(BNE19814D4

HALL. DOUGLAS V. Microprocessors and Digital System.

New York: McGraw-Hill Book Co., 1980.

IBM Co. IBM ' Selectric ' I/O Typewriter, No. 241-5737-0

New York: IBM Co., July, 1973.

IBM Co. 1IBM Selectric Universal I/O Keyboardless Printer.

No. 124-0070-4. New York: IBM Co., 1972.

INTEL Co. Intel Component Data Catalog 1978, Santa Clara,

U.S.A.: 3065 Bowers Avenue. 1978.

DATAPOINT Corp. Datapoint 5500, Product Specification & Hardware

Reference Manual. No. 60181-02. New York: Datapoint
Corp., May 27, 1977.

DATAPOINT Corp. Data Station 8200, Maintainance Manual. No.

75245-00. New York: Datapoint Corp., Aug, 1977.

DATAPOINT Corp. Multiport Communication Adaptor 9460/9462, Product

Specification. No. 60177-01. New York: Datapoint Corp.,

July 8, 1976



/ 2
/
wransaluniingads
CHuLALONGKORN UNIVERSITY




5.8.2 Presentation Format

A description of each 5500 instruction is given below, in
order to simplify the presentation, the following symbols and

abbreviations are used:

Operation:

Op Code:

Timing:

Length:

Stack:
Entry:

Exit:

Algorithm:

_—

Lot

;xr1m00m>>#<~

Stack

(OP)

(rs)
(rd)
"

(rp)

Symbolic representation of
instruction description.

Operation Code, expressed in
octal.

Execution time in microseconds.
(Note: memory refresh overhead
is 507 implying that a program

will execute, on ;
the average, 5% slower than the sum
of the indicated tirr ings.)

Number of bytes in the instruction.
(Used when the ler 3th may not be
especiglly obvious trom the

op code or the

instruction diagram.)

Number of stack entries.
Conditions necessary before
execution.

Conditions existing after
execution.

Steps taken to perform the
instruction execution.

The contents of.

Is replaced by

Is transferred to.

Is compared with.

Logical "Or" operation.

Logical "Exclusive Or” operatio~
Logical "AND" operation.

8-bit processor registers

Memory location

designated by the contents

of HL or the designated

register pair.

Program counter. (When shown P+X

location relative to first byte of instruction).

Pushdown Stack

One of the eight ALU
operations (AD, AC, SU, SB

ND, XR, OR, CP)

A source general register
(ABCDEHL)(s=0 to 6).

A destination general register
(ABCDEHL) (d=0 to 6).

A general register (ABCDEHLX).
(sord =0to7)

One of the pairs of registers (BC DE HL XA)

77

r A register select op code.
No byte is necessary
for selection of the A register.
Otherwise: B=0111, C=062,
D=0113, E=0174, H=0115
L=0176, X=022
P A register pair select op code.
No byte is necessary for
the selection of HL.
Otherwise: BC=062, DE= 0174, XA=022.

(vwv) An 8-bit value used
in an instruction.
(adr) A 16-bit value used in

an instruction with the
LSP first, followed by the MSP.

(cf) Control flags (CZSP) (c=0 to 3) |
(Often called flip-flops). i
(exp) External command, listed in
Table 5-1.
data An expression reducing to
an 8-bit immediate value.
loc An expression reducing to

a 16-bit address.

5.8.3 Category 1 — 2200 System Instructions

 LOAD IMMEDIATE L(r)

Op Code: 0d6 (vvv)
Timing: 1.8
Operation: (vvv)—=(r)

Transfers the contents of the operand given in the instruction
to the register specified by bits 3-5 of the instruction word.

7 6|5 43{210]7 0
0 d 6 OPERAND

1. d is the destination designator.
2. None of the flag flip-flops are changed.

LOAD L{rd)M, L(rd)(rs), LM(rs) o
For L(rd)M: Op Code: 3d7
Timing: 2.6

Operation: (M)—(rd) d<6
For L(rd)(rs): Op Code: 3ds
Timing: 1.2
Operation: (rs)—(rd) s<6, d<6
For LM(rs): Op Code: 37s
Timing:2.6
Operation: (rs)—=(M) s<6

Transfers the operand from the source specified by bits 0-2 of
the instruction word to the destination specified by bits 3-5 of
the instruction word.

7 6|54 31210
3 . d - 8

1. The data source is unaffected.
2. s and d both = 7 results in a HALT instruction.
3. None of the flag flip-flops are changed.
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ADD IMMEDIATE AD data
Op Code: 004 (vwv)
Timing: 2.2
Operation: (A) + (P+1)—A

Adds the value of the (data) operand to the contents of the A
register and retains the sum in the A register.

7 6}5 4 3121 017 0
0 0 4 OPERAND

1. Carry flip-flop set if ada overtlow occurs; otherwise carry
is reset.

2.. The Sign, Zero and Parity flip-flops indicate the status of
the A register at completion.

ADD AD{rs), ADM
For AD(rs): Op Code: 20s
Timing: 1.4

Operation: (A) + (rs)—=A
For ADM: Op Code: 207

Timing: 2.6

Operation: (A) + (M)—A

This instruction is identical to ADD IMMEDIATE with the
exception of operand source.

7 615431210
2 0 S

s specifies the operand source.

ADD WITH CARRY IMMEDIATE AC data
Op Code: U14 (vwv)

Timing: 2.2

Operation: (A) + (P+1) + (Carry)— A

Adds the Carry bit and contents of the operand to the con-
tents of the A register and retains the sum in the A register.

7 6|5 43121017 0
0 1 4 OPERAND

1. If add overflow occurs, the Carry flip-flop is set; otherwise
Carry is reset.

2. The Sign, Zero and Parity flip-flops indicate the status of
the A register at completion.

ADD WITH CARRY AC(rs), ACM
For AC(rs): Op Code: 21s

Timing: 1.4

Operation: (A) + (Carry) + (rs)—A
For ACM: Op Code: 217

Timing: 2.6

Operation: (A) + (Carry) + (M)—A

This instruction is identical to ADD WlTH CARRY IMMEDIATE
with the exception of operand source.

7615
2

2.4 0
s

-l
w
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s specifies the operand source.

SUBTRACT IMMEDIATE SU data
Op Code: 024 (vwv)
Timing: 2.0
Operation: (A) - (P+1)—A

Subtracts the value of the operand from the contents in the A
register and retains the difference in the A register.

7 6|5 4312 1 0]7 0
0 2 4 OPERAND

1. The Carry flip-flop is set if underflow occurs, otherwise
carry is reset.

2. The Zero, Sign and Parity flip-flops represent the status of
the A register at completion.

SUBTRACT SU(rs), SUM
For SU(rs): Op Code: 22s

Timing: 1.4

Operation: (A)-(rs)—A
For SUM: Op Code: 227

Timing: 2.6

Operation: (A)-(M)—A

This instruction is identical to SUBTRACT IMMEDIATE with
the exception of operand source.

7 65 4 31210
€ 2 S

s specifies the operand source.

SUBTRACT WITH BORROW IMMEDIATE SB data
Op Code: 034 (wv)
Timing: 2.2 -
Operation: (A)-(P+1) - (Carry)—A

Subtracts the value of the operand and the Carry bit from the
contents of the A register, and retains the difference in the A
register.

7 6|5 43|210}|7 0
0 3 4 OPERAND

1. Sets the Carry flip-flop if underflow occurs; otherwise
resets Carry.

2. TheZero, Sign, and Parity flip-flops represent the status of
the A register at completion.

SUBTRACT WITH BORROW SB(rs), SBM
For SB(rs): Op Code: 23s

Timing: 1.4 ;

Operation: (A)-(rs)-(Carry)—A
For SBM: Op Code: 237

Timing: 2.6

Operation: (A)-(M) - (Carry)—A

This instruction is identical to SUBTRACT WITH BORROW
IMMEDIATE with the exception of the operand source.




7 6/54 3210
2 3 s

s specifies the operand source.

AND IMMEDIATE
Op Code: 044 (vwv)
Timing: 2.2
Operation: (A)_A_(P+1)—A

Forms the logical product of the contents of the A register
with the value of the operand and places the resuit in the A
register.

7 6|]543/210]7 0
0 4 4 OPERAND

1. Resets the Carry flip-flop upon completion
2. The Zero, Sign and Parity flip flops represent the status of
the A register upon completion.

Sample Operation:

00001
61100
00000

., .
-k -,
(==

AND
For ND(rs): Op Code: 24s
Timing: 1.4
Operation: (A) A (rs)—A
For NDM: Op Code: 247
Timing: 2.6
Operation: (A) A (M)™A

ND(rs), NDM

This instruction is identical to AND IMMEDIATE with the
exception of operand source.

7:6]15431210
2 4 5

s specifies the operand source.
OR IMMEDIATE OR data
Op Code: 064 (vwv)

Timing: 2.0

Operation: (A) V (P+1)— A

Forms the logical sum of the contents of the A Register and
the value of the operand, and places the result in the A
register.

7.6]5 4°3]12:1:017 - 0
-0 6 4: OPERAND

1. Resets the Carry flip-flop upon completion.
2. The Zero, Sign and Parity flip-flops represent the status of
the A register upon completion. ;

Fa:,

/

Sample Operation:

(AReg) 0 0O0O0T1T 1 11

(P+1) 6% 100 1% 0
(AReg) 01 101111

OR OR(rs),ORM
For OR(rs): Op Code: 26s

Timing: 1.4

Operation: (A) V (rs)—A
For ORM: Op Code: 267

Timing: 2.6

Operation: (A) V (M)—A

This instruction is identical to OR IMMEDIATE with the ex-
ception of operand source.

7 615 43|210
2 6 S

s specifies operand source.

;
EXCLUSIVE OR IMMEDIATE XR data
Op Code: 054 (vwv)
Timing: 2.0
Operation: (A)a(P+1)—A

Forms the logical difference of the contents of the A register
and the value of the operand, and places the resuit in the A

register.

Jenbpnyd 312 1. 017 0
0 5 4 OPERAND

1. Resets the Carry tup-flop at completion.
2. The Zero, Sign and Parity flip-flops represent the status of
the A register upon completion.
Sample operation:
{AReg)" <00 1751 0. 17201
(P+1) 0. Wi it 5101 0 0
(ARegg 0 1 1 01001

EXCLUSIVE OR XR(rs), XRM

For XR(rs): Op Code: 25s

Timing: 1.4

Operation: (A) 4 (rs)—A
For XRM: Op Code: 257

Timing: 2.6

Operation: (A) £ (M)—A

This instruction is ide'ntgcal' to EXCLUSIVE OR IMMEDIATE
with the exception of operand source.

7 6|(5 4312 10
2 5 S

s specifies the operand source.
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COMPARE IMMEDIATE
Op Code: 074 (vwv)
Timing: 1.8
Operation: (A) : (P+1)

CP data

Compares the contents of the A register with the value of the
operand.

7 6|5 43/210]|7 0
0 7 4 OPERAND

1. Theflag flip-flops assume the same state as they would for
a Subtract instruction.
2. The contents of the A register are unaffected.

COMPARE

For CP(rs): Op Code: 27s
Timing: 1.2
Operation: (A):(rs)

For CPM: Op Code: 277
Timing: 2.4
Operation: (A):(M)

This instruction is identical to COMPARE IMMEDIATE with
the exception of operand source.

7 6]54312 10
2 7 s

s specifies the operand sources

UNCONDITIONAL JUMP
Op Code: 104 (adr)
Timing:2.8
Operation: (adr)— P

JMP loc

An unconditional transfer of control. The second byte of the
instruction represents the least significant portion of the
jump address, while the third byte of the instruction repre-
sents the most significant portion.

P+1 P+2
7 6 5493 42:1:017 07 0
1 0 4 LSP MSP
Op Code Address
JUMP IF CONDITION TRUE JT(cf) loc

Op Code: 1(c+4) 0 (adr)
Timing: 2.8 if condition true

1.4 if condition false
Operation: If condition true, (adr)—P

Examines the designated flip-flop. If set, transfers control to
(adr). If reset, executes the next sequentially available in-
struction.

P+1 P+2 -
7 6[s 43[210[7 0|7 0
1 ] c+4 0 LSP MSP
Op Code Address

1. c designates which flip-fiop (condition) is to be tested.
2. The condition of the selected flip-flop is unchanged by

18

CP(rs), CPM

this instruction.

JUMP IF CONDITION FALSE
Op Code: 1c0 (adr)
Timing: 2.8 if condition false
1.4 if condition true
Operation: if condition false, (adr) — P

JF(cf) loc

Examines the designated flip-flop. If reset, transfers control
to (adr). If set, executes the next sequentially available in-
struction.

CP+1 P+2
7 6|54 3|210]7 0f7 0
1 4 0 LSP MSP
Op Code Address

1. c designates which flip-flop (condition) is to be tested.
2. The condition of the selected flip-flop is unchanged by
this instruction.
SUBROUTINE CALL CALL loc

Op Code: 106 (adr)
Timing: 2.8
Operation: P+3— Stack, (adr) —=P

Transfers the address of the next sequentially available in-
struction to the pushdown Stack. and transfers control to
the address specified by the contents of the two memory
locations immediately following the Op Code.

P+1 P+2
7 6|54 32 1 0|7 0f7 0
1 0 6 LSP MSP
Op Code Address

The Stack is open-ended in operation. If it is overfilled, the
deepest address will-be lost.
SUBROUTINE CALL IFCONDITION TRUE CT(cf) loc

Op Code: 1(c+4)2 (adr)

Timing: 3.2 if condition true

1.6 if condition false

Operation: If condition true. P+3 —= Stack, (adr) — P
Examines the designated flip-flop. If set. transfers the ad-
dress of the next sequentially available instruction to the
pushdown Stack, and transfers control to (adr). If reset, exe-
cutes the next sequentially available insgugtion.

Pt +
7 65 4 3]2:1.0}]7 017 0
1 4 2 LsSP MSP
Op Code Address

1. ¢ designates which flip-flop (condition) is to be tested.

2. The condition of the selected flip-flop is unchanged by -

this instruction.
3. The Stack is open-ended in aperation. If itis overfilled, the
deepest address will be lost. -

SUBROUTINE CALL IF CONDITION FALSE CF(cf) loc

Op Code: 1c2 (adr) )
Timing: 3.2 if condition false

1.6 if condition true i
Operation: If condition false. P - 3— Stack, (adr) — P

Examines the designated flip-flop. If reset. transfers the ad-




dress of the next sequentially available instruction to the
pushdown Stack, and transfers control to (adr). If set, exe-
cutes the next sequentially available instruction.

P+1 P+2
7 €|5 4 3|2 1 0f7 0!7 0
1 c 2 LSP MSP
Op Code Address

1. c designates which flip-flop (condition) is to be tested.

2. The condition of the selected: flip-flop is unchanged by
this instruction.

3. The Stackis open-ended in operation. If it is overfilled, the
deepest address will be lost.

SUBROUTINE RETURN
Op Code: 007
Timing: 1.8
Operation: (Stack) —sP

RET

Transfers control to the address specified by the most recent
entry into the pushdown Stack. Deletes the most recent entry
from the Stack.

7 6]543]|2

1.8
0 0 7

The effect of attempting more RETURN instructions than the
Stack is capable of handling is undefined.

SUBROUTINE RETURN IF CONDITION TRUE RT(cf)
Op Code: 0 (c+4) 3
Timing: 2.0 if condition true
1.0 if condition false
Operation: If condition true, (Stack) —eP.

Examines the designated flip-flop. If set, transfers control to
the address specified by the most recent entry into the
pushdown Stack and deletes the most recent entry into the
Stack. If reset, executes the next sequentially available in-
struction. %

7 615 433 0
0 c+4

I 1

|

1. c designates which flip-flop (condition) is to be tested.

2. The condition of the selected flip-flop is unchanged by
this instruction.

3. The effect of attempting more RETURN instructions than
the Stack is capable of handling is undefined.

SUBROUTINE RETURN {F CONDITION FALSE RF(cf)
Op Code: 0c3
Timing: 2.0 if condition-false
1.0 if-condition true
Operation: If condition false, (Stack) — P

Examines the designated flip-flop. If reset, transfers control
to the address specified by the most recent entry into the
pushdown Stack and deletes the most recent entry into the
Stack. If set, executes the next sequentially available.instruc-
tion.
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7 ‘B1E5 4% 2 10
0 c 3

1. c designates which flip-fiop (condition) is to be tested.

2. The condition of the selected flip-flop is unchanged by
this instruction. '

3. The effect of attempting more RETURN instructions than
the Stack is capable of handling is undefined.

SHIFT RIGHT CIRCULAR ' SRC

Op Code: 012 !
Timing: 1.4
Operation: Ainy— An-1). AO— A7, AO — Carry

Shifts the contents of the A register right in a circular fashion.
Shifts the least significant bit into the most significant bit
position. Upon completion of the operation, the Carry flip-
flop is equal to the most significant bit.

706 S W3 |2

10
0 1 2

The Zero, Parity and Sign flip-flops are not affected by this
instruction.

SHIFT LEFT CIRCULAR SLC
Op Code: 002

Timing: 1.4

Operation: An-n—s An). A7—e Ao A7 — Carry

Shifts the contents of the A register left in a circular fashion.
Shifts the most significant bit into the least significant bit
position. Upon completion of the operation, the Carry flip-
floo is equal to the least significant bit.

7 615431210
0 0 2

The Zero, Parity and Sign flip-flops are not affected by this
instruction. F

NO OPERATION
Op Code: 300
Timing: 1.2
Operation: P+1—P

NOP

No operation is performed

7 6]543(210
3 0 0
The Zero, Parity and Sign flip-flops are not affected by this
instruction. ; )
HALT ’

Op Code: 000, 001, or 377
Timing: Execution stops
Operation: The processor halts

HALT

When the START button on the console is depressed, opera-
tion resumes at P+1.

If USER mode is set this instruction will cause a privileged
instruction interrupt to occur.

19




POP POP
Op Code: 060
Timing: 2.2
Operation: (Stack)—sH,L

Transfers the most recent Stack entry into the H & L registers.
H=MSP, L=LSP

7 615432
0 6

(=3 BN

PUSH PUSH
Op Code: 070
Timing: 1.8
Operation: H,L— Stack

Transfers the contents of the H & L registers into the
pushdown Stack. H=MSP, L=LSP.

7 6|5
0

312 0

4 1
i4 0

INPUT INPUT
Op Code: 101
Timing: 5.0
Operation: (/O Bus)—sA

Transfers the contents of the I/O Bus to the A register.

7. 61543124 0
1 0 1

Priv. Note: If USER mode is set, this instruction will cause
a privileged instruction interrupt to occur.

ENABLE INTERRUPTS El
Op Code: 050
Timing: 1.4
Following the next instruction, El will allow the interrupts to
occur until a DISABLE INTERRUPT instruction is executed.

7 615431210
0 S 0

Priv. Note: If USER mode is set, this instruction will cause
a privileged instruction interrupt to occur.

DISABLE INTERRUPTS Dt
Op Code: 040
Timing: 1.4
Prevents interrupts trom occurring until an ENABLE INTER-
RUPT instruction is executed.

7 6]543]2°t:0
0 4 :0

Priv. Note: If USER mode is set, this instruction will cause
a privileged instruction interrupt to occur.

an
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SELECT ALPHA MODE ALPHA
Op Code: 030

Timing: 1.4

Selects the ALPHA MODE registers and control flip-flops.

7 6]543]2

10
0 3. 0

Priv. Note: If USER mode is set, this instruction will cause
a privileged instruction interrupt to occur.

SELECT BETA MODE BETA
Op Code: 020
Timing: 1.4

Selects the BETA MODE registers and control flip-flops.

7. 6/543]210
0 2 0

Priv. Note: If USER mode is set, this instruction will cause
a privileged instruction interrupt to occur.

EXTERNAL COMMAND
Op Code: 121 to 153
Timing: 9.2
Operation: Performs I/O control according to (exp)

EX (exp)

These instructions perform the functions necessary for con-
trol of the I/O System and external devices. Many of these
functions are specifically related to operation of particular
devices. The device oriented commands for the Keyboard,
CRT Display, and diskette drives are explained in the sections
covering these devices.

O 115" WY M2
01

10
X X Ex. x ¥

Priv. Note: If USER mode is set, this instruction will cause
a privileged instruction interrupt to occur.

Table 5-1 is a list of the External Commands. For a detailed
discussion of their use, reference should be made to Part 6
(Input/Output Operations) and to descriptions'of the sepa-
rate external devices. External Commands 155-177 are not
listed, as they apply to systems with integral cassette units
and are described in Part 4 (Cassette Tapes).
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TABLE 5-1
EXTERNAL COMMANDS
EX (exp)
OCTAL DEVICE
(exp) CODE COMMAND DESCRIPTION ADDRESS
ADR 121 Address Selects device specified by ALL
A register A
STATUS 123 Sense Status Connects selected device status
to input lines
DATA 125 Sense Data Connects selected device data to
input lines
WRITE 127 Write Strobe Signals selected device that output
. data word is on output lines
COM1 131 Command 1 Outputs a control function to
: selected device
' com2 133 Command 2 Outputs a control function to
selected device
COM3 135 Command 3 Outputs a control function to
selected device Y
COM4 137 Command 4 Outputs a control function to ALL
selected device
— 141 (Unassigned) - ®
—_ 143 (Unassigned) — s
- 145 (Unassigned) - 5
- 147 (Unassigned) - %
BEEP 151 Beep Activates tone producing ALL
mechanism
CLICK 153 Click Activates audible click producing ALL
mechanism

5.8.4 Category 2 — Augmented Category 1

ARITHMETIC AND LOGICAL OPERATIONS TO

Instructions

LOAD REGISTER FROM MEMORY
USING BC, DE, OR XA FOR THE
ADDRESS

Op Code: rp 3d7

Timing: 3.4

Operation: (M)—=(rp).d < 7

Length: 2 bytes

Example: LEM BC

L{rd)M (rp)

Identical to the L(rd)M instruction et that the specified re-
gister pair, instead of HL, is used for the memory address.

LOAD MEMORY FROM REGISTER
USING Bb, DE, OR XA FOR THE
ADDRESS

Op Code: rp 37s

Timing: 3.4

Operation: (rs)—M, s <6

Length: 2 bytes

Example: LMB DE

LM(rs) (rp)

Identical to the LM(rd) instruction except that the specified
register pair, instead of HL, is used for the memory address.

OTHER THAN THE A REGISTER

Mnemonics: Examples:
(op)(rs) (r) ADAB adds Ato B
(op)M () ADMC adds (HL) to C

SUC 20 subtracts 20
from C

SRCB shifts Bright
SLCD shifts D left

(op)(r) (vwv)

SRC ()
SLC (r)

Op Codes: r 2ps, r 0p7, r Op4, r 012, r 002 |

Timing: Add 1.0 to equivalent category 1 instruction tim |
ing.

Length: Add 1 byte to the equivalent category 1 instruction

Identical to the equivalent category 1 arithmetic opera!ions
except that the specified register, instead of the A register
is used.

SHIFT RIGHT EXTENDED
For SRE:
Op Code: 032
Timing: 1.4
Operation: AN—sAn.1) Carry—s A7 Ag— Carry
Length: 1 byte

|
SRE, SRE(r) !




3 W

s i

Y

For SRE(r): Op Code: r 032
Timing: 2.4
Operation: (r)N —s (r)(N-1) Carry— (r)7(r)0—s Carry
Length: 2 bytes

The register is shifted right one place with the left hand bit

being replaced by the Carry and the Carry being replaced by .

the right-hand bit.

1/0 USING OTHER THAN THE
A REGISTER IN(r), EX(rs) (exp)
For IN(r): Op Code: r 101
Timing: 6.0
Operation: (/O Bus) —(r)
Length: 2 bytes
For EX (rs) (exp): Op Code: r 121, r 123, etc.
Timing: 10.2
Operation: Performs 1/O control with specified register ac-
cording to (exp)
Length: 2 bytes

Identical to the 2200 I/O operations except that the specified
register, instead of the A register, is used.
Priv. Note: If USER mode is set, this instruction will cause
a privileged instruction interrupt to occur.

PARITY CHECKING INPUT PIN, PIN(r)
For PIN: Op Code: 103

Timing: 5.4

Length: 1 byte
For PIN (r): Op Code: r 103

Timing: 6.4

Length: 2 bytes

Identical to the INPUT instruction except that if the nine bits
of the I/O Bus contain an even number of ones, an interrupt
will occur.
Priv. Note: If USER mode is set, this instruction will cause
a privileged instruction interrupt to occur.

PUSH USING BC, DE, OR XA PUSH (rp)
Op Code: rp 070 :
Timing: 2.6
Operation: (rp)—e Stack
Length: 2 bytes

Pushes the specified register pair onto the Stack.

PUSH IMMEDIATE PUSH loc
Op Code: 051 (adr)
Timing: 2.6
Operation: (adr)— Stack
Length: 3 bytes

Pushes the contents of the operand onto the Stack.

POP USING BC, DE, OR XA POP(rp)
Op Code: rp 060
Timing: 3.0 usec.
Operation: (Stack) —e(rp)
Length: 2 bytes

Pops the Stack into the specified register pair.
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5.8.5 Category 3 — Multi-byte (string)
Operations

BLOCK TRANSFER OR BLOCK
TRANSFER REVERSE BT, BTR
For BT: Op Code: 021
Timing: 4.8+Ne3.2
+(Ne0.2) if B40
—(0.8) if end check succeeds
N=number of steps done
Length: 1 byte
For BTR: Op Code: 111 021
Timing: 5.8+Ne3.6
+(Ne0.2) if B+0
—(0.8) if end check succeeds.
N=number of steps done.
Length: 2 bytes

The Block Transfer instructions move the number of bytes
specified in the C register from the field pointed to by HL to
the field pointed to by DE while adding the contents of the A
register to each byte transferred. BT causes the pointers to
be incremented after each transfer while BTR causes the
pointers to be decremented after each transfer. If the B regis-
ter is not zero, the transfer will stop if a character which is
equal to the 2's complement of the B register is stored in the
destination field (stops after the matching character is
moved).
Entry: HL=location of first source byte.
DE =location of first destination byte.
C=number of bytes to move (C=1 to
255; 0 tor 256).
B=2's complement of terminating
character if not 0.
A=8-bit value added to each byte as
it is moved (for de-zoning and
zoning decimal numbers).
Exit: HL=location past last source byte.
DE=location past last destination
byte.
A=entry value.
B=entry value.
C=zero or count before terminator
character found.
Condition flags are all altered.
Stack: 2 entries used.
Caution: Since BT and BTR instructions can
take up to 820 microseconds to
execute,care must be exercised
in their use if time critical
interrupt driven programs
are to be simultaneously
executed.

BLOCK CONVERT BCV
Op Code: 062 021
Timing: 5.8+Ne4.8
+(Ne0.2) if B=0
—(0.8) it end check succeeds.
N=number of steps done
Length: 2 bvtes
BLOCK CONVERT is a vananon of BLOCK TRANSFER
where the field pointed to by the DE registers is translated
byte-by-byte using the translate table pointed to by the HL
register pair.
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Entry: HL=location of the translate table
(must not cross a page
boundary).

DE =location of the first byte to be
translated. ]

C=number of bytes to move

B=2's complement of terminating
character if not 0.

A=no entry value used.

HL=urdefined

DE =location past last destination
byte -

A=LSB of last table position used
for translation.

B=entry value.

C=zero or count before termination
character found.

Exit:

Algorithm: 1. Get the byte pointed to by DE.
2. Set A to the result of the byte
added to L.
3. Get the byte pointed to by
HA. This is the table's translated
byte. ‘
4. Store the translated byte where
DE points
5. Increment DE.
6. B is added to the translated
byte.
7. Stop if the Carry and Zero
conditions are true — a
match is found.
8. Decrement the C register.
9. Go to Step 1 if result
is non-zero.
2 entries used
Since BCV instructions can take
over 820 microseconds to
execute, care must be taken
in their use if
time critical interrupt driven
programs are to be simuitaneously
executed.

Stack:
Caution:

BINARY FIELD ADD WITH CARRY
OR SUBTRACT WITH BORROW
For BFAC: Op Code: 011

Timing: 5.0 + Ce2.8

Length: 1 byte
For BFSB: Op Code: 031

Timing: 5.0 + Ce2.8

Length: 1 byte

BFAC, BFSB

These instructions take the field pointed to by HL and either

add it to or subtract it frém the field pointed to by DE, leaving

the result in the field pointed by DE. The fields may be 1

through 16 bytes in length. X

Entry: HL=location of right hand byte of
the operand field.

DE =location of right hand byte of
the accumulator field

C=the field width ( 1 through 16; 0
or 16 implies 16).
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Carry=carry or borrow into the
operation.

HL=location to left of the left hand

' byte of the operand field.

DE=location to left of the left
hand byte of the Accumulator
field.

C=indeterminate.

Carry=carry or borrow out of the
operation (all the
condition flags are altered).

Exit:

Load the implicit register from C.
. Get the byte pointed to by HL.
. Add it with carry or subtract
it with borrow from the byte
pointed to by DE and store the
result where DE points.
4. Decrement HL and DE by one.
5. Decrement the implicit register
by one./
6. Go to step 2 if the implicit
register is not now zero.
2 entries used

Algorithm:

WN -

Stack:
BLOCK COMPARE BCP
Op Code: 041
Timing: 5.2 + Ne2.6
—(0.8) if mismatch found.
N=number if steps done.
Length: 1 byte
This instruction matches two strings of bytes fromleft to right
until either a mismatch is found or the specified maximum
number of bytes have been scanned.
Entry: HL=location of left hand byte of the
subtracting field.
DE=location of left hand byte of the
subtracted from field.
C=the maximum number of bytes to
scan (1 thru 255; 0 implies 256).
IF A MISMATCH WAS FOUND:
HL=location after the last byte
examined in the subtracting
field
DE=location after the last byte
examined in the subtracted
from field.
C=entry value minus number of
bytes that matched
Condition flags all reflect the result
of.the subtract instruction that
found the two bytes differing.

IF ALL: BYTES.MATCHED
HL=Iocati’Ion after the last byte in
the subtracting field
DE=location after the last byte in
the subtracted from field
C=zero
Condition flags are all altered.
(Zero condition being set true)
Algorithm: 1. Get the byte pointed to by HL.
2. Subtract it from the byte
pointed to by DE.
3. Increment DE and HL.

Exit:
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4. Exit if the Zero condition is
false.
5. Decrement C.
6. Go to Step 1 if C is not
equal to zero.
7. Exit with the Zero condition true.
Stack: 2 entries used.

Caution: BCP can take up to 722 microseconds to execute.

DECIMAL FIELD ADD WITH CARRY DFAC

Op Code: 111 041

Timing: 6.4 + Ce4.4 If a carry occurred on every
digit, +(Ke0.2)isif no carries occurred (Kis
number of carry outs).

Length: 2 bytes.

This instruction takes the field of zoned BCD digits pointed to
by HL and adds it to the field of zoned BCD digits pointed to
by DE, leaving the result in the field pointed to by DE. The
zone bits of the result field are set.to the zone bits in the B
register. The fields may be 1-through 16 bytes in length.
Entry: Same as for the BFAC instruction
except B=output zoning (right 4
bits must be 0; left 4 bits must
be other than 0000).
Same as for the BFAC instruction
except A register is destroyed.
B=entry value.
Algorithm: 1. Load the implicit register from C.
2. Get the byte pointed to by HL.
3. Add it with carry to the byte
pointed to by DE.
4. Strip away the zone bits.
5. Clear the Carry and go to step 7
if the result is less than 10.
6. Subtract 10 from the result and
" set the Carry.
7. Set the zoning bits.
8. Store the result where DE points.
9. Decrement HL and DE by one.
10. Decrement the implicit register by one.
11. Go to step 2 if the implicit
register is not zero.

. Exit:

NOTE: Thebinary values forthezoned BCD digits with xxxx
not equal to 0000 are as follows (the digits are not
packed, i.e., only one digit per byte):

0:xxxx0000 5:xxxx0101
1:xxxx0001 6:xxxx0110
2:xxxx0010 T:xxxx0111
3:xxxx0011 8:xxxx1000
4:xxxx0100 9:xxxx 1001

: : )
DECIMAL FIELD SUBTYRACT WITH BORROW BFSB

Op Code: 062 041

Timing: 6.4+ Ce3.6.if a borrow occurred on every digit,
+(Ke0.4) for each borrow that occurred (K is
number of carry outs).

Length: 1 byte

This instruction takes the field of zoned BCD digits pointed to

by HL and substracts it from the field of zoned BCD digits
pointed to be DE, leaving the result in the field pointed to by
DE. The zone bits of the two fields must be identical. The zone
bits of the result field are set to the zone bits in the B register.
The fields may be 1 through 16 bytes in length.
Entry: same as for the DFAC instruction.
Exit: same as for the DFAC instruction.
Algorithm: 1. Load the implicit register from C.
2. Get the byte pointed to by HL.
3. Subtract it, with borrow, from
the byte pointed to by DE.
4. Go to Step 6 and clear the Carry
if the byte result is not negative.
5. Add 10 to the result and set the
Carry. !
6. Set the zone bits to those in
the B register.
7. Store the result where DE points.
8. Decrement HL and DE by one.
9. Decrement the implicit register
by one.
10. Go to Step 2 if the implicit
register is not zero.
Stack: 2 entries used.

BINARY FIELD SHIFT LEFT
Op Code: 075
Timing: 3.8+Ce2.2
Length: 1 byte

BFSL

This instruction shifts a field of bytes in memory left one bit
position as if all of the bytes made up one continuous word.
Entry: HL=location of right-hand byte
of the field.
C=the field width (1 through 16;
0 or 16 implies 16).
Carry=bit shifted out on the left
HL=location left of the left-hand
byte of the field.
C=indeterminate.
A=indeterminate.
Carry =bit shifted out on the left.
All other flags are indeterminate.
2 entries used.

Exit:

Stack:

BINARY FIELD SHIFT RIGHT BFSR

Op Code: 111 075
Timing: 4.6 + C ¢ 2.0
Length: 2 bytes

This instruction is similar to BFSL except the shift is in the
opposite direction.
Entry: HL=location of left-hand byte
of the field:
C=the field width (1 through 16;
0 or 16 implies 16)
Carry=bit shifted in on left.
HL=location right of the right-hand
byte of the field.
C=indeterminate.
A=indeterminate.
Carry=Dbit shifted out on the right.
All other flags are indeterminate.
2 entries used.

Exit:

Stack:




MULTIPLE INPUT MIN
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Timing: 3.0 + 8.4 per byte transferred
Length: 2 bytes

This in§truction moves the number of bytes specified in the C
register from a buffered input device to the field pointed to by
L. The number of bytes moved is the number in the C register
modulo 16. To make transferring up to 256 bytes easy yet
interruptable, the full eight bit value of the C register is re-
tained during loop counting and exit is made with the C
register containing its entry value minus the number of bytes
transferred, HL containing its entry value plus the number of
bytes transferred, and the Zero condition code reflecting the
eight bit result of the last decrementation of the C register.
Thus the interruptable loop for transferring the number of
bytes indicated by the eight bit value in the C register yet not
inhibiting interrupts more than 155 microseconds would ap-
pear as follows: :

LOOP LA DEVADR
DI
EX ADR
EX DATA
El
MIN
JFZ LOOP

Note that the device must be re-addressed for each execution
of the MIN instruction if an interrupt could cause some
other device to be addressed. The MIN instruction causes a
parity checking input strobe to be executed every 8.4 mic-
roseconds. This execution operates without regard to any
status bits of any kind. There'is no existing 2200 system I/O
device capable of using this instruction and it is included for
use with 5500 system 1/O devices with parity generation and
faster buffers allowing them to be used as data rates equiva-
lent to DMA channels. The MIN instruction has all of the
advantages of a non-l/O device interrupting system (lower
software overhead in high throughput situations, superior
control over the occurrence of events allowing probability of
correctness in the program logic and repeatability of event
occurrence, and simpler hardware using lower speeds and
noise filtered buses) and yet achieves DMA throughput rates.

Priv. Note: If USER mode is set, this instruction will cause
a privileged instruction interrupt to occur.

Entry: HL=location of first destination byte
C=number of bytes to move (this
number is taken modulo 16 and if
it is 0 modulo 16 then 16 bytes
will be moved).
Exit: HL=location of entry value plus
number of bytes moved
C=entry value minus number of bytes moved
Algorithm: 1. Execute a parity checking INPUT.
2. Store the byte where HL points.
3. Increment HL.
4. Load the implicit register from C.
5. Decrement C using the ALU.
6. Decrement the implicit register.
7. Exit if the implicit register is
zero.
8. Decrement the P-counter.
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9. Re-fetch the instruction without
G i ~allowing-interrupts.
Stack: 1 entry used.

NOTE: To input a block of 256 bytes using the loop described
above would take 2550 microseconds if no interrupts occur-
red (an average of 10 microseconds per byte).

MULTIPLE OUTPUT
Op Code: 111 071
Timing: 3.0 + 8.8 per byte transferred
Length: 2 bytes

MOUT

This instruction is similar to-the MIN instruction except for
timing and the direction of information flow. MOUT moves
the number of bytes specified in the C register from the field
pointed to by HL to a buffered output device. A byte is written
using the EX WRITE strobe evgry 8.8 microseconds and inter-
rupts can be inhibited for a maximum of 161 microseconds.
As with MIN there is no existing 2200 system /O device
capabise of being used with the MOUT instruction.

NOTE: To output a block ot 256 bytes using a loop similar to
the one described for MIN (a MOUT instruction would appear
where a MIN instruction appears in the example) would take
2650 microseconds if no interrupts occurred (an average of
10.4 microseconds per byte).
Priv. Note: If USER mode is set, this instruction will cause
aprivileged instruction interrupt to occur.

5.8.6 Category 4 — Processor State Save and
Restore Instructions

STACK STORE STKS
Op Code: 065

Timing: 1.6+Ce2.4

Length: 1 byte

The STACK STORE instruction POPs a specified number of
Stack entries and stores them (LSB followed by MSB) in the
field pointed to by HL. Upon entry, HL points to the left-hand
byte.
Entry: HL=first location in the storage area
C=the number of entries to be POPPED
and stored (1 through 16; 0-or 16
implies 16)
Exit: HL and C indeterminate
Condition flags unchanged
STACK LOAD STKL
Op Code: 111 065
Timing: 4.4+Ce2.2
Length: 2 bytes
The STACK LOAD instruction pushes onto the Stack the
specified number of entrjes from the field pointed to by HL.
Upon entry HL points to {lhe right hand byte and the entries
are loaded in reverse order to allow restoring the Stack from
locations stored using the STKS instruction.

Entry: HL=last location in the storage area
C=the number of entries to be
PUSHED (1 through 16; 0 or 16
implies 16)
Exit: HL =indeterminate
25




C=indeterminate

Condition flags unchanged.
REGISTER STORE REGS
Op Code: 055
Timing: 13.2 ‘
Length: 1 byte

The REGISTER STORE instruction stores all of the registers
for the currently selected mode (ALPHA or BETA) in the field
pointed to by the top entry of the Stack. This entry points to
the right-hand byte of the field and the registers are stored in
reverse order moving to the left. When the instruction termi-
nates, the top entry of the Stack points to the left of the
left-hand byte in the field. For example, if entry is made with
the top entry of the Stack pointing to location 02007 (octal),
the registers are stored as follows:

02000:A
02001:8
02002:C
02003:D
02004:E
02005:H
02006:L
02007:X

In the above example, the top entry of the Stack will be 01777
when the instruction terminates. The contents of neither the
registers nor the condition flags for the given mode are al-
tered by this instruction.
REGISTER LOAD REGL
Op Coade: 111 085

Timing: 12.2

Length: 2 bytes

The REGISTER LOAD instruction loads all of the registers for
a given mode (ALPHA or BETA) from the field pointed to by
HL. Upon entry, HL points to the right-hand byte of the field.
The registers are loaded in reverse order moving to the leftin
the field. In this manner, the registers can be reloaded from
values stored by the REGS instruction. In the example given
for the REGS instruction, if the REGL instruction were enter-
ed with HL=02007, the registers shown would be loaded
from the locations shown. The condition flags are not altered
by this instruction.

CONDITION CODE SAVE
Op Code: 042, r 042
Timing 2.4 if Zero true and Carry false: /

2.6 if Zero and Carry true;
3.0 for other cases.
Add 1.0 if r specified.
Length: 1 byte or 2 bytes if r specified.

CCS, CCS(r)

This instruction loads the register (r) with a value such that if
the value is added to itself using the AD operation, the condi-
tion flags will all be restored to their state before the CCS
instruction was executed. The logic equations for the value
loaded into (r) are:
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A7 =Carry

A6=Sign

A5=A4=A3=A2=0

A1=Not Zero and Not Sign
AO=Not Zero and Not Parity

This instruction does not alter the state of. ahy of the condi-

tion flags. If (r) is not specified, the A register is used.

5.8.7 Category 5 — Address Manipulation
Instructions

INCREMENT REGISTER PAIR INCP
Mnemonics Op Codes Timing
INCP HL 015 28
ANCP HL, 2 117 015 38
INCP HL,A 017 3.0
INCP BC 062 015 3.6
INCP BC,2 113 015 3.8
INCP BC,A 062 017 38
INCP DE 174 015 36
INCP DE,2 115 015 38
INCP DE,A 174 017 3.8
INCP XA 022 015 3.6
INCP XA,2 111 015 38
INCP XAA 022 017 38

These instructions increment the indicated register pair by
either one, two or the contents of the A register. The incre-
ment value is added to the LSP register and then the carry is
added to the MSP register. The Carry Condition flag reflects
the carry from the incrementation. The rest of the flags are
indeterminate. The A register is not changed, except in the
XA case.

DECREMENT REGISTER PAIR DECP
Mnemonics Op Codes Timing
DECP HL 035 28
DECP HL,2 117 035 38
DECP HLA 037 3.0
DECP BC 062 035 3.6
DECP BC,2 113 035 38
DECP BC,A 062 037 3.8
DECP DE 174 035 3.6
DECP DE,2 115 035 38
DECP DE,A 174 037 38
DECP XA 022 035 3.6
DECP XA,2 111 035 3.8
DECP XA A 022 037 3.8

These instructions decrement the indicated register pair by
either one, two, or the contents of the A register. The decre-
ment value is subtracted from the LSP register and then the
borrow is subtracted from the MSP register. The Carry Condi-
tion flag relects the borrow from the decrementation. The
rest of the flags are indeterminate. The A register is not
changed, except in the case of XA.

DOUBLE LOAD DL
Mnemonics Op Codes Timing

DL DEHL 047 3.6

DL BC.HL 111 047 5.4




~ bLecCsC 062 047 4.8
DL BC.,DE 113 047 52
DL DE.BC 174 047 48
DL DE,DE 115 047 5.2
DL HL,BC 176 047 48
DL HL,DE 117 047 5.2

DL HL HL 057 36

These instructions load the register pair specified by the first
operand from the memory location pointed to by the register
pair specified by the second operand. The LSP register (C, E,
or L) is loaded from the specified memory location and the
MSP register (B,D, or H) is loaded from the next higher
memory location. Note that indirect addressing can be ac-
complished by loading a register pair from the locations that
the pair specify (DL HL,HL for example).

DOUBLE STORE DS
Mnemonics Op Codes Timing

DS DE,HL /027 36

DS BCHL 111 027 5.4

DS BC.DE 113 027 5.2

DS DE,BC 174 027 4.8

DS HL.BC 176 027 4.8

DS HL,DE 117 027 5.2

These instructions store the register pair specified by the first
operand into the memory locations pointed to by the register
pair specified by the second operand. The LSP register (C,E,
or L) is stored in the specified memory location and the MSP
register (B,D or H) is stored in the next higher location.

PAGED LOAD PL
Mnemonics Op Codes Timing

PL A,(loc) 105 LSP 3.0

PL B,(loc) 114 LSP 3.0

PL C,(loc) 124 LSP 3.0

PL D,(loc) 134 LSP 3.0

PL E,(loc) 144 LSP 3.0

PL H,(loc) 154 LSP 3.0

PL L,(loc) 164 LSP 3.0

These instructions load the specified register from the mem-
ory location specified by the LSP given in the instruction and
the X register.

PAGED STORE PS
Mnemonics Op Codes Timing

PS A(loc) 107 'LSP 3.0

PS B,(loc) 116 LSP 3.0

PS C,(loc) /126 LSP 3.0

PS D,(loc) 136 LSP 3.0

PS E,(loc) 146 LSP 3.0

PS H,(loc) 156 LSP 3.0

PS L,(loc) 166 LSP 3.0

Thes? in;truclions store the specified register in the memory
location specified by the LSP given in the instruction and the
MSP given in the X register.
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DOUBLE PAGED LOAD ; - DPL
Mnemonics Gp Codes Timing

DPL BC,(loc) 111 124 LSP 5.0

DPL DE,(loc) 113 144 LSP 5.0

DPL HL,(loc) 115 164 LSP 50-

These instructions load the specified register pair from the
memory locations specified by the LSP given in the instruc-
tion and the MSP given in the X register. The C,E, or L register
is loaded from the specified memory location and the B.D, or
H register is loaded from the next higher location.

DOUBLE PAGED STORE DPS
Mnemonics Op Codes Timing

DPS BC,(loc) 111 126 LSP 5.0

DPS DE,(loc) 113 146 LSP 5.0

DPS HL,(loc) 115 166 LSP 5.0

These instructions store the specified register pair in the
locations specified by the LSP given in the instruction and
the MSP givenin the X register. The C. E or L register is stored
in the specified location and the B, D or H register is stored in
the next higher location.

INCREMENT AND DECREMENT INDEX INCI, DECI
Mnemonics Op Codes Timing

INCI (disp), (index) 005 LSP(i) 7.4

DECI (disp), (index) 025 LSP(i) s 156

INCi*(disp), (index) 111 005 LSP MSP(i) 9.4
DECH*(disp).(index) 111 025 LSP MSP(i) 9.6

The processor has a construct called an index which is a
16-bit value kept in memory. The concept is similar to index
registers except that all the values are kept in the page of
memory pointed to by the X register. The index is specified by
a single byte in the instructions (shown as (i) above) which
points to the memory location containing the LSP of the
index value, the MSP being in the next higher memory loca-
tion ((i) specifies the LSP of the index address while the X
register specifies the MSP of the index address). The in-
struction also contains a displacement (shown as (disp)
above) that is either one or two bytes in length (depending
upon the op code). These instructions either increment or
decrement the value of the index by the displacement. The
Carry condition flag reflects the carry or borrow from the
incrementation or decrementation. The rest of the condition
flags are indeterminate.

Stack: 1 entry used

LOAD FROM INDEX INCREMENTED OR DE-

CREMENTED LFU, LFID
mMnemonics Op Codes Timing
LFIl BC,(disp), (index) 062 005 LSP(i) 7.4
LFID BC,(disp).(index) 062 025 LSP(i) 7.6
LFIl BC,*(disp).(index) 113 005 LSP MSP(i) 8.4
LFID BC,*(disp).(index) 113 025 LSP MSP(i) 8.6
LFIl DE,(disp).(index) 174 005 LSP(i) 7.4
LFID DE (disp).(index) 174 025 LSP(i) 7.6
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LFIl DE,*(disp).(index)
LFID DE, *(disp).(index)
LFIi HL (disp).(index)
LFID HL (disp).(index)
LFUl HL,*(disp),.(index)
LFID HL,*(disp).(index)

115005 LSP MSP(i) 8.4
115025 LSP MSP(i) 8.6
176 005 LSP(i) 7.4
176 025 ISP(i) 7.6
117 005 LSP MSP()) 8.4
117 025 LSP MSP()) 8.6

These instructions are similar to the INCI and DECI instruc-
tions except that they load the specified pair of registers with
the result of adding or subtracting the displacement to or
from the index value of the index. The condition flags are
similarly affected.

Stack: 1 entry used.

5.8.8 Category 6 - Operating System Controi

BASE REGISTER LOAD
Op Code: 072, r 072
Timing: 1.2 or 2.2 if r specified.
Length: 1 or 2 if r specified

BRL, BRL(r)

This instruction loads the base register from the specified
register. Note that the base register cannot be saved. For this
reason, loading the base register will normally be a monitor
function, allowing the monitor to keep within itself the value
of the base register for user state storage purposes. This
instruction will cause a privileged instruction interrupt if the
USER mode flag is set. If (r) is not specified, the A register is
used.

NOP JUMP
Op Code: 045
Timing: 1.4
Length: 3 bytes.

NOJ loc

This instruction increments the -P-counter twice. It is
useful for overstoring jump instructions which might be exe-
cuted while being overstored. The procedure to overstore a
jump instruction would be to first overstore the op code with
an 045 (NOP JUMP) and then update the address portion.
Then the op code could be overstored with the appropriate
jump instruction. The primary use of this instruction is for
overstoring the interrupt vector jump instructions for the
interrupts which cannot be disabled (such as MEMORY PAR-
ITY FAULT) and which might happen while the jump is being
overstored.

SYSTEM CALL sC
Op Code: 067
Timing: 1.8

This instruction causes the USER mode flag to be cleared,
the last entry in the sector table to be set to the last 4K section
of physical memory space with access protection, and a
CALL to be performed to location 0167452 (in the ROM). This
is the mechanism via which the user would communicate
with an operating system that used the USER mode.
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USER RETURN UR
Op Code: 111 102
Timing: 2.0

This instruction is identical to the RETURN instruction (op
code 007) except that additionally the USER mode flag is set.

SECTOR TABLE LOAD STL
Op Code: 077-
Timing: 3.2+Ce1.8
Length: 1 byte

This instruction loads up to the first 15 entries in the sector
table. This table contains six bits for each entry. The right
hand two bits are not used and should always be set to zero.
Bit 2 is set for access enable. Bit 3 is set for write enable. The
left-hand four bits are used to map that entry into a particular
4K section of physical memory space. This instruction will
cause a privileged instruction interruptif the USERmode flag
is set.

Entry: HL=location of first byte in table
of up to 15 to load.
C=number of entries to load (0 to 15).

Exit: No registers or conditions changed.
Stack: 1 entry used.
BREAKPOINT BP

Op Code: 052

Timing: 2.2

Length: 1 byte

This instruction is simitartoa SYSTEM CALL (SC)instruction
except the call is performed to location 0167460 of system
RAM. This will cause entry into the system DEBUG routine if
the location is not changed.
'ENABLE INTERRUPTS AND JUMP EJMP
Op Code: 111 050

Timing: 4.4

Length: 4 bytes

This instruction is identical to the ENABLE INTERRUPTS (El)
instruction except that additionally a jump is performed to
the (LSP, MSP) address.

ENABLE INTERRUPTS AND RETURN BUR
Op Code: 062 050 ERU
Timing: 3.8
Length: 2 bytes

This instruction is identical to the combination of the ENA-
BLE INTERRUPTS, Set USER Mode Flag and RETURN in-
structions.
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CONFIGURATION OPTIONS MODLE

the 8200 Terminal has provisions to establish
twenty terminal configuration options. ‘'hese options are
keyed into the terminal ROM memory. ‘“The terminal will always

power up in a contiguration determined by these options.

some of the options can Dbe temporarily changed during
terminal operation; however, on the next power up, the
terminal configuration will revert to the options stored in
the terminal ROM memory. The ccntiguration option mode can
" be accessed only when the terminal is OFF LINE. Control
sequences to select the options are given in Paragraph 3.11.
All control sequences are made through the keyboard. The
available options are as follows:

a. Display brightness

b. Dbouble key

c. ‘lransmit baud rate select

d. Receive baud rate select

e. Parity select

t. Control key

g. Upper case character set only

h. print additional characters

i. Line feed and carriage return atter printing
character "80"

j. Auto roll up with bottom line feed

K. Roll down

1. Cursor increment with delete character

m.  Cursob off ;

n. Bell on printing character "“64" ,

o. Local display (halt duplex)

p. Local erase

4. ‘1lransmit erase

r. Local home

$. ‘fransmit home

t. Local break
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After the terminal has entered, the confiauration
mode, the configuration mode display will appear on the
terminal screen. A message describing each option Iis

displayed, along with the current setting of the option.
Baud rate information is displayed in its numeric value i.e.,
if the receive baud rate is set at 9600 baud, the display
will show 'RX BAUD 9600'. Parity option information will be
displayed with the word 'PARITY' followed by a 'l1' for one
parity, a '0' for zero parity, an 'E' for even parity, or an
‘O' for odd parity. The remaining options are displayed with
a brief message followed by a 'Y' or an 'N' dependinag on
whether the option is enabled or not. If an option is to be
skipped, depressing the ENTER key will cause the cursor to
skip to the next option. Each of the configuration options
are discussed below. Keyboard <codes for each option are
given 1in parenthesis after the option name. The - ‘first
word(s) in capitol letters in each explanation shows the way
the option is displayed on the terminal screen.

a. Display Brightness (No select code)

This option (not displayed on terminal screen),
allows the display brightness to be set at one
of sixteen brightness levels. To adjust the
brightness, hold the CTRL key down and
repeatedly depress the blank key either above
or below the CTRL Kkey. When the configuration
mode 1is terminated, the existing brightness
level will be stored in the terminal EAROM
memory. This option can be overridden during
ON LINE terminal operation, but on the next
terminal power up, the brightness will revert
to that selected by this display brightness
option.

b. Double Key (Y, N)

DBL KEY causes the Fl and F5 keys to have the
same function as their adjacent control keys
(NEW LINE and INT). This'op;ion'may he chanqged
by down line load. ‘

1) Y - This code causes the F1l ana F5 keys to
have the same function as the NEW LINE and
INT keys respectively.

2) N - This code causes the F1 and F5 keys to
have their standard or normal functions as
assigned by the code chart (Table 3-7), as

= in the PROM option, or as down line loaded.
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Baud Rate Select

|

X BAUD and KX BAUD allows the transmit and

_receive baud rates to be set at one of ftourteen

values. ‘the baud rates are set by keying 1in
the decimal numbers for each desired baud rate.
Baud rates may be set from 50 baud to 9600
baud. 7This option can not be changed by down
line load.

Parity Select (£, 0, 1, #)

PARITY permits selection of the type of parity
bit to be appended to the seven bits of data
transmitted to the host computer. The terminal

ignores the parity bit on receive data. Parity
options are as follows:

l) E - even parity
2) O - odd ‘parity
3) 1 - “1" piArivy
4) . g - “0" parity

Control Key (Y, N)

CIRL KEY provides the capability to generate
all the ASCII control characters for
transmission to the host processor as system's
key codes. :

l) Y - This code alters the system's Key code
(changes 6th and 7th bits to 0) transmitted
'to the host processor tor any alphanumeric
key (excludes other control Kkeys) that is
depressed while the CTRL key is held down.
Other functions ot the CTRL key will not
change.

2) N - This code allows the CTRL key to be
used in the OFF LINE mode or to. enter or
exit from it. :

)
Upper Case Character Set Only (Y, N)

UP CASE permits transmission of standard upper
case/lower case or upper case characters only.

i Y - This code causes the terminal to
substitute upper case key codes for lower
case key codes betore transmitting to the
host processor. Only the twenty-six
alphabetic codes are changed. Dispiay data
trom the host processor is not eftected.
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2) & = inis code causes tne terwinal to
transmit tne standard upper case/lower case
character set to tne host processor.

print Additional c<haracters (Y, N)

PRINT ALL provides the means to increase the
nunber ot displayable characters.

1) Y - ‘Tnis code allows the terminal to
display ASCII characters below octal 040 it
they have been detined 1in option FPROM oOr
have been down line loaded in a special
character set.

2) N - This code causes the terminal to ignore
all ASCII characters received trom the host
processor below octal 1040 except the
control characters.

Line reed and Carriage Return After Printing
Character *80* (Y, N)

AUV CR/Lr provides the means to control the
display action when the 8lst character of a
line is received. wWhen the 80th character 1is
received, the  CU¥Sor will remain at that

position and be displayed alternately with the
character. '

l) Y - tThis code causes the terminal to move
the cursor to the first character position
on the next 1line after displaying a
character in the 80th position of a line.
Atter displaying a character in the 80th
position of thne 24th line, the cursor will
move to the first position of tne 24th
line. Additional characters will then
overwrite the characters on the 24th line.
However, it the Auto Roll Up with bottom
line tfeed option has also been selected,
then displaying a character in the 80th
position of the 24th line will cause the
screen to be rolled up one line and the
cursor to be positioned at the first
cnaracter position ot the 24th line.

2) N - This code inactivates 1line feed and
carriage return. Wwhen an 8lst character
(or more) is received without an

intervening control character to move the
cursor, the last -character received |is
displayed in the 80th position. Characters




{
B
g;,

TR

e

R R R

i

A
\ 3¢
\ .3 “‘_ 3 "‘.. | Ij
. \‘ , i ’_:// 96
previous'y di¥played in the 80th position
are lost. Characters in positions ik
through 7Y are not disturbed.

-~ Auto-Roll-Up with Botteom Line Feed (Y, N) -~ -

AUTO ROLL allows the displayed data to move up
whien the cursor is on the 24th line and a LINE
FEED control character is received.

l) Y - This code causes the display to move up
one line leaving the 24tn line blank it the
cursor 1s on the 24th line and a LINE FEED
control character has been received. 'The
data previously displayed on line one 1is
lost.

2) N - This code causes the terminal to ignore
the LINE FEED control character while the
cursor is on the 24th line.

Roll Down (Y, N)

ROLL DN allows the displayed data to be moved
down leaving line one blank.

1) Y - 7This code causes the display to move
down one line leaving the first line blank
if a _ROLL  DOWN ' control character s
received. Data previously displayed on
line twenty-tour is ~flost. The cursor
position is not effected.

2) N - This code causes the terminal to ignore
the ROLL DOWN control character.

Cursor Increment with Delete Character (Y, N)

PRINT DEL allows a selection of alternate
controls over the <cursor movement when it
receives a delete character.

1) Y - This code causes the terminal to
display the delete symbol and move the
cursor to the next character position when
a DEL character is received.

2) N - 'T'his code causes the cursor to remain
in 1it's present position when the DEL
character is received. .
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Cursor 0Ott (Y, N) S

l

CURS UKt allows the host processor to turn the
cursor on or otf.

i) Y - this code causes the terminal to
respond to CUKSUR ON and CURSOR OFF control
characters. Cursor position is not

ettected by these control characters.

2) N - This code causes the terminal to ignore
the CURSOR ON and CURSOR Orr control
Characters. The cursor will always be
displayed. :

Bell On Printing Character “64" (Y, N)

BELL allows a selection of alternate controls
over sounding the bell. /

1) Y - This code causes the terminal to sound
the bell whenever a character is displayed
in .the 64th character position ot any
display line and sound the bell when the
BELL control character is received trom the
host processor. .

2) N - This code causes the terminal to sound
the bell when the BELL control character is
received from the host processor.

Local Display (Y, N)

LOC DISP is the same as half duplex operation.
This option allows a selection of half or full
duplex - operation. This option should be
selection only when the host processor is not
echoing characters back to the terminal.

1) Y - This code causes the terminal to
display displayable characters that are
transmitted to the host processor., The
terminal will continue to display
characters received.

2) N "= This' .code causes the terminal to
displdy only those displayable characters
that are received from ‘the host processor.
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Local Erase (Y, N)

LOC ERASE provides a means for the operator vo

"initiate the EEOr (erase to end of frame)

function which causes the screen to be erased
trom the current cursor position to the last
character of the last line.

1) Y - This code causes the terminal to erase
the screen from the current cursor position
to tne last character of the 1last line
whenever the operator ‘depresses the
designated ERASE key (blank key betwemn the
INT and C7TRL Kkeys). An LEEOF system Kkey
code is not transmitted to the host
processor. Characters received while the
erase function is in process will Dbe
buftered and no data will be lost.

2) N - This code permits the terminal to
respond only to an EEOF character received
trom the host processor.

‘“ransmit Erase (Y, N)

~I'X ERASE provides a means tor the operator to

initiate an EEOr (erase to end of frame) system
key code to the host processor. ' ‘

1) Y - This code causes the terminal to
generate an EEOF system Key code and
transmit it to the host processor whenever
the operator depresses the designated ERASE
key (blank key between the INT and CTRL
kKeys) . ~

2) N - This code negates the 7Transmit Erase
function.

Local Home (Y, N)

LOC HOME permits the operator to mwmove the
cursor to the “home up" position (first
character of first line).

1) Y - This code allows the cursor to be moved
to the home up position whenever the
designated HOME key (blank key between CTRL
and NEwW LINE Kkeys), 1is depressed. No
system key code is transmitted to the host
processor.
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2) N = 'This code causes the terminal to
respond only to the HUME UP character
received trom the host processor.

Transmit Home (Y, N)

X HOME provides a means for the operator to
transmit a HOME UP system key code to the host
processor. '

1) Y - This code causes the terminal to
generate a HOME UP system Key code and
transmit it to the host processor whenever
the operator depresses the designated HOME
key (blank key between the CTRL and the NEW
LINE keys).

2) N - This code negates the f7ransmit Home
function. ]

Local Break (Y, N)

'BREAK provides a means to generate a “break"

condition at the terminal. A break occurs when
the ‘“transmit ‘data line" in the I/0 connector
goes to the spacing <condition (positive
voltage, data bits all zero) for a period of
time longer . than the normal character time.
This condition is sometimes used as a means ot
signalling between devices that communicate
serially. s ;

1) Y - “This code causes the terminal to
generate a break condition whenever the
BREAK key (¥3) is depressed. 7The duration
of the break condition is independent ot
the length of time that the BREAK key is
depressed.

2) N - This code causes the terminal to take
no local action when the BREAK key (F3) is
depressed. However, the terminal will
transmit the F3 Kkey currently assigned
system key code to the host processor.
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OFF LINE VER 1.1

. RX BAUD 9600
TX BAUD 9600
PARITY E
DBL KEY Y \
UP CASE N -
BREAK N
LOC ERASE N
TX ERASE N

- LOC HOME N

' TX HOME N
LOC DISP N
CTRL KEY N
AUTO ROLL N
AUTO CR/LF N

" ROLL DN N-
PRINT ALL N
PRINT DEL N
CURS OFF Y
BELL N

Configuration Option Mode Sample Display
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Intel ~_ 8080A/8080A-1/8080A-2
—8-BIT N-CHANNEL MICROPROCESSOR

The 8080A is functionally and electrically compatible with the Intel® 8080.

s TTL Drive Capability = 16-Bit Sltaci:k Plolmer aind StfackR g
i e _o. Manipulation Instructions for Rapi
. %ﬁlg 1:1.3 us, —21.5 ps) Instruction Switching of the Program Environment
s Powerful Problem Solving Instruction a Decimal, Binary, and Double Precision
Set Arithmetic
= 6 General Purpose Registers and an
Accumulator = Ability to Provide Priority Vectored
= 16-Bit Program Counter for Directly Interrupts .
Addressing up to 64K Bytes of
Memory s 512 Directly Addressed /O Ports

The Intel®.8080A is a complete 8-bit parallel central progessing unit (CPU). It is fabricated on a single LS| chip using
Intel’s n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing
applications. /

The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers
may be addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical
instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation.

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to
storelretrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The
16-bit stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily han-
dle multiple level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited
subroutine nesting. ’

This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional
data busses are used to facilitate easy interface to memory and 1/O. Signals to control the interface to memory and I/O
are provided directly by the 8080A. Uitimate control of the address and data busses resides with the HOLD signal. It
provides the ability to suspend processor operation and force the address and data busses into a high impedance
state. This permits OR-tying these busses with-other controliing devices for (DMA) direct memory access or multi-
processor operation.

8080A CPU FUNCTIONAL BLOCK DIAGRAM
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ACCUMULATOR TEWP REGC INSTR! 1ON
[ -] I -J REGISTER @ WL THLEXER
w - 2 )
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1
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MCS-80/85

"PIN DESCRIPTION

Fiek

‘ 8080A/8080A-1/8080A-2

The following describes the function of all of the 8080A 1/0 pins.
Several of the descriptions refer to internal timing periods.

A15.Ag (output three-state)

ADQRESS BUS; the address bus provides the address to memory
(up to 64K 8-bit words) or denotes the I/O device number for up
to 256 input and 256 output devices. Ag is the least significant
address bit.

D7-Dg (input/output three-state)

DATA BUS; the data bus provides bi-directional communication
between the CPU, memory, and 1/0 devices for instructions and
data transfers. Also, during the first clock cycle of each machine
cycle, the B0B0A outputs a status word on the data bus that de-
scribes the current machine cycle. Dg is the least significant bit.

SYNC (output) v
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to
indicate the beginning of each machine cycle.

DBIN (output) )

DATA BUS IN; the DBIN signal indicates to external circuits that
the data bus is in the input mode. This signal should be used to
enable the gating of data onto the 8080A data bus from memory
or 1/0.

READY (input)

READY; the READY signal indicates to the 8080A that valid
memory or input data is available on the 8080A data bus. This
signal is used to synchronize the CPU with slower memory or 1/0
devices. 1f after sending an address out the BOBOA does not re-
ceive a READY input, the 8080A will enter a WAIT state for-as
long as the READY line is Iow READY can also be used to single
step the CPU.

WAIT (output)
WAIT; the WAIT signal acknowledges that the CPU is in a WAIT
state.

WR (output)
WRITE; the WR signa! is used for memory WRITE or 1/0 output

control. The data on the data bus is stable while the WR signal is
active low (WR = 0).
HOLD (input)

HOLD; the HOLD signal requests the CPU to enter the HOLD
state. The HOLD state allows an external device to gain control
of the 80§0A address and data bus as soon as the 80B0A has com-
pleted its/ use of these buses for the current machine cycle. It is
recognized under the following conditions:

@ the CPU s 1n the HALT state.

® the CPU is in the T2 or TW state and the READY signal is active.
As a result of entering the HOLD state the CPU ADDRESS BUS
{A15-Ag) and DATA BUS (D;-Dg) will be in their high impedance
state. The ‘CPU acknowledges its state with the HOLD AC-

KNOWLEDGE HLDALRIN, <« i o <iii i it R i e i g o P o

HLDA (output!
HOLD ACKNOWLEDGE. the HLDA signal appears in response
to the HOLD signal and indicates that the data and address bus

SIEES T SRR, e e

o/
A O=—]1
GND O— 2 39 0 Ay
D, O*—>3 38 —=>0 A3
Dy O=—>] 4 37 F—>0 Ay,
Dg O] 5 36 —=0 Ag
D, o=—={6 35 |—=0 Aq
Da Oe—1 7 & 34 O Ag
D, o=—={8. INTEL 33 0 A;
D, 0= 9 32 0 Ag
o, =10 8080A 3 }|—onx
-5V o— 11 30 b—=0 Ay
RESET O—{ 12 29 0 A3
HOLD O— 13 28 p——0 +12Vv
INT O—] 14 27 0 A,
2 O—=e{ 15 % 26 p—=0 A
INTE O=«——{ 16 25 pb—=0 Ay
DBIN Q= 17 24 O WAIT
WR O=—1 18 7 23 f=—0 READY
sYNC O=— 19 22 f+—0 ¢y
+5v O—1 20 21 F—=0 HLDA

Figure 1. Pin Configuration

will go to the high impedance state. The HLDA signal begins K

©® T3 for READ memory or input.

® The Clock Period followmg T3 for WRITE memory or OU'
PUT operation. .f e

in either case, the HLDA stgnal -appears after the rising edged

and high impedance occurs after the rising edge of ¢5. T

INTE (output)
INTERRUPT ENABLE;.indicates the content of the internal ims
rupt enable flip/flop. This flip/flop may be set or reset by the s
able and Disable Interrupt instructions and inhibits int
from being accepted by the CPU when it is reset. It m
matically reset (disabling further interrupts} at time T 1 of the 4
styuction fetch cycle {M1) when an interrupt is accepted an
also reset by the RESET signal.

INT (input)

INTERRUPT REQUEST; the CPU recognizes an interrupt
quest on this line at the end of the current instruction or
hatted If the CPU s in the HOLD state or if the lmerrupt E
flip/tlop is reset it will not honor the request

RESET (input) (1}

RESET. white the RESET signal is activated, the content of
program counter is cleared. After RESET, the program will
at location 0 in memory. The INTE and HLDA flip/flops are
reset. Note that the flags, accumulator, stack pointer, and reg

are not cleared.
- |

Vss  Grpund Reference.

Vec  +5: 5% Volts
Vgg -5 =5° Volts (substrate bias:
C1.02 2 externally supphed clock phases inon TTL compan™

i
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ABSOLUTE MAXIMUM RATINGS*

. 0°Cto+70°C
-65°C to +150°C

Temperature Under Bias
Storage Temperature
All Input or Output Voltages

*COMMENT: Stresses above those listed under "Absolute Maxi-
mum Ratings" may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions above those indicated in

With Respect to VQB """""" -0.3V10 420V 4y operational sections of this specification is not implied. Ex-
Vce. Vop and Vgs With Respect to Vgg  -0.3V 10420V posure to absolute maximum rating conditions for extended
Power Dissipation . . ............. ....... 1.5W periods may affect device reliability. .

D.C. CHARACTERISTICS '
Ta = 0°C to 70°C, Vpp = +12V 6%, Ve = +5V * 5%, Vgg = -5V * 5%, Vgs = OV, Unless Otherwise Noted.
Symbol Parameter ] Min. Typ. ' Max Unit Test Condition
ViLe Clock Input Low Voltage Vgs—1 y Vsst08 !V
Vine Clock Input High Voltage 9.0 “Vppt! V|
ViL i Input Low Voltage Vgs—1 . 1Vgs+08' V !
ViH | Input High Voltage = 733 | P Veet! V|
VoL i Output Low Voltage : 0.45 \% loL = 1.9mA on all outputs,
Vou Output High Voltage v /B j e loH =-150uA.
Ipp (av) | Avg.Power Supply Current (Vpp) | i 40 70+ mA ]
T T s -| Operation
lcc(av) | Avg. Power Supply Current (Vee) | 60 80 mA ij»
Tey = .48 usec
Igg (av) | Avg.Power Supply Current (Vgg) LAY 1 mA |
e Input Leakage T 210 WA Vgs<Vin <V
leL Clock Leakage T , +10 uA | Vgs < Vcrock < Voo
IpL[2] | DataBus Leakage in Input Mode i -100 | pA | Vegs<Viy<Vgs+0.8V
220 1mA | e 408V VN SVee
i Addre's's and Data Bus Leakage ? +10 ok Vapor/mATA = Vee ;
During HOLD -100 s i VADDRDATA = Vss * 0.45V
o s i 3
CAPACITANCE 15 : g
To=25C  Vcc = Vpp = Vs = 0V, Vgg =-5V ; =
z H
Symbol Parameter Typ. Max. | Unit Test Condition g :
< o0
Ce Clock Capacitance 17 25 1 pf =1 MH2 E s
" + {C 4 1 \
Cin Input Capacitance 6 10 pf Unmeasured Pins z
Cout Output Capacitance 10 200 | ot Returned to Vgg
51 0s
NOTES: * - i o
1. The RESET signal mus: be active for a minimum of 3 clock cycles BEIENT JEATERATURS R
2. When DBIN is high and VyN > V| 8n internal active pull up will =
be switched onto the Data Bus Figure 2. Typical Supply Current vs.
3. Alsupply / AT p = -0.45%7C. Temperature, Normalized!¥!
|
MAX = == = — g —
foc
Sl R e A o i S X A A AE 2. A S e "-‘,;;.» Mt A A L B R S B G G A TL IS AN, o 0 g 6 8" s W MJ
Y .
Figure 3. Data Bus Characteristic
During DBIN
9-13
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INSTRUCTION SET

--The-accumulator group-instructions include-arithmetic and
logical operators with direct, indirect, and immediate ad-
dressing modés:

Move, load, and store instruction groups provide the ability
to move either 8 or 16 bits of data between memory, the
six working registers and the accumulator using direct, in-
direct, and immediate addressing modes.

The ability to branch to different portions of the program
is provided with jump, jump conditional, and computed
jumps. Also the ability to call to and return from sub-
routines is provided both conditionally and unconditionally.
The RESTART (or single byte call instruction) is useful for
interrupt vector operation.

Double precision operators such as stack manipulation and
double add instructions extend both the arithmetic and
interrupt handling capability of the 8080A. The ability to

Data and Instruction Formats

increment and decrement rnemory,"the"six'general’regis‘téf'{ Ty

and the accumulator is provided as well as extended incre-

ment and decrement instructions to operate on the register

pairs and stack pointer. Further capability is provided by
the ability to rotate the accumulator left or right through
or around the carry bit.

Input and output may be acd:'omplished using memory ad-
dresses as 1/0 ports or the diréctly addressed /0 provided
for in the 8080A instruction set.

The following special instruction group completes the 80804
instruction set: the NOP instruction, HALT to stop pro-
cessor execution and the DAA instructions provide decimal
arithmetic capability. STC allows the carry flag to be di-
rectly set, and the CMC instruction allows it to be comple-
mented. CMA complements the contents of the accumulator
and XCHG exchanges the contents of two 16-bit register
pairs directly. ;

Data in the BOBOA is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the

same format.

- |D; Dg Ds Dy D3 D D; Do |

DATA WORD

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored
in successive words in program memory. The instruction formats then depend on the particular operation

executed. P
.

One Byte Instructions

[ D7 Dg Ds D4 D3 D, Dy Dy | OP CODE

Two Byte Instructions
| D7 Dg Ds D4 D3 D, Dy D, | OPCODE
[ 07 Dg Ds D4 D3 D, D, Dy | OPERAND

Three Byte Instructions
[—37 Dg Dg D4 D3 D,
[D; Dg Ds Dy D; D,
F37 Dg D5 D4 D3 Dy

D; Do | OP CODE
D,

D,

For the BOB0A s logic 1" is defined as a high level and a logic “0"" is defined as a low level.

Do | LOWADDRESS OR OPERAND 1
Do | HIGH ADDRESS OR OPERAND 2

TYPICAL INSTRUCTIONS

Register to register, memory refer-
ence, arithmetic or logical, rotate,
return, push, pop, enable or disable
Interrupt instructions

Immediate mode or 170 instructions

Jump, call or direct load and store
instructions

e

9-16
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8080A/8080A-1/8080A-2
8080 INSTRUCTION SET e
Summary of Processor Instructions T ] SR R ; 3 :
: Instruction Codef1| Clock(2; Instruction Code{1] Clecki2)
Mnemonic Description Dy D 05 04 O3 Dy 0 O Cycles | Mnemonic Description D; Og Ds Og O3 0y 0, By Cycles
MOVE. LOAD, AND STORE
MOVr1.r2 Move reqister to register 0 1 D D D S S s .9 JPO Jump on parity 0dd { Y9880 L8 B
MOV M.r Move register tomemory 0 1 1 1 0 § 5.8 .7 PCHL H & L 10 program . 3y dta 0 ¢ 3 8 :
MOV r.M Move memory toregister 0 1 D D D 1 1 0 7 counter :
MVI Move immediate register 0 0 0 D D 1 1 0 7 CALL |
MVI M Move immediate memory 0 0 1 1 0 1 1 0 10 CALL Call unconditional T80 vy § 2 2 17
LXI B Load immediate register 0 0 0 0 0 0 0 1 10 cc Call on carry 8 0 1Y ¢ eaTe
ParB&C CNC Cali on no carry i R T (VIR P 2%
LXD Load immediateregister 0 0 0 1 0 0 0 1 10 (4 Call on 2er0 1 1001 ¢ 00 1MV
Par D& E CNZ Call on no zero 1R TN T T
LXIH Load immediate register 0 0 1 0 0 0 0 1 10 cP Call on positive 90 4% 0% 08w
Peiri &L c™m Call on minus 5 £ F 4 N0 g
STAX B Store A indurect 00000010 7 | cp Gation pariy evEn R R
STAX D Store A indirect 000100 10 7 | cpp Gailion: party 00 5% b g v
LDAX B Load A indirect 0.0 0 0 1 DESESETS RETURN
LDAX D Load A indirect 0G0 1 1.0 Ny P . EE T S R e
STA Store A direct 00 1 1 .C<=0 10 /B AC Biun e caily 10110 € ¢ =m
LDA Load A direct 00 t 11 AN/ ANC et 6 carty Yogode 1 B 0 000 5
SHLD Store H & L direct 601000+ 0 16 Rz Wi, o0 2670 o 0000, 1 0 Biel s
LHLD Loac H & L direct 0010 1 010/ 16 | o mum’on T e W
XCHG Ea:;h:::?:o SEHEL 1.1 v 0 0 Y fs A Retuin on positive L e O
) RM Returr on mMinus T (Do i R R
STACK 0PS . RPE Retutn on panty even ok e T T IRl - b
PUSH B Push register Pair B & 1§ 0 0 0 10/ "N RPO - Return on pantyodd ~ 1 1 1 0 ¢ O ¢ 0 SN
C on stack RESTART |
PUSH D Push register Pair D & 1 10 10 1V IS EST i 5 |
E on stack RST Restar! & 23 A A AT T s é
PUSH H Pushregister ParHE 1 1 1 0 0 1 0 1 11 | INCREMENT AND DECREMENT 5 !
Lonstack . INR T Increment register 0. 0DiDD Y U S i
PUSH PSW  Pusn A and Flags IR RN )= = - DCR ¢ Decrement register 000D B B S
onysiack : INR M increment memory 000 110100 0
POP B Pop register Pair B & 11000001 1 DCR M Decrement memory R Rt N R ¢
C oft stack
INX B Increment B8 C 0 0-0-0¢Q * ¥ 8
POP D Popregister ParD8 1 1 0 1 0 0 0 1 10 , wg"sws
E off stack
“ y . 1 &
POP H Pop register Pair H & 1 1 90 0 0" 0T W INXD ":;":::(':' CoE 0) 105078 6 20 =
L oft stack s
& \ < g
POPPSW  Pop A anc Flags 1 B BIHIAl BNCOIRY ™ ',:;"::':;“"“ 0507 7 .00 i 2
. off stack
. <
XTHL Exchange top of 154 9 B 0700 eyt gg:s :cvemem :!:E z 0 g g g . ‘
stacs HaL ) : crement 3 * s
SPHL H & L 10 stack pointer Yo 6 e 0 A 5 DCX H Decrement X & L U 2 Gl U D T 5
LX SP. Loac :mmediate stack 001100 W ADD
pointer ADD ¢ Aoc register 10 A 1650 0 B8 S < ¢
INX SP Increment stack pownter 0 € 't C 0 1 v 5 ADC ¢ Age registe’ 10 A e8NS 5 @ !
OCx SP Decrement stack 6@ v & ¥o N b with carty ',
ppnter ADD W Acc memory 10 A v 8,60 6% %.C ? !
Jume ADC W Ag¢ memoty 10 A g O T T R A
e Jumg unconaitionai RN EES RN & o i T oy T o T "
* i BER R St i Ao¢ immediate 1o A o G e R
INC Jumg on no carry (. O O wilh carry
2 Jump on rei0 V800N 0 100N ) DARS AccBACuOHBL o4 08 W !
w2 Jump on no Zer0 11000010 W DAD O AGGDEEtOHEL e 001 0.6V W ‘
» Jump on posihive %t 110 0 DAD M AddHBLWHEL 201D 01 W |
L Jumponmmys - 111 110 1.0 0 | DADSP Add stack pornter 0 00111001 W ‘
CPPE e o NS g A~ iy R S o gl e o e AN R £ SR AL o SHDES COUE o
NOTES 1 DDD or $SS B 00C C 001 © 016 E 011 w 10C L 101 Memary MG & N At maemonics 20y Nt
2 Twe possible cycle imes 16 12- inGicate nglryclion Cycies oependent on congtion fiags <inte Corpora’ 0~ 1977
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. 8080A/8080A-1/8080A-2

Summary of Processor Instructions (Cont.) : 1
% 3 tnstruction Codeft) Clock(2]
Mnemonic Description 07 Og Ds Da 03 Dz 0) Dp Cycles
SUBTRACT ’
SUB r Subtract register 100 10-88§ %5 4
from A
SBB 1 Subtract register from 1060 1 18585 4
A with borrow
SUB M Subtract memory 150010 1. 88 4
from A
SBB M Subtract memory from /A S [ I R
A with borrow
Sul Subtract immediate IO N T O T S I
from A
SB1 Subtract immediate IR T T T R B Y
from A with borrow
LOGICAL
ANA ¢ And register with A 10 1 0 0 S8 4
XRA 1 Exclusive Or register T 01 0 $6S,.- 4
N with A
ORA 1 Or register with A 10 1V 1 055 §75//4
CMP ¢ CompareregisterwithA 1 0 1 1 1 § S S 4
ANA M Ang memory with A 10 1 050" AN 7
¢ XRAM Exclusive Or memory 1010 1 ¥ Y4I%
with A
ORA M Or memory with A 0 11 0¥ YO/ UR
CMP M Compare memorywith A 1 0 1 1 11 1 0 7
AN! And immediate with A 1110 0 v/1/ops
: XRi Exclusive Or immediate 1 1 1 0 1 .1 1.0 7
i with A
; ORI 0r immediate with A U110 v Aagless
: CPt Compare immediate S T S T [ i 7 :
: ; with A £
! ROTATE i
- RLC Rotate A left 0 0 0 ¢
RRC Rotate A right 0 0 0 UL\ !
RAL Rotate A left through 0 0 0 RNl
carry
RAR Rotate A right through 0 04 qhAad gdnect
carry
SPECIALS
CMA Complement A A NMNULALIUINS 4
ST1C Set carry ' T R (| 4
cme Complement carry 60 F 1 4% 0 9 4
DAA Decimal adjus: A (5 ) O S O RO T 4
INPUT/OUTPUT
IN Input 1 10 1 (TR PR T |
out Output iy .06 3 B0 -x o 10
CONTROL
E Enavle Interrupls RTINS AT [ S
[} Disabie interrup’ 4 % 208 YN &
NOP No-0peration ccooeoC O 4
HLT Hatt 6 v 19 8 ¢ v. 8 °?
: 7 2 i el e B B o e R R
ﬁ— s R RO T, P or P e T e M SV R < iom e S
NOTES 1 DD5 or $SS B=000 C=001 [=1¢ E=C) M=10C L=10° Memory=t10 Azt *All mnemon.cs COPyrIgnt 4
2 Two possible Cycle imes (612 ngicate instruction cycies dependent o conailion fags <intei Corporatior 1977

i |
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intel

8224

108

CLOCK GENERATOR AND DRIVER

FOR 8080A CPU

s Single Chip Clock Generator/Driver for
8080A CPU

s Power-Up Reset for CPU
a Ready Synchronizing Flip-Flop
a Advanced Status Strobe

a Oscillator Output for External System
Timing

a Crystal Controlied for Stable System
< Qperation -

s Reduces System Package Count

The Intel® 8224 is a single chip clock generator/driver for the 8080A CPU. It is coﬁtr"olled by a crystal, selected by the

designer to meet a variety of system speed requirements.

Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready.
The 8224 provides the designer witha significant reduction of packages used to generate clocks and timing for 8080A.

PIN CONFIGURATION

BLOCK DIAGRAM

fie> xtau
OSCILLATOR —=>——osc 2>
o> xvaz—
nsan 1. 16 Vec s
RESIN] ]2 s xTaL -—’ >—sci >
K
rovin[ 13 wl JxtaL? Cé?: .._.D——-——o2 fio>
+9
™ .
ReaDY ¢ 13 TaNK 2,0 04A eptTufe>
8224 [
Neam B 2| losc
oo e B> s s sreve [
TsTe |7 [ e
$ =) 03" 1 (> nesiw —-| >—
oo |8 of Ivoe scHmITT | o
INPUT —— | 3 ISR d
> rovw © o aeaoy [©>
c
!
PIN NAMES

[XTALY | { cowwecTions
LWy L) TRR AL

N e et ._.4
FRDYW . READY WUT | | TANK T UBED WITHOVERTONE XTAL
—_— B Sl L S B e
TREADY | READY OUTPUT i O T OSCILLATOR OUTPUT
SYNC | SYNC WPUT ! ! e ITTL) ! €3 CLKI(TTL LEVEL)
el : i i TUS } T e 1
s A o B i T P S B m»l “m‘ m‘- <& 4‘.}?‘"‘”‘“ e -oer 20 et s Py T S UL
e " vom0 ““"OND e ~ :
& CLOCKS s DGt -

NG SIPLY SO0 S
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ABSOLUTE MAXIMUM RATINGS*

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

Temperature UnderBias. . ............. 0°C to 70°C R . o
Storage Temperature . . . ........... —-65°C to 150°C Han of th'e devic:e at these ar. any ome'r condlt/o.ns abo'v.e
Supply VoItage, VEE - « - -« v v vvevnnnn- —0.5V to +7V those indicated in the operational sections of this specifi-
Supply Voltage, V. . . v oo evns —0.5V to +13.5V cation is not implied. Exposure to absolute maximum-
ADUCNIOING0.: v i wirant g, 10 510 -1.5V to +7V rating conditions for extended periods may affect device
OGPt ICURIBNT. - . vvnsn oo 58085 55 5o mrsases 100mA reliability. :
D.C. CHARACTERISTICS v
Ta= 0°C to 70°C; Ve = +5.0V £5%; Vpp = +12V £5%.
Limits
Symbol Parameter Min. Typ. Max. Units Test Conditions
Ie Input Current Loading/ -.25 mA Vg = .45V
Ir P Input Leakage Current 10 MA Vg =5.25V -
Ve Input Forward Clamp Voltage 1.0 Vv Ig = -5mA
ViL : Input “Low’’ Voltage 8 v Vee = 5.0V
Vin Input “High" Volitage 26 Y Reset Input
20 All Other Inputs
Vir-ViL RESIN Input Hysteresis .25 e A Vec = 5.0V
Vou Output “Low” Voltage 45 \" 01.92),Ready, Reset, STSTB
.45 1 V. 1 All Other Outputs
o “loL = 16mA
" Vou Output “High” Voltage ¢ AN
¢, (] 8.4 v lOH = -100uA
READY, RESET ; 3.6 v lox = -100pA
All Other Outputs 24 \% low =-1mA
et Output Short Circuit Current -10 -60 mA Vo =0V
{All Low Voltage Outputs Only) Vee =5.0V
lec Power Supply Current 115 mA :
Iop Power Supply Current 12 mA

Note: 1. Caution, ¢4 and @7 output drivers do not have short circuit protection

Crystal Requirements

Tolerance. 0.005% at 0°C-70°C -
Resonance: Series (Fundamental)® !
Load Capacitance: 20-35 pF
Equivaient Resistance: 75-20 ohms
Power Dissipation (Min). 4 mW

“With tank circult use 3rd overione mode.
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8228/8238 _
SYSTEM CONTROLLER AND BUS DRIVER
FOR 8080A CPU

s Single Chlp System Control for a User Selected Single Level Interrupt
mcs-8o™ Systems Vector (RST 7)
s Built-In Bidirectional Bus Driver for m 28-Pin Dual In-Line Package

Data Bus Isolation
= Reduces System Package Count
s Allows the Use of Multiple Byte
Instructions (e.g. CALL) for Interrupt = *8238 Has Advanced IOW/MEMW for
‘Acknaowledge .+ Large System Timing Control

The Intel® 8228 is a single chip system controller and bus driver for MCS-80 It generates all signals required to
directly interface MCS-80 family RAM, ROM, and 1/O components.

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower
memory and /0. The isolation of the bus driver also provides for enhanced system noise immunity.

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g.,
CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, mterrupt dr&ven systems to
have an unlimited number of interrupt levels.

The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for
cost effective, reliable desngn of the MCS-80 systems.

PIN CONFIGURATION ! BLOCK DIAGRAM
—— B
— l—-o— D8,
stste [ 28 ) Ve, g: ™ ey
e D, —e =i | <~— DB,
moa 32 o i Cov 0. —~=] BLDRECTIONAL |—o— DB,
—_— — DATA | DRIVER ? |- SYSTEM DATA 8US
wr[}3 2 [ ) wieww Bud D == = sus | —~<— 08,
Dy —= = | ——
7OR D~ =l e «— DB
nem[: . 2 [ ] iR ety Sy,
ose (s 2 [ mewr T ;
oe [ n[]iNTA t DRIVER CONTROL
T 1
oer[]7 22 ] BUSEN i
E 8228/8238 : [ I wewm
el »fJos e
I STATUS WEV#
osa[]s 20 [ ose LATCH
H |
o3[Jw w{Jos ! i F—- %k
¢ ARRAY -
osz [ n w[Joes T b oW
i
7 1
o212 nJo o
oes| 113 el Jos L]
G D HLDA b INTA
ano[]w wiJos
‘PIN NAMES
07.00 DATA BUS (8080 SIDE i T INTA
. DB7DB0 | DATABUS (SYSTEMSIDE |~ MLDA
h s B - Ay = T
1/OW { O WARITE BUSEN
MEMR | MEMORY R{AD STSTE | STATUS STROBE IFROM 8724
TMEWW | MEMOPY WRITE Voo | 8V
_ DBIN | DBIN FROM 8080 GND . CVOLTS
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8228/8238

ABSOLUTE MAXIMUM RATINGS*

Temperature Undet Bias. . ... ... ... . —-0°Cto 70°C

Storage Temperature . . . ... ........ —65°C to 150°C
Supply Voltage, Vee . oo v oo —0.5V to +7V
YOVDUT VLOMB0O:. -« v 5s 1w i 55 6oy o 6 55000 8 08 -1.5V to +7V
OutputCUTent. . . o .. .o it tetvemononosis 100mA

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the

device. This is a stress rating only and functional opers. *
“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.

D.C. CHARACTERISTICS T, =0°C to 70°C; Ve = 5V #5%.

R R A S N e

9-26

Limits
Symbol Parameter Min. |Typ.[1]] Max. Unit Test Conditions
Ve Input Clamp Voltage, All Inputs* .75 | -1.0 v Vce=4.75V; Ic=-5mA
g ln_p_t&oad Current, 2 = :
STSTB 500 HA Vec=5.25V
D, & Dg 750 uA Ve =0.45V
Do. Dy, Dy, Ds, HA
&Dy 250 2’
All Other Inputs 250 uA
Ir Input Leakage Current
STSTB 100 HA Vce=5.25V
DBy-DB; 20 A Vg =5.25V
All Other Inputs 100 HA
VTH Input Threshold Voltage, All Inputs 0.8 2.0 \" Vee=5V
lec Power Supply Current 140 | 190 mA Vce=6.25V
Vot Output Low Voltage,
Do-Dy 45 | v Vce=4.75V: Ig, =2mA
All Other Qutputs 45 v loL = 10mA
Vow Output High Voltage,
Dg-D7 | 36 3.8 v Vec=4.75V; lby=-10pA
All Other Outputs | 24 v low = -1mA
los e, Short Circuit Current, All Outputs | 15 . 90 mA Vee=5V
loo#) I Off State Output Current,
! All Control Outputs ; 100 WA Vee=5.25V; Vp=5.25
100 WA Vo= 45V
UNT - } INTA Current JIF 5 mA (See Figure below)
Note 1:  Typical values are for T4 = 250C and nominal supply voitages.

rcnsmase Bl S RIS e i ' T b




MCS-80/85
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8228/8238

g

CAPACITANCE

This parameter is periodically sampled and not 100% tested.

"

Limits

Symbol Parameter Min. | Typ.[1l | Max. | Unit
Cin Input Capacitance 8 12 pF

Output Capacitance

F

Cour Control Signals ! W o

1/0 Capacitance
| 8 15 F
o (D or DB) "

KD £ 10%

Test Conditions: NS: Vgag = 2.5V, Vec =5.0V, Ta = 25°C, f = 1MHz.

Note 2: For Dg-D7: Ry = 4K, Ry = =Q,
C = 25pF. For all other outputs:
R1 = 50002, Ry = 1KQ, C = 100pF.

TEST CIRCUIT 2

ouTPUT
= o O T N '*

8228

INTA

+12v

#c. § R,
_-Lcwc _Lcwn
Figure 1. INTA Test Circuit (for RST 7)
2 25 -
GND.-——-——Z;- Ay Ay &
1Y ——-——" A, 2 A,
7
-5V ——— ] A, S A
28 29
I e S A
N =< A
A: 31 i
32
8080A A 21 A
— Sl A | aooress us
13 b as “
SYSTEM DMA REQ —————| HOLD A, A
1
A y W]
A‘C «© "e ‘
" 17 1" 1
i Ayz Ay
SYSTEM INT REQ ——————f INT v
A A
% 13 2 13 ‘
INT ENABLE =—————— INTE Ky Ay l
3
A e Aw |
W 2
1? 1
e il PR
=0 sl e e
je e 2, 434
TaNK Sal 2 w 15 " 7
L2 LTS y
12 0 ' L o DR o8 |
060 -— —— ] .12 ” LSS oe. |
s ¢ 2 '1s 2 " y
o TTL @t - ——qf WA o. s22e 0208 > —————— D&,
2 M E 1 i
ROVIN e e e S ariny [ & ] & DirecTIONAL ..'__..____.o., |
GENERATOR 3 ¢] susomver [y ST
s 2 ' »” o, i
AESIn —ef ORIVER RESET o, ¢ ud | L —e,
< s n 0
e e
Plooa o
n g
P iWTA ]

»

e wEN W}

CONTRO( BUS

—= (CR .
i

b
<
2! et
[————e i0n

!
4

Figure 2. CPU Standard Interface
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mtel ' . 2708/8708*
" 8K AND 4K UV ERASABLE PROM

Max. Power Max. Access Organization
2708 800 mW 450 ns 1K x8
2708L 425 mW 450 ns 1Kx8
2708-1 800 mW 350 ns 1Kx8
2704 800 mW 450ns | 512x8 ’
s Low Power Dissipation — 425 mW a Data Inputs and Outputs TTL
Max. (2708L) Compatible during both Read and

Program Modes
m Fast Access Time — 350 ns Max.
(2708-1)
m Three-State Outputs — OR-Tle
m Static — No Clocks Required Capability

The Intel® 2708 is a 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM, ideally suited where
fast turnaround and pattern experimentation are important requirements. All data inputs and outputs are TTL com- |

patible during both the read and program modes. The outputs are three-state, allowing direct interface with common
system bus structures.

The 2708L at 425 mW is available for systems requiring lower power dissipation than from the 2708. A power
dissipation savings of over 50%, without any sacrifice in speed, is obtained with the 2708L. The 2708L has high input
noise immunity and is specified at 10% power supply tolerance. A high-speed 2708-1 is also avallable at 350 ns for
microprocessors requiring fast access times. For smaller size systems there is the 4096-bit 2704 which is organized as
512 words by 8 bits. All these devices have the same programmlng and erasing specifications of the 2708. The 2704
electrical specifications are the same as the 2708.

The 2708 family is fabricated with the N-channel silicon gate FAMOS technology and is avallﬂble in a 24-pin dual in-line
package. [

PIN CONFIGURATION BLOCK DIAGRAM
DATA OUTPUT
B vo-07
¥ m |l 2 [Jwe o
. = 1
a2 EIm N
Mul 21 Jves
% CHIP SELECT
s0s 0[] csme S togic ; OUTPUT BUFFERS
ae  2owzoe W[ Jwo i
a0 18[ ] rroaraM " s exre
wse Ao ] 8 17[J o7 mse) DECODEN .
(Ls8) °
s Pos ADDRESS
o[ 15[ Jos INPUTS . fi
= Qgn uoe ogc;om s uo‘:l :;:'AV
ws [ 12 13[Jos E
NOTE 1: PIN 22 MUST BE CONNECTED i
TO Vs FOR THE 2704. )
PIN NAMES
PIN CONNECTION DURING READ OR PROGRAM
Ag-Ag | ADDRESS INPUTS i
0,:0s | DATA OUTPUTS/INPUTS PIN NUMBER |
WE | CHIP SELECT/WRITE ENABLE INPUT | ADDRESS = !
DATA I/0 INPUTS ;
o1, 18, Vss | PROGRAM | Vpp | CSWE | Ve | Veo
MODE 1317 22,23 12 | ilas 1) 20 |2 |
READ Dour A GND| GND | +12 | V@ | 5| %
DESELECT | HIGH IMPEDANCE | DON'T CARE | GND | _GND__ | +12 | Vin 5 | %
PROGRAM | Dy A GND| PULSED | +12 | Viuw | 5 | *
' 2ev v |

*All 8708 specilications are identical to the 2708 specifications. 4-20




2708 FAMILY 114

i
/AOGRAMMING /
e programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section.

amolute Maximum Ratings*

ymoeeature Under Bias . ... -26°C to +85°C  *COMMENT
e Temperature ... ...........- & e i e _65°C to +125°C  Stresses above those listed under “Absolute Moxim};m
With Respect to VB < 050 6 s bomig o mck s w301 8 +20V to -0.3V ::!ings"mav cause mrm'an.r:’d'am"::co::'n;:i:.‘;:
z is is a stress rating only a uncti r
L34 nd Vss With Respact 10 V.BB """"""""" N 1O, of the device at these-or any other conditions above
af tnputiof Qurtpurt Yok toges Wit Femsvct ' those indicated in the operational sections of this
w Vgs DuringRead. . .........ocvviiiiennne +15V 10 -0.3V  gpecification is not implied. Exposure to absol

maximum rating conditions for extended periods may

4 WE Input With Respect to Vgg .
+20V to -0.3V affect device reliability.

During Programming . ... .....oovnanee et
aagam Input With Respectto Vgg « .+ v oo o ve v +35V to -0 3V
Broet Dissipation - ...t E T e P4 0 e O R 1.5W
’———- . .
oC and AC Operating Conditions During Read
2708 27081 2708L el f
Temperature Range | 0°C— 70°C | 0°C-70°C | 0°C—70°C
Ve Power Supply 5V + 5% 5V £ 5% SV £ 10%
Vpp Power Supply 12V £ 5% 12V £ 5% 12V £ 10%
Vgg Power Supply -5V £ 5% -5V + 5% -5V ¢ 10%
———
AEAD OPERATION . e
0 C. and Operating Characteristics *
2708, 2708-1 Limits 2708L Limits
Symbol Parameter Units Test Conditions
min, Ty e | M Tye? Max. e AR
u Address and Chip Select Input Sink Current 1 10 1 10 wA | VIN=5.25Vor ViN = VIL
Lo Output Leakage Current 1 10 1 10 A | Vour = 5.5V, CS/WE = 8V
1pp!3) | VoD Supply Current 50 65 , 21 28 | mA | Worst Case Supply Currents):
icci3) | Ve Supply Current [ 10« 2 4 mA | All Inputs High;
1ga(3] | Vgg Supply Current 30 45 ) 10 14 mA | CSWE =5V To =0°C
viL Input Low Voltage Vss 065 | Vss 0.65 v |
ViH Input High Voitage 3.0 Vveett| 2.2 Veett| V i
Tou = 1.6mA (2708, 2708-1)
Vou Output Low Voltage p.l's 04 v W w
VoM1 Output High Voltage 37 3.7 v IoH = -100 uA
VoM2 | Output High Voltsge 24 24 vV | lgu=-1mA
800 325 | mW | T,=70°C
PO Power Dissipation 425 | mw | TA=0°C

@OTES: 1. Vgg must be applied prior to Ve and Vpp. Vg must slso be the last power supply switched off

2. Typical values are for Ta = 25°C and nomina! supply voltages.

3. The total power disii is not lated by the various ts (ipp. IcC. and 1gg) multiplied by their respective vol-
tages since current paths exist between the various power supplies and Vss. The IpD. Icc. and Igg currents should be used to deter-
mine power supply capacity only.

4. Igg for the 2708L is specified in the programmed state and is 18 mA maximum in the unprogrammed state.

2708L 2708 AND 2708-1
RANGE OF SUPPLY CURRENTS RANGE OF SUPPLY CURRENTS
VS. TEMPERATURE VS. TEMPERATURE ACCESS T!ME VvS. TEMPERATURE
g i 4 V:: b - ALL ro'uuu ov;nnmo -
Voo« 13.6v CONDITIONS: 1770 LOAD ¢ 100pF
T s | voso N
i : . - e )™
| ﬁm M| 1 i
‘- a"'l‘-l'- A, § / 200 - -
Wl g
© - HigH /
M\ \ o > X000 o "! oy ="
NN NN W
: AW -
l ® - » ) ) e ) “w ® ) 100 E] » “© [ »
Tale Tnro e °



115
2708 FAMILY
A. C. Characteristics
2708-1 Limits 2708, 2708L, Limits .
bol ' '
Spebol Priwrer Min. Typ. Max. Min. Typ. Max. Uit
tace Address to Output Delay 280 350 280 450 ns
tco Chip Select to Output Delay 60 120 60 120 ns
tpr Chip Deselect to Output Float 0 120 0 120 ns
toH Address to Output Hold 0 0 ns
CAPACITANCE!" 1, =25°C, f=1MHz A.C. TEST CONDITIONS:
Qutput Load: 1 TTL gate and C_= 100 pF *
Symbol Parameter Typ. | Max. | Unit. | Conditions Input Rise and Fall Times: <20 ns
n Timing Measurement Reference Levels: 0.8V and
C | = g9
N Rput Capacitance 4 5 p Vin'= 0V 2.8V for inputs; 0.8V and 2.4V for outputs,
Cout Output Capacitance | 8 12 pF | Vour =0V Input Pulse Levels: 0.65V to 3.0V

Note: 1. This parameter is periodically sampled and is not 100% tested.

Waveforms
! L]
- X X
1
|e—— tou —
1
CSme

DATA
our

. DATAOUT
. FLOATIN

ERASURE CHARACTERISTICS

The erasure characteristics of the 2708 family are such that
erasure begins to occur when exposed to light with wave-
lengths shorter than approximately 4000 Angstroms (A). It
‘should be noted that sunlight and certain types of fluores-
cent lamps have wavelengths in the 3000—4000A range.
Data show that constant exposure to room level fluores-
cent lighting could erase the typical device in approxi-
mately 3 years, while it would take approximately 1 week
to cause erasure when exposed to direct sunlight. If the
2708 is to be exposed to these types of lighting conditions
for extended periods of time, opaque labels are available

- 4-22

form Intel which should be placed over the 2708 window
to prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog
PROM/ROM Programming Instructions Section) for the
2708 family is exposure to shortwave ultraviolet light
which has. a wavelength of 2637 Angstroms (A). The inte-
grated .dose (i.e., UV.intensity X exposure time) for erasure
should be.a minimum of 15 W-sec/cm2. The erasure time
with this dosage is approximately 15 to 20 minutes using an
ultraviolet lamp with a 12000 uW/cm?2 power rating. The
device should be placed within 1 inch of the lamp tubes
during erasure. Some lamps have a filter on their tubes
which should be removed before erasure.
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1024 X 4 BIT STATIC RAM

2114-2 2114-3 2114 2114L2 2114L3 2114L
Max. Access Time (ns) 200 300 450 200 300 450
Max. Power Dissipation (mw) 525 525 525 370 ‘370 370
® High Density 18 Pin Package ® Directly TTL Compatible: All Inputs

and Outputs
@ Common Data Input and Output Using

m Identical Cycle and Access Times

® Single +5V Supply -
v il Three-State Outputs

® No Clock or Timing Strobe Required
® Pin-Out Compatible with 3605 and 3625
® Completely Static Memory Bipolar PROMs

L

The Intel® 2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-Gate
MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and therefore
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided.

The 2114 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are
important design objectives. The 2114 is placed in an 18-pin package for the highest possible density.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (C3) lead allows
easy selection of an individual package when outputs are or-tied.

The 2114 is fabricated with Intel's N-channel Silicon-Gate technology — a technology providing excellent protection against
contamination permitting the use of low cost plastic packaging.

PIN CONFIGURATION - LOGIC SYMBOL BLOCK DIAGRAM
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— 1
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eﬁ_A’ ADDRESS INPUTS Vec POWER (+5V) we : . QO = Pin NUMBERS
WRITE ENABLE GND GROUND

= CHIP SELECT
1/0,-1/0, DATA INPUT/OUTPUT
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' 2114 FAMILY

i

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . ........... -10°Cto 80°C
Storage TeMPErature . ............. -65°C to +150°C
Voltage on Any Pin

With Respect to Ground ... .. S -0.5V to +7V
Power Dissipation ... ...l 1.0W
D.C.Output Current . .....ououininennnn 5mA

D.C. AND OPERATING CHARACTERISTICS

TA=0°Cto 70°C, Ve = 5V t 5%, unless otherwise noted.

*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.

2114-2, 2114-3, 2114 | 2114L2, 2114L3, 2114L
SYMBOL PARAMETER Min. - Typ.[1] Max. Min. Typ.lll Max. |UNIT CONDITIONS
u Input Load Current 10 10 uA Vin =0 to 5.25V
(All Input Pins)
hol 1/0 Leakage Current 10 10 | wA | CS=24v, "
Vy0 = 0.4V to Vcc
lect Power Supply Current 80 95 65 mA Vin = 5.25V, ljjo =0 mA,
Ta=25°C
lec2 Power Supply Current 100 70 mA | ViN= 5.25V, lyo=0mA,
' TA = 0°C
Vie Input Low Voltage -0.5 0.8 -0.5 0.8 v
ViH Input High Voltage 2.0 6.0 20 6.0
loL Output Low Current 21 6.0 e mA | VoL = 0.4V
lox Output High Current -1.0 -14 -10 -14 mA | Vou = 24V
los!?l QOutput Short Circuit 40 40 mA ‘
Current ’
NOTE: 1. Typical values are for T = 25°Cand Vi = 5.0V,
2. Duration not to exceed 30 seconds.
CAPACITANCE
Ta = 25°C, f = 1.0 MHz
SYMBOL TEST MAX UNIT CONDITIONS
Cwo Input/Output Capacitance 5 pF Vyo =0V W
p TEST NOTE: This circuit
Cin Input Capacitance 5 pF Vin =0V employs a self starting
NOTE: This parameter is periodically ssmpled and not 100% tested. osciliator and a charge
: pump which require a
certain amount of time
i - after POWER ON to start
fpn‘gl_lonlng properly. This
AC. 2114 circult is conserva-
C. CONDITIONS OF TEST tively specified as requir-
S0 PUBELBVIS . 5 -« o oo 5505 504 5050l 6 S S 6 Bt o 0.8 Voltto 2.4 Voit  Ing 500 usec after Vg
Input Rise and Fall Times . . . .o cvvveeeervoceeanssanensosasanaananas 10 nsec Irle"::::::.,;g speclﬂed
Inputand Output Timing Levels. . ... .. .oviit i reenanaoens 1.5 Volts

Output Load

................................

1 TTL Gate and C_ = 100 pF

|
|
i
|
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Integ 8251A
PROGRAMMABLE COMMUNICATION INTERFACE

= Synchronous and Asynchronous = Error Detection — Parity, Overrun and
Operation Framing

= Synchronous 5-8 Bit Characters;

Internal or External Character Synchro-  u Fully Compatible with 8080/8085 CPU
nization; Automatic Sync Insertion

m Asynchronous 5-8 Bit Characters; » 28-Pin DIP Package
Clock Rate—1, 16 or 64 Times Baud
Rate; Break Character Generation; 1,

1%, or 2 Stop Bits; False Start Bit u All Inputs and Outputs are TTL
Detection; Automatic Break Detect Compatible
and Handling; 19.2K Baud. ;
= Baud Rate — DC to 64K Baud = Single + 5V Supply
u Full Duplex, Double Buffered, Trans-
mitter and Receiver = Single TTL Clock

The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate
using virtually any serial data transmission technique presently in use (including IBM “bi-sync"). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data
transmission errors and control signals such as SYNDET, TXxEMPTY. The chip is constructed using N-channel silicon
gate technology.

PIN CONFIGURATION BLOCK DIAGRAM
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RxC | Recewer Clock ! GND G | DATA RS - e SYNDET
RxD ! Recewer Data
RxRODY | Receer Ready (has character for 8080)
TxRDY ! Transmitter Ready (ready for char trom 80801




FEATURES AND ENHANCEMENTS

8251A is an advanced design of the industry stan-
dard USART, the Intel” 8251. The 8251A oper-
ates with an extended range of Intel micropro-
cessors that includes the new 8085 CPU and main-
tains compatibility with the 8251. Familiarization
time is minimal because of compatibility and
involves only knowing the additional features and
enhancements, and reviewing the AC and DC speci-
fications of the 8251A.

The 8251A incorporates all the key features of
the 8251 and has the following additional features
and enhancements:

e 8251A has double-buffered data paths with
separate /O registers for control, status,
Data In, and Data Out, which considerably
simplifies control programming and mini-
mizes CPU overhead.

® In asynchronous operations, the Receiver
detects and handles “‘break’ automatically,
relieving the CPU of this task.

e A refined Rx initialization prevents the
Receiver from starting when in “break”
state, preventing unwanted interrupts from
a disconnected USART.

e At the conclusion of a transmission, TxD
line will always return to the marking state
unless SBRK is programmed.
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Tx Enable logic enhancement prevents a
Tx Disable command from halting trans-
mission until all data previously written has
been transmitted. The logic also prevents
the transmitter from turning off in the middle
of a word.

When External Sync Detect is programmed,
Internal Sync Detect is disabled, and an Ex-
ternal Sync Detect status is provided via a
flip-flop which clears itself upon a status read.

Possibility of false sync detect is minimized
by ensuring that if double character sync is
programmed, the characters be contiguously
detected and also by clearing the Rx register
to all ones whenever Enter Hunt command is
issued in Sync mode.

As long as the 8251A is not selected, the
RD and WR do not affect the internal opera-
tion of the device.

The 8251A Status can be read at any time
but the status update will.be inhibited during
status read.

The 8251A is free from extraneous glitches
and has enhanced AC and DC characteristics,
providing higher speed and better operating
margins.

e Baud rate from DC to 64K.

Fully compatible with Intel’s new industry
standard, the MCS-85.
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8251A BASIC FUNCTIONAL DESCRIPTION

General

The 8251A is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 80/85 Micro-
computer Systems. Like other 1/0 devices in a Microcom-
puter System, its functional configuration is programmed
by the system’s software for maximum flexibility. The
8251A can support virtually any serial data technique cur-
rently in use including bi-sync.

In a communication environment an interface device must
convert parallel format system data into serial format for
transmission and convert incoming serial format data into
parallel system data for reception. The interface device must
also delete or insert bits or characters that are functionally
unique to the communication technique. In essence, the
interface should appear “transparent” to the CPU, asimple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bidirectional, 8-bit buffer is used to interface
the 8251A to the system Data Bus. Data is transmitted or
received by the buffer upon execution of INput or OUTput
instructions of the CPU. Control words, Command words
and Status information are also transferred through the
Data Bus Buffer. The command status and data in, and
data out are separate 8-bit registers to provide double
buffering.

This functional block accepts inputs from the system Con-
trol bus and generates control signals for overall device
operation. It contains the Control Word Register and Com-
mand Word Register that store the various control formats
for the device functional definition.

RESET (Reset)

A "high” on this input forces the 8251A into an “Idle”
mode. ‘The device will remain at ““Idle’’ until a new set of
control words is written into the 8251A to program its
functional definition. Minimum RESET pulse width is
6 tcy (clock must be running).

CLK (Clock)

The CLK input is used to generate internal device timing
and is normally connected to the Phase 2 (TTL) output of
the 8224 Clock Generator. No external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter data
bit rates.

WR (Write)

A “low” on this input informs the 8251A that the CPU s
writing data or control words 1o the 826 1A

RD (Read)

A “low™ on this input informs the 8251A that the CPU s
reading data or status information from the 8251A
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CID (Control/Data)

This input, in conjunction with the WR and RD inputs,
informs the 8251A that the word on the Data Bus is either
a data character, control word or status information’

1= CONTROL/STATUS 0 =DATA

CS (Chip Select)
A "low” on this input selects the 8251A. No reading or
writing will occur unless the device is selected. When CS is

high, the Data Bus in the float state and RD and WR will
have no effect on the chip.

pata r TRANSMIT
D .u(‘- BUS K ) BUFFER |—e TxD
1o BUFFER P-S)
RESET_____| &
Ol o] ceaDWRITE @ D
C6.__.| conTroL gﬁ';%f = TxEMPTY
D — LOGIC ; : ; e
"’ ; o s %
S,
O5R — o}
OTR
o N L1 Receive s
Plusiiiong BUFFER fe—!
- SO _ s-m
ATS 4
e
#
/’ X 4
Sk | RxROY
> B SR i R :
INTERNAL e ;:::2& -t
DATABUS HAS |<e SYNDET/
BRKDET

Figure 1. 8251A Block Diagram Showing Data Bus
Buffer and Read/Write Logic Functions

C/D RD WR CS

0 Y ! 0 8251A DATA - DATA BUS
0 1 0 0 DATABUS -8251A DATA
1 0 1 0  STATUS = DATA BUS

1 1 0 0 DATABUS > CONTROL

X 1 ! 0 DATABUS - 3STATE

X X X A DATA BUS - 3.STATE

Modem Control

The 8251A has a set of control inputs and outputs that
can be used to simplify the interface to almost any
modem. The modem control signats are general purpose
in nature and can be used for functions other than
modem control, if necessary.



DSR (Data Set Ready)

The DSR input signal is a general purpose, 1-bit inverting
__input._port. Its condition. can be tested by the CPU.using.a
Status Read operation. The DSR input is normally used to
test modem conditions such as Data Set Ready.

DTR (Data Terminal Ready)/

The DTR output signal is a general purpose, 1-bit inverting
output port. It can be set “low’ by programming the ap-
propriate bit in the Command Instruction word. The DTR
output signal is normally used for modem control such
as Data Terminal Ready or Rate Select.

RTS (Request to Send)

The RTS output signal is a general purpose, 1-bit inverting
output port. It can be set “low’’ by programming the ap-
propriate bit in the Command Instruction word. The RTS
output signal is normally used for Modem control such as
Request to Send.

CTS (Clear to Send)

A “low"” on this input enables the 8251A to transmit
serial data if the Tx Enable bit in the Command byte is
set to a “one.” If either a Tx Enable off or CTS off condi-
tion occurs while the Tx is in operation, the Tx will
transmit all the data in the USART, written prior to Tx
Disable command before shutting down.

Transmitter Buffer

The Transmitter Buffer accepts parallel data from the Data
Bus Buffer, converts it to a serial bit stream, inserts the
appropriate characters or bits (based on the communica-
tion technique) and outputs a composite serial stream of
data on the TxD output pin on the falling edge of TxC.
The transmitter will begin transmission upon being enabled
if CTS = 0. The TxD line will be held in the marking
state immediately upon a master Reset or when Tx Enable/
CTS off or TXEMPTY.

Transmitter Control

The transmitter Control manages all activities associated
with the transmission of serial data. It accepts and issues
signals both externally and internally to accomplish this
function.

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is ready to
accept a data character. The TxRDY output pin can be
used as an interrupt to the system, since it is masked by
Tx Disabled, or, for Polled operation, the CPU can check
TxRDY using a Status Read operation. TxRDY is auto-
matically reset by the leading edge of WR when a data
character is loaded from the CPU.

Note that when using the Polled operation, the TxRDY
status bit is not masked by Tx Enabled, but will only
indicate the Empty/Full Status of the Tx Data Input
Register.
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TxE (Transmitter Empty)

When the 8251A has no characters to transmit, the TxEMP-
TY-output-will-go ""high”. It resets automatically upon re-
ceiving a character from the CPU. TxEMPTY can be used to
indicate the end of a transmission mode, so that the CPU
"knows” when to “turn the line around” in the half-
duplexed operational mode. TXxEMPTY is independent of
the Tx Enable bit in the Command instruction.

In SYNChronous mode, a “high’* on this output indicates
that a character has not been loaded and the SYNC charac-
ter or characters are about to be or are being transmitted
automatically as "fillers”. TxEMPTY does not go low
when the SYNC characters are being shifted out.

TRANSMIT
BUFFER
®-S)

TRANSMIT
CONTROL

= TxROY

e TxEMPTY

|~ SYNDET/
'BRKDET

Figure 2. 8251A Block Diagram Showing Modem and
Transmitter Buffer and Control Functions

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the char-
acter is to be transmitted. In the Synchronous transmission
mode, the Baud Rate (1x) is equal to the mhequency.
In Asynchronous transmission mode the baud rate is a
fraction of the actual TxC frequency. A portion of the
mode instruction selects this factor; it can be 1, 1/16 or
1/64 the TxC.

For Example:

If Baud Rate equals 110 Baud,

TxC equals 110 Hz (1x)

TxC equals 1.76 kHz (16x)

TxC equals 7.04 kHz (64x).
The falling edge of TxC shifts the serial data out of the
8251A.




8251A

Receiver Buffer

The Receiver accepts senal data, converts this seral input
to parallel format, checks for bits or characters that are
unique to the communication technique and sends an

"assembled’” character to the CPU. Serial data is input to
RxD pin, and is clocked in on the rising edge of RxC.

Receiver Control

This functional block manages all receiver-related activities
which consist of the following features:

The RxD initialization circuit prevents the 8251A from
mistaking an unused input line for an active low data
line in the “break condition”. Before starting to receive
serial characters on the RxD line, a valid ‘1" must first
be detected after a chip master Reset. Once this has been
determined, a search for a valid low (Start bit) is en-
abled. This feature is only active in the asynchronous
mode, and 'is only done once for each master Reset.

The False Start bit detection circuit prevents false starts
due to a transient noise spike by first detecting the fall-
ing edge and then strobing the nominal center of the
Start bit (RxD = low).

The Parity Toggle F/F and Parity Error F/F circuits are
used for parity error detection and set the corresponding
status bit.

The Framing Error Flag F/F is set if the Stop bit is
absent at the end of the data byte (asynchronous mode),
and also sets the corresponding status bit.

RxRDY (Receiver Ready)

This output indicates that the 8251A contains a character
that is ready to be input to the CPU. Rx RDY can be con-
nected to the interrupt structure of the CPU or, for Polled
operation, the CPU can check the condition of RxRDY
using a Status Read operation.

Rx Enable off both masks and holds RxRDY in the Reset
Condition. For Asynchronous mode, to set RxRDY, the
Receiver must be Enabled to sense a Start Bit and a com-
plete character must be assembled and transferred to the
Data Output Register. For Synchronous mode, to set
RxRDY, the Receiver must be enabled and a character
must finish assembly and be transferred to the Data Output
Register.

Failure to read the received character from the Rx Data
Output Register prior to the assembly of the next Rx Data
character will set overrun condition error and the previous
character will be written over and lost. If the Rx Data is
being read by the CPU when the internal transfer is occur-
ring, overrun error will be set and the old character will be
lost.

RxC (‘Receiver Clock)

The Receiver Clock controls the rate at which the character
is to be received. In Synchronous Mode, the Baud Rate (1x)
is equal to the actual frequency of RxC. In Asynchronous
Mode, the Baud Rate is a fraction of the actual RxC fre-
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quency. A portion of the mode instruction selects this
factor: 1, 1/16 or 1/64 the RxC.

For Example

Baud Rate equals 300 Baud, if
RxC equals 300 Hz (1x)

RxC equals 4800 Hz (16x)
RxC equals 19.2 kHz (64x).

Baud Rate equals 2400 Baud, if
RxC equals 2400 Hz (1x)

RxC equals 38.4 kHz (16x)
RxC equals 153.6 kHz (64x).

Data 15 sampled into the 8251A on the rising edge of RxC.

NOTE: in most communications systems, the 8251A will
be handling both the transmission and reception operations
of a single link. Consequently, the Receive and Transmit
Baud Rates will be the same. Both TxC and RxC will re-
quire identical frequencies for this operation and can be
tied together and connected to a single frequency source
(Baud Rate Generator) to simplify the interface.

SYNDET (SYNC Detect)/BRKDET (Break Detect) )

This pin is used in SYNChronous Mode for SYNDET and
may be used as either input or output, programmable
through the Control Word. It is reset to output mode low
upon RESET. When used as an output (internal Sync mode),
the SYNDET pin will go "high” to indicate that the 8251A
has located the SYNC character in the Receive mode. If the
8251A is programmed to use double Sync characters (bi-
sync), then SYNDET will go “high” in the middle of the
last bit of the second Sync character. SYNDET is auto-
matically reset upon a Status Read operation.

v : o 5
(t_J\ _ DATA <::.:> |:> TRANSMIT Vs
Y 8us BUFFER |—=
%05v—v/] suFeeR ®-s)
RESET____|
cLK | TxRDY
=1 READWRITE : AN
C/0_—of CONTROL CONTROL |~ TXEMPTY
5‘5 o LOGIC 5 o] b TiC
WR__oo
(- UL RS |
O3R o)
OTR.___ 4
11 &
MODEM C phivi i IS
or o cavnot 1 s-p
ATS o 4
i iam
; // R, | RxRDY
INTERNAL *1 controu p~-AxC
DATA 8US o SYNDEY/
BRKDET
\J :

Figure 3. 8251A Block Diagram Showing Receiver
Buffer and Control Functions



Mode Instruction Definition

The 8251A can be used for either Asynchionous or Syn-
chronous data communication. To understand how the
Mode Insiruction defines the functional operation of the
8251A, the designer can best view the device as two sepa-
rate components sharing the same package, one Asynchro-
nous the other Synchronous. The format definition can be
changed only after a master chip Reset. For explanation
purposes the two formats will be isolated.

NOTE: When parity is enabled it is not considered as one of
the data bits for the purpose of programming the word
length. The actual parity bit received on the Rx Data line
cannot be read on the Data Bus. In the case of a pro-
grammed character length of less than 8 bits, the least
significant Data Bus bits will hold the data; unused bits are
“don’t care” when writing data to the 8251A, and will be
““zeros”” when reading the data from the 8251A.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the 8251A
automatically adds a Start bit (low level) followed by the
data bits (least significant bit first), and the programmed
number of Stop bits to each character. Also, an even or
odd Parity bit is inserted prior to the Stop bit(s), as de-
fined by the Mode Instruction. The character is then trans-
mitted as a serial data stream on the TxD output. The serial
data is shifted out on the falling edge of TxC at a rate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode
Instruction. BREAK characters can be continuously sent to
the TxD if commanded to do so.

When no data characters have been loaded into the 8251A
the TxD output remains “high’’ (marking) unless a Break
(continuously low) has been programmed.

Asynchronous Mode (Receive)

The RxD line is normally high. A falling edge on this line
triggers the beginning of a START bit. The validity of this
START bit is checked by again strobing this bit at its nom-
inal center (16X or 64X mode only). If a low is detected
again, it is a valid START bit, and the bit counter will
start counting. The bit counter thus locates the center of
the data bits, the parity bit (if it exists) and the stop bits.
If parity error occurs, the parityerror flag is set. Data and
pari!v_bits are sampled on the RxD pin with the rising edge
of RxC. If a low level is detected as the STOP bit, the
Framing Error flag will be set. The STOP bit signals the end
of a character. Note that the receiver requires only one stop
bit, regardless of the number of stop bits programmed. This
character is then loaded into the parallel 1/O buffer of the
8251A. The RxRDY pin is raised to signal the CPU that a
character is ready to be fetched. If a previous character has
not been fetched by the CPU, the present character replaces
it in the 1/0 buffer, and the OVERRUN Error flag is raised
(thus the previous character is lost). All of the error flags
can be reset by an Error Reset Instruction. The occurrence
of any of these errors will not affect the operation of the

AAraa
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8251A

COMMAND INSTRUCTION DEFINITION

Once the functional definttion of the 8251A has been pro
grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Mode) then the device is ready to be
used for data communication. The Command Instruction
controls the actual operation of the selected format. Func-
tions such as: Enable Transmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the 8251A
and Sync characters inserted, if necessary, then all further
“control writes” (C/D = 1) will load a Command Instruc-

tion. A Reset Operation (internal or external) will return
the 8251A to the Mode Instruction format.

o 0 o b D, D, D, D,

[ (n] IR Ims ER sam(l RxE | DTR [TxEN
.

T
|

—1

TRANSMIT ENABLE
i 1 = enable
| 0 = disable

r

DATA TERMINAL
READY

! “high” will force DTR
output to zero

RECEIVE ENABLE
1 - enable
0 - disable

SEND BREAK
CHARACTER
1 = forces TxD “low™
0 = normal operation

ERROR RESET
* e e | = resat @re0r flags

PE. OE. FE

REQUEST TO SE@
== “high” will force RTS
output to zero

L INTERNAL RESET
—— e e “high” returns 8251A to
Mode Instruction Format

L ENTER HUNT MODE*
- - S s 1 = enable search for Sync
Characters

* (HAS NO EFFECT
IN ASYNC MODE )

Note: Error Reset must be performed whenever RxEnable and
Enter Hunt are programmed.

Figure 10. Command Instruction Format

STATUS READ DEFINITION

In data commuaication systems it is often necessary to
examine the “status’” of the active device to ascertain if
errors have occurred or other conditions that require the
processor’s attention. The 8251A has facilities that allow
the programmer to “read” the status of the device at any
time during the functional operation. (The status update is
inhibited during status read).

A normal “read’” command is issued by the CPU with C/B =1
to accomplish this function.

Some of the bits in the Status Read Furmat have identical
meanings to external output pins so that the 8251A can be
used in a completely Polled environment or in an interrupt
driven environment. TxRDY is an exception.

Note that status update can have a maximum delay of 28
clock periods from the actual event affecting the status.

o, 0 0, D, D, o, o, D,

TxEMPTY| RxRDY | TxRDY

3
Note 1

SAME DEFINITIONS AS 1/0 PINS

DSR SYNDET FE OE PE

PARITY ERROR

The PE flag is set when a parity
error is detected. It is reset by
the ER bit of the Command
Instruction. PE does not inhibit
operation of the 8251A

OVERRUN ERROR

The OE flag is set when the CPU
does not read a character before
the next one becomes available

1t is reset by the ER bit of the
Command Instruction. OE does
not inhibit operation of the 8251A
however, the previously overrun
character 1s lost.

FRAMING ERROR (Async only)
The FE flag is set when a vahd
Stop bit 15 not detected at the
end of every character. It is reset
by the ER bit of the Command
Instruction. FE does not inhibit
the operation of the 8251A.

DATA SET READY  Indicates
that the DSR 15 at a zero level

TxRDY status bit has different meanings from the
TxRDY output pin. The former is not conditioned
by CTS and TxEN; the latter is conditioned by both
CTS and TxEN.

i.e. TxRDY status bit = DB Buffer Empty

TxRDY pin out

Note 1:

DB Buffer Empty -(CTS-0)-(TxEN 1)

Figure 11. Status Read Format
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= MCS-85™ Compatible 8255A-5

m 24 Programmable 1/O Pins

s Completely TTL Compatible

= Fully Compatible with Intel® Micro-

processor Families

= Improved Timing Characteristics

. 3255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

m 40-Pin Dual In-Line Package
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= Direct Bit Set/Reset Capability Easing
Control Application Interface

= Reduces System Package Count

= Improved DC Driving Capability

The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 I/0 pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

PIN CONFIGURATION

a3 7 |} rae
raz(]2 [ eas
ra1(]3 [ rac
rao(]e 37T ear
Ao(]s %[ wR
s s [ Reser
eno (7 %[ o,
ar]e nflo,
ao(]e n[jo,
rcr 10 »n[lo,
sce (1 8255A o,
ecs (]2 2[ o,
rca(]n 20} D¢
rco (1 nflo,
rci[]s 26[] Vec
sc2 (s 25 h re?
rca(]v 24[7] rue
rsoJ1e [ ees
re1 (e 22{7) ree
ra2(]20 21[ ] re3
PIN NAMES
0,-0y DATA QUS (B1-DIRECTIONAL)
RESET RESET INPUT
CHWP SELECT
TAD | READINPUT
WR [ wRITE INPUT
AD, A1 PORT ADDRESS
PATPA0 | PORT A (BIT) ]
“ P87-P80 PORT 8 (BIT)
’cTPco | PORTCBII |
[ Ve 5 VoLTS ]

8255A BLOCK DIAGRAM
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmable peripheral interface (PPY)
device designed for use in Intel® mictoc'ompuler
systems. Its function is that of a general purpose /0
component to interface peripheral equipment to the
microcomputer system bus. The functional configura-
tion of the 8255A is programmed by the system software
so that normally no external logic is necessary to inter-
face peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface
the 8255A to the system data bus. Data is transmitted or
received by the buffer upon execution of input or output
instructions by the CPU. Control words and status infor-
mation are also transferred through the data bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal
and external transfers of both Data and Control or Status
words. It accepts inputs from the CPU Address and Con-
trol busses and in turn, issues commands to both of the
Control Groups.

()
Chip Select. A “low” on this input pin enables the com-
muniction between the 8255A and the CPU.
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(RD) -

Read. A “low" on this input pin enables the 8255A to
send the data or status information to the CPU on the
data bus. In essence, it allows the CPU to “read from"
the 8255A.

(WR)
Write. A “low'" on this input pin enables the CPU to write
data or control words into the 8255A.

(Ag and Ay)

Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ports or the control word
registers. They are normally connected to the least
significant bits of the address bus (Ag and A,).

8255A BASIC OPERATION

A1 | Ag | RD | WR | CS | INPUT OPERATION (READ)
o] o 0 1 0 | PORT A= DATA BUS
CRANY 0 1 0 | PORTB=DATA BUS
11 0 0 1 0 | PORT C=DATABUS
OUTPUT OPERATION
(WRITE)

o] o 1 0 0 | DATABUS=PORT A

R 1 0 0 | DATABUS=PORTB

1] o 1 0 0 | DATABUS=PORTC

1 1 1 0 0 | DATA BUS = CONTROL
DISABLE FUNCTION

X X X 1 | DATABUS= 3-STATE
1 1 0 1 0 | ILLEGAL CONDITION
Xi X 1 1 0 | DATA BUS = 3-STATE

% e & e : EAEH AN R :’4‘ lat
Figure 1. 8255A Block Diagram Showing Data Bus Buffer and

g e s

o :

Readrite Control Logic unctions




(RESET)

Reset. A “high on this input clears the control register
and all ports (A, C, C) are set to the input mode.

Group A and Group B Controls

The functional configuration of each port is program-
med by the systems software. In essence, the CPU “out-
puts™ a control word to the 8255A. The control word con-
tains information such as “mode”, “bit set”, "'bit reset",
etc., that initializes the functional configuration of the
8255.

Each of the Control blocks (Group A and Group B) accepts
“‘commands” from the Read/Write Contrql Logic, receives
“control words" from the internal data bus and issues the
proper commands to its associated ports.
Control Group A — Port A and Port C upper (C7-C4)
Control Group B — Port B and Port C lower (C3-C0)

The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

Ports A, B, and C

The 8255A contains three 8-bit ports (A, B, and C). All
can be configured in a wide variety of functional charac-
teristics by the system software but each has its own
special features or “personality” to further enhance the
power and flexibility of the 8255A.

Port A. One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port B. One 8-bit data input/output latch/buffer and one
8-bit data input buffer.

Port C. One 8-bit data output latch/buffer and one 8-bit
data input buffer (no latch for input). This port can be
divided into two 4-bit ports under the mode control.
Each 4-bit port contains a 4-bit latch and it can be used
for the control signal outputs and status signal inputs in
conjunction with ports A and B.

PIN CONFIGURATION

ra3(] ~— 40[7] Pas
raz(]2 9[]) ras
rar[]3 38 [ ] ras
l Pao(]e 7[5 rar
M Ao(]s %[ wa
cs [ ReseT
rowER -~ e csJe s
suerLies roty == = Gno T 7 3470,
Guour <:> 7 m PAPay a1{]s 1o,
Tl <: -
conTROL a0(]s 12[Jo,
rc7 o n[Jo,
f| =S sce n 8255A [,
1 rcs T2 3o,
GRoue rca T3 2 o,
a
ronc 0 pco (e 2730,
o e e s ] Vee
8 DIRFCTIONAL DATA SUS p— sc2 )16 [ ) rer
0,0, »Us X —~
suFFER *c3jv 26[] rus
sr =
WTERNAL GrROw rs0 (|18 23] res
Loy vomt ¢ c o sl 22[ ) rea
t sk (L [ =
L r82 ]2 n[rea
i
6 —— )
o : PIN NAMES
™ A wmire “":’“’ c.u.ouv B
: T i T —im
| R = = =D& L0 DaTaBUS @IOIRECTIONAL)|
Ay — ] - s RESET RESEJ INPUT
S e T PR
nEsET —_— po—, . 18 . CHIPSELECT
' RD L EEAD_INPUY_ 7 OB
WR . WRITE INPUT !
6 = SR ot L TR B
AD, A1 _’Oll'l' ADDRESS o
PAT-PA0  PORT A (BIT) .
G  PETPB0 . PORTB(BITI
[ PC7PCO_ | PORTC (BIT)
i : [ Vec I svouts
iy GNO #VOLTS

Figure 2. 8225A Block Diagram Showing Group A and
Group B Control Functions \




8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the system software:

Mode 0 — Basic Input/OQutput
Mode 1 — Strobed Input/Output
Mode 2 — Bi-Directional Bus

When the reset input goes “high' all ports will be set to
the input mode (i.e., all 24 lines will be in the high im-
pedance state). After the reset is removed the 8255A can
remain in the input mode with no additional initialization
required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This allows a single 8255A to service
a variety of peripheral devices with a simple software
maintenance rbutine.

The modes fqr Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be “tailored’’ to almost any /0
structure. For instance; Group B can be programmed in
Mode 0 to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

{ ADDRESS BUS 1
2l b

{ CONTROL BUS

{ DATA BUS

1 [T
A
. WR D,D, AgA,

=3

e bl |
g

o, AR
MODE1 —] B AT
b IIII HII 3B
P8,-PB, NTROL  CONTROL  PA,PA,
oa o OR I/0
T . S

BI-DIRECTIONAL
e PA,PA,

Figure 3. Basic Mode Definitions and Bus Interface
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CONTROL WORD

0, ]| Dg | Oy | Dy | O3 | D, [ Oy | Dy

E

GROUP B

PORT C (LOWER)
1= INPUT
0= OUTPUT

PORT B
1= INPUT
0 = QUTPUT

MODE SELECTION
0 = MODE 0
1= MODE 1

GROUP A

PORT C (UPPER)
1= INPUT
0= 0UTPUT

PORT A
1= INPUT
0= 0UTPUT

MODE SELECTION
00 = MODE 0
01 = MODE 1
1X = MODE 2

MODE SET FLAG
1= ACTIVE

Figure 4. Mode Definition Format

The mode definitions and possible mode combinations
may seem confusing at first but after a cursory review of
the complete device operation a simple, logical I/O ap-
proach will surface. The design of the 8255A has taken
into account things such as efficient' PC board layout,
control signal definition vs PC layout and complete

“funstional f{lexibility to support almost any peripheral

device with no exterral logic. Such design represents
the maximum use of the available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based applications.
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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 DIssiDation . . -, . sssn s sminp s mams 1 Watt

‘COMMENT: Stresses above those listed under “Airsolute
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.

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vgc = +5V +5%; GND = 0V

SYMBOL PARAMETER MIN. | MAX. | UNIT TEST CONDITIONS
Vi Input Low Voltage -0.5 | 0.8 Vv
ViH Input High Voltage 20 | Vee \%
Vo (DB) | Output Low Voltage (Data Bus) 0.45 \" loL = 2.5mA
_—" VoL (PER)| Output Low Voltage (Peripheral Port) 0.45 Vv lor = 1.7mA
Vo (DB) | Output High Voltage (Data Bus) 2.4 Vv loH = -400uA
VoH (PER)| Output High Voltage (Peripheral Port) | 2.4 \ lon = -200uA
Ipar!!l | Darlington Drive Current -1.0 | -40 | mA Rext = 75092; Vexr= 1.5V
Ice Power Supply Current 120 | mA
e Input Load Current 10 | uA Vin = Vec to OV
loFL Output Float Leakage 10 | wpA Vour = Ve to OV
Note 1:  Available on any 8 pins from Port B and C.
CAPACITANCE
Ta =25°C; Vge = GND = 0V

SYMBOL PARAMETER MIN. TN, MAX. UNIT TEST CONDITIONS

Cin Input Capacitance 10 pF fc = 1IMHz

Ciio 1/0 Capacitance 20 pF Unmeasured pins returned to GND

: b 7509
D.U.T. —_E—MN—————O Vexr®
I 100pF
*VexT Is set at vari Itages during testing to g the sp

Figure 24. Test Load Circuit (for dB)



SPEED/PACKAGE AVAILABILITY

PIN CONFIGURATION

54 FW 74 AF
74,74H, 54/74LS,54S 54,54H
54H FW 74H AF et
54LS F,W 74LS AF AF,W PACKAGE
548 AF
FW 743 L ’J?] 3 e %
ve [ipoest §1J‘J - B
24 Epfﬁ p SER I E]
Tl N e g . 54 B3
E = 6 :] ‘ :_v](mo
R C___]“% ?_‘4:] % .
» ks VY an
i T SO
[] 6 ] B
@ 7] ? o e 1 ;
" z ]
Pasitive logic: Y A
SWITCHING CHARACTERISTICS vgc- 5V, Ta - 25°C
54/74 54/74H 54/74LS 54/74S
Cp=-15pF C -25pF Cy-15pF C - 15pF
TEST CONDITIONS Ry - 400 Ry - 2800 Ry -2kQ Ry -2800
PARAMETER MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNIT
Propagation delay time
PLH  Low-to-high 12 | 22 6 10 5 15 2 3 | a5 | ns
Cy - 50pF
45
PHL  High-to-low 8 5 gisrilio 9 5 2 3 5 s
C, 50pF
R DS A sha 19l9gahaoran op ! . l§_ = lﬁ*
1030 cacuit and typical wavelorns are 4w a1 ttie it Gf Segtion

SPEED/PACKAGE AVAILABILITY

54 F.W 74

AF

SWITCHING CHARACTERISTICS v - 5V, Tp - 25°C

54/74
Cp=15pF
TEST CONDITIONS RpL=110Q
PARAMETER MIN | TYP | MAX | UNIT
Propagation delay time
tpLH Low-to-high 10 15 ns
tpyL  High-to-low

Load circut and typical waveforms are shown at the front of section

PIN CONFIGURATION

AF,W PACKAGE

£ I} 3
oy =




SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION
54 F.W 74 AF
54H FW 74H AF 54/74,74H,54/74LS, 54/74S 54H
54LS FW 74LS AF AF,W PACKAGE W PACKAGE
548 FW 745 AF T = Vee
18 E@ 11| 48
1Y E @E an
sadli] T N
e @3 3
GNO|? E Y
SWITCHING CHARACTERISTICS Vece= 5V, Tp =25°C
54/74 54/74H 54/74LS 54/74S
Cp=15pF Cy =25pF Cp =15pF Cp=15pF
TEST CONDITIONS - R =4000 Ry =280Q Ry =2kQ Ry =280Q
——
PARAMETER MIN | TYP | MAX | MIN | TYP | MAX MIN | TYP | MAX | MIN | TYP | MAX | UNIT
Propagation delay time .
'PLH  Low-to-high 175 | 2% 76 12 8.5 15 45 7 ns
CL=50pF
A 6
'PHL  High-to-low 12 19 8.8 12 8 20 5 7.5 ns
Cy =50pF
. l7s |
Losdicieu ang: typica wiitinms are:showmn aliie ot ol seciion

SPEED/PACKAGE AVAILABILITY

PIN CONFIGURATION

54 F.W 74 AF
54LS F.W 74LS AF
SWITCHING CHARACTERISTICS v 5V, Ta - 25°C
54/74 54/74LS

Cp 15pF Cy - 15pF
TEST CONDITIONS Rp 4000 Ry -2k
PARAMETER MIN | TYP MAX | MIN | TYP | MAX | UNIT
Propagation delay time
pLH_ Low-lo-high 10 15 9 22 ns
,l.'.')_*,n; 7“}9'"'0“0‘” 14 22 9 22 ns

Fosad coout ated Toper al wavelonns g

showr Al the

e

o SR

AF,W PACKAGE

1A E’—[_.,'_I % E
i E'—J @ ! —JZ}
M- @Lﬂ
A E_F - s
v [ ) b [ '] T_J
™ oy S i
ane [7 @ 15
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a
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SPEED/PACKAGE AVAILABILITY  BLOCK DIAGRAM 54LS/74LS

PIN CONFIGURATION

ap F.W 74 A'F e 1t
54LS F.W 74LS AF - g
DESCRIPTION e

This monolithic counter contains four mas-
ter-slave flip-flops and additional gating to
provide a divide-by-two counter and a
three-stage binary counter for which the LR r
count cycle length is divide-by-five.

The 54/74LS90 also has a gated zero reset
and gated set-to-nine inputs for use in BCD 4 -
nine’s complement applications. | "

To use its maximum count length of this i1 5
counter, the B input is connected to the Qa
output. The input count pulses are applied
to input A and the outputs are as described
in the function table. A symmetrical divide-
by-ten count can be obtained by connecting s ofedtlog
the Qp output to the A input and applying ¢e
the input count to the B input which gives a
divide-by-ten square wave at output Qp_

x
o
=

Rv|]

Ry -

54/74
A,F,W PACKAGE

. o
Wy 40y {Agnt
oL . € "
ano £ v
1nant

0
§

]
>

EgEgE T oo

D6y 1116y

54LS/74LS
AF,W PACKAGE

L

PARAMETER MEASUREMENT INFORMATION

RESET ro__/_,.—,\its« Note C)
3 INPUTS Lo

INPUT BE
Rm”[z
Roca[3]

~nef4]
VccE
Hg“’E

EINPUT A
ENC
EEN
1100
EGND
5]

(See Note A}

s —

|
i e s e s o RS T )
RESET TO | X H
0 INPUTS I rel h Veet
i

2 o
(See Note A) i - ¢

L—‘*lup - b e Tw(clock)

! I
CLOCK A ! | Veet f Vit X Viw Vret
INPUT ‘ +
lecsitord b e Mm. :m—ﬁ'p\_,c e HU Measurs at 1,

; ; ~ t Wit e =M
OUTPUT Qp i rv,,, kV..l 7 ,M Viet
AND - —. Vou
CLOCKEINPUY Lo itpuy Lo -oitopn - LTRLI Meavirs CTs2 1oyt n-.\‘,;.
] ‘—L\“Vun
Jiet i Veet

OUTPUT Oy e
{Swe Nute B3] Veet | AV
i I

i els asre ot by (S
< omIPHL o = PUM Measure ot 10 = L Wiite
—— ~VoH

OUTPUT (¢ | -+
(See Note B) COXVit | R Vit
: 1Y

1

Witthe o tpppie e LM M

g o e 12
t ~— " Vou
Vout \Viut /v 15v
GUTEGT 0y, " i Voo

~ VOLTAGE WAVEFORMS

A Bach et npul i testad sepaately mih the other reset at 4 % v
B Aelgronce wavstionns ara shown with dashed fnes,
( ! 1 ;

i $V

ad o Fvete Al oot of sechon (o totee pels utpata

Ry [7 [8]ac




gWITCHING CHARACTERISTICS v = 5V, T = 25°C

54/74 54/74LS
Cy-15pF CL-15pF
'TEST CONDITIONS Ry -400Q Ry =2kQ
FROM TO
PARAMETER INPUT | OUTPUT |MIN|TYP|MAX |MIN TYP | MAX |UNIT
itk b
ICount Count frequency 10 | 18 MHz
A Qa 32 | 42
B Qp 16
tw(Clock) Width of 50 ns
clock pulse A Q 15
B Q 30
Reset Q 15
'w(Reset) Width of 50 25 ns
reset pulse
Propagation delay time
oy Low-to-high Input Q 60 | 100 ns
L Eouni C
L High-to-low p?“:s"e 60 | 100
tpLH Low-to-high A Qa 10 16
\PHL High-to-low 12 18
\PLH Low-to-high A Qp 32 | 48
\pHL,  High-to-low 34 | 50
tPLH Low-to-high B Qp 10 | 16
'PHL High-to-low 14 | 21
by Low-to-high B Qc 24152
tpHL  High-to-low 23 | 35
'PLH Low-to-high B Qp 21 | 32
'PHL High-to-low 23 | 85
PHL High-to-low Set-t0-0 Any 26 | 40
P Low-to-high Set-to-9| QaA.Qp 20 | 30
'PHL  High-to-low Set-to-9| Qp,Qc 26 | 40
Load circuit and typical waveforms shown at front of section
BCD COUNT SEQUENCE BI-QUINARY (5-2)
(See Note A) (See Note B) RESET/COUNT FUNCTION TABLE
COUNT OUTPUT COUNT OUTPUT RESET INPUTS OUTPUT
9y O Q95 G, Qy Q9 0Oc 0Oy Rty Po) Pay Py | % % %8 %
0 & L L L 0 L L L L H H L X gk oL
1 L L L H 1 L L L H H H X L e et de)| Tl
2 L t H L 2 L L H L X~ X H H H L L H
3 L L H H 3 L L H H WGl B K COUNT
4 L H L L 4 L H o L A R COUNT
5 L H L = 5 H L L L . X %L COUNT
8 L = H L 6 H L L H | x Lt X L COUNT
7 L H H H 7 H & H L ) e b e
8 H L L L 8 H L H H :OZ)E?V 1 QpiSC t1ed I 1 B tor BGD e t
ulpu 1S connec’ O Inpa o 2D couny
& H e L L H r 9 H H L L B Om;u! Oe 15 connected 10 Input A tor i quinary count
i i ciicss S caieE U G Output Qp s connected 1o nput ({)
0D H - mighlevel, L - low invel X Heeieva!
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SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM PIN CONFIGURATION

54  FW 74 AF |
AF,W PACKAGE i
INPUT A “‘,”_,, = U }
iNPUT (x!“!v 'lrd_}lNl'ur A !
DESCRIPTION : & i
This monolithic counter contains four mas- nelz 13 Ne
ter-slave flip-flops and additional gating to i _
provide a divide-by-two counter and a three PRI S — Ne| D 17]an
stage binary counter for which the count g s
e o
cycle length is divide-by-six. el L .
To use its maximum count length of this vee[] 10]GNO
counter, the B input is connected to the Qa e s |
output. The input count pulses are applied Rotn) 6 9] ac !
to input A and the outputs are as described & - ) \
; i o |7 8]y,
in the function table. =

e e et . i e o ek R e
RESET TO Viat Vo (See Nots C) -
SINNYS_{—\ 22 2 oV
(See Nots A) S Sty

E o g s e AR
RESET TO
0 INPUTS ! Viet Vet 55 .
(Sea Note Al=—1 ﬂ d— =73 A
1{ ! e tsetup = }o—-»%'.«mn-:kl anse BB oy
CLOCK A | Viet Vot X Viet Vet
INPUT ! ov

Y i

| i 4 —— —= =VOH
i v
OUTPUT Op | Vot Viet Viut X Veat ot i
i ! |

AND
CLOCKBINPUT L ety = - ey 'PHL
i

|

| S—— S oL ':l‘u:‘:wl‘—~’1 PLH b ol tpHL Masirn 8t 102

' 1 Moasure
oo LN Moasare oty o= S BRL oY s

OUTPUT U | = B | T “Vou
(See Note 81 i Viet ‘.v,.‘ i Vit Viat
i i + A DR > |

: N = TR e g1
[o ot = omtPL fonat qum T DR SR st U0
OUTPUT O —l = i 1 ' —Vom
{See Note 8} i * Nigtl | %V-.x N i e
. T . i L~ Vou
. -t M
| Witk of  aie o L DD L A . = b j.‘"" Mbsge
| e + ~Vou
| __/_T e v Y
! QUTPUT Oy, o
VOLTAGE WAVEFORMS
NOTES:

A Each reset inpuit w 1oesled st ately it the othe reset at @
8. Refererice wavalonsns 40 showe with dastied s
Viet - 18V

OB Gircuisit 'shicowes it ol ot e sl RIS



SWITCHING CHARACTERISTICS v = 5V, Tp = 25°C
54/74 54/74LS
Cp=15pF C =15pF
TEST CONDITIONS Ry =400 Ry =2k
FROM T0

PARAMETER INPUT | OUTPUT |MIN|TYP|MAX |[MIN |[TYP | MAX | UNIT
ftcount Count frequency 10 | 18 MHXx

A Qa 32 | 42

B Qg 16
tw Width of puise A Q 15 ns

B Q 30

Reset Q 15

tSetup Input setup time 25 ns
Propagation delay time Input
tptH Low-to-high Cotint Qp 60 | 100 ns
tpyL  High-to-low Pulse 60 | 100
tptH  Low-to-high A Qa 10 16
tpyL  High-to-low 12 | 18
tpt4  Low-to-high A Qp 32 | 48
tpHL  High-to-low 34 | 50
tptH  Low-to-high B Qg 10 16
tpqL  High-to-low 14 | 21
tptH  Low-to-high B Q¢ 10 16
tpHL  High-to-low 14 | 21
tpLH  Low-to-high B Qp =
tpyL  High-to-low 23 35
tpyL  High-to-low Set-to-0 Any 26 40

RESET/COUNT
FUNCTION TABLE
RESET INPUTS OUTPUT
Rocy  Roz) | b % % Q4
H H E Lo A
L X COUNT
X L COUNT
COUNT SEQUENCE
St OUTPUT
Gy O Gy
0 L L e
1 L g
2 L M
3 L L H H
4 £, 8 el ok
5 .0 ® e
6 g kLT s
7 B b R
8 N T S
9 B LW w
10 B.° H % %
1 o e e

Output Qp is connected to Input B.



SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM

PIN CONFIGURATION

54 AFW 74 AF P SO
54LS FW 74LS AF weur a 11 o
x
DESCRIPTION
This monolithic counter contains four mas- N
ter-slave flip-flops and additional gating to . L ANp— . 0" 1 b
provide a divide-by-two counter and a three X
stage binary counter for which the count
cycle length is divide-by-eight.
To use Its maximum count length of this s ofpt— o
counter, the B input is connected to the Qp R
output. The input count puises are applied 9
to input A and the outputs are as described
in the function table. G
3 af———ap
CK
K
R 2)
o S|P
The 440 K inpunl e mifout conmection ot etmrnce
onty snd are functionsiy ot & hagh level
SWITCHING CHARACTERISTICS v¢g = 5V, Ta = 25°C
54/74 54/T4LS
Cp=15pF Cp=15pF
TEST CONDITIONS Ry =4009Q R =2kQ
FROM TO
PARAMETER INPUT | OUTPUT |MIN|TYP|MAX |MIN |TYP|MAX | UNIT
fCcount Count frequency 10 | 18 MHz
A Qa 32 | 42
B Qg 16
tw Width of pulse 50 ns
A Q 15
8 Q 30
Reset Q 50 15
tsetup [Mput setup time 25 ns
Propagation delay time Input
tpiH  Low-to-high Count Qp 75 | 135 ns
tpyL  High-to-low Philee 75 | 135
tptH Low-to-high A Qa 10 16
tpyL  High-to-low 12 | 18
tpLy  Low-to-high A Qp 46 70
tpyL  High-to-low 46 70
tpLy  Low-tlo-high B Qg 10 16
tpyL  High-to-low 14 21
\pLH  Low-to-high B8 Qc 24| a2
tpyL  High-to-low 23 35
tpy  Low-to-high B Qp 34 51
tpy  High-to-low 34 51
tpyL  High-to-low Set-t0-0 Any 26 40
= ] (RSP S MK Jerii? -

54/74
A,F,W PACKAGE
INPUY[, b P 3 .j]wpuv
B e Q g l\
aud K e § -
=
S W 3 e
Aoty | b | Tl Dk
‘ ;(\ : t 2
N‘i[.'. ! ¥ 1 {UID
(0 B T il
vee [ e e ! ’ T,](;Nn
> 1 ot j .
NG| Nk A
il 0 1) t ..
N(:[,. SIS _‘JC
54/74LS
AF,W PACKAGE
o
eyt 8[1] 14]inpPUT A
Ron2] [13]ne
“o(z)E 12]a,
NCE EQD
"ccE EGND
NC[:S: BENY
ne[7] 8|ac
COUNT SEQUENCE
QUTPUT
COUNT Qp Q¢ Qp Qa
0 L L L L
1 1 L L H
2 L L H £
3 L L H H
4 E H k L
5 L H L H
6 L H H 1
7 L H H H
8 H E L L
9 H L L H
10 H L H L
1 H L H’ H
12 H H L L
13 H H L H
14 H H H E
15 H H H H

Output Qp is connected to

RESET/COUNT FUNCTION TABLE

nput B

RESET INPUTS

=
OUTPUT

Ro(1) Ro(2) |Q0 Qc Q8 Qa |
¥ H H L | 1 L £
{ X COUNT

COUNT

E
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RESET TO 9

INPUTS
(Sea Notes A) 4 ov
pEseT100 | 0 e mmste s s e e e s mSEms e e kY
INPUTS
(See Notes A) oV
t—twlclock)
------ v
cllnovzkv: M Viet
PHL e S
"2
<= -Vom
OUTPUT O, N\
AND Vret Vet / "Vm Vou
CLOCK 8 =
INPUT PHL BLH aelyin, P Menture ot 1,4
s Vo
OUTPUT Qg Veef k‘:“
(See Notes B Memi¥ Vou
| tpLm #ttars il iene
== y —VoH
OUTPUT O¢ - yﬁv.sv
(See Notes B) VoL
TPHL Messure at 1,416
L —VoH
v, 15v
T ret
OUTPUT Op R )
VOLTAGE WAVEFORMS
VOLTAGE WAVEFORMS

NOTES:

A. Each reset input is lested separately with the other reset at 4.5 V.
B. Reference waveforms are shown with dashed lines.

C. Vg =1.8V.

Load circuit shown at front of book (for totem pole outputs)



SPEED/PACKAGE AVAILABILITY

PIN CONFIGURATION

54 FW 74 B,F
B,F,W PACKAGE
TRUTH TABLE 4 =4
2-LINE TO 4-LINE DECODER <5 d g
INPUTS OUTPUTS il e
SELECT | STROBE | DATA [:-0] =35
B A 1G 1c 10  1Y1  1Y2  1v3 2 |3-[] BEE
% & H X H H H H 5 e =3 ¢
B L L H L H H H | +3
L H L H H L H H 13- B
H L L H H H L H £ T
H H L H H H H &
X X X L H H H H
1-LINE TO 4-LINE DEMULTIPLEXER 3-LINE TO 8-LINE DECODER TO 1-LINE TO 8-LINE
INPUTS OUTPUTS DEMULTIPLEXER
SELECT | STROBE | DATA INPUTS OUTPUTS
A 2G 2¢ | 2vo 2v1  2v2  2v3 srggat-:
X X H X H H H H SELECT | DATA |(0) (1) (2 (3 (4 (5 (8 (7
L L L L L H H H
L H L L i ¢ H K ct 8 A| Gt |2v0 2v1 2y2 2Y3 1Yo 1Y1 1Y2 1Y3
H oL L L H H e H X% H H H H H H H H H
H H L. L H H H L ECUNE t L H H H H H H H
X =X X H H H H H L L H L H= o H 9 o B
: H
b ot 4 Sai » L HL L H H L H H H H
s s mabceteio o L HH| L HoH H L H BaR A
H L L E H H H H L H “HwR
H L H L HoGH O OHE W RS HEOM
H H L L H H H H H H L .H
H HH L B H H. B R HE HOE
tc =inputs 1C and 2C connected together
$G - inputs 1G and 2G connected together
SWITCHING CHARACTERISTICS vcc - 5V, Tp - 25°C LOGIC DIAGRAM
54/7‘ stoter akerlr nata
STHOBL DATA . L] W STROBE
CL=159F 'T:rl ”* _,!’, 16
TEST CONDITIONS Ry -4000 | Y % T
FROM T0 LEVELS OF i w Lot
IPARAMETER INPUT | OUTPUT |MIN |TYP |MAX | LOGIC |UNIT L ]i & | tj
Propagation delay time D T ! o
1 i |
PLH Low-to-high A.B.2C, 13 | 20 2 ns § QT SR ) ) o S |
TS o o et 8 41 43
'PHL High-to-low 18 | 27 | ( ?, i aIl I
'PLH Low-to-high A.B 21§ 82 3 : : ¢kl
PHL High-to-low 21.7 %2 (Q) t; tj
'PLH Low-to-high 1c 16 | 24 3 R T S G T e e
PHL High-to-low L 20 30 St I o e
*PAd Creut and typicat wavelomms are l:m at the tront of section ‘i”h g £




SPEED/PACKAGE AVAILABILITY

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

54 FW 74 B

54LS FW 74LS B
74S B

pESCRIPTION

information at the D inputs meeting the
setup time requirements is transferred to
the Q outputs on the positive-going edge of
the clock pulse. Clock triggering occurs at a
particular voltage level and is not directly
related to the transition time of the positive-
going pulse. When the clock input is at ei-
ther the high or low level, the D input signal
has no effect at the output.

“
0 O—m ————

PRESIRE

[
D cx

CLE.

@
apb—o o

_f
A0 —o0 10

Pug: .

0z
30

o

[>cx

o
apb—o0 20

(]

cLeand —0 20

(13

{10}
apb—o

“n

9
cLock O—DO—'

(18]
QpP—o0 %«

(4}

cLear0 [—O 40

m T
CLEAR 0_00__

PIN (16) = Ve, PIN (8) = GND.

SWITCHING CHARACTERISTICS Vg - 5V. Tp = 25°C

B,F,W PACKAGE
E Vee
E 40
E] 40
E 40
E] 30
Z()E a D - Q E] 9
dc cx©
?OE CLR CLR :‘E] 3a
GNDE o0 I—A 9| cLOCK
TRUTH TABLE (EACH FLIP-FLOP)
INPUTS OUTPUTS
CLEAR CLOCK D Q )
L X X L H
H t H H L:
H t L L H
H L X Qo Qo

H = high level (steady state)

L = low level (steady state)

X = irrelevant

t = transition from low to high level

Qg= the level of Q before the indicated steady-state input
conditions were established

54/74 54/74LS 54/74S
Cyp - 15pF Cp-15pF Cp=15pF
TEST CONDITIONS Ry_- 400 Ry - 2k Ry -2801)
FROM TO
PARAMETER INPUT OUTPUT | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNIT
IClock Clock frequency 25 | 35 30 | 40 75 | 110 MHz
w Width of pulse 20 20 12 ns
Clock
l Clear
i ‘Se(up Input setup time i
! Data 20 20 8
| Clear inactive 25 25 15
l Holg Input hold time 0 5 2 ns
! r'°°ﬂgallon delay time
iy Low-to-high Clear 6 | 25 162} 25 ns
{PHL High-to-low 23 35 23 35
1
| FLH Low-to-high Clock 20 | 30 20 | 30 9 12
‘& PHL High-to-low 21 30 21 35 11 17
iy
‘ ':LH Low-i0-igi Cigai G 13 15
“HL___ High-to-low l Clear Q | o Wl 22 F -

08 Cireui
CUL AN typical wavaton s are Slowis a1 the front of section




FEATURES

« CURRENT LIMITED OUTPUT: +10mA TYP

. POWER-OFF SOURCE IMPEDANCE: 300() MIN

« SIMPLE SLEW RATE CONTROL WITH EXTERNAL CAPACITOR
« FLEXIBLE OPERATING SUPPLY RANGE

« INPUTS ARE DTL/TTL COMPATIBLE

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage V+ +15V

V- =15V
Input Voltage (VIN) 15V < VIN =7.0V
Output Voltage +15V
Power Dissipation 1000mW

0°C to +75°C
-65°C to +175°C
300°C

Operating Temperature Range
Storage Temperature Range
Lead Temperature (Soldering, 10 sec)

CIRCUIT SCHEMATIC (%CIRCUIT)

PIN CONFIGURATION

F PACKAGE

Vee |1
iNPUL Y E — e i
GUTPUT E _.71 1ot 2

NPT 2A E
INPUT 28 E: —{ ] wruT e
QuUTPUT 2 E@ ':ﬁ",w,f 1A
iw 3

GND E

AC LOAD CIRCUIT

VIN Vout

15pF*

1.l

-CL INCLUDES PROBE AND JIG CAPACITANCE

SWITCHING WAVEFORMS

i
|

i 1.5v
| e N et
pd nd =
2 VouTt r 1'
- . — m— B ~ __j ; 50"
|
1 and it ARE MEASURED BETWEEN 10° AND 90°- of THE DU
WITCHING CHARACTERISTICS (Note 2)
[ PARAMETER CONDITIONS ‘ MIN L rve 'g MAX
- D] e oA o ST 1 4
5 Propagation Delay to 1" (tpd1) AL . 3.0k{), CL  15pF. TA 25C \ {230 O
Propagation Delay to “0" (tpd0) RL - 3.0k{l, CL - 15pF. TA  25C ! S IR
Rise Time (1r) RL - 3.0kf, CL -~ 15pF. TA 25C i A
Fall Time (tf) RL - 3.0k{2, CL 15pF. TA 25C 0

NOTES
s, shwwn are with respect 10 network ground ternuoal Positive curreat
1.0V - 1V gnv - 1= TA B

e atorins apply for Voo

iy detined as

C uniess otherweses noted Al peabs ane tor ¥

arrent it e e terenced pan



APPLICATIONS

connecting a capacitor to each driver output the slew rate can be
controlled utilizing the output current limiting characteristics of the
wCc1488. For a set slew rate the appropriate capacitor value may be
cakculated using the following relationship

C Ige (AT/AV)

where C is the required capacitor, |SC is the short circuit current value,
and AV/AT is the slew rate.

aS232C specifies that the output slew rate must not exceed 30V per
microsecond. Using the worst case output short circuit currentof 12mA in
ihe above equation, calculations result in a required capacitor of 400pF
connected to each output.

R$232C DATA TRANSMISSION

1/4 MC1489/
T2UDTL 174 MCIABS MC1489A  T2L/DTL
— B o
D 4 o-
-t i -t o
INTERCONNECTING I
174 MC 1489 -
T2L01L MC1489A | T2L/01L
—_ ———
-3 e
— —t
SIGNAL GROUND 174 MC1488
INTERFACE DATA | _L
TERMINAL = = o
EQUIPMENT MODEM

i *OPTIONAL FOR NOISE FILTEFUNG

L

CHARACTERISTIC CURVES

: OUTPUT VOLTAGE AND
: CURRENT-LIMITING CHARACTERISTICS

|

' § i

10, QUIPUT CURRENT tma)

" LONTEA
|

il

1 Q

iy

" v " 1 a a ] 1 16

20, OUTPET VOUTAGE (V)

T TIPS

TYPICAL APPLICATIONS
=

DTL/TTL-TO-MOS TRANSLATOR

H2v

1/4 MC1488

MOS OUTPUT
-10V 70 -0.4v

DTL/TTL
INPUT

DTL/TTL-TO-HTL TRANSLATOR

+12v
1/4 MC1488
OTL/TTL HTL OUTPUT
INPUT -0.7V TO 10V
-12v i

DTL/TTL-TO-RTL TRANSLATOR

s2v
1/4 MC1488
OTL/TTL RTL OUTPUT
INPUT 0.7V TO +3.7V
v s30v




FEATURES

PROGRAMMABLE THRESHOLD

FOUR TOTALLY SEPARATE RECEIVERS PER PACKAGE

BUILT-IN INPUT THRESHOLD HYSTERESIS

L
e
e "“FAIL SAFE" OPERATING MODE
L]

INPUTS WITHSTAND =30V

ABSOLUTE MAXIMUM RATINGS

The following apply for TA
Power Supply Voltage
Input Voltage Range
Output Load Current
Power Dissipation
Operating Temperature Range
Storage Temperature Range

= 25°C unless otherwise specified.

0°C to +75°C
-65°C to +175°C

PIN CONFIGURATION

10V
=30V
20mA
W

éC TEST CIRCUIT

RESPONSE
CONTROL
= OPEN

PULSE
i GENERATOR

15pF

ouTPUT

vce

INCLUDING
JIG AND PROBE

HESPONSE

CONTROL

OuUTPUT 1 E

INPUT

HESPONSE
CONTROL 2

OUTPUT 2 E
ano 7]

F PACKAGE

5

: E% —
5k

3o 0
0 o

Yee
INPUT 4

RESPONSE
CONTROL 4

QuUTPUT 4

INPUT 3

RESPONSE
CONTROL 3

3 ouUTPUT 3

CIRCUIT SCHEMATIC

VOLTAGE WAVEFORMS
.

|
|
{ ouTPUT
|

H tpd O

i

' SWITCHING CHARACTERISTICS MC1489/MC1489A VCC -

PARAMETER

Input to Output “High™
Propagation Delay (tpd1)
Input to Output “Low”
Propagation Delay (tpd0)
Output Rise time

Output Fall Time

———— 3V
_/—\@_
INPUT I l ov

R

RL
R

RL'

RESPONSE

INPUT

MC1489:

CONDITIONS

3.9k (AC Test Circuit)
3900 (AC Test Circuit)

5.0V 1% FA

ak

RE = 10k

MC1489A: Rf = 2k

(1/4 OF UNIT SHOWN)

CONTROL o

Vee

ourkul

GND

25°C
MC1489

MmN | TYP | Max
i 25 85
j 20 50
!

i 110 | 175
i 9 20

MC1489A _UN”"

MIN | Typ | MAX

25
20 |

110




TYPICAL APPLICATIONS'

L

RS232C DATA TRANSMISSION

e e

T2L0TL 174 MC1AdE

1/4 MC 1489/

14 MRy
Lo MC1489A

I
|

INTERCONNECTING

1

i NI

SIGNAL GROUND

INTERFACE 0ATA |
TERMINAL = =
EQUIPMENT

+OPTIONAL FOR NOISE FILTERING

MOS TO T2L/DTL TRANSLATOR

5v
R
i 12/0TL
= - —=
| mos Logic +- )
e
| SRS I |
1/4 MC1489/ "“)
MC1489A = (e




TYPES SNa2565, SNT2S65, .
PRECISION TMERS <

312063, SEFTEMBER 1973




schematic

8 . * _ _ - &
vVee L ? ) ) 4 [
P4
47k 3830 47k 1k i;o.u A
¥ [
/I Y
5k
. ¢ 39k
< ]
=
<
mnesuow “” ] } i:"’l
CONTROL _(8)
VOLTAGE
3 9 3 0—{
2
2R IUS
() -
TRIGGER ] )
-
RESET - i
DISCHARGE K
3 < b4 y 2
$10k 3100k ;:su, v 4
~ GROUND — S GRS |
' ¥ = ,
17

. Resistor values lhown sre nomlml nnd n dmn.

Supply volup Vcc {see Note 1) -
Input voltage (control voltaga reset thmshold tﬂguer)
" Qutput cuirent..

-.’—. .

Continuous total disiputfonnt(or below)25 Cfroo-lir tnmpenmn (soo Nota 2)
Opemmgfroe-airumpernumnnge./SNfﬂSSS ol ittt e RiE e anty | g

SN72655

.

by

torognwnmmnnnq- % =S gt

Lead temperature 1/16 inch from case for 60 neonds. .IP or L package

Lead temperature 1/16 inch from case for 10 seconds: P package

NOTES: 1. All voltage values sre with w0 ground terminal.” ¥ e
2. For operation sbove 26°C free-sir temp , refer to Dissipation D Curve, Figure
¢ . . #raeTh H
recommended operating conditions 7
X 3 SN62566
e ¥ MIN - NOM MAX
Supply voitage, VcC . i ‘45 18
Input voitage, V; { | voitage, reset, threshoid, trigger) Vee
Output Current, Ig 2200
Op g free-sir temp . TA —65 126




Addition of a second resistor, Rg, to the circuit of Figure 11; as shown in Figure 14, and connection of the trigger.
input to the threshold input will cause the SN52655/SN72655 to self-trigger, and run as a multivibrator, The capacitor
C wijll charge through RA and Rp then discharge throudn Rg only. The duty cycle may be controlled, therefore, by
the values of Rp and Rg. -

_ TYPICAL APPLICATION DATA
astable operation IR
Rg =3
2 b-C =016 4F
Vee 5V 0 16 V) , i e I
(G)I 18 AL Ra
ReseT  vec - | 2 .
2 trricaER = e >
SNE2865/SNT2556 é
piscHARaE HZL ).
Rg ; |
OPEN __(5) lcONTROL B e OUTPUT VOLTAGE j
(See Note A) " IVOLTAGE  ywmesoLD &L ;
1
ano Re AN ANZ AV AN |
lm » /T VIVIV]N {
L 4 ~ VOLYA |
NOTE A: Decoupling the age Input (pin 5) to | ) }
ground with a capacitor may lmpvovo oponuon. Time—0.6 ms/div \ 1
This should be 1] d foc d !
FIGURE 14—CIRCUIT FOR ASTABLE OPERATION FIGURE 15—-TYPICAL ASTABLE WAVEFORMS 5 |
e |
= E
- |
|

This astable eom\ocuon results in upac:tor Cc chafgmg and discharging betwoen the threshold-voltage level
(=0.67-Vce) and the trigger-voltage level (=0.33-Vcc). As in the monostable circuit, charge and discharge times (ancl
merafora the froqusncy and duty cycle) are independent of the supply voitage. 5 i

By Figure 15 shows typiell _wmforms generated during astable operation. The output Mgh-lc\nl_'ddr’ttion, q“:k ca‘k:ulstsd,;
R _ i as: - B TR 2 1 = Tk % : . : % : =

s

100k

th = 0.693(Rp +RgIC,

.
.° -
x

output low-level duration, t|, as:

N
e
=X t . 51y
m .0.693 (RB)C 5 -
s $ 1k
'lhetotalpenodlsT-q,+t|mdfrequmcyis g
1 1.44 . : 2 100
f -—, foeo — ‘ €
: T %' " (Ra+2RgIC" 3 W
W sl o
g : Thefroquenwofosullationmybodcutmmedbv g 10
; referring to the ‘chart’ shown in Figure 16; which b s
relates frno-mnning ‘frequency, f, to the external - 1
resistors RA and Rp and the external capacitor C.
Duty cycle, D, is determined by the values selected for
RA and Rg and may be caiculated as: 0.1 . «
0001 001 ' 01 - 1 10 100
N :
D= RA+Rg . C—Capacitance—uF

FIGURE 16—-FREE-RUNNING FREQUENCY

P 4
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G000

QOOU

000
GO

OGS G

GO0

G000
BO0!

001

0022

0024
0G4
QOR7
09029

"O0RE

002D

fil

START

¥

CLEAR ALL

ORG

KRA
MOV
MY
Moy
MOV
MOV
MOV
L.XT
MVl
SHLI
SHLI
STa
3TA
STa
STa

L70 FURT OF
CRORT

FORT
FORT
FORT
MUT

ouT

T MODE

DATA
BUALD
ST

A
K
G
G

¢

COUF A

C GROUF B OIS AN IN
Ay ik
OFH

A
QFF
LéH
Ay

0F

QOO0H sSTART THE FROGRAM

FGET BTACK POINTER

WLGC
CRIT
AT A
COnr FCLEAR DELAY FOLNTE
ELINE AR FLAG OF 1 LINME

(RIS,

I8 AN
I8¢ anN IN PORT

BIT @ - .3 I8 AN -OuUT #aF
RIT & =72 /705 | AN IN FORT
fiy ¥ AH

1L7H : 2
OF 8

Y

Rﬂ auT

[EVENG LaTa

AV ASYNCHRONOUS MODE

s JOaw] :
7 OR-§ RIT 9

RATE (Xl
YN T OR 2

f s &)
19
19H
19 ; *

(EEABRIREAR

G Ok CTOGER
D OUER

s 1O ey

ke OF ek FHE D OBRTALN ROENG B
A
OkH

da s LU




RS S
E&10
LﬁéB’)O

DAOE
DELé
7 EH10
O07% CC7702
QGO70 TE
v',('. e (]

GO
aoat
QOAE
'V)ln

‘J(.‘l“/
OORE

CR?LOO
neis
k603
o CALGDD
LR GOF

GOIMY BE /Al
GO o

TV (TP TV

s i ot
AL 10
b LLDATAL
CALL INDATA
JMF FAFERE
CALL HOLT
CALL INIATA
MVI Ay 10H
ouT OEH
IN 16H
ANT 10H
EZ . CFAFR
MoV Ay
ORA c
JZ LECHECK
CalL RRTH
JME LIATA
LOCHECK IN. 1%H
ANI 5]
(CNZ CHECK
JMF LOATA
: START
INATA TN 19H
ANT 2
CNZ WHTHN
RET

Loaval
LIATA

INFUT DATA FRiid &

s INFUT

1hH—\II'

UATA
DATA
FIF NO DATA

$IF THE 1§ DATE TN HEMuky o

s AMNEL DE S TRAT
SPRINTTY
FE UHECK

FERLNT

ek Hr S5
i RE

§ THE / - | 1I(a T T WRTTE

i END INFUT SERILAL ROUTIME

. GTaRT REAT ( FRINT
RCERT] LHLD RLOC
Hov (]
[LIDES R
ITNX H
CMEM
RLOC
JORLiE
It
.
Ck
0
<

2
SFACE

3

RACK

é

TAE

17H

FAFERE

7

fzZ
; ENILOOK UF TABLE
CLOCK  CALL INDATA
N 15H
AN 1
Jz CLOCK
LXI HsDATA
INR M
XRA f
STA CRIT
- LDAX 0

FRINT

Cueit

[ CorLT

FARLE

ROUTTINE

Funvn r‘u‘i il (1 T LR

HOLEE ] e

§ ECOT
§ LARRE AL
Y ES

RNa
R TN

REALY
SFACE?

ES

ACK SFACET
E

G =

M FEEDRT

¥
i
i
i K
§
.
H
e
PYe
R FERT

Clal CHaka

RO T LNE
§INFUT

GATA RULTTINE

FLOAD NO. TIATA To
$TNCEFMENT NO. OF

 BUENTE

ROLET (E

LN Mb ey

wr i

»

149



4
3
#
d
o«

|
f
|
o S

®

2 @ @ @

® @

?

® & o o

b1
| O0E2
' ooES
' 00E6
00ES
QUEA
OOED
OOEE
00F 1
00F 4
O0FY
L00F 6
o0F7
00F9
00FA
OOF R
QOF I
OOFE
0101
0102
0104
0107
10104
1010C
OLOF
0111
01i4

yG117
10119

QOF
0C7601
or
DC7a01
OF

neTa0L

OF
nC7a01
21FROF
7E

2F

e
E480

77

1A
E&7F
RBé
F2FH0F
1A
E&80
C45F 01
3AFA0F
E&640

CA1401. . .

D3FF
ChEEOZ

BAFOF

D3FF
Crag02

F
JAFBOF

FEOS

FO

- AF
12F I2FAOF
32 3EG2

3o
C?

CH&S0 1
SFROE

ouTn’

§ NI

¢ START CARRLAGE

CR

; END
;
PooosTa

SFACE

LXI
MOV
CMA
_RRC
ANI
MOV

L.IAX
AN,
ORA’

876
LIAX
ANI
CNZ
LA
ANI

cALL

Loa

guy
CCALL
XRA
ouT
LDA
CRI

(4
MUY

. ORA

RNZ
. Moy
CPI
RE
XRA
STA
MUI
aui

FRINT &

MY L
CoLL
XRA

STA
CALL
RET
CARKIAG

RT BFACE
MUl
LALL
LXT
LV
Mou

COEBLT

COBIT

L CDRIT

CREIT
Hy CRIT
Artd

80H
My A
o
7FH
4
CHAL
Il
80H
RALK
CHAL
40H
_ourtn
OFFH
LELAY4
CHAL
OFFH
RELAY1
A.._ o o
OFFH
Lara
100
CR
Al
o

AsC
£

FULL
AsZ
Y

>

G INE

fiya
QUYTCON
A

NATA
DELAY2

E RETURNMN

FeOUT ENE
Ay
OUTCON
He IATA
4

e

L OO

CR

H

sSET MEMORY FOINTER

FODD K177

FETORE IN CHECK BIT
sDECODEED DATA
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MAGNET COIL SPECIFICATIONS

Magnet coils may be found in both 24 and 48 volt opera-
ting ranges (Figure 4). The character selection, operational,
and lower case shift magnets will operate within 10 milli-
seconds at their rated voltages. The upper case magnet, red
ribbon shift magnet, and keyboard lock solenoid will opera-
te within 12 milliseconds when operated at their rated volt-
age. The chart below gives the resistance and current ratings
of the various magnets. Operation can be maintained at
+10% of rated voltage, however, the operating speeds will
vary.

NOTE: Magnet and triplink adjustments will affect pick
time.

2

Where Ratedtt Resistance in Ohms Max.
Used Voltage Low Rated High mA*
Keyboardt 48 329 358 397 146
Lock 24 100 105 110 240
Upper Case 48 221 240 259 217
Shift** 24 62 65 68 387
One Magnett | 48 345 395 455 139
Ribbon Shift | 24 125 137 150 192
All 48 432 475 518 111
Others 24 122 128 133 197

*Theoretical maximum current (in Milliamperes) at rated
voltage — computed as ratio of rated voltage to low
resistance.

**Also red magnet of Two Magnet ribbon shift.

1100% Duty Cycle. The Duty Cycle of all other magnets is
described as ‘‘sufficient to provide continuous machine
operation when magnet pulses are gated by the Feedback
and Interlock Contacts.’”

Figure 4 — Magnet Coil Specifications
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