0 0 1]Loadimmediate register RC 1101 1 0 0 0 |Return on carry
Pair D & € B |1 10807000 |Reumentere
i i eturn on zero
L4 H 00100001 :ﬂ"’;’{‘_”""e register ANZ 11000 0 0 0 |Return on no zero
STAX B 0000 OC O 1 0|StoreA indirect :; 1 } } } 2 g g g ::::::g:;"l:t's"e
E;AAXXIZ g g g ; ? g 1 g E;Zr::::g;:::: RPE 11101000 Returnonpar!tyeven
LDAX D 0001 10 1 0[LoadA indirect '_‘—:Psgum 1 1100 00 O Returnonparity odd
STA 00110 0 1 0]StoreAdirect .
RST 1 1 A A A 1 1 1 |Restart
LDA 001110 1 0]LoadAdirect NPUTIOUTPUT
SHLD 00100 0 1 0]StoreH &L direct N 1 0 110 1 1 limeut
LHLD 0010 10 1 0|LoadH & L direct out 1101001 1 g"t“t
XCHG 1 11010 1 1|ExchangeD&E H&L - INCREMENT KND DECRENERT - utpy
— INR ¢ 0 0 DD D1 0 O [increment register
DCRr 0 0 DDD 1 0 1 |Decrementregister
PUSH B 1100010 (P:u:: ;teag;‘:rerPaer& ';‘g‘"‘ 0 g 1 010 ? neroment memory
R M 0 1010 Decrement memory
PUSH D 11 01 0 1 0 1 |PushregisterPairD& N B 000000 11 ncementBac
E on stack registers
PUSHH 11100101 zushreglsterPaer& INX D 0001001 1 ncrementD&E
on stack registers
PUSHPSW| 1 1 1 1 0 1 0 1 PushAand Flage INX H 001000 1 1 |incrementH&L
PoP 8 1100 00 0 1}PopregisterPairB& DOX B 00001011 rr;::::;:::ma&c
POP D 11010001 go:"r:::t:rher& ggﬁ; g g 0 (‘) 1 g 1 } g°°'°’“°":z:E
E off stack ABD acremen
POP H 1110000 1 Pop register PairH & ADD 1 10000 & S S |AddregistertoA
off stack
POPPSW | 1 1 1 1 0 0 O 1 |PopAand Flags ADCr 100015888 m:::::;mﬂ
off stack
ADD M 10¢C 0 1 1 0 |Add memoryto A
XTHL 11100 0 1 1 |Exchangetopof ADC M 100 g 111 0|Add memorz to A
SPHL 11111001 ML o staok pointer ADI 100011 oy oA
LXI 8P 00110 0 0 1 |Loadimmediate stack ac) 11001 10 Mdlmm:dlam”
pointer
ith carry
INX SP 0 0 1 1 0 0 1 1 |increment stack pointer w
DCX SP 0 01 1 1 0 1 1 |Decrement stack ggg g g g ‘1’ } g g } :g:g:g:g::t
TOWF polnter DAD H 0010100 1|AdH&LIoH&L
JMP 1100 0 0 1 1]|Jumpunconditionsl DADSP 0 0 1 1 1 001 a": :‘“" pointer to
JC 1101 1 0 1t 0 [Jumpon carry SUBTRACT
JINC t 1 01 0 0 1 0 jJunponnocarry
JZ 110010 1 0]Jumponzero suBr 10010 S S8 ::tr;:r:ct register
JNZ 11000 0 1 0 Jumponnozero
P 111100 1 0|Jumpon positive seBr 10011858S ls\‘\"m“;‘o:fgx“" from
JM 1111 1 0 1 0 |Jumponminus
JPE 1110 1 0 1 0][Jumpon parlty even SuB M 10010110 z‘;:’r:':c‘ memory
JPO 111 0 0 0 1 0 (Jumpon parity odd
PCHL 11101 0 0 1|H&Ltoprogram sesM too01 1110 i‘ﬁ:;’g;’:;ww'mm
EALL counter sul 11010 1 1 0 |Subtract immediate
CALL 110 0 1 1 0 1 |Callunconditional from A
cc 1101 1 1 0 0|Calloncarry SsBI 110 1 1 1 1 0 [Subtract immediate
CNC 1101 0 1 0 0 |Callonnocarry from A with borrow
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Table 6-1. Instruction Set Summary (Cont'd)

Instruction Code Operations Instruction Code Operations
Mnemonic | Dy Dg Ds D4 D3 D, Dy D Description Mnemonic | D; Dg D5 Dy D3 Dp D4 Description
LOGICAL SPECIALS
ANAr 1 01 0 0 S S S |Andregister with A CMA 0 01 0 1 1 1 1|Complement
XRA r 10 1 0 1 S S8 S |Exclusive OR register A
with A STC 001t 0 1 1 1]Setcarry
ORA r 1 01 1 0 S S 8 |ORregister with A CMC 6 01 1 1 1t 1 1}Complement
CMPr 1 0 1 1 1 8 S 8 |Compare register with A carry
ANA M 101 0 0 1 1 0 |And memory with A DAA 0 0 1.0 0 1 1 1 [DecimaladjustA
XRA M 1 010 1 1 1 O |Exclusive OR memory | CONTROL
with A El 1 1 1 1 1 0 1 1|EnableInterrupts
ORAM 1 061 1 0 1 1 0 ;ORmemorywith A DI 1 1 1 1 0 0 1 1|Disable Interrupt
CMP M 101 11 1 0 |Compare NOP 0 0 0 0 0 0 0 O|fNooperation
memory with A HLT 0 1 1 1 01 1 0/[Halt
AN) 111 0 0 1 1 0 |Andimmediate with A NEW 8085A INSTRUCTIONS
XRI 111 0 1 1 1 0 {Exclusive OR immediate RIM 0 0t 0 0 0 O O/ReadInterrupt Mask
with A SIM 0 01 1 0 0 0 O]Setinterrupt Mask
ORI 111 1 0 1 1 0 |ORimmediate with A
CPI 1111 1 1 1 0 |Compareimmediate
with A
ROTATE
RLC 0 0 0 0 0 1 1 1 |RotateAleft
RRC 0 000 1t 1 1 Rotate A right
RAL 0 0 0 1 0 1 1 1 |RotateA left through
carry
RAR 0 0 0 1 1 1 1 1 |RotateA right through
carry
NOTES:

1. DDS or S8S: B 000, C 001, D 010, E011, H 100, L 101, Memory 110, A 111,
2. Two possible cycle times (8/12) indicate instruction cycles dependent on condition flags.

*All

lics copyrighted ©lntel Corporation 1976.
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