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Advance Information

MOS

(N-CHANNEL, SILICON-GATE,
MICROPROCESSOR WITH CLOCK DEPLETION LOAD)

The MC6808 is a monolithic 8-bit microprocessor that contains MICROPROCESSOR
all the registers and accumulators of the present MC6800 plus an WITH CLOCK
internal clock oscillator and driver on the same chip.

The MC6808 is compietely software-compatible with the MC6800
as well as the entire M6800 family of parts. Hence the MC6808
is expandable to 65K words.

This very cost-effective MPU allows the designer to use the
MC6808 in consumer as well as industrial applications without
sacrificing industrial specifications.

® On-Chip Clock Circuit
® Software-Compatible with the MC6800

L SUFFIX
CERAMIC PACKAGE
Expandable to 65K words CASE 718

Standard TTL-Compatibie inputs and Qutputs
8-Bit Word Size

16-Bit Memory Addressing

Interrupt Capability

w oo P SUFFIX

L PLASTIC PACKAGE
CASE 711
FIGURE 1 — TYPICAL MICROPROCESSOR INTERFACE PIN ASSIGNMENT
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This i1s advance information and specifications are subject to change without notice. ©MOTORGLA INC 1978 ADI1-805






MOTOROLA

Semiconductors

BOX 20912 + PHOENIX, ARIZONA B5036

MC6800

(0 to 70°C; L or P Suffix)

MC6800C

(-40 10 85°C; L Suffix only)

MICROPROCESSING UNIT (MPU}

The MC6800 is a monolithic 8-bit microprocessor forming the

central control function for Motorola’s M6800 family. Compatibie
with TTL, the MC6800, as with all M6800 system parts, requires
only one +5.0-voit power supply, and no external TTL devices for
bus interface.

The MCB800 is capable of addressing 65K bytes of memory

with its 16-bit address lines. The 8-bit data bus is bidirectionat as
well as 3-state, making direct memory addressing and multiproces-
sing applications realizable.

® Eight-Bit Parallei Processing

® Bi-Directional Data Bus

® Sixteen-Bit Address Bus — 65K Bytes of Addressing

® 72 Instructions — Variable Length

® Seven Addressing Modes — Direct, Relative, Immediate, Indexed,
Extended, Implied and Accumulator

® Variable Length Stack

® Vectored Restart

® Maskable Interrupt Vector

® Separate Non-Maskabie Interrupt — Internal Registers Saved
In Stack

® Six Internal Registers — Two Accumulators, Index Register,
Program Counter, Stack Pointer and Condition Code Register

® Direct Memory Addressing (DMA) and Muitipte Processor
Capability

® Clock Rates as High as 1 MHz

® Simple Bus Interface Without TTL
® Halt and Single Instruction Execution Capability

MOS

{N-CHANNEL, SILICON-GATE)

MICROPROCESSOR

NOT SHOWN: P SUFFIX

L SUFFIX

CERAMIC PACKAGE
CASE 715

PLASTIC PACKAGE

CASE 711

M6800 MICROCOMPUTER FAMILY
BLOCK DIAGRAM
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MC6800
ELECTRICAL CHARACTERISTICS (Vce =5.0 V = 5%, Vgg = 0, Ta = 0 to 70°C unless otherwise noted.)
Charascteristic Symbol Min Typ Max Unit
input High Voltage Logic ViR Vgg +20 - Vee Vdc
01,02 VIHC Vee - 03 - Vee + 0.1
Input Low Voltage Logic Viu Vgs — 03 - Vgg +08 Vdc
192 ViLe Vgs — 0.1 - Vgs +0.3
Clock Overshoot/Undershoot — Input High Level Vos Vee - 05 - Veg + 05 Vde
—~ Input Low Level Vgg— 05 - Vgs +0.5
Input Leakage Current lin uAdc
(Vin =01t05.25 V, Vg = max) Logic* - 10 25
(Vin=0105.25V,Vgc =00 V) w122 - - 100
Three-State (Off State} input Current 00-07 ITs) - 20 10 uAdec
(Vin 0.4102.4 V, V¢ = max) AQ-A15,R/W - - 100
Output High Voitage VOH Vdc
(ILoag = —205 uAdc, Vg = min) 00-07 Vgs +2.4 - -
(I oad = —146 uAdc, Vg = min) AQ-A15,R/W VMA Vs +2.4 - -
(I oag = —100 uAdc, Ve = min) BA Vgs+2.4 - -
Qutput Low Voltage VoL - - Vgs+04 Vdc
(I _oad = 1.6 mAde, Vg = min}
Power Dissipation Pp - 0.600 1.2 W
Capacitance 91,52 Cin 80 120 160 pF
(Vin =0, Ta =25°C, f = 1.0 MH2) TSC - - 15
' DBE - 7.0 10
D0-07 - 10 125
Logic inputs - 6.5 85
AQ-A15.8/W VMA Cout - - 12 oF
Frequency of Operation f 0.1 - 1.0 MH2z
Clock Timing (Figure 1)
Cycle Time teye 10 - 10 us
Clock Pulse Width PWaH ns
(Measured at Voo — 0.3 V) o1 430 - 4500
22 450 - 4500
Total &1 and ¢2 Up Time tyr 940 - - ns
Rise and Fall Times 21,02 tor. tof 5.0 - 50 ns
(Measured between Vg + 0.3V and Vgg ~ 0.3 V)
Delay Time or Clock Separation tg Q - 9100 ns
(Measured at Voy = Vgg +0.5 V)
Overshoot Duration t0s 0 - 40 ns
*Except TRQ and NMi, which require 3 k{2 pullup load resistors for wire-OR capability at optimum operation.
“Capacitances are periodicaily sampted rather than 100% tested.
FIGURE 1 - CLOCK TIMING WAVEFORM
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tos |
Undershoot
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Bt
Vov = Vgg + 0.5 V = Ctock Overlap B Vos
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MC6800

MAXIMUM RATINGS

Rating Sytabol Value Unit
Supply Voltage Vee ~0.31t0+7.0 Vde
Ilrput Voltage Vin ~03t0+7.0 Vde
Operating Temperature Range Ta 0to +70 oc
Storage Temperature Range qu —55 to +150 oc
Thermal Resistance 9JA 70 SC/W

READ/WRITE TIMING Figures 2 and 3. f = 1.0 MHz, Load Circuit of Figure 6.

This device contains circuitry to protect the
inputs against damage due to high static volit-
ages or electric fields; however, it is advised that
normal precautions be taken to avoid applica-
tion of any volitage higher than maximum rated
voltages to this high impedance circuit.

Characteristic Symbol Min Typ Max Unit
Address Delay tAD - 220 300 ns
Peripheral Read Access Time tace - - 540 ns
tace = tut — (tap * 'OSR!
Data Setup Time (Read} toSR 100 - - ns
Input Data Hold Time ("] 10 - - ns
Qutput Data Hold Time thy 10 25 - ns
Address Hold Time (Address, R/W, VMA) tAH 50 75 - ns
Enable High Time for DBE [nput tEH 450 - - ns
Data Delay Time (Write) tDOwW - 165 225 ns
Processor Controls®
Processor Control Setup Time tpCs 200 - - ns
Processor Control Rise and Fall Time tpCy. tPC - - 100 ns
Bus Available Delay tBA - - 300 ns
Three State Enable tTSE - - 40 ns
Three State Delay TSD - - 700 ns
Data Bus Enable Down Time During ©1 Up Time (Figure 3) tDBE 150 — - ns
Data Bus Enable Delay (Figure 3) tDBED 300 - - ns
_Data Bus Enable Rise and Fall Times {Figure 3} tDBEr. IDBES - - 25 ns

*Additional information is given in Figures 12 through 16 of the Family Characteristics — see pages 17 through 20.

FIGURE 2 - READ DATA FROM MEMCRY OR PERIPHERALS
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FIGURE 3 — WRITE IN MEMORY OR PERIPHERALS
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FIGURE 8 - BUS TIMING TEST LOAD
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MPU SIGNAL DESCRIPTION

Proper operation of the MPU requires that certain con-
trol and timing signals be provided to accomplish specific
functions and that other signal lines be monitored to
determine the state of the processor.

Clocks Phase One and Phase Two (¢1, $2) — Two pins
are used for a two-phase non-overlapping clock that runs
at the V¢ voltage level.

Address Bus (AO-A15) — Sixteen pins are used for the
address bus. The outputs are three-state bus drivers capa-
ble of driving one standard TTL load and 130 pF. When
the output is turned off, it is essentially an open circuit.
This permits the MPU to be used in DMA applications.

Data Bus (DO-D7) — Eight pins are used for the data
bus. It is bi-directional, transferring data to and from the
memory and peripheral devices. It also has three-state
output buffers capable of driving one standard TTL load
and 130 pF. .

Halt — When this input is in the low state, all activity
in the machine will be halted. This input is level sensitive.
in the hait mode, the machine will stop at the end of an
instruction, Bus Available will be at a one levet, Valid
Memory Address wili be at a zero, and all other three-state
lines will be in the three-state mode.

Transition of the Halt line must not occur during the
last 250 ns of phase one. To insure singie instruction
operation, the Halt line must go high for one Clock cycle.

Three-State Control {TSC) — This input causes all of the
address lines and the Read/Write line to go into the off or
high impedance state. This state will occur 700 ns after
TSC = 2.0 V. The Valid Memory Address and Bus Available
signals will be forced low. The data bus is not affected by
TSC and has its own enable (Data Bus Enabie). In DMA
applications, the Three-State Coitrol line should be
brought high on the leading edge of the Phase One Clock.
The ¢1 ctock must be held in the high state and the ¢2
in the low state for this function to operate properly. The
address bus will then be available for other devices to
directly address memory. Since the MPU is a dynamic
device, it can be held-in this state for only 4.5 us or
destruction of data will occur in the MPU.

Read/Write (R/W) — This TTL compatibie output
signals the peripherals and memory devices whether the
MPU is in a Read (high) or Write (low) state. The normat
standby state of this signal is Read (high). Three-State
Control going high will turn Read/Write to the off (high
impedance) state. Also, when the processor is halted, it
will be in the off state. This output is capabte of driving
one standard TTL load and 90 pF.

Valid Memory Address (VMA) — This output indicates
to peripheral devices that there is a valid address on the
address bus. In normal operation, this signal should be
utilized for enabling peripheral interfaces such as the
P1A and ACIA. This signal is not three-state. One standard
TTL load and 90 pF may be directly driven by this active
high signal.

- @ MOTOROLA Semiconductor Products Inc.

Data Bus Enable {(DBE) — This input is the three-state
control signal for the MPU data bus and will enable the
bus drivers when in the high state. This inputis TTL com-
patibie; however in normal operation, it would be driven by
the phase two clock. During an MPU read cycle, the data
bus drivers will be disabled internally. When it is desired
that another device control the data bus such as in Direct
Memory Access (OMA) applications, DBE should be
held low.

Bus Available (BA) — The Bus Available signal will
normally be in the low state; when activated, it will go to
the high state indicating that the microprocessor has
stopped and that the address bus is available. This will
occur if the Halt line is in the low state or the processor
is in the WAIT state as a result of the execution of a
WAIT instruction. At such time, all three-state output
drivers will go to their off state and other outputs to their
normally inactive level. The processor is removed from the
WAIT state by the occurrence of a maskable {mask bit
| = 0) or nonmaskable interrupt. This output is capable
of driving one standard TTL load and 30 pF.

Interrupt Request (IRQ) — This level sensitive input
requests that an interrupt sequence be generated within
the machine. The processor will wait until it completes the
current instruction that is being ‘executed before it recog-
nizes the request. At that time, if the interrupt mask bit
in the Condition Code Register is not set, the machine wiil
begin an interrupt sequence. The Index Register, Program
Counter, Accumulators, and Condition Code Register are
stored away on the stack. Next the MPU will respond to
the interrupt request by setting the interrupt mask bit high
so that no further interrupts may occur. At the end of the
cycle, a 16-bit address will be loaded that points to a
vectoring address which is located in memory locations
FFF8 and FFF9. An address loaded at these locations
causes the MPU to branch to an interrupt routine
in memory.

The Halt tine must be in the high state for interrupts to
be serviced. Interrupts will be latched internaily while
Hait is low.

The TRQ has a high impadance puilup device internai
to the chip; however a 3 k2 external resistor to Ve
should be used for wire-OR and optimum control
of interrupts.

Reset — This input is used to reset and start the MPU
from a power down condition, resulting from a power
failure or an initial start-up of the processor. If a high level
is detected on the input, this will signal the MPU to be-
gin the restart sequence. This will start execution of a
routine to initialize the processor from its reset condition.
All the higher order address lines will be forced high. For
the restart, the last two (FFFE, FFFF) locations in
memory will be used to load the program that is addressed
by the program counter. During the restart routine, the
interrupt mask bit is set and must be reset before the MPU
can be interrupted by TRQ.




MC6800

Figure 9 shows the initialization of the microprocessor
after restart. Reset must be heid low for at least eight
clock periods after VCC reaches 4.75 volts. 1f Reset goes
high prior to the leading edge of ¢2, on the next ¢1i
the first restart memory vector address (FFFE) will
appear on the address fines. This location should contain
the higher order eight bits to be stored into the program
counter. Foliowing, the next address FFFF should contain
the lower order eight bits to be stored into the pro-
gram counter.

Non-Maskabile interrupt (NMI) — A low-going edge on
this input reguests that a non-mask-interrupt sequence be
generated within the processor. As with the interrupt
Request signal, the processor will complete the current
instruction that is being executed before it recognizes the
NM1 signal. The interrupt mask bit in the Condition Code
Register has no effect on NMI.

The Index Register, Program Counter, Accumulators,
and Condition Code Register are stored away on the
stack. At the end of the cycle, a 16-bit address will be
loaded that points to a vectoring address which is located
in memory locations FFFC and FFFD. An address loaded
at these focations causes the MPU to branch to a non-
maskable interrupt routine in memory.

NMI has a high impedance pullup resistor internal to
the chip; however a 3 k§2 external resistor to VcC should
be used for wire-OR and optimum control of interrupts.

Inputs TRQ and NMI are hardware interrupt lines that
are sampled during 92 and will start the interrupt
routine on the ¢1 following the compietion of an
instruction.

Figure 10 is a flow chart describing the major decision
paths and interrupt vectors of the microprocessor. Table
1 gives the memory map for interrupt vectors.

FIGURE 9 — INITIALIZATION OF MPU AFTER RESTART

ot
|
22
i H l\
o i L
Reset / |‘r
1 "
= > 8 Clock Times —"‘—“——"1 -——qro—Firu Instruction Loaded into MPU
i
VMA k 5 , N ’ T 7 LA
| i
Address Out Address Out = Contents of
! FFFE + FFFF
Address Out

= FFFF

TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS

Vector
MS LS

Description

FFFE  FFFF

Restart

FFFC  FFFD

Non-maskable Interrupt

FFFA  FFFB

Software interrupt

FFF8 FFF9

Interrupt Request

{ AA MOTOROLA Semiconductor Products Inc.
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FIGURE 10 — MPU FLOW CHART
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MPU REGISTERS

The MPU has three 16-bit registers and three 8-bit
registers available for use by the programmer (Figure 11).

Program Counter — The program counter is a two byte
(16-bits) register that points to the current program
address.

Stack Pointer — The stack pointer is a two byte register
that contains the address of the next available iocation
in an external push-down/pop-up stack. This stack is
normatly a random access Read/Write memory that may

S, @ MOTOROLA Semiconductor Products Inc.

have any location (address) that is convenient. In those
applications that require storage of information in the
stack when power is lost, the stack must be non-volatile.

Index Register — The index register is a two byte register
that is used to store data or a sixteen bit memory address
for the indexed mode of memory addressing.

Accumulators — The MPU contains two 8-bit accumu-
lators that are used to hold operands and results from an
arithmetic logic unit (ALU).
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FIGURE 11 — PROGRAMMING MQOOEL OF THE MICROPROCESSING UNIT
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FIGURE 12 — SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK

SP = Stack Pointer
CC = Condition Codes (Also called the Processor Status Byte)
ACCB = Accumulstor 8
ACCA = Accumulator A
IXH = index Register, Higher Qrder 8 Bits
IXL = Index Register, Lower Order 8 Bits
PCH = Program Counter, Higher Order 8 Bits
PCL = Program Counter, Lower Order B Bits m-2
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Condition Code Register — The condition code register
indicates the resuits of an Arithmetic Logic Unit operation:
Negative (N), Zero (2Z), Overflow (V), Carry from bit 7
(C), and half carry from bit 3 (H). These bits of the
Condition Code Register are used as testable conditions
for the conditional branch instructions. Bit 4 is the
interrupt mask bit (1). The unused bits of the Condition
Code Register (b6 and b7) are ones.

Figure 12 shows the order of saving the microprocessor
status within the stack.

MPU INSTRUCTION SET

The MC6800 has a set of 72 different instructions.
Included are binary and decimal arithmetic, logical, shift,
rotate, load, store, conditional or unconditional branch,
interrupt and stack manipulation instructions {Tables 2
thru 6).

MPU ADDRESSING MODES

The MC6800 eight-bit microprocessing unit has seven
address modes that can be used by a programmer, with the
addressing mode a function of both the type of instruction
and the coding within the instruction. A summary of the
addressing modes for a particular instruction can be found
in Table 7 along with the associated instruction execution
time that is given in machine cycles. With a clock fre-
quency of 1 MHz, these times would be microseconds.

Accumulator (ACCX) Addressing — In accumulator
only addressing, either accumulator A or accumulator B is
specified. These are one-byte instructions.

Immediate Addressing — In immediate addressing, the
operand is contained in the second byte of the instruction
except LDS and LD X which have the operand in the second
and third bytes of the instruction. The MPU addresses

this location when it fetches the immediate instruction
for execution. These are two or three-byte instructions.

Direct Addressing — In direct addressing, the address of
the operand is contained in the second byte of the
instruction. Direct addressing allows the user to directly
address the lowest 256 bytes in the machine i.e., locations
zero through 255. Enhanced execution times are achieved
by storing data in these locations. In most configurations,
it shouid be a random access memory. These are two-byte
instructions.

Extended Addressing — In extended addressing, the
address contained in the second byte of the instruction is
used as the higher eight-bits of the address of the operand.
The third byte of the instruction is used as the lower
eight-bits of the address for the operand. This is an abso-
lute address in memory. These are three-byte instructions.

Indexed Addressing — In indexed addressing, the address
contained in the second byte of the instruction is added
to the index register's lowest eight bits in the MPU. The
carry is then added to the higher order eight bits of the
index register. This result is then used to address memory.
The modified address is held in a temporary address regis-
ter so there is no change to the index register. These are
two-byte instructions.

Implied Addressing — In the implied addressing mode
the instruction gives the address (i.e., stack pointer, index
register, etc.). These are one-byte instructions.

Relative Addressing — in relative addressing, the address
contained in the second byte of the instruction is added
to the program counter’s lowest eight bits pius two. The
carry or borrow is then added to the high eight bits. This
ailows the user to address data within a range of -125 to
+129 bytes of the present instruction. These are two-
byte instructions.

ABA Add Accumulators CLR Clear PUL Pull Data
ADC Add with Carry CLv Clear Overflow
oo oL Romeler
AND Logical And COM  Compiement RTI Return (rogm Interrupt
ASL Arithmetic Shift Left CPX Compare Index Register AT A upt
ASR Arithmetic Shitt Right ) S eturn from Subroutine

DAA Decimal Adjust SBA Subtract Accumulator
B8CC  Branch if Carry Clear DEC  Decrement SBC  Submact with Carmy
BCS  Branch if Carry Set DES  Decrement Stack Pointer SEC  SerCay ry
BEQ Branch if Equal to Zero DEX Decrement Index Regsster SEI Set int Yy { Mask
BGE Branch if Greater or Equal Zero . errupt Masi

EOR Exciusive OR SEV Set Overflow
BGT Branch i Greater than Zero STA Store Acc
8HI Branch if Higher INC Increment ore Accumulator

; . STS Store Stack Register
BIT Bit Test INS increment Stack Pointer STX Store Index Register
BLE Branch # Less or Equal INX Incremant Index Register gister
sus Subtract

BLS Branch if Lower or Same
BLT Branch if Less than Zero JMp Jump . swi Software Interrupt
BMI Branch i Minus JSR Jump to Subroutine TAB  Transfer Accumulators
BNE Branch if Not Equal to Zero LDA Load Accumuiator TAP Transfer Accumulators to Condition Code Reg.
BPL Branch if Plus LOS Load Stack Pointer TBA Transfer Accumulators
BRA Branch Aiways LDX Load Index Register TPA Transfer Condition Code Reg. to Accumulator
BSR Branch to Subroutine LSR Logicat Shift Right TST Test
BvC Branch if Overflow Clear NEG Negate TSX Transfer Stack Pointer to Index Register
BVS  Branch if Overflow Set NOP N:gowation TXS  Transfer Index Register to Stack Pointer
CBA Compare Accumulators . WAI Wait for Interrupt
cLe Ciear Carry ORA inclusive OR Accumulator
Cui Clear Interrupt Mask PSH Push Data

TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABE TIC SEQUENCE

AA MOTOROLA Semiconductor Products Inc.
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TABLE 3 - ACCUMULATOR AND MEMORY INSTRUCTIONS
ADORESSING MODES B00LEAN/ARITHMETIC OPERATION CONO. CODE REG.
IMME O OIRECT | INDEX | EXTND | MPLIED | <Al requster tabels s]a]3]2]1]0
OPERATIONS o ° - - o - B or _, % - ; ceter 10 contents! HII ngz vic
! aad e 2 2038 3 2088 5 2088 1 3, Paw s .
r 3oz tioe 3o zles s 2lfm 3 3 HEREU o
| 20g aumrs | | e 2 HERE: IS .
[ Al s Carty 39 2 2:33 3 2149 35 2| ER ‘ AMei .
! AR z. 3 1‘ BEREARIIY .
] 33 2 Z. 3 Z‘Ad E) 15 103 A-t oA oie
i o2 2ioe oy ried s g R EREURE ojei:
EYEN B2 20 3o2ias s 2 s 3 DA o] |
| s 2 z)a9s 3 o2les 5 2 + 3 : ielel
g i [T 5002 1ele
} 1 i HET ] ele
; | i Yo 2 {eler
Lot ELEEI S TH 2 I B T ‘-f- ;
| [ T R S N T R oler: '
 orvpare A1 rutes i ! I N2 ole) ol
et b ' |53 LR LR : CejeliiiiRis
; | : 1 132 i ieje):iiirls
: \ ! : 32 v “elelilifnis
| Commimnt 2 i HE 200 n ) elei IkTiQ
| Negater | ; R 002 Lelei: 1)@
H ; 32 ejel I ITQD
[RRHI RTINS i 92 elei: 1D
. : ! |
C e et | 5A 120 rA s ) [ '
: ¢ A2 ba I
! : : EE
Lieo wuR 8 2 20 I z.a8 v 2133 & 3
3 PR S A S S A A
e -~ G R LI I
NCA IR
AL i ; 02
e A S0AA L R A R I T
LIAB Y57 1 DB S 2 £8 5 2+ 3 .
u e J3AA A7 2i9A 3 7oAA s rlsA 13
2AA8 | A2 1{0A 2 2 EA 5 2[FA 1 3
Puin Carg 2SHA i B . ; B
PSHE ! ; U ;
1 Date AULA i : LY H
] ; i IS i
| Rt Lo A0t | ] LRI T
A0LA | ] I
RULE 1 i EEI
Bty At woe | s 1 2lw o5 3
EULEY : ' %2
RORY ‘ ! 96 2 ;
Shtt Lett Anthset a8L i Sa8 0 s 5 3
a5LA i ; 2
518 ; E
Shatt Rugnt Antivneti, asR by 2006 3
: ASAA . [
a5RE i : 512
Shat Rt Loy L3R t 6 PR -1 3
Lsha ! f w2
LSRY : ; 547
U Stoee Acindie 3Taa L 87 @ 20 Al 1 B 5 3 '
i 5TA8 A A L :
| Sutias SUBA 0 2 2|80 5 20a0 5 zis0 & 3 ba :
| susB o2 zlw Dozjeo s 2ik0 t | & i
| Suoias Acmirs 384 : : | g2 1] a o
! Subt win Curry S8CA 22 2lm o3 o2iar s o 82 a1 3! ’ a : !
‘ 5808 DY J}uz 1202 5 2iF2 33 [} :
§ Transter Acmines TaB ; : ; 6 2 | a .
i 8A ! | ' 12 8 o
{ Test 2o or Manos ST | 50 2l o5 1 \ — R
i TSTA ! | ; 0 2 LA 00 R
i TsTg | : 0 2 tie 00 R
{zyvic
LEGEND: CONDITION COOE SYMBOLS:
3P Dperatnn Cude (Hexatscingli Bogman frusive IR .
N Nusmher ot MPU Cyuias Boean Exauiww GR H Hatt cgrry teom bt 5
= Nusuter ot Progeain Bytes, Complermunt o M ! lererrapt inask
Anithinetic Phus Transter iy N Rl ve fsan bifi
Arcthmenc Mg, 0 B Jery 2veq tbytet
Jootearr AND 0 3y Zewm Y Zwrtiow 2% amplement
Mgp  Contents ot memory 1ocatiun gorvied 1o te Stack Paimrer < Tarty Meon bt 7
R Qager Aiwavs
Note  Accumulator addressog mode asiractsons aie ociged o the colinn igr *MPLIED sddress.ng S Ser Always
Test and set it frae cceared rherwise
. Nat Atlecren
' AA | MOTOROLA Semiconductor Products Inc.
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TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS
CONO. COOE REG.
Lr IMMED OIRECT INOEX | ExTWOD IMPLIED 5i4/3!20100
POINTER OPERATIONS MNEMONIC | 0P | ~| = 0P| ~| = |0p |~ =10pi~] =|0r[~] = | 800LEAN/ARITHMETIC OPERATION (H{1iN[Z |V C ]|
Compare index Aeg CPX | 8C|3] 3(9C| 4 2|AClE]2]lec]s 3] | XH-M X[~ (Mo D) re|
E Decrement Index Asg DEX | ! i 09 sl X -1-X e
! Decrement Stack Potr bES | ; 4]0 SP-1-5p |
Increment Index Reg INX ' 08 : 4|1 X+1-=X i
Increment Stack Pntr INS I | jei SPe+j 5P e
| Load Index Reg LOX | CE{3{ 3|0E|4| 2|EE[6 |2 ‘ FE| 5 {3 ! M= Xy, (M + 1) = X[ .
' Load Stack Potr s . 8E|3| 3[9E|4! 2/aE|6|218E|]5 3 ! M--SP. (M+ 1) ~SP .
g Store index Reg sTX | OF| 5| 21EF |72 ’FF 6131 I XH M X[ =M+ .
| Store Stack Ptr ST | 9F S| 2jAFi 7] 2.8F! 6|3 oy SPH =M. SPL~tM+1) e
| ind Rog ~ Stack Prue s i | 4| X-1-5P le
| Stack Pntr ~ Indx Reg TSX ‘ { [ Lo ! 304 1 SP+1 =X | ®
TABLE 5 — JUMP AND BRANCH INSTRUCTIONS
. CONO. CODE REG.
AELATIVE | INDEX EXTND | IMPLIED sial3f2]1]0
OPERATIONS MNEMONIC | 0P| ~ | 2o~ =|0P] ~| = 0P|~ | = BRANCH TEST Wil N Z|V]C
Branch Always 8RA 0042 i None o! LR RN ]
Branch if Carry Clear 8cC 4142 t c=0 e eiefe
Branch If Carry Set BCS 251412 i c=1 e eieole
Branch It = Zero BEQ 27042 ! z=1 . [eiele
Branch It > Zero BGE w42 N@OV=0 o ieje|e
Branch If > Zero BGT 8|2 Z+IN®V)=D . el oo
Branch if Higher 8Hl 2142 C+2=0 .. el et @
Branch i < Zero BLE F| 4 12 Z+INOW)=1 e ejeoje
Branch It Lower Dr Same BLS 31412 C+2=) L ejeile
Branch If < Zero BLT )82 N®vV=1 o el eje
Branch If Minus BMI Bl 412 N=1 L ejeole
Branch it Not Equal Zero BNE 26142 2=0 o! ejieole
Branch It Overflow Clear 8vC 8412 ve=g [ el e e
Branch it Overflow Set 8vsS 2942 V=1 . e oo
Branch if Plus BPL A1 4 )2 N=0 3 el e @
Branch To Subroutine BSR 8D| 8,2 ‘ el e|jeoje
Jump JMP 6E; 4 2]7E] 33 Sew Special Operations . el el e
Jump To Subroutine ISR AD| 8] 218D) 8|3 ‘ . ej et e
No Operation NaP 01{2 1 Advances Prog. Catr. Only . e e @
Return Fram Interrupt ATt B0 )
Return From Subrouting ATS 915 |1 ] . efele
Softwers interupr Swi P12 ¢ See Specul Dperations . ojieo e
Wait for interrupte WAl {9t ’ . 3 ' 3
*WAI puts Address Bus, R/W, and Oata Bus in the thres-state mode while VMA is held low.

O @ MOTOROLA Semiconductor Products Inc.
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SPECIAL QOPERATIONS
JSR, JUMP TO SUBROUTINE:

PC Main Program sP Stack
n | AD=JSR - §P-2
INOXO aet | K= Offser* [:> sp—1 | ins2l H
[ n+2 | NextMam instr. sP n+ 2t L
K = B-Bit Unsigned Vaiue tns 2l yand [n 2l Formn+2
PC Main Program SP Stack
~» { 8D = JSR — sp-2
n+1 | SH = Subr. Addr SP-1 in*3i H
EXTNO ) .2 [0 Suor. Adwr :> se | 3L
0+ 3 | Next Mam inste — = Stack Pointer Alter Execution
BSR, BRANCH TO SUBROUTINE:
PC  Main Pragram sP Stack
n { 8D = BSR - SP-2
aet | £ K< Offser” :> sP-1 | n-2iH
ne+2 | Next Main Instr N -2 L

*K = 7:81t Signed Value;

JMP, JUMP:

PC Main Program

INDXD

RTS, RETURN FROM SUBROUTINE:

n+2 Formed From in+2iyand in~ 2l

PC Subroutine sp Stack
s = - _¥
= sPe2 | Mo
RTI, RETURN FROM INTERRUPT:
°C tnterrupt Program sP Stack
N sP
SPe1 Conartion Code
SP+2 Acmitr 8
SP+3 Acmitr A
SP+d inoex Register (Xy)
SP+5 Index Register (X}
SP+6 Ny
- sPe7 | NL

PC Subroutine

INX + K § st Subr. instr.

(% Subrout.ne

1S Formed From Sy and S)

PC Sutroutine

P “an Program

a TE = 2MP
ns 1 Ky - Next Address
EXTENDED nr2 |Ky = Next Agdress

K Next instruction

PC Man Program

PC Main Program

TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS

COND. CODE REG.

MPLIED i5/4!3: 21170}
OPERATIONS MNEMONIC [0P ' ~ | = BOOLEAMOPERATION | H | | N C |
" Clear Carry Iocc Jociz o 0-c ;.t. N )
| Clear Interrupt Mask | cu 02 A~ el R: @ Lo
! Clear Overtiow Y 0Aj 20} 0-v i%-‘ojo .
| Set Carry | SEC 0012 13 1-C ;o[.:o S
! Set Interrupt Mask i SEI oF 12 2 1 11 eS| e o
! Set Overflow | sev 821 1y el e Dei
! Acmitr A~ CCR | Tap 06121} A—CCR —_— !
! CCR—~Acmitr A L TPA 0721 CCR-A ejejeiel ol

1 (Bit V)
2 (Bit C)
3 (Bit C}
4 Bitv)
5 [(:HRY]
5 8itv)

CONDITION COOE REGISTER NOTES:

Test: Result = 100000007

Test: Result = 000000007

Test: Decimal vaiue of mast significant BCD Character greater than mine?
{Not cleared it previgugly set.}

Test: Operand = 10000000 orior to execution?

Test: Operand = 01111111 prior to execution?

Test: Set equal ta result of NGC after shitt has occurred

(Bu set 1t test (s true and cleared otherwisel

(Bit N}
{Bit V)
{Bit N}
(A

(Bit 1)

- = 0w~
-

12 (A

@ MOTOROLA Semiconductor Products Inc.

Test: Sign bit of most significant (MS) byte = 17

Test: 2's complement overfiow from subtraction of MS bytes?
Test: Result less than zero? (Bit 15 = 1)

Load Condition Code Reqister fram Stack. (See Special Operations)
Set when interrupt occurs. If previously set, a Non-Maskable
Interrupt is required to exit the want state.

Set accarding to the contents of Accumulator A
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES
(Times in Machine Cyciles)
i P
S, 3,433 et i
3 E : £ 3§ 3 3 HE s 3 3
s st R
ABA e e e e . 2 . INC 2 . e 6 7T e
ADC x . 2 3 4 5 . . INS . . . . o 4
ADD x . 2 3 4 5 . . INX . . . . . 4
AND . 2 3 4 5 e . JMP . . . 3 4 3
ASL 2 e e 6 7T e e JSR . . e 9 8 .
ASR 2 . 3 6 14 . . LDA x . 2 3 4 S .
8CC e o o o o o 4 L0S e 3 4 S5 6 e
8CS e e o s s e & LOX e 3 4 5 6
BEA . . . . . . 4 LSR 2 . « 6 7 .
BGE . . . . . . 4 NEG 2 e e 6 7 .
B8GT o e . . . . 4 NOP . e o o o 2
B8HI o e . 0 . . 4 ORA x . 2 3 4 5 .
BiT x 3 2 3 4 5 . . PSH . . . . . 4
BLE o e 0 . o o 4 PUL . . . e o 4
BLS o e . e o o 4 AoL 2 . . 6 7 e
BLY e o o o o e & AOR 2 e o 6 7 e
BMt . . . . . . 4 RTI . . . . . 10
BNE . e . e e ¢ 4 RTS . 0 . . . 5
BrPL . . e o o ¢ 3 SBA . o e e e 2
BRA . . . . . ¢ 3 SBC x . 2 3 a4 5 .
B8SR . . . . . . 8 SEC 0 o o o o 2
8vC e o o o o o 3 SEI e o o o e 2
8vS e e e e s e 4 SEV e s e e e 2
CBA . . . . . 2 . STA 1 . . 4 5 6 3
ce e o s e s 2 s STS e o 5 6 T o
CLi e e . ) . 2 . STX 0 . S 6 7 e
CLA 2 o e ) 7 . . suB x . 2 3 4 S .
CLV . . o e . 2 . Swi . . . . e 12
CMP 1 . 2 3 4 S . . TAB . . . . . 2
COoM 2 . . [ b . . TAP . . . . . 2
CPX e 3 4 35 6 . . T8A . . . . . 2
DAA . . . . . 2 e TPA 0 . o o . 2
DEC 2 e o 5 7T e ST 2 e o 6 7
DES e o o e o 4 TSX e o o o o &
DEX e e e e e 4 e TSX e o o o o 4
EOR x e 2 3 3 5 e e WAI e o o o o 9
NOTE Interrupt time 1s 12 cycles trom the end of
the oeing . except
a WAL instruction. Then 1t 15 & cycles
PIN ASSIGNMENT PACKAGE DIMENSIONS
5 CASE 715-02
1qvss Aewet b 40 = N (CERAMIC)
2 QHaic TSCp a9 e 4 é See Page 165 tor
3qo N.C.h 38 ; Plastic Package dimensions.
— [
adiRa 2h 37 ‘ ”4 +
5 gvma DBEf 36 - e A
6 qNm N.C.D 3 -r—F .
7ds8Aa R/WD 34 1 . _.o‘é‘
v T =T
8 gVee pofl 33 ‘ ' /1 N
H—— SEATING PLANE -/ | K
9 gao p1p 32 o G— — oM
10 gar p2p 31 —L—
11 Qa2 03p 30 MILLIMETERS | INCHES
12 A3 Daf 29 DIM{ MIN | MAX [ MIN | MAX
13 gas osh 28 A [ 50.29 | 51.31 | 1980 | 2.020
8 | 1486|1562 | 0.585 | 0.615
14 gas oep 27 C | 254 419 [0.100]0.165
15 A6 o7p 26 0, 038 053 00150021 NOTE:
6 QA7 A5 25 F | 076 140 [0.030]0.055 1. LEADS, TRUE POSITIONED WITHIN
17 G 2.54 8SC 0.100 BSC 0.25 mm (0.010) DIA (AT SEATING
qas A14D 24 M | 076] 178 [0.030]0.070 PLANE), AT MAX. MAT'L
18 g A9 a1ab 23 J [ 020 033 000870013 CONDITION.
19 dat0 b 22 [3 254 41 100 | 0.165
A2 L {1460 [15.37 18575 0605
20 gAN vssP 21 M| - 109 B 100 |
N | 050 157 00200060
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SUMMARY OF CYCLE BY

Table 8 provides a detailed description of the informa-
tion present on the Address Bus, Data Bus, Vatid Memory
Address line (VMA), and the Read/Write line (R/W) dur-
ing each cycle for each instruction.

This information is useful in comparing actual with ex-
pected results during debug of both software and hard-

CYCLE OPERATION

ware as the control program is executed. The information
is categorized in groups according to Addressing Mode and
Number of Cycles per instruction. (In general, instructions
with the same Addressing Mode and Number of Cycles
execute in the same manner; exceptions are indicated in
the table.)

TABLE 8 — OPERATION SUMMARY

Address Mode [ CycloJVMA[ [n/w I J
and Instructions Cycles = Line Address Bus Line Data Bus
IMMEDIATE
ADC EOR 1 1 Op Code Address 1 Op Code
:Bg CL)g: 2 2 1 Op Code Address + 1 1 Operand Data
BIT SBC
CMP sus
CPX 1 1 Op Code Address 1 Op Code
tgi 3 2 1 Op Code Address + 1 1 Operand Data (High Order Byte)
3 1 Op Code Address + 2 1 Operand Data (Low Order Byte)
DIRECT
ADC ESOR 1 1 Op Code Address 1 Op Code
ADD LDA 2 9 Op Code Address + 1 1 Address of Operand
AND ORA 3
BIT SBC 3 | 1 | Address of Operand 1 | Operand Data
CMP SUB
cPX 1 1 Op Code Address 1 Op Code
tgi a 2 1 Op Code Address + 1 1 Address of Operand
3 1 Address of Operand 1 Operand Data (High Order Byte)
4 1 Operand Address + 1 1 Operand Data (Low Order Byte)
STA 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Destination Address
3 Q Destination Address 1 Irretevant Data (Note 1)
4 1 Destination Address 0 Data from Accumulator
STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Addrass + 1 1 Address of Operand
5 3 0 Address of Operand 1 Irrelevant Data (Note 1)
4 1 Address of Operand 0 Register Data (High Order Byte)
5 1 Address of Operand + 1 0 Register Data (Low Order Byte)
INDEXED
JMP 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Offset
3 0 Index Register 1 Irrelevant Data (Note 1)
4 0 Index Ragister Plus Offset (w/o Carry} 1 Irrelevant Data (Note 1)
ADC EOR 1 1 Op Code Address 1 Op Code
AnD &oa 2 | 1 | OpCode Address + 1 1 | Offset
BIT SBC 5 3 0 Index Register 1 Irralevant Data (Note 1)
CMP SuB 4 0 Index Register Plus Offset (w/o Carry) 1 {rrelevant Data (Note 1}
5 1 Index Ragister Plus Offset 1 Operand Data
CPX 1 1 Op Code Address 1 Op Code
tgi 2 1 Op Code Address + 1 1 Offset
6 3 0 Index Register 1 irrelevant Data (Note 1)
4 0 Indsx Register Plus Offsat {w/o Carry) 1 Irrelevant Data (Note 1)
5 1 index Register Plus Offset 1 Operand Data (High Order Byte)
6 1 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte}

—_— @ MOTOROLA Semiconductor Products Inc.
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TABLE 8 — OPERATION SUMMARY {(Continued)

r Address Mode 1 cwol vMa l T RW[ 7
and |nstructions Cycles # | Line Address Bus Line Data Bus
INDE XED (Contini
STA 1 1 Op Code Address 1 Op Code
2 1 Op Code Addrass + 1 1 Offset
6 3 0 index Register 1 Irrelevant Data (Note 1)
4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
- S 0 Index Register Pius Offset 1 Irrelevant Data (Note 1)
6 1 Index Register Plus Offset 0 Operand Data
ASL LSR 1 1 Op Code Address 1 Op Code
éﬁ: :(E)E 2 1 Op Code Address + 1 1 Offset
COM ROR 7 3 o] index Register 1 trrelevant Data (Note 1)
R‘Eé: TST 4 0 Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 1 Index Ragister Plus Offsat 1 Current Operand Data
6 0 Index Register Plus Offset 1 Irrelavant Data (Note 1)
7 “1‘/0 Index Register Plus Offset 0 New Operand Data (Note 3)
:ﬁte
STS 1 1 Op Code Address 1 Op Code
Sl 2 1 Op Code Address + 1 1 Offset
7 3 [} Index Register 1 irrelevant Data (Note 1)
4 o] Index Register Plus Offset (w/o Carry) 1 Irrelevant Data (Note 1)
5 0 Index Register Plus Offsat 1 Irrelevant Data (Note 1)
6 1 Indax Register Plus Offset 0 Operand Data (High Order Byte)
7 1 Index Register Plus Offsat + 1 ] Oparand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Offset .
3 Q Index Register : 1 irrelevant Data {Note 1)
8 4 1 Stack Pointer 0 Return Address {Low Order Byta)
5 1 Stack Pointer — 1 0 Return Address (High Order 8yte)
6 [} Stack Pointer — 2 1 irrelevant Data (Note 1)
7 /] fndex Register 1 Irrelevant Data (Note 1)
8 0 index Register Plus Offsat (w/o Carry) 1 irrelevant Data (Note 1)
EXTENDED
Jmp 1 1 Op Code Address 1 Op Code
3 2 1 Op Code Address + 1 1 Jump Address {High Order Byte)
3 1 Op Code Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 1 1 Op Code Address 1 Op Code
:28 ggﬁ s 2| 1 Op Code Address + 1 1 | Address of Operand (High Order Byte)
B8IT SBC 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
CMP  suB 4 1 Address of Operand 1 Operand Data
CcPX 1 1 Op Code Addrass 1 Op Code
tgi 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
5 3 1 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 1 Address of Operand 1 Operand Data {High Order Byte)
5 1 Addrass of Operand + 1 1 Operand Data (Low Order Byte)
STA A 1 1 Op Code Address 1 Op Code
STAB 2 1 Op Code Address + 1 1 Destination Address (High Order Byte)
5 3 1 Op Code Address + 2 1 Destination Address (Low Order Byte)}
4 [} Operand Destination Address 1 irretevant Data (Note 1)
5 1 Operand Destination Address 0 Data from Accumulator
ASL LSR 1 1 Op Code Address 1 Op Code
oon Neo 2| 1 | OpCodeAddress+1 1| Address of Operand (High Order Byte)
ggg ??TR 6 3 1 Op Code Address + 2 1 Addrass of Operand (Low Order Byte)
INC 4 1 Addrass of Operand 1 Current Operand Data
5 0 Address of Operand 1 Irrelevant Data (Note 1)
6 1/0 Address of Operand o} New Operand Data (Note 3)
(N:ﬁ"
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TABLE 8 — OPERATION SUMMARY (Continued)

( Address Mode
and Instructions

legen |

Cycle

=

VMA
Line

Address Bus

R/W
Line

EXTENDED (Continued}

STS 1 1 Op Code Address 1 Op Code
STX 2 1 Op Code Address + 1 1 Address of Operand (High Order Byte)
6 3 1 Op Code Address + 2 1 Address of Operand {Low Order Byte)
4 0 Address of Operand 1 Irrelevant Data (Note 1)
5 1 Address of Operand 0 Operand Data (High Order Byte)
6 1 Address of Operand + 1 0 Operand Data (Low Order Byte)
JSR 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Address of Subroutine {High Order Byte)
3 1 Op Code Address + 2 1 Address of Subroutine (Luw Order Byte)
4 1 Subroutine Starting Address 1 Op Code of Next Instruction
9 5 1 Stack Pointer 0 Return Address {Low Order Byte)
[ 1 Stack Pointer — 1 0 Return Address {(High Order Byte)
7 0 Stack Pointer — 2 1 Irreievant Data (Navte 1)
8 0 Op Code Address + 2 1 Irrelevant Data (Note 1)
9 1 Op Code Address + 2 1 Address of Subroutine {Low QOrder Byte)
INHERENT
ABA DAA SEC 1 1 Op Code Address 1 Op Code
ASL DEC SEJ 2 2 1 Op Code Address + 1 1 Op Code of Next {nstruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
DES 1 1 Op Code Address 1 Op Code
|DNESX a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
INX 3 0 Previous Register Contents 1 Irrelevant Data (Note 1)
4 [¢] New Register Contents 1 Irrelevant Data {Note 1)
PSH 1 1 Op Code Address 1 Op Code
a 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 1 Stack Pointer 0 Accumulator Data
4 0 Stack Pointer — 1 1 Accumulator Data
PUL 1 1 Op Code Address 1 QOp Code
a 2 1 Op Code Address + 1 1 Op Code of Next Instructicn
3 0 Stack Pointer 1 irrelevant Data (Note 1)
4 1 Stack Pointer + 1 1 Operand Data from Stack
TSX 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next Instruction
3 0 Stack Pointer 1 irrelevant Data (Note 1)
4 o] New Index Register 1 Irrelevant Data (Note 1}
TXS 1 1 Op Code Address 1 Op Code
4 2 1 Op Code Address + 1 1 Op Code of Next instruction
3 [} Index Register 1 Irrelevant Data
4 4] New Stack Pointer 1 Irrelevant Data
RTS 1 1 Op Code Address 1 Op Code
2 1 Op Code Address + 1 1 Irrelevant Data (Note 2)
5 3 0 Stack Pointer 1 Irretevant Data (Note 1)
4 1 Stack Pointer + 1 1 Address of Naxt Instruction (High
Qrder Byte)
5 1 Stack Pointer + 2 1 Address of Next Instruction (Low
Order Byte)

- @ MOTOROLA Semiconductor Products Inc.
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low; Address Bus, R/W, and Data Bus are ail in the high impedance state.
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MC6800
TABLE 8 - OPERATION SUMMARY (Continued)
Address Mode ] [cm. VMA RW[
and Instructions Cycles # | Line! Address Bus Line Deta Bus
INHERENT (Continued)
WAL 1 1 ] Op Code Address 1 | Op Code
2 1 ) Op Code Address + 1 1 | Op Code of Next instruction
3 1 |Stack Pointer 0 | Return Address (Low Order Byte)
4 1 | Stack Pointer — 1 0 | Return Address (High Order Byte)
9 S 1 | Stack Pointer — 2 0 | Index Register {Low Order Byte)
6 1 | Stack Pointer — 3 0 | index Register (High Order Byte)
7 1 | Stack Pointer — 4 0 | Contents of Accumuiator A
8 1 | Stack Pointer — 5 0 | Contents of Accumuiator B
9 1 | Stack Pointer — 6 (Note 4) 1 | Contents of Cond. Cade Register
RTI 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | irrelavant Data (Note 2)
3 0 | Stack Pointer 1 | irrelevant Data (Note 1)
4 1 | Stack Pointer + 1 1 | Contents of Cond. Code Register from
Stack
10 ) 1 | Stack Pointer + 2 1 | Contents of Accumulator B from Stack
6 1 | Stack Pointer + 3 1 { Contents of Accumuiator A from Stack
7 1 | Stack Pointer + 4 1 | index Register from Stack (High Order
Byte)
8 1 | Stack Pointer + 5 1 { Index Register from Stack (Low Order
Byte)
9 1 | Stack Painter + 6 1 | Next instruction Address from Stack
{High Order Byte)
10 1 | Stack Pointer + 7 1 | Next Instruction Address from Stack
{Low Order Byte)
Swi 1 1 { Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 { Irrelevant Data (Note 1}
3 1 | Stack Pointer 0 | Return Address (Low Order Byte)
4 1 | Stack Pointer — 1 0 | Return Address (High Order Byte)
5 1 Stéck Pointer — 2 0 | index Register {Low Order Byte)
12 6 1 | Stack Pointer — 3 0 | Index Register (High Order Byte)
7 1 | Stack Pointer — 4 0 | Contents of Accumuiator A
8 1 | Stack Pointer — 5 0 | Contents of Accumulator B
9 1 | Stack Pointer — 6 0 | Contents of Cond. Code Register
r 10 | O | Stack Pointer — 7 1 | Irrelevant Data (Note 1)
1" 1 { Vector Address FFFA (Hex) 1 | Address of Subroutine (High Order
Byte)
12 1 | Vector Address FFFB (Hex) 1 | Address of Subroutine (Low Order
Byte)
RELATIVE _
BCC BHI BNE 1 1 { Op Code Address 1 | Op Code
ggg gtg SPRI;\ 4 2 1 | Op Code Address + 1 1 | Branch Offset
BGE BLT B8VC 3 0 | Op Code Address + 2 1 | irreievant Data {Note 1)
BGT BMI BVS 4 0 | Branch Address 1 | lrrelevant Data (Note 1)
BSR 1 1 | Op Code Address 1 | Op Code
2 1 | Op Code Address + 1 1 | Branch Offset
3 0 | Return Address of Main Program 1 | irrefevant Data (Note 1)
8 4 1 | Stack Pointer 0 | Return Address (Low Order Byte}
5 1 | Stack Pointer — 1 0 | Return Address (High Order Byte)
6 0 | Stack Pointer — 2 1 | Irrelevant Data (Note 1}
7 0 | Return Address of Main Program 1 | lerelevant Data (Note 1}
8 0 | Subroutine Address 1 | Irrelevant Data (Note 1)
Note 1. if device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedancs three-state condition.
Depending on bus capacitance, data from the previous cycle may be retained on the Deta Bus.
Note 2. Data is ignored by the MPU.
Note 3. For TST, VMA = 0 and Operand data does not change.
Note 4. While the MPU is waiting for the interrupt, Bus Available will go high indicating the following states of the control lines: VMA is
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BOX 20912 « PHOENIX, ARIZONA 85036

(-40 to 85°C; L Suffix only)

PERIPHERAL INTERFACE ADAPTER (P1A)

MOS
The MC6820 Peripheral Interface Adapter provides the universal
means of interfacing peripharal equipment to the MC6800 Micro- (N-CHANNEL . SILICON-GATE)
processing Unit (MPU). This device is capable of interfacing the MPU
to peripherals through two 8-bit bidirectional peripheral data buses
— and four control lines. No external logic is required for interfacing to
most peripheral devices.
The functional configuration of the PIA is programmed by the PERIPHERAL INTERFACE
. MPU during system initialization. Each of the peripheral data lines ADAPTER
can be programmed to act as an input or output, and each of the
— four control/interrupt lines may be programmed for one of several
control modes. This allows a high degree of flexibility in the over-ail
operation of the interface.

® 8-Bit Bidirectional Data Bus for Communication with the MPU

Two Bidirectional 8-Bit Buses for Interface to Peripherals

Two Programmable Control Registers

Two Programmable Data Direction Registers

Four Individually-Controlled Interrupt Input Lines; Two Usable

- as Peripherai Control Qutputs

® Handshake Control Logic for Input and Qutput Peripheral
Operation

. . . . L SUFFIX
® High-impedance 3-State and Direct Transistor Drive Peripheral
- Lines CERAMIC PACKAGE
CASE 715

Program Controlled Interrupt and Interrupt Disable Capability
CMQS Drive Capability on Side A Peripheral Lines

NOT SHOWN: P SUFFIX
—_— PLASTIC PACKAGE
CASE 711
M6800 MICROCOMPUTER FAMILY MC6820 PERIPHERAL INTERFACE ADAPTER
BLOCK DIAGRAM BLOCK DIAGRAM
MC6800
Microprocessor
iy Pearipheral

Read Oniy Data Bus «a——8mc Data

Memory ’
- Random

Acceass

Memory

— Memory >t
Address Peripherat
and Data

Interface Control

Adsoter la—| Modem Intercupt
— \j ]

Address Data
Bus 8us
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ELECTRICAL CHARACTERISTICS (Voe =5.0 V :5%, Vgg = 0, T = 0 to 70°C unless otherwise noted.)

Chavacteristic Symbol Min Typ Max Unit
input High Volitage Enable ViH Vgg +24 - Vee Vde
Qther Inputs Vgg + 2.0 - Vee
Input Low Voitage Enable ViL Vgs -0.3 - Vgs +04 Vde
- Other Inputs Vgs -0.3 — Vsg+ 038
Input Leakage Current R/W,Reset, RSO, RS1, CS0, CS1, T32, CA1, lin - 1.0 25 uAdc
{(Vin = 010 5.25 Vdc) CB1, Enable
Three-State (Off State} Input Current DO-D7, PBO-PB7, CB2 ITsI - 2.0 10 sAdc
(Vin = 0.4 t0 2.4 Vdc)
Input High Current PAO-PA7,CA2 "H -100 -250 - wAdc
(V| =24 Vdc)
input Low Current PAQ-PA7,CA2 i - -1.0 -1.6 mAdc
(V=04 Vdc)
Qutput High Voitage VOH Vde
(I_oad = -205 sAdc, Enabie Pulse Width < 25 us) DO-D7 Vgg +2.4 - -
(I_oad = ~100 uAdc, Enable Pulse Width <25 us) Other Outputs Vgs + 2.4 - -
Output Low Voltage VoL - - Vgs +0.4 Vdc
(I oad = 1.6 mAdc, Enable Puise Width < 25 us)
Output High Current (Sourcing) I0H
(VoM = 24 Vdc) D0-07 -205 - - wAdc
Other Outputs -100 - - HAdc
(V@ = 1.5 Vdc, the current for driving other than TTL, e.g.,
Darlington Base) , PB0-PB7, CB2 -1.0 -25 -10 mAdc
Output Low Current (Sinking) oL 16 - - mAdc
(Vo = 0.4 Vdc)
Output Leakage Current (Off State) IRQA, [RGB | I o - 1.0 10 uAdc
(VOH = 2.4 Vdc)
Power Dissipation Po - - 650 mw
innut Capacitance Enable Cin - - 20 pF
(Vin =0, Ta =259, f = 1.0 MHz} D0-D7 - - 12,5
o PAQ-PA7, PBO-PB7, CA2, CB2 - - 10
R/W, Reset, RSO, RS1, CS0, CS1,CS2, CA1,CB1 — - 7.5
Output Capacitance IRQA, IRAB | Cout - - 5.0 oF
(Vin =0, Ta =259C, f = 1.0 MHz) PBO-PB7 - - 10
Peripheral Data Setup Time (Figure 1) tPOSY 200 - - ns
Delay Time, Enable negative transition to CA2 negative transition tCA2 - - 1.0 us
{Figure 2, 3)
Delay Time, Enabie negative transition to CA2 positive transition tRS1 - - 1.0 us
(Figure 2)
Rise and Fall Times for CA1 and CA2 input signals (Figure 3) tetf - - 1.0 Hs
Delay Time from CA1 active transition to CA2 positive transition RS2 - - 2.0 us
(Figure 3)
Delay Time, Enable negative transition to Peripheral Data vatid tpOW - - 1.0 us
{Figures 4, 5)
Delay Time, Enable negative transition to Peripheral CMOS Data Valid tcMOS - - 2.0 us
(Voe — 30% Vg, Figure 4; Figure 12 Load C) PAO-PA7, CA2
Delay Time, Enable positive transition to CB2 negative transition ©B2 - - 1.0 us
(Figure 6, 7)
Delay Time, Paripheral Data valid to CB2 negative transition 10C 20 - - ns
{Figure 5}
Delay Time, Enable positive transition to CB2 positive transition tRS1 - - 1.0 us
(Figure 6)
Rise and Falt Time for CB1 and CB2 input signals (Figure 7) tr.tf - - 1.0 S
Delay Time, CB1 active transition to CB2 positive transition tRS2 - - 2.0 Hs
(Figure 7}
Interrupt Release Time, IRQA and IRQB (Figure 8) YR - - 1.6 us
Reset Low Time® {Figure 9) tRL 2.0 - - us

“The Reset line must be high a minimum of 1.0 us before addressing the PIA.

@ MOTOROLA Semiconductor Products Inc.
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MAXIMUM RATINGS

Rating Symbol Value Unit This device contains circuitry to protect the
Supply Voltage vce ~0.310+7.0 Vde inputs against damage due to high static volt-
Input Voltage Via —03t0+70 Vdc ages or electric OIieids; however, it is advised that
normal precautions be taken to avoid applica-
Operating Temperature Range Ta 0 to +70 °c tion of any voltage higher than maximum rated
Storage Temperature Range T“g —55 to +150 oc voltages to this high impedance circuit
Thermal Resistance 03A 825 oc/w
BUS TIMING CHARACTERISTICS
READ (Figures 10 and 12}
Characteristic Symbol Min Typ Max Unit
Enable Cycle Time teycE 1.0 - - us
Enable Pulse Width, High PWe 0.45 - 25 us
Enable Puise Width, Low PWg 0.43 - - us
Setup Time, Address and R/W valid to Enable positive transition tas 160 - - ns
Data Delay Time tODR - - 320 ns
Data Hold Time T 10 - - ns
Address Hoid Time taH 10 - - ns
| Rise and Fall Time for Enable input tE, . tEf - - 25 ns
WRITE (Figures 11 and 12)
Enable Cycle Time tcycE 1.0 - - us
Enable Pulse Width, High PWey 0.45 - 25 us
Enabie Pulse Width, Low PWE 0.43 - - Hs
Setup Time, Address and R/W valid to Enabie positive transition t1AS 160 - - ns
Data Setup Time tpsw 195 - - ns
Data Hold Time 14 10 - - ns
Address Hold Time tAH 10 - - ns
Rise and Fall Time for Enable input tEr. tESf - - 25 ns

FIGURE 1 —~ PERIPHERAL DATA SETUP TIME

FIGURE 2 —~ CA2 DELAY TIME

(Read Mode) (Read Mode; CRA-5 = CRA-3 = 1, CRA4 = 0)
PAOD-PA7 20V
£80-PB7 0.8 v Enable 0.4V
——{tPDSU cAz — e —— re—tRst"
2.4V,
24V
Enabie CA2 0.4 Vv
* Assumes part was deselected during
the previous £ puise.
FIGURE 3 — CA2 DELAY TIME
{Read Mode; CRA-5 = 1, CRA-3 =CRA4 =0)
Enable 0.4V .
TS

- Tt

20V

cAl 08 vV

= tcaz2 tRS2
24V
CcA2
04V

MOTOROLA Semiconductor Products Inc.
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FIGURE 4 — PERIPHERAL CMOS DATA DELAY TIMES
{Write Mode; CRA-5 = CRA-3= 1,CRA4 =0)

FIGURE 5 — PERIPHERAL DATA AND CB2 DELAY TIMES
(Write Mode; CRB-5 = CRB-3 = 1, CRB4 = 0)

Enable
M
tcmos.

(pwol‘———{ seme=e-Vee -30% Ve

PAO-PA7 2.4V
CA2 0.4V

FIGURE 6 — CB2 DELAY TIME
(Write Mode; CRB-5 = CRB-3 = 1, CRB4 =0}

Enaebie \ 0.4V /

|
f—d tPOW

24V
0.4 vV

r-‘oc’1
c82 24 VI\

CB2 Note: CB2 goes low as a resuit of the
positive transition of Enable.

PBO-PB7

Enable

‘A part was

ted during the
pravious € pulise.

FIGURE 7 - CB2 DELAY TIME
{Write Mode; CRB-5 = 1, CRB-3 = CRB4 =0)

FIGURE 8 — IRQ RELEASE TIME

Enable 24v
. A
i
/L o1 ortett
: -
cs1 : 2oV
, 08V
! . o .
}‘(csz.,‘ TRS 2%y —

i 24V
cez2 \1"0.4 74 /

*Assumes part was deselected during
any previous E pulise.

Enable

e 121

FIGURE 9 — RESET LOW TIME

FIGURE 10 — BUS READ TIMING CHARACTERISTICS
{Read Information from PIA)

Reset Y o8V

*The Reset line must be 3 V| for a minimum of
1.0 us before addressing the PIA,

FIGURE 11 — BUS WRITE TIMING CHARACTERISTICS
{Write Information into P1A}

tcycE
We
24V We L=}

0.4V
! L—‘Er poes LE

E‘—llpog e

TAS o=

Enable

.0V
RS, CS, R/W x 2.0
o8V

- tTAH

24V

Data Bus 0.4V

teycE
P We o]

W
FX RV, EL
Enable ! ] 04V
————ee] i -

Ere] r- - —tEf
[

TAS pretmmeni TOSW e
20V
AS, CS, R/W 08V I
-t s €
- IHAH
20V
Data Bus X 08 V.

@ MOTOROLA Semiconductor Products Inc.




| B-25

MMD 7000

C= 130 pF for DO-DO7

= 30 pF for PAQ-PA7, PBO-PB7, CA2, and CB2
R= 11.7 k{2 for DO-D7

= 24 k{ for PAQ-PA7, PBO-PB7, CA2 and CB2

100 pF
or Equiv. I

— EDUCATION
"
MC6820
FIGURE 12 — BUS TIMING TEST LOADS
Load A Load B Load C
(D0-D7, PAO-PA7, PB0O-PB7, CA2,CB2) {IRQ Only) (CMOS Load)
SO0V 5.0V
R =25k
3k
— Test Point MMD6150
or Equiv. Test Point Test Point oj
c R 30 pF

PIA INTERFACE SIGNALS FOR MPU

The PIA interfaces to the MC6803 MPU with an eight-
bit bi-directional data bus, three chip select lines, two
register select lines, two interrupt request lines, read/write
line, enable line and reset line. These signals, in conjunc-
von with the MC6800 VMA output, permit the MPU to
have complete control over the PIA. VMA should be uti-
lized in conjunction with an MPU address line into a chip
seiect of the PIA.

PIA Bi-Directional Data (DO-D7) - The br-directional
data lines {DO-D7) allow the transfer of data between the
MPU and the PIA. The data bus output drivers are three-
state devices that remain in the high-impedance {off) state
except when the MPU performs a PIA read operation. The
Read/Write iine 1s in the Read (high) state when the P1A
is selected for a Read operation.

PIA Enable (E) — The enable puise, E, s the oniy
tuming signal that is suppiied to the PIA. Timing of all
other signals 1s referenced to the leading and traiting edges
of the E pulse. This signal will normaily be a derivative of
the MC6800 ¢2 Clock.

PIA Read/Write (R/W) — This signal 1s generated by
the MPU to control the direction of data transfers on the
Data Bus. A low state on the PIA Read/Write line enables
the input buffers and data ts transferred from the MPU to
the PIA on the E signal if the device has been selected. A
high on the Read/Write line sets up the PIA for a transfer of
data to the bus. The PIA output buffers are enabled when
the proper address and the enabie pulse E are present.

Reset — The active low Reset line is used to reset
all register bits in the PIA to a logical zero {low). This line
can be used as a power-on reset and as a master reset during
system operation.

_AA MOTOROLA Semiconductor Products Inc.

P1A Chip Select (CSO, CS1and CS2} — These three nput
signals are used to select the PIA. CSO and CS1 must be
high and CS2 must be low for selection of the device.
Data transfers are then performed under the control of the
Enabie and Read/Write signals. The chip select lines must
be stable for the duration of the E puise. The device is
deselected when any of the chip selects are in the
inactive state.

PIA Register Select (RSO and RS1) — The two register
select lines are used to select the various registers inside
the PIA. These two lines are used in conjunction with
internal Control Registers to select a particular register
that is to be written or read.

The register and chip select lines should be stable for
the duration of the E pulse while in the read or write cycle.

Interrupt Request (IRQA and IRQB) — The active low
fnterrupt Request lines (IRQA and IRQB) act to interrupt
the MPU either directly or through interrupt priority
circuitry. These lines are “open drain” (no load device on
the chip). This permits all interrupt request lines to be
tied together in a wire-OR configuration.

Each Tnterrupt Request line has two internal interrupt
flag bits that can cause the Interrupt Request line to go
low. Each flag bit is associated with a particular peripheral
interrupt line. Also four interrupt enabie bits are provided
in the PIA which may be used to inhibit a particular
interrupt from a peripheral device.

Servicing an interrupt by the MPU may be accom-
plished by a software routine that, on a prioritized basis,
sequentially reads and tests the two control registers in
each_P1A for interrupt flag bits that are set.

The interrupt flags are cleared (zeroed) as a resuit of an
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EXPANDED BLOCK DIAGRAM
AGA 38 <— la—— 40 CA1
IRQA 38 Interrupt Status
12 =1 Control A l—e= 39 CA2
Control
Register A
Do 33 (CRA) %]
D1 32 —J\] Data Direction
02 31 —amf V] Register A
r I (DDRA)
03 30 < ODataBus
Buffers <
D04 29 =—&1  (paB) Output Bus v
D5 28 w—a
D6 27 - [—=a= 2 PAOQ
07 26 | Output g—ae 3 PA1
Register A PA2
(ORA) (=
Peripheral —e= 5 PAJ
interface — 6 PAS
A
- ta—am 7 PAS .
Bus input 5
Raegister 1 8 PAG
(BIR) e jo—a= 9 PA7
Vee = Pin 20 la—a- 10 PBO
Vgg = Pin 1
Output = 11 PB1
Register B # - P
{ORB) 12 PB2
CS0 22 ————in Peripheral e—a= 13 PB3
Interface
CS1 24 ——m F———'Il PB4
CS2 23 Chip g—e 15 P85
RSO 36 ——af  Stlect le—a16 P86
AS1 35 — R/W fa—a= 17 PB?
R/W 21 ) Control
Enable 25 ——— Q
Reset 34 —m
Data Direction
Control Register B8
Register B {DDRB)
{cRB)
—_— ja—— 18 CB1
interrupt Status
iAas 37 Controi 8 19 cB2
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MPU Read Peripheral Data Operation of the corresponding
data register. After being cleared, the interrupt flag bit
cannot be enabled to be set until the PIA is deselected
during an E pulse. The € pulse is used to condition the
interrupt control lines (CA1, CA2, CB1, CB2). When
these lines are used as interrupt inputs at least one E

pulse must occur from the inactive edge to the active
edge of the interrupt input signal to condition the edge
sense network. |f the interrupt flag has been enabled and
the edge sense circuit has been properly conditioned,
the interrupt flag will be set on the next active transition
of the interrupt input pin.

PIA PERIPHERAL INTERFACE LINES

The PIA provides two 8-bit bi-directional data buses
and four interrupt/control lines for interfacing to periph-
eral devices.

Section A Peripheral Data (PAQ-PA7) — Each of the
peripheral data lines can be programmed to act as an input
or output. This is accomplished by setting a “1” in the
corresponding Data Direction Register bit for those lines
which are to be outputs. A “0"" in a bit of the Data
Direction Register causes the corresponding peripheral
data line to act as an input. During an MPU Read Peripheral
Data Operation, the data on peripheral lines programmed
10 act as inputs appears directly on the corresponding
MPU Data Bus lines. In the input mode the internal
pullupresistor on these lines represents a maximum of one
standard TTL load.

The data in Output Register A will appear on the data
lines that are programmed to be outputs. A iogical 1"
written into the register will cause a "high”’ on the cor-
responding data line while a "0’ resuits in a “‘low’. Data
in Qutput Register A may be read by an MPU "‘Read
Peripheral Data A’ operation when the corresponding
lines are programmed as outputs. This data wiil be read
properly if the voltage on the peripheral data lines
is greater than 2.0 volts for a logic ‘1" output and
fess than 0.8 volt for a logic ‘0’ output. Loading the
output lines such that the voltage on these lines does not
reach full voltage causes the data transferred into the MPU
on a Read operation to differ from that contained in the
respective bit of Qutput Register A,

Section B Peripheral Data (PB0O-PB7) — The peripheral
data lines in the B Section of the P1A can be programmed
to act as either inputs or outputs in a similar manner to
PAQ-PA7. However, the output buffers driving these lines
differ from those driving lines PAQ-PA7. They have three-

@ MOTOROLA Semiconductor Products Inc.

state capability, allowing them to enter a high impedance
state when the peripheral data line is used as an input. In
addition, data on the peripheral data lines PBO-PB7 will
be read properly from those lines programmed as outputs
even if the voltages are below 2.0 volts for a ““high”. As
outputs, these lines are compatible with standard TTL and
may aiso be used as a source of up to 1 milliampere at 1.5
volts to directly drive the base of a transistor switch.

Interrupt input (CA1 and CB1) — Peripheral input lines
CA1 and CB1 are input only lines that set the interrupt
flags of the control registers. The active transition for these
signals 1s also programmed by the two control registers.

Peripheral Control (CA2) — The peripheral control line
CA2 can be programmed to act as an interrupt input or as

a peripherat control output. As an output, this line is com-

patible with standard TTL; as an input the internal pullup
resistor on this line represents one standard TT L load. The
function of this signal line is programmed with Controi
Register A.

Peripheral Control (CB2) — Peripheral Control line CB2
may aiso be programmed to act as an interrupt input or
peripheral control output. As an input, this line has
high input impedance and is compatible with stand-
ard TTL. As an output it is compatible with standard
TTL and may also be used as a source of up to 1 milli-
ampere at 1.5volts to directly drive the base of a transistor
switch. This line is programmed by Control Register B.

NQOTE: It is recommended that the control lines {CA1, CA2,
CB1, CB2) should be held in a logic 1 state when Reset is active
to prevent setting of corresponding interrupt flags in the controt
register when Reset goes to an inactive state. Subsequent to
Reset going inactive, a read of the data registers may be used to
clear any undesired interrupt flags.
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INTERNAL CONTROLS

There are six locations within the PIA accessible to the
MPU data bus: two Peripheral Registers, two Data
Direction Registers, and two Control Registers. Selection
of these locations is controiled by the RS0 and RS1 inputs
together with bit 2 in the Control Register, as shown
in Table 1.

TABLE 1 — INTERNAL ADDRESSING

Controf
Register Bit

RS? | RSO | CRA-2 | CRB-2 Location Selected
0 4] 1 X Peripheral Register A
0 0 0 X Data Direction Ragister A
[} 1 X X Control Register A
1 o] X 1 Peripheral Register B
1 0 X 0 Data Direction Register 8
1 1 X X Control Register 8

X = Don’t Care

INITIALIZATION

A low reset line has the effect of zeroing all PIA regis-
ters. This will set PAO-PA7, PBO-PB7, CA2 and CB2 as
inputs, and all interrupts disabled. The PIA must be con-
figured during the restart program which follows the reset.

Details of possible configurations of the Data Direction
and Control Register are as follows.

DATA DIRECTION REGISTERS (DDRA and DDRB)

The two Data Direction Registers allow the MPU to
control the direction of data through each corresponding
peripheral data line. A Data Direction Register bit set at
“0"" configures the corresponding peripheral data line as
an input; a ‘1" results in an output.

CONTROL REGISTERS (CRA and CRB)

The two Controt Registers {CRA and CRB) allow the
MPU to control the operation of the four peripheral
control lines CA1, CA2, CB1 and CB2. In addition they
allow the MPU to enable the interrupt lines and monitor
the status of the interrupt flags. Bits O through 5 of the
two registers may be written or read by the MPU when
the proper chip select and register select signals are
applied. Bits 6 and 7 of the two registers are read only
and are modified by external interrupts occurring on
control lines CA1, CA2, CB1 or CB2. The format of the
control words is shown in Table 2.

TABLE 2 - CONTROL WORD FORMAT
716 |5 & ]3] 21]o
CRA{IRQA1|IRQA2| CA2 Control DORA | CA1 Controi
Access
7] 6 | s | a |3 2 1171 o

CRB [IRQB1 IRQB2 C82 Control DDRB | CB1 Control
Access

Data Direction Access Control Bit (CRA-2and CRB-2) -
Bit 2 in each Control register (CRA and CRB) allows
selection of either a Peripheral Interface Register or the
Data Direction Register when the proper register select
signals are applied to RS0 and RS1.

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) ~
The four interrupt flag bits are set by active transitions of
signals on the four Interrupt and Peripheral Control lines
when those lines are programmed to be inputs. These bits
cannot be set directly from the MPU Data Bus and are
reset indirectly by a Read Peripheral Data Operation on
the appropriate section.

TABLE 3 - CONTROL OF INTERRUPT INPUTSCA1 AND CB?

MPU interrupt
CRA-1 CRA-0 Interrupt Input Interrupt Flag Request
(CRB-1) | (CRB-0) CA1 (CB1) CRA-7 (CRB-7) [RTA (IRGB)
0 0 . Active Set high on ; of CA1 | Disabled — IRQ re-
(CB1) mains high
0 1 . Active Set high on ; of CA1 | Goes low when the
(CB1) nterrupt flag bit CRA-7
(CRB-7) goes high
1 0 * Active Set nigh on * of CAt | Disabled — [RQ re-
(CB1) mains high
1 1 * Active Set high on ' of CA1 | Goes low when the
(CB1) interrupt flag bit CRA-7
(CRB-7) goes high

Notes: 1 ! indicates positive transition (low to high)

2. . indicates negative transition (high to low)

3. The Interrupt flag bit CRA-7 is cleared by an MPU Read of the A Data Register.
and CRB-7 is cleared by an MPU Read of the B Data Register.

4. It CRA-0 (CRB-0) is low when an interrupt occurs (Interrupt disabied) and is later brought
high, IRQA {IRQB) occurs after CRA-0 (CRB-0) is written to a “‘one”".
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Control of CA1and CB1 Interrupt Input Lines (CRA-0,
CRB-0, CRA-1, and CRB-1) — The two lowest order bits
of the control registers are used to control the interrupt
input lines CA1 and CB1. Bits CRA-0 and CRB-Q are

used to enable the MPU interrupt signals {ROA and IF!_QE,
respectively. Bits CRA-1 and CRB-1 determine the active
transition of the interrupt input signals CA1 and CB1
(Table 3).

TABLE 4 - CONTROL OF CA2 AND CB2 AS INTERRUPT INPUTS

CRAS (CRBS5) is low

result of an MPU Write in Control
Register 'B"

MPU Interrupt
CRA-5 | CRA-4 | CRA-3 Interrupt Input Interrupt Flag Request
(CRB-5) | (CRB-4) | (CRB-3) CA2 (CB2) CRA-6 (CRB-6) IRTA (IRGB)
0 0 0 . Active Set high on ; of CA2 | Disabied — IRQ re-
(CB2) mains high
0 0 1 . Active Set high on , of CA2 | Goes low when the
(CB2) interruptflag bit CRA-6
(CRB-6) goes high
0 1 0 * Active Set high on ? of CA2 | Disabled — [RQ re-
(CB2) mains high
0 1 1 * Active Set high on * of CA2 | Goes low when the
(CB2) interrupt flag bit CRA-6
(CRB-6) goes high
Notes: 1 ©indicates positive transition (low to high)
2., ndicates negative transition (hgh to low)
3. Thelnterrupttlag bit CRA-6 is cleared by an MPU Read of the A Data Register and CRB-6 is
cleared by an MPU Read of the B Data Register.
4. i CRA-3 (CRB-3) is-low when an interrupt occurs (Interrupt disabled) and is later brought
high, IRQA (IRQB} occurs after CRA-3 (CR8-3) is written to a ‘‘one”’.
TABLE 5 — CONTROL OF CB2 AS AN OUTPUT
CRB-5 is high
c82
CRB-5 |CRB-4 | CRB-3 Cleared Set
1 0 [ Low on the positive transition of | High when the interrupt flag bit
the first E pulse following an | CRB-7 is set by an active transi-
MPU Write "B” Data Register | tion of the CB1 signal.
operation
1 0 1 Low on the positive transition of | High on the positive edge of
the first E puise after an MPU | the first “E"” pulse {ollowing an
Write 8 Data Register opera- | “E” pulse which occurred whiie
tion. the part was deselected.
1 1 0 Low when CRB-3 goes low as a | Always tow as long as CRB-3 is

low. Willgo highon an MPU Write
in Control Register "'B" that
changes CRB-3 to "one™.

Always high as fong as CRB-3 is
high. Wiil be cleared when an
MPU Write Control Register "B”
resuits in ctearing CRB-3 to
“zero”.

High when CRB-3 goes high as a
resuit of an MPU Write into
Control Register "'B"’.

| MOTOROLA Semiconductor Products Inc.




B-30 |

MC6820

Control of CA2 and CB2 Peripheral Controi Lines
(CRA-3, CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) —
Bits 3, 4, and 5 of the two control registers are used to
control the CA2 and CB2 Peripheral Control lines. These
bits determine if the control lines will be an interrupt
input or an output contro! signal. If bit CRA-5 (CRB-5)

is tow, CA2 (CB2) is an interrupt input line similar to
CA1 (CB1) (Tabie 4). When CRA-5 (CRB-5) is high, CA2
(CB2) becomes an output signal that may be used to
control peripheral data transfers. When in the output
mode, CA2 and CB2 have slightly different characteristics
(Tables 5 and 6).

TABLE 6 - CONTROL OF CA-2 AS AN QUTPUT

CRA-5 is high
CA2
CRA-5 | CRA4 | CRA-3 Cleared Set
1 0 0 Low on negative transition of € High when the interrupt flag bit
after an MPU Read “A’ Data CRA-7 is set by an active transi-
operation, tion of the CA1 signal.
1 0 1 Low on negative transition of E High on the negative edge of
after an MPU Read “A’" Data the first “'E'* pulse which occurs
operation. during a deselect.
1 1 0 Low when CRA-3 goes low as a Always low as tong as CRA-3 is
result of an MPU Write to low. Will go high on an MPU
Control Register ‘A", Write to Control Register “A"’
that changes CRA-3 to "“one’.
1 1 1 Always high as long as CRA-3 High when CRA-3 goes high as
is high. Will be cleared on an a result of an MPU Write to
MPU Write to Control Register Control Register A",
“A’ that clears CRA-3 to
a ‘‘zero”.
PIN ASSIGNMENT PACKAGE DIMENSIONS
CASE 715-02
(CERAMIC)
14,9, cAlpao SEE PAGE 185 FOR
2{ra0 CA21 39 PLASTIC PACKAGE
3geail RQA D 38 [’ i E DIMENSIONS.
aqdraz RGB P 37 . jl , 8
5PA3 RSO ] 36 { 4]
64ras  RS1 [ 35 ' ‘ == < -
74pPas  Reset ] 34 s A e
8 gPas ooh a3 - —F
9 g PA7 D1 h 32 . == é
10 g P8O o2 p 31 i f ,‘?{_r_'TNTL 1 '
11.dpre1 03f 30 [Tp—— SEATING PLANE - K
-—D G— - - M- -
124 P82 Daf 29 —— L -
13gre3 bspas MILLIMETERS | _INCHES
14 d PB4 D6 f 27 DIM| MIN | MAX | MIN | MAX NOTE:
15 { PBS o7p 26 A 15029 | 51.31 | 1980 | 2.020 1. LEADS, TRUE POSITIONED WITHIN
€ 8 {1486 ) 1562 | 0.585 | 0.615_| 0.25 mm (0.010) DIA (AT SEATING
16 d P86 p2s ¢ | 2541 419 {0.100]0.165 PLANE), AT MAX_MAT L
17 4 P87 cs1Q 24 0 .38 | 053 10015 | 0.021 CONDITION.
18 g c81 cs2f 23 F 76 | 140 | 0.030 [ 0.055
G 2.54 8SC 0.100 BSC
19 g CB2 csop 22 H | 076] 17 0.030 | 0.070
200 vee R/W 21 J | 0201 033 |0.008;0013
3 541 41 0.100 | 0.165
L {1460 )15.37 [ 0.575 | 0.605
M| - | 00 - 10
N | 051] 1.52 [0.020]0.060

AA MOTOROLA Semiconductor Products Inc.
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Semiconductors {0 to 70°C; L or P Suffix)
, MC6850C

BOX 20912 . PHOENIX, ARIZONA 85036
(-40 t0 85°C; L Suffix only)

ASYNCHRONOUS COMMUNICATIONS INTERFACE

ADAPTER (ACIA) M O s

The MC6850 Asynchronous Communications Interface Adapter
provides the data formgttlr?g anq comro! to interface servnal asyn- (N-CHANNEL, SILICON-GATE)
chronous data communications information to bus organized sys-
tems such as the MC6800 Microprocessing Unit.

The bus interface of the MC6850 includes select, enable, read/

write, interrupt and bus interface logic to allow data transfer over ASYNCHRONOUS
an 8-bit bi-directional data bus. The parallel data of the bus system COMMUNICATIONS INTERFACE
is serially transmitted and received by the asynchronous data inter- ADAPTER

face, with proper formatting and error checking. The functional
configuration of the ACI!A is programmed via the data bus during
system initialization. A programmable Control Register provides
variable word fengths, clock division ratios, transmit controt, receive
control, and interrupt control. For peripheral or modem operation
three control lines are provided. These lines allow the ACIA to
interface directly with the MC6860L 0-600 bps digital modem.

Eight and Nine-Bit Transmission

® Optional Even and Odd Parity
® Parity, Overrun and Framing Error Checking
® Programmable Control Register
PR . l
® Optional -1, +16, and +64 Clock Modes L SUFFIX
® Up to 500 kbps Transmission CERAMIC PACKAGE
. . CASE 716
® Faise Start Bit Deletion i
® Peripheral/Modem Control Functions
° uble Buffere
Double Bu d NOT SHOWN: P SUFFIX
® One or Two Stop Bit Operation PLASTIC PACKAGE
CASE 709
M6800 MICROCOMPUTER FAMILY MC6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER
BLOCK DIAGRAM BLOCK DIAGRAM
MC6800
Microprocessor
Oata
Read Only Data Bus «e——e{ Bus Transmitme ——e 1727NSMI
Memory Butters Data
Random
Access s Receive
Memory - Data
Intertace
Adapter Address . -
Control Nidaddd
and and
MC6850 el Interrupt Controi Peripheral/
l:'::pf::- Modem Modem
’ Control

Agdress Data
Bus Bus
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MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Vee -0.3 10 +7.0 Vde This device contains circuitry t0 protect the
Input Voitage Vin -0.3t0+7.0 Vde inputs against d_ama_ge due to h-gr_- s_muc
Operating Temperature Range Ta 0to+70 oc :?:;9: :' y :f':;'.c ;::':l?:m; ;L:n’:’
Storage Temperature Range Tsta -55 to +150 oc avoid application of any voltage higher
Thermal Resistance a4a 825 oc/W than muirm_;m rated voltages to this high-
impedance circuit.
ELECTRICAL CHARACTERISTICS (Vo =5.0V 5%, Vgg = 0, T4 = 0 to 70°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Input High Voltage ViH Vgg + 2.0 - Vee Vdc
Input Low Voltage Vip Vgg -0.3 - Vgs + 0.8 Vvde
Input Leakage Current R/W.CS0,CS1,C52.Enable lin - 1.0 2.5 uAdc
{Vin = 0 to 5.25 Vdc)
Three-State (Off State) Input Current D0-D7 ITsi - 2.0 10 wAdc
(Vin = 0.4 to 2.4 Vdc)
Output High Voitage DO0-07 VoH Vde
(ILoad = ~205 uAdc, Enable Pulse Width <25 us) _ Vgs +24 - -
(1_oad = -100 uAdc, Enable Pulse Width <25 us) Tx Data, RTS Vgg + 2.4 - -
Output Low Voitage VoL - - Vgg + 04 Vdc
(1 oad = 1.6 mAdc, Enable Pulse Width <25 usj}
Output Leakage Current {Off State) IRQ | ILOH - 10 10 wAdc
(Vo = 2.4 Vdc)
Power Dissipation Po - 300 525 mwW
Input Capacitance Cin pF
(Vin =0, Ta = 259C, f = 1.0 MHz) ____ _ Dboo7 - 10 12,5
E, Tx Clk, Rx Cik, R/W, RS, Rx Data, CS0, CS1, CS2, CTS, DCD - 7.0 75
Output Capacitance RTS, Tx Data | Cout - - 10 pF
(Vin =0, Ta = 25°C, f = 1.0 MHz) RQ - - 5.0
Minimum Clock Pulse Width, Low (Figure 1} +16, +64 Modes | PWc 600 - - ns
Minimum Clock Pulse Width, High (Figure 2) +16, <64 Modes | PWcH 600 - - ns
Clock Frequency +1 Mode fc - - 500 kHz
- +16, +64 Modes - - 800 ’
Clock-to-Data Delay for Transmitter {Figure 3) tTDD - - 10 us
Receive Data Setup Time (Figure 4} +1Mode | tRpSU 500 - - ns
Receive Data Hoid Time (Figure 5} +1 Mode | trpH 500 - - ns
Tnterrupt Request Release Time (Figure 6) YR - - 1.2 s
"Request-to-5end Delay Time (Figure 6) . tRTS ~ - 1.0 us
Input Transition Times (Except Enable) tet - - 1.0* us

*1.0 us or 10% of the pulse width, whichever is smailer.
BUS TIMING CHARACTERISTICS
READ (Figures 7 and 9)

Characteristic Symbol Min Typ Max Unit

Enable Cycle Time teycE 1.0 - - us
Enable Pulse Width, High PWEH 0.45 — 25 g
Enabie Puise Width, Low PWE 0.43 - - us
Setup Time, Address and R/W valid to Enable positive transition tAS 160 - - ns
Data Delay Time tDDR - - 320 ns
Data Hoid Time tH 10 - - ns
Address Hold Time taAH 10 - - ns
Rise and Fall Time for Enable input tEr, tEF - - | B ns
WRITE (Figure 8 and 9)

Enable Cycle Time teycE 1.0 - = us
Enable Pulse Width, High PWen 0.45 - H us
Enable Pulse Width, Low PWg 0.43 - - Hs
Setup Time, Address and R/W valid to Enable positive transition tas 160 = . ns
Data Setup Time tDSwW 195 - - ns
Data Hold Time tH 10 -~ - ns
Address Hold Time tAH 10 - - ns
Rise and Fail Time for Enable input ter. tEf - - 25 ns

@ MOTOROLA Semiconductor Products Inc.
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FIGURE 1 ~ CLOCK PULSE WIDTH, LOW-STATE

FIGURE 2 — CLOCK PULSE WIDTH, HIGH-STATE

R YF——

Tx Clk
- or
Rx Cik 0.8 V

20V

Tx Clk
or
Rx Cik

i
l— PWeH —

FIGURE 3 — TRANSMIT DATA OUTPUT DELAY

F!GURE 4 — RECEIVE DATA SETUP TIME

(+1 Mode)
—_— 2.0V
Tx Ctk Rx Data
0.8V 0.8V
tTop - tRDSU
- 24V
Tx Data Rx Clock
0.4V 0.8 v
FIGURE 5 — RECEIVE DATA HOLD TIME FIGURE 6 — REQUEST-TO-SEND DELAY AND
{1 Mode) INTERRUPT-REQUEST RELEASE TIMES
= Enabie
Ny 08V
2.0V — e
Ax Cik 'RTS

- — 24V

RTS
re—— tADH 04V
20V X tR
Ax Data

— 0.8V
— 24V
1RQ

FIGURE 7 - BUS READ TIMING CHARACTERISTICS
(Read information from ACIA)

FIGURE 8 — BUS WRITE TIMING CHARACTERISTICS
(Write information into ACIA)

_— teycE
tAg —e PWEH o |a-Pwg( o
Enable 20V /
gy 0.8 Vv
—o j— ¢
tDOR po— Et
20V
RS.CS,R/W
X 0.8 vV
— tamH
tH
v
Data Bus g: v

LeycE

TAS — e PWEy la-PWE |t

Enable 2.0V /
. tEr 0.8V

" fE'
tDSW —ef —
FXRY
RS,CS,R/W oy X
— e— tAH

e T

R
o
~ta Bus X 0.8 vV K
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FIGURE 9 — BUS TIMING TEST LOADS

Load A
(D0-D7, RTS, Tx Data)
50V
R =25k

MMD&150
or Equv

Tast Point

}.__

MMD 7000
| or Eaquiv

|||-—~

Il

C=130pF ior DOD7
= 30 bF for RTS anct Tx Data

Load B
(IRQ Only)

50V

Test Pount

100 oF

'l}——*)f——I—J\N\v—O

A =117k for DQ-O7
= 24 k§2 for ATS and Tx Data

EXPANDED BLOCK DIAGRAM

Transmit Clock 4 Clock Parity
Enable 14 .—-—1 Gen Gen
Read/Write 13 —#»{ Chip *
Chip Sefect 0 8 —@» Select Transmut Transmit
Chip Select 1 10—y and Data )| Shite p——————imee——g» 6 Transm:t Data
Chip Select 2 9 —m Reaa/Write Register Regrster
Register Select 11 —am EOntrot +
i Transmit
! Control g 24 Tleart656na
D0 22 -y
Status
D121 -t < Register _L__
|
int
D2 20 <-4 | "L‘;’;:‘c‘" ——= 7 interrupt Request
D319 < Data é
D4 18 - Bs;;:“ 23 Data Carrier Detect
D5 17 -y
06 16 < : # 5 Request 10.5ena
D7 15 - Control
Regrster
Receive Parity
Control . Check
Vpp = Pin 12 Recawve I Receive
vgs = Pin1 Data ! Shift 2 Receive Data
Register Register
|

)

Clock Sync
Gen - Logic -

Receive Clock 3

DEVICE OPERATION
At the bus interface, the AC!A appears as two address-
able memory locations. Internaily, there are four registers:
two read-only and two write-only registers. The read-only

@ MOTOROLA Semiconductor Products Inc.

registers are Status and Receive Data; the write-only
registers are Control and Transmit Data. The serial inter-
face consists of serial input and output lines with inde-
pendent clocks, and three peripheral/modem control lines.
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POWER ON/MASTER RESET

The master reset (CRO, CR1) should be set during
system (nitialization to insure the reset condition and
prepare for programming the ACIA functional configu-
ration when the communications channel is required.
Control bits CR5 and CR6 should also be programmed to
define the state of RTS whenever master reset is utilized.
The ACIA also contains internal power-on reset logic to
detect the power line turn-on transition and hold the chip
In 3 reset state to prevent erroneous output transitions
prior to mualization. This circuitry depends on clean
power turn-on transitions. The power-on reset s released
by means of the bus-programmed master reset which must
be appiied prior to operating the ACIA. After master
resetting the ACIA, the programmable Control Register
can be set for a number of options such as variabie clock
divider ratios, variable word length, one or two stop bits,
parity (even, odd, or none), etc.

TRANSMIT

A typical transmitting sequence consists of reading
the ACIA Status Register either as a result of an interrupt
or 1n the ACIA’s turn in a poiling sequence. A character
may be written into the Transmit Data Register if the
status read operation has indicated that the Transmit
Data Register is empty. This character is transferred to a
Shift Register where it is serialized and transmitted from
the Transmit Data output preceded by a start bit and
followed by one or two stop bits. Internal parity {odd or
even) can be optionally added to the character and will
occur between the last data bit and the first stop bit.
After the first character is written in the Data Register,
the Status Register can be read again to check for a
Transmit Data Register Empty condition and current per-
ipheral status. !f the register is empty, another character
can be loaded for transmussion even though the first
character is in the process of being transmitted (because
of double buffering). The second character will be auto-
matically transferred into the Shift Register when the first
character transmission is completed. This sequence con-
tinues until all the characters have been transmitted.

RECEIVE

Data is received from a peripheral by means of the
Receive Data input. A divide-by-one clock ratio is pro-
vided for an externally synchronmized clock (to its data)
while the divide-by-16 and 64 ratios are provided for
internal synchronization. Bit synchronization in the
divide-by-16 and 64 modes is initiated by the detection of
the teading mark-to-space transition of the start bit.
Faise start bit deletion capability insures that a full haif
bit of a start bit has been received before the internal
clock is synchronized to the bit time. As a character is
being received, parity (odd or even) will be checked and
the error indication will be available in the Status Register
along with framing error, overrun error, and Receive Data
Register full. In a typical receiving sequence, the Status
Register is read to determine if a character has been re-
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ceived from a peripheral. |f the Receiver Data Register is
full, the character is placed on the 8-bit ACIA bus when a
Read Data command is received from the MPU. When
parity has been selected for an 8-bit word (7 bits plus
parity), the receiver strips the parity bit (D7 = 0) so that
data alone is transferred to the MPU. This feature reduces
MPU programming. The Status Register can continue to
be read again to determine when another character is
available in the Receive Data Register. The receiver is
also double buffered so that a character can be read from
the data register as another character is being received
in the shift register. The above sequence continues until
all characters have been received.

INPUT/OUTPUT FUNCTIONS

ACIA INTERFACE SIGNALS FOR MPU

The ACIA interfaces to the MC6800 MPU with an 8-bit
bi-directional data bus, three chip select lines, a register
select line, an interrupt request line, read/write line, and
enable line. These signals, in conjunction with the
MC6800 VMA output, permit the MPU to have compiete
controi over the ACIA.

ACIA Bi-Directional Data (D0-D7) — The bi-directional
data lines (D0-D7) aliow for data transfer between the
ACIA and the MPU. The data bus output drivers are
three-state devices that remain in the high-impedance
(off) state except when the MPU performs an ACIA
read operation.

ACIA Enable (E) — The Enable signal, E, is a high
impedance TTL compatibie 1nput that enables the bus
input-output data buffers and clocks data to and from
the AC!A. This signal will normally be a derivative of
the MC6800 ¢2 Clock.

Read/Write (R/W) - The Read Write line 1s a high
impedance nput that is TTL compatible and is used to
control the direction of data flow through the ACIA’s
input.output data bus interface. When Read/Write s
high (MPU Read cycle), ACIA output drivers are turned
on and a selected register is read. When it is low, the
ACIA output drivers are turned off and the MPU writes
into a selected register. Therefore, the Read/Write
signal is used to select read-only or write-only registers
within the ACIA.

Chip Select {CS0, CS1, CS2) — These three high im-
pedance TTL compatible input lines are used to address
the ACIA. The ACIA is selected when CSO and CS1 are
high and CS2 is low. Transfers of data to and from the
ACIA are then performed under the control of the Enable
signal, Read/Write, and Register Select.

Register Select (RS) — The Register Select line is a
high impedance input that is TTL compatible. A high
level is used to select the Transmit/Receive Data Registers
and a low level the Control/Status Registers. The Read/
Write signal line is used in conjunction with Register
Select to select the read-only or write-only register in each
register pair.

Interrupt Request (TRQ) — interrupt Requestisa TTL
compatible, open-drain (no internal pullup), active low
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output that is used to interrupt the MPU. The TRQ output
remains low as long as the cause of the interrupt is present
and the appropriate interrupt enable within the ACIA is
set. The IRQ status bit, when high, indicates the TRQ
output is in the active state.

Interrupts resuit from conditions in both the trans-
mitter and receiver sections of the ACIA, The transmitter
section causes an interrupt when the Transmitter interrupt
Enabled condition is selected (CRS - CTR8), and the
Transmit Data Register Empty (TDRE) status bit is high.
The TDRE status bit indicates the current status of the
Transmitter Data Register except when inhibited by
Clear-to-Send (CT3) being high or the ACIA being
maintained in the Reset condition, The interrupt is cleared
by writing data into the Transmit Data Register. The
interrupt is masked by disabling the Transmitter Interrupt
via CR5 or CR6 or by the loss of CTS which inhibits the
TDRE status bit. The Receiver section causes an interrupt
when the Receiver interrupt Enabie is set and the Receive
Data Register Full (RDRF) status bit is high, an Overrun
has occurred, or Data Carrier Detect (DCD) has gone high.
An interrupt resuiting from the RDRF status bit can be
cleared by reading data or resetting the ACIA. Interrupts
caused by Overrun or loss of DCD are cleared by reading
the status register after the error condition has occurred
and then reading the Receive Data Register or resetting
the ACIA. The receiver interrupt is masked by resetting
the Receiver Interrupt Enable.

CLOCK INPUTS

Separate high impedance TTL compatible inputs are
provided for clocking of transmitted and received data.
Clock frequencies of 1, 16 or 64 times the data rate may
be selected.

Transmit Clock (Tx Clk) — The Transmit Clock input
is used for the ciocking of transmitted data. The trans-
mitter initiates data on the negative transition of the
clock.

Receive Clock (Rx Clk) — The Receive Clock input is
used for synchronization of received data. {In the + 1
mode, the clock and data must be synchronized exter-
nally.) The receiver sampies the data on the positive
transiton of the clock.

SERIAL INPUT/OUTPUT LINES

Receive Data (Rx Data) — The Receive Data line is a
high impedance TTL compatible input through which data
is received in a serial format. Synchronization with a
clock for detection of data is accomplished internally
when clock rates of 16 or 64 times the bit rate are used.
Data rates are in the range of O to 500 kbps when external
synchronization is utilized.

Transmit Data (Tx Data) — The Transmit Data output
line transfers serial data to a modem or other peripneral.
Data rates are in the range of 0 to 500 kbps when external
synchronization is utilized.

PERIPHERAL/MODEM CONTROL
The ACIA includes several functions that permit limited
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control of a peripheral or modem. The functions included
are Clear-to-Send, Request-to-Send and Data Carrier De-
tect.

Clear-t0-Send (CTS) — This high impedance TTL com-
patible input provides automatic control of the trans-
mitting end of a communications link via the modem
Clear-to-Send active low output by inhibiting the Trans-
mit Data Register Empty {TDRE) status bit.

Request-to-Send (RTS) — The Request-to-Send output
enables the MPU to control a peripheral or modem via
the data bus. The RTS output corresponds to the state
of the Control Register bits CR5 and CR6. When CR6 =
0 or both CR5 and CR6 = 1, the RTS output is low (the
active state). This output can aiso be used for Data
Terminal Ready (DTR).

Data Carrier Detect (DCD) - This high impedance
TTL compatible input provides automatic control, such
as in the receiving end of a communications link by means
of a modem Data Carrier Detect output. The DCD input
inhibits and initializes the receiver section of the ACIA
when high. A low to high transition of the Data Carrier
Detect initiates an interrupt to the MPU to indicate the
occurrence of a loss of carrier when the Receive Interrupt
Enable bit is set.

ACIA REGISTERS

The expanded biock diagram for the ACIA indicates
the internal registers on the chip that are used for the
status, control, recewving, and transmitting of data. The
content of each of the registers is summarized in Table 1.

TRANSMIT DATA REGISTER (TDR)

Data is written in the Transmit Data Register during
the negative transition of the enable (E) when the ACIA
has been addressed and RS + R/W is selected. Writing
data into the register causes the Transmit Data Register
Empty bit in the Status Register to go low. Data can then
be transmitted. |f the transmitter is idling and no char-
acter is being transmitted, then the transfer will take
place within one bit tume of the trailing edge of the
Write command. f a character is being transmitted, the
new data character wiil commence as soon as the previous
character is complete. The transfer of data causes the
Transmit Data Register Empty (TDRE) bit to indicate
empty.

RECEIVE DATA REGISTER (RDR)

Data is automatically transferred to the empty Receive
Data Register (RDR) from the receiver deserializer (a
shift register) upon receiving a complete character. This
event causes the Receive Data Register Full bit (RDRF)
in the status buffer to go high (full). Data may then be
read through the bus by addressing the AC!A and selecting
the Receive Data Register with RS and R/W high when
the ACIA is enabled. The non-destructive read cycle
causes the RDRF bit to be cleared to empty although




| B-37

MC6850

TABLE 1 — DEFINITION OF ACIA REGISTER CONTENTS

Buffer Address
Data RS ¢ R/W RS ¢ R/W RS e ATW RS e R/W
Bus Transmit Receive
Line Data Data Control Status
Number Register Register Register Register
(Write Only) (Read Only} (Write Only) (Read Only)
o Data Bit 0* Data B8t O Counter Divide Receive Data Register
I Select 1 (CRO) Fult {(RORF)
1 Oata Bit 1 Data Bit 1 7 Counter Divide Transmit Data Register
1 | Select 2 (CR1) Emety (TORE)
1 ————
2 Data Bit 2 H Data 81t 2 . worg Seiect 1 Data Carrier Detect
! ! CR2} (OCD)
3 Data 81t 3 Data B8t 3 : Wora Seiect 2 Ciear to Seng
‘tCR3) 1CTS)
4 Data Bit & Data Bit 4 Word Select 3 Framing Error
‘CR4) FE)
5 Data Bit 5 Data Bit 5 Transimit Control 1 Recerver Overrun
(CRS5) tOVRN)
6 Data Bit 6 Data Bit 6 Transmit Control 2 Parity Error (PE}
i {CR&!
7 Datagit 7°°° Qatag8it 7°° Receive 'nterrupt 'nterrupt Request
Enabie (CR7) 11RQY

* Leading bit = LSB -~ 8.1t 0
* Data bt will be 7er0 1n 7 b1t plus panty moages
** Data bitss ‘don’t care " n 7 bit plus party modes

the data is retained in the RDR. The status is maintained
by RDRF as to whether or not the data is current. When
the Receive Data Register is full, the automatic transfer
of data from the Receiver Shift Register to the Data
Register is inhibited and the RDR contents remain valid
with its current status stored in the Status Register.

CONTROL REGISTER

The AC!A Control Register consists of eight bits of
write-only buffer that are selected when RS and R/W are
low. This register controls the function of the receiver,
transmitter, interrupt enables, and the Request-to-Send
peripheral’modem control output.

Counter Divide Select Bits (CRO and CR1) — The
Counter Divide Select 8its (CR0O and CR1) determine the
divide ratios utiized in both the transmitter and receiver
sections of the ACIA. Additionally, these bits are used to
provide a master reset for the ACIA which clears the
Status Register (except for externai conditions on CTS
and DCD) and initializes both the recewver and transmitter.
Master reset does not affect other Control Register bits.
Note that after power-on or a power fail/restart, these
bits must be set high to reset the ACIA. After reseting, the
clock divide ratio may be selected. These counter select
bits provide for the following clock divide ratios:

CR1 CRO Function
0 0 =1
Q 1 =16
1 ] + 64
1 1 Master Reset

Word Select Bits (CR2, CR3, and CR4) — The Word
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Seiect bits are used to select word length, parity, and the
number of stop bits. The encoding format is as follows:

CR4 | CR3 | CR2 Function

0 Q Q 7 Bits + Even Parity + 2 Stop Bits
[¢] [s] 1 7 Bits + Odd Parity + 2 Stop Bits
[+] 1 0 7 Bits + Even Panity + 1 Stop Bit

0 1 1 7 Bits + Qdd Parity + 1 Stop Bit

1 [¢] [¢] 8 Bits + 2 Stop Bits

1 0o 1 8 Bits + 1 Stop Bit

1 1 0 8 Bits + Even Parity + 1 Stop 8it
1 1 1 8 8its + Odd Parity + 1 Stop Bit

Word length, Parity Setect, and Stop Bit changes are
not buffered and therefore become effective immediatety.

Transmitter Control Bits (CR5 and CR6) — Two
Transmitter Control bits provide for the control of the
interrupt from the Transmit Data Register Empty con-
dition, the Request-to-Send (RT3) output, and the
transmission of a Break level (space}. The following
encoding format is used:

CR6 | CRS Function
0 [s] RTS = low, Transmitting interrupt Disabled.
] 1 ATS = low, Transmitting Interrupt Enabled.
1 Q RTS = high, Transmitting interrupt Disabled.
1 1 ATS = iow, Transmits a3 Break level on the

Transmit Data Qutput. Transmitting
interrupt Disabled.

Receive Interrupt Enable Bit (CR7) — The following
interrupts will be enabled by a high level in bit position 7
of the Controi Register (CR7): Receive Data Register Fult,
Overrun, or a low to high transistion on the Data Carrier
Detect (DCD) signal line.
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STATUS REGISTER

Information on the status of the ACIA is available to
the MPU by reading the ACIA Status Register. This
read-only register is selected when RS is low and R/W
is high. Information stored in this register indicates the
status of the Transmit Data Register, the Receive Data
Register and error logic, and the peripheral/modem status
inputs of the ACIA.

Receive Data Register Full {(RDRF), Bit 0 — Receive
Data Register Full indicates that received data has been
transferred to the Receive Data Register. RDRF is cleared
after an MPU read of the Receive Data Register or by a
master reset. The cleared or empty state indicates that
the contents of the Receive Data Register are not cur-
rent. Data Carrier Detect being high also causes RDRF
to indicate empty.

Transmit Data Register Empty (TDRE), Bit 1 — The
Transmit Data Register Empty bit being set high indicates
that the Transmit Data Register contents have been trans-
ferred and that new data may be entered. The low state
indicates that the register is full and that transmission of
a new character has not begun since the last write data
command.

Data Carrier Detect {DCDJ, Bit 2 — The Data Carrier
Detect bit will be high when the DCD input from a modem
has gone high to indicate that a carrier is not present.
This bit going high causes an Interrupt Request to be
generated when the Receive Interrupt Enable is set. It
remains high after the DCD input is returned low until
cleared by first reading the Status Register and then the
Data Register or until a master reset occurs. !f the DCD
input remains high after read status and read data or
master reset has occurred, the interrupt is cleared, the
DCD status bit remains high and will foliow the DCD input.

Clear-to-Send (CTS), Bit 3 — The Clear-to-Send bit
indicates the state of the Clear-to-Send input from a
modem. A low CTS indicates that there is a Clear-to-Send
from the modem. [n the high state, the Transmit Data
Register Empty bit is inhibited and the Clear-to-Send
status bit will be high. Master reset does not affect the

Clear-to-Send Status bit.

Framing Error (FE), Bit 4 — Framing error indicates
that the received character is improperly framed by a
start and a stop bit and is detected by the absence of the
1st stop bit. This error indicates a synchronization error,
faulty transmission, or a break condition. The framing
error flag is set or reset during the receive data transfer
time. Therefore, this error indicator is present through-
out the time that the associated character is available.

Receiver Overrun (OVRN), Bit 5 - Overrun 15 an
error flag that indicates that one or more characters in
the data stream were lost. That is, a character or a
number of characters were received but not read from the
Receive Data Register (RDR) prior to subsequent char-
acters being received. The overrun condition begins at
the midpoint of the last bit of the second character re-
ceived in succession without a read of the RDR having
occurred. The Overrun does not occur in the Status
Register until the valid gharacter prior to Overrun has
been read. The RDRF bit remains set until the Overrun
is reset. Character synchronization is maintained during
the Overrun condition. The Overrun indication is reset
after the reading of data from the Receive Data Register
or by a Master Reset.

Parity Error (PE), Bit 6 — The parity error flag indi-
cates that the number of highs {ones) in the character
does not agree with the preselected odd or even parity.
Odd parity i1s defined 1o be when the total number of ones
is odd. The parity error indication wiil be present as iong
as the data character 1s in the RDR. If no parity is
selected, then both the transmitter parity generator out-
put and the receiver parity check results are inhibited.

Interrupt Request (IRQ), Bit 7 — The |RQ bit indi-
cates the state of the TRQ output. Any interrupt cond:-
tion with its applicable enable wiil be indicated in this
status bit. Anytime the TRQ output is low the 1RQ bit
will be high to indicate the interrupt or service request
status. |RQ is cleared by a read operation to the Receive
Data Register or a write operation to the Transmit
Data Register.

PIN ASSIGNMENT

1[_‘\/'55 TTs[] 24 "

2CRxDa(a D—C-D:]23

3drxc oo(J22

a[]TxcK o121 <
s [JRTS p2[J 20 f— A —
6 ] Tx Data o3{] 19

1 wma Daf]18

8 [Jcso os[J17

s Q&7 e[ e M SEATING —

10 [Jcst 07{]15 —~i—D PLANE G— ~
1 (JRs ef]1a

12 {}voo R/w (] 13

- @ MOTOROLA Semiconductor Products Inc.

" [ (CERAMIC)
4.‘_ SEE PAGE 165 FOR

PACKAGE DIMENSIONS
CASE 716-02

MILLIMETERS]  INCHES
MAX | MIN | MAX
29.97 [ 3099 [ 1,180 1.720 |
14.88 | 1562 | 0585 . 3515
.05 4197 0.120]0.165 |
38| 053 | 0015] 0,021
76 1.40 | 0.030 | 0.055
2.54 BSC 0.100 BSC

) 1.78 | 0.030] 0.070
0.20 | 0.30 | 0,008 | 0.012
754 | 4.19 | 0.100 | 0.165
1488 | 15.37 | 0.585 | 0605
- 109 | - 1 100

0511 152 | 0.020 | 0.060

4=
F3
£
=

PLASTIC PACKAGE
DIMENSIONS

EIF < Lad by b £ o i (=1 G 0P
=
i

-y M--

—_—

NOTE:

1. LEADS TRUE POSITIONED WITHIN
0.25mm (0.010) DIA (AT SEATING
PLANE) AT MAXIMUM MATERIAL
CONOITION.




| B-39

(o gol-{e]V.]
Semiconductors

BOX 20912 . PHOENIX, ARIZONA 85036

MCM6810A

(0 to 70°C; L or P Suffix)

MCM6810AC

{-40 to 85°C; L Suffix only)

128 X 8-BIT STATIC RANDOM ACCESS MEMORY

The MCM6810 is a byte-organized memory designed for use in
bus-organized systems. It is fabricated with N-channel silicon-gate
technology. For ease of use, the device operates from a single power
supply, has compatibility with TTL and DTL, and needs no

MOS

(NCHANNEL, SILICON-GATE)

128 X 8-BIT STATIC
RANDOM ACCESS MEMORY

clocks or refreshing because of static operation.

The memory is compatible with the M6800 Microcomputer
Family, providing random storage in byte increments. Memory

expansion is provided through muitiple Chip Select inputs.
Organized as 128 Bytes of 8 Bits

Static Operation

Bi-Directional Three-State Data Input/Qutput

Six Chip Select Inputs (Four Active Low, Two Active High)
Singie 5 Volt Power Supply

TTL Compatible

Maximum Access Time = 350 ns — MCM6810AL 1
450 ns — MCM6810AL

L SUFFIX

l CERAMIC PACKAGE
CASE 716
P SUFFIX

NOT SHOWN PLASTIC PACKAGE
CASE 709

ABSOLUTE MAXIMUM RATINGS (See Note 1)

Rating Symbol Value Unit
Supply Voitage Vee -03tw +70 Vdc
Input Voitage Vin 031w +70 Vdc
Operating Temperature Range Ta Qto +70 oc
Storage Temperature Range Tstg -65 to +150 oc

NOTE 1. Permanent device damage may occur 1f ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended

periods of time could affect device reliability.

PIN ASSIGNMENT

10Gra O veefD2e
2 Joo aop23
3dos arh22
a [}o2 a2y 21
5 o3 A3[3 20
6 ODa Aaf3 19
7 jos asf118
3 [jo6 a6f317
9 o7 R/wWR 16
10 cso Ccss{3 15
11 §cCst CsafQ14
12 g&s2 CS3p13

M6800 MICROCOMPUTER FAMILY
BLOCK DIAGRAM

MC6800
Microprocessor

4

Read Onty
Memory

MCME810A
Access

Interface
Adapter

Interface i

AGapter  leg— Modem

Y /

Address Data /
8us 8us

MCM6E810A RANDOM ACCESS MEMORY

BLOCK DIAGRAM

N
MatTx - BD“. e Dsu:
(,?m . utfers !
A
— Suteedon ~

!

Memory Address

and Controt
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MCM6810A

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED DC OPERATING CONDITIONS

Parameter Symbol Min Nom Max Unit
Supply Voltage Vee 4.75 5.0 5.25 Vde
Input High Voltage ViH 2.0 - 5.25 Vdc
input Low Voltage ViL -0.3 - 0.8 Vdce
DC CHARACTERISTICS
Characteristic Symbot Min Typ Max Unit
Input Current (An, R/W, CSp, CSp) lin - - 25 uAdc
{Vin =010 5.25 V)
Qutput High Voltage VoH 24 - - Vde
(lon = -205 uA)
Output Low Voitage VoL - - 0.4 Vdc
{lg = 1.6 mA)
Output Leakage Current (Three-State) Lo - - 10 wAdc
(CS=08VorC85=2.0V,Vy,; =04V 102.4V)
Supply Current Icc . mAdc
(Ve =5.25 V, all other pins grounded, T4 = 0°C) MCM6E810AL - - 70
N MCME810A L1 - - 80
CAPACITANCE (f = 1.0 MHz, T4 = 25°C, periodically sampled
rather than 100% tasted.) : This device contains circuitry to protect the

Characteristic Symbol Max Unit

Output Capacitance Cout 125 pF

BLOCK DIAGRAM

. g 2 DO

AQ 23—y b——a= 3 D1
Al 22— r—a 4 D2
A2 21 ——— Address “;"::‘::V 3.State [@——®=5 D3
A3 20 —1 Buffer 6 Da
ad 19 Decode (128 x 8) "__’__.7 os
AS 18 ey pe—=3 06
A6 17 ——— 9 D7
C8s 15
cSa 14
cs3 13 Memory

Controt
52 12
T o1 ? Vee = Pin 24

Gnd = Pin 1

cso 10 16 Read/Write

@ MOTOROLA Semiconductor Products Inc.

inputs against damage due to high static voitages
or electric fields; however, it 15 advised that
normal precautions be taken to avoid application
input Capacitance Cin 7.5 pF of any voltage higher than maximum rated volt-
ages 1o this high-impedance circuit.
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EDUCATION
P————"———=
MCM6810A .
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperature unless otherwise noted.}
FIGURE 1 — AC TEST LOAD
50V
RL=25k
AC TEST CONDITIONS
T Test Point MMD6150
Condition Vaiue or Equiv
input Pulse Leveis 08Vto20V
input Rise and Fall Times 20ns 130 oF * T m7k MMD7000
Output Load See Figure 1 “Includes Jig or Equiv
Capacitance
READ CYCLE
MCM6810AL MCM6810AL1
Characteristic Symbol Min Max Min Max Unit
Read Cycle Time teve(R) 450 - 350 - ns
Access Time tacc - 450 - 350 ns
Address Setup Time tAS 20 - 20 — ns
Address Hold Time taH 0 = 0 — ns
Data Delay Time (Read) IDDR - 230 - 180 ns
Read to Select Delay Time IRCS 0 — 0 — ns
Data Hold from Address IDHA 10 — 10 - ns
Qutput Hold Time H 10 - 10 - ns
Data Hoid from Write IDHW 10 - 30 10 60 ns
READ CYCLE TIMING
- feyc(R)
e T3¢c _— .
20V
Address X 0.8 V )xn
- tag leg— — taH [e—
20V
cs 0.8V /Z \‘.
[ ——————tppR ——— >
= 2.0V 4
tRcs [
w7 ez 7
—tp A —
e Ty
e (D HW ————8
—
~_ N owvae —
Note: CS and CS can be enabled for consecutive
raad cycles provided R/W remains at V.

S @ MOTOROLA Semiconductor Products Inc.
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_WRITE CYCLE

MCMBB10AL MCME810AL1
Characteristic Symbol Min Max Min Max Unit
Write Cycle Time teyc (W) 450 - 350 - ns
Address Setup Time taAs 20 - 20 - ns
Address Hold Time tAH 0 - 0 - ns
Chip Select Puise Width cs 300 - 250, - ns
Write to Chip Select Delay Time WCS 0 —~ 0 - ns
Data Setup Time (Write) toSW 190 - 150 - ns
input Hoid Time 1 10 - 10 - ns

WRITE CYCLE TIMING

teyciw)

Address j (213 X

-‘KAs-J tcs T H — -

08 v //////// 20V \

cs

e 20v W 0.8V /‘
o s AN

[ (DSW i~ (y  |——

m = Don’t Care Note: CS and CS can be enabled for consecutive write cycles
provided R/W s strobed to V4 before or coincident
with the Address change, and remains high for time tAS.

PACKAGE DIMENSIONS
) CASE 716-02 See Page 165 for
7 IE) T (CERAMIC) Plastic Peck age gimensions.
b} B
) l NOTE: MILLIMETERS INCHES
- 1 1. LEADS TRUE POSITIONED WITHIN OIM] MIN | MAX | MIN | MAX
| 0.25mm (0.010) DIA (AT SEATING A 1299713099 | 1180 1220
A PLANE) AT MAXIMUM MATERIAL 8 | 1488 | 1562 | 0.585 | 0615
CONDITION. c 305] 419 ] 0.120 ] 0.165
- —F 1] 038 | 053! 0.015]0.021
1 ' | F 076 [ 140 ! 0030 0.055
‘ 1 ¢ G 2.54 BSC 0.100 8SC
| . — H 0761 1.78 | 0.030]0.070
i / N J_| 0201 0.30 | 0.008] 0012
H— “"L SEATING -/ ' | K b K 2541 4.19 1 0.100 [ 0.165
—l—p PLANE G— ~— M—i "3 L 14881537 | 0.585 | 0.605
| L ; M -~ 190 - 100
N 051 152 | 0.020 | 0.060

— @ MOTOROLA Semiconductor Products Inc.
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MCM6830A

L Advance Information

1024 X 8-BIT READ ONLY MEMORY

The MCM6830A is a mask-programmable byte-organized memory
designed for use in bus-organized systems. it is fabricated with
N-channel silicon-gate technology. For ease of use, the device
operates from a single power supply, has compatibility with
TTL and DTL, and needs no clocks or refreshing because of static
operation.

The memory is compatibie with the M6800 Microcomputer
Family, providing read oniy storage in byte increments. Memory
expansion is provided through multiple Chip Select inputs. The
active level of the Chip Select inputs and the memory®tontent are
defined by the customer.

Organized as 1024 By tes of 8 Bits
Static Operation

Three-State Data Output

Four Chip Select Inputs (Programmabie)
Single 5 Volt Power Supply

TTL Compatible

Maximum Access Time = 500 ns

ABSOLUTE MAXIMUM RATINGS (See Note 1)

Rating Symbol Value Unit
Supply Voltage Vee -0.31t0 +7.0 Vde
Input Voltage Vin 031w -7.0 Vde
Operating Temperature Range Ta 01t +70 oc
Storage Temperature Range Tstg -65 to +150 oc

NOTE 1 Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functionai operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voitages for extended
periods of time could affect device reliabihity .

MOS

(NCHANNEL, SILICON-GATE)

1024 X 8-BIT
READ ONLY MEMORY

L SUFFiX
CERAMIC PACKAGE
CASE 716

P SUFFIX

NOT SHOWN: PLASTIC PACKAGE

CASE 709

PIN ASSIGNMENT

chr%
2 qoo
3 o1
4 o2
5 403
6 D4
7 qoSs
8 o6
o 4o
10 dcso
11 g§Cs1
12 Qvee

A0 b 24
A1p23
A2 P22
A3p2Y
A4p20
AS5D19
A6h18
A7B17
A8f 16
A90 15
cs3pia
cs2p 13

Mce800 M6800 MICROCOMPUTER FAMILY
Microprocessor BLOCK DIAGRAM

MCME30A
Aead.Qnly
Memoary

Random
Access
Memory

interface
Adgapter

interface

_——
Adapter  leg—| 'MoOdem

J Y

Address Date
Bus Bus

MCMG830A READ ONLY MEMORY

BLOCK DIAGRAM

(1024 x 8)

Memory:” Dets

- Mawix , —— Data Bus

Memory Address
and Control

This is advance information and specifications are subject to change without notice.
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CONTINUING
EDUCATION
———us
MCM6830A
DC OPERATING CONDITIONS AND CHARACTERISTICS
{Full operating voltage and temperature range uniess othaerwise noted.)
RECOMMENDED DC OPERATING CONDITIONS
Parameter Symbol Min Nom Max Unit
Supply Voltage Vee 4.75 5.0 5.25 Vdc
Input High Voitage Vin 2.0 - 5.25 Vdc
Input Low Voltage ViL -03 - 0.8 Vdc
DC CHARACTERISTICS
Characteristic Symbel Min Typ Max Unit
input Current hin - - 25 nAdc
{Vin = 0t0 525V)
Output High Voltage VoH 24 - - vdc
(loH = -205uA)
Output Low Volitage VoL - - 04 Vdc
(gL = 1.6 mA)
Output Leakage Current {Three-State) Lo - - 10 uAdc
(C§=08VorCS=20V,Vgyt=04Vito24V)
Supply Current Ice - - 130 mAdc
(Veg = 5.25V, Tp = 0°C)
CAPACITANCE (f = 1.0 MHz, T = 25°C. periodically sampled
rather than 100% tested.} This device contains circuitry to protect the
mnputs against damage due to high static voitages
Characteristic Symbol Max Unit or electric fields; however, 1t 1s advised that
- normai precautions be taken to avoid application
Input Capacitance Cin 75 oF of any voltage higher than maximum rated volt-
Output Capacitance cout 125 of ages to this high-impedance circuit.
BLOCK DIAGRAM
A0 24 —
a1 23— =2 0o
A2 22— 3 o
A3 21— [~ 4 02
A4 20— Address MR:::;" 3-State ——4»5 03
A5 19— Decode (1024 x 8) Buffer %6 04
A6 18— ———=7 DS
A7 17—t —88 D6
A8 16 —f ——*9 07
A9 15 =y
cso* 10
CS1* 1%
CS3° 14

* Active level defined by the customer.

Vee = Pin 12
Gnd = Pin 1

@ MOTOROLA Semiconductor Products Inc.
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EDUCATION
=
MCM6830A
AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voitage and temperature unless otherwise noted.)
{All timing with t, = t¢ = 20 ns, Load of Figure 1)
Characteristic Symbol Min Max Unit FIGURE 1—AC TEST LOAD
. 5.0V
Cycle Time teye 500 - ns
Access Time tace - 500 ns R =25k
Data Delay Time (Read) t - 300 ns
LOR Test Point MMOD6150
Data Hold from Address tDHA 10 — ns or Equiv
Data Hold from Deselection tH 10 150 ns
130 pF* 11.7 k
MMD?7000
or Equiv

TIMING DIAGRAM

*includes Jig Capacitance

teye

X 20V
Address 0.8 vV

s LA

S L P 08

tDDR

W 7S AN Y

T —_L

O MOTOROLA Semiconductor Products Inc.

D H A
24V
. b aam . zoimg TR
PACKAGE DIMENSIONS e
CASE 716-02 ] ‘o
TR s (CERAMIC) e awie o e ARG R
I MILLIMETERS|  INCHES [
) 8 NOTE: |om] mMIN T MAX | MIN [ MAX |22
1. LEADS TRUE POSITIONED WITHIN A B9 08 L,
0 ., 0.25mm (0.010) DIA (AT SEATING T30 et T 0120 068
— f PLANE) AT MAXIMUM MATERIAL = : y y
| CONDITION. 0_| 0381 053 ) 00150021
f— A —_— F | 076 140 [ 0030 0.055
] 254 BSC 0.1008SC_§ -
I W 07 78 | 0,030 ] 0.070
i - | See Page 168 for 7 1020 030 | 0.008 | 0.012
! c Plastic Package ) K | 254 419 | 0.100 [ 0.165 |
_l--l-]jjl‘l'i"g/ T Tn ) L | 1488 1.0307 | 0.585 0.5%5
y i L - - M - - 10!
H— semgss_j LS \/ . N | 051] 152 | 0.020 | 0.060 |
D PLANE. - ey Mj ! . - 5
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CUSTOM PROGRAMMING

By the programming of a single photomask for the FIGURE 2 - BINARY TO HEXADECIMAL CONVERSION

MCMG6830A, the customer may specify the content of the Binary Hexadecimal
memory and the method of enabling the outputs. Data Character

(=]

Information on the general options of the MCM6830A
should be submitted on an Organizational Data form such
as that shown in Figure 3.

Information for custom memory content may be sent
to Motorola in one of two forms (shown in order of
preference):

1. Paper tape output of the Motorola M6800 Software.
2. Hexadecimal coding using IBM Punch Cards.

- = 4 - 4 a4 000000O0O0

£ 4 2 0000 -u--000O0
-~ ~-00--00-=-00==00
-0 -0-0-0-0-0-0-=20
TMQOO®P OGO & WN =

I1BM PUNCH CARDS

The hexadecimal equivalent (from Figure 2) may be
pltaced on 80 column IBM punch cards as follows:

PAPER TAPE
included in the software packages developed for the
M6800 Micromputer Family is the ability to produce a

paper tape output for computerized mask generation, The Step Column
assembler directives are used to control allocation of 1 12 Byte ‘0" Hexadecimal equivalent for
memory, to assign values for stored data, and for control- outputs D7 thru D4 (C7 = M.S.B.)
ling the assembly process. The paper tape must specify the 2 13 Byte "0 Hexadecimal equivalent for
full 1024 bytes. outputs D3 thru DO (D3 = M.S.B.)
3 14-75  Alternate steps 1 and 2 for consecutive

Note:Motorola can accept magnetic tape and truth table by tes.

table formats. For further information, contact your 4 77-78  Card number (starting 01)

local Motoroia sales representative. 5 79-80 Total number of cards (32)

FIGURE 3 - FORMAT FOR PROGRAMMING GENERAL OPTIONS

ORGANIZATIONAL DATA
MCM6830A MOS READ ONLY MEMORY

Customer:
Motorola Use Only:

Company

Quote:
Part No.

Part No.:
Originator

Specif. No.:

Phone No.

Enable Options:

! 0 1 is most positive
CcSo D D 0 is most negative
cst O O
cs2 O OJ
cs3 J O

- - @ MOTOROLA Semiconductor Products Inc.
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MCM6832

Advance Information

2048 x 8-BiT READ ONLY MEMORY

The MCM6832 is a mask-programmable byte-organized memory
designed for use in bus-organized systems. It is fabricated with
N-channel metal-gate technology. For ease of use, the device is
compatible with TTL and DTL. and needs no clocks or refreshing
because of static operation.

The memory is compatible with the M6800 Microcomputer
Family, providing read only storage in byte increments. Memory
expansion is provided through a Chip Select input. The active level of
the Chip Select input and the memory content are defined by
the customer.

Organized as 2048 Bytes of 8 Bits
Static Operation

Three-State Data Qutput
Programmable Chip Select

TTL Compatible
Maximum Access Time = 500 ns

MOS

2048 x 8-BIT

{N-CHANNEL, LOW THRESHOLD)

READ ONLY MEMORY

L SUFFIX

CERAMIC PACKAGE
CASE 716

NOT SHOWN: P SUFFiIX

PLASTIC PACKAGE
CASE 709

ABSOLUTE MAXIMUM RATINGS (Referenced to Vgg!

Rating Symbol Value Unit
Supply Voitages VoD -0.3t0 +15 Vdc
Vee -0.31t0 +6.0
vgge -10to +0.3
Address/Control Input Voitage Vin ~-0.31t0 +15 Vdc
Operating Temperature Range Ta Oto +70 Cc
Storage Temperature Range Ts!g -55 to +125 oc

Note 1. Permanent device damage may occur 1f ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voitages for extended
periods of time could affect device reliability.

PIN ASSIGNMENT

O VW BN U A WN =

oo o n.nnonnn.n

N -

°Vge
A10
cs
oo
o1
D2
o3
A0
A1l
A2
A3

Vss'

Vce p2a
Vop p23
A9 §22
A8 b1
A7 p2o
D4 pg
D5 b8
D6 P17
D7 Pie
A6 Di1s
A5 14
A4 D13

~MC6800 M6800 MICROCOMPUTER FAMILY
Microprocessor BLOCK DIAGRAM

MCME832
Resd Oniy-
Memory -

Random
Access
Memory

Interface
Adapter

Interface

Adapter Modem

v o

Address Data
Bus Bus

MCM6832 READ ONLY MEMORY
BLOCK DIAGRAM

Memory Address
and Control

Memory Deta
Matrix Butfers
(2048 x 8)
Sefection
L_and Control.

Data Bus

Thus is advance information and specifications are subject to change without notice.
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MCM6832
DC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voitage and temperature range unless otherwise noted.)
RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgg = Ground)
Parameter Symbol Min Typ Max Unit
Suppiy Voitage Voo 1.4 12 126 Vdc
vVee 4.75 5.0 5.25 vdc
Vgg -5.2% -5.0 -4.75 Vdc
Input High Voitage (A,, CS) Vi 3.0 - Vee Vdc
Input Low Voitage (A, CS) ViL -0.3 - 0.8 vdc
DC CHARACTERISTICS
Characteristic Symbol Min Typ Max Unit
Input Leakage Current (A, CS) . tin - - 10 uAdc
(Vin=01t05.25 V)
Qutput Leakage Current (Three-State) Lo - - 10 wAdc
(Vo=04V10-24V,CS5=04VorCS=24V.)
Output High Voitage VoK 3.7 — Vee Vdc
(1o = -100 wA)
Output Low Voltage Voo o] - 04 vdc
(lgg = 1.6 mA)
Suppiy Current Ipp - - 25 mAdc
{Chip Deselected or Selected} Icc - - 45 mAdc
'gg - - 500 uAdc
CAPACITANCE (Periodicaily Sampied Rather Than 100% Tested.)
Characteristic Symbol Min Typ Max Unit
Input Capacitance ( f = 1 MHz) Cin - 5.0 75 pF
Qutput Capacitance (f = 1 MH2) Cout - 5.0 10 pF
BLOCK DIAGRAM
A7 A8
20 1
AQ 80— 4 DO
Al 90— W 1 5 o1
A2 100— o6 D2
A3 11 O X Mum?ry Y Output }—07 D3
A4 13 0 Decodge Matrix Decode Buffers |_019 p4a
AS 14 —o18 05
A6 15 B 1 o017 06
l I —~o16 D7
Vee = Pin 24 22 2
cc " A9 A0
Vpp = Pin 23
Vgs = Pin 12 4
. S acs
Vgg = Pin1

@ MOTOROLA Semiconductor Products Inc.
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MCM6832

AC CHARACTERISTICS

(Full operating voltage and temperature unless otherwise noted. All timing with ty = tf < 20 ns;
Load = 1 TTL Gate (MC7400 Series) biased to draw 1.6 mA; C_ = 130 pF.)

Characteristic Symbol Min Typ* Max Unit
Address Access Time tacc ~ 320* 500 ns
Qutput Setect Time 108 - 175° 300 ns
Qutput Deselect Time 100 30 100° 150 ns

*Typical values measured at 25°C and nominal supply voltages

FIGURE 1 - AC TEST LOAD

5.0V
RL=25k

Test Point MMD6150
or Equiv

130 pF * 25 k
MMD7000
or EQuiv

*Includes Jig Capacitance
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A ADORESS ACCESS TIMING DIAGRAM

FIGURE 2 — TIMING DIAGRAM
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8. CHIP SELECT TIMING DIAGRAM
{Addresses Established)
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S PACKAGE DIMENSIONS-
I CASE 71602 MILLIMETERS] _INCHES
) B (CERAMIC) DIM{ MIN | MAX | MIN | MAX
l NOTE: A | 2997 3099 | 1.180] 1220
. : B | 14,88 | 1562 | 0585 0615
1 — 12 1. LEAOS TRUE POSITIONED WITHIN ¢ 305 419 ] 0.120 | 0.165
. i 0.25mm (0.010} 0)A (AT SEATING [ 0.38 | 053] 0015 0021
o A —_— PLANE) AT MAXIMUM MATERIAL F | 0.76] 140 ] 0,030 0.055
CONDITION. G | 2.54BSC 0.100 8SC
—1—F W | 076] 178 | 0.030] 0.070
i i J | 020] 030 0.008] 0012
2| 2 o g e g s < K | 254 419 | 0.100 | 0.165
B O N SEE PAGE 168 FOR L | 1488 | 15.37 | 0.585 | 0.605
SETEETT r T PLASTIC PACKAGE M - 90 — 100
H—d bt SEATING _J K DIMENSIONS. N_| 051 152 | 00200060
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EDUCATION
_— %
MCM6832 )
CUSTOM PROGRAMMING
By the programming of a single photomask for the FIGURE 3 - BINARY TO HEXADECIMAL
MCM6832, the customer may specify the content of the CONVERSION
memory and the method of enabling the outputs.
Ms8 Ls8
D7 |06 | D5 | D4 | Hexadecimal
03 [02 | Ot 00 Character
Information on the general options of the MCM6832 ] [+ [+] (4] ]
should be submitted on an Organizational Data form such [*] [+] o 1 1
as that shown in Figure 4. o 0 1 o 2
[*} 0 1 1 3
[}} 1 0 o a
(] 1 [} 1 5
0 1 1 [*} 6
Information for custom memory content may be sent ° , 1 N -
to Motorola in one of two forms (shown in order of X o ° o g 0=VoL
preference): 1 "] [+] 1 9 1=V
OH
1 0 1 0 a
1. Paper tape output of the Motorola M6800 Software. 1 “’ ; (') 2
2. Hexadecimali coding using IBM Punch Cards. ' 1 ° N o
1 1 1 0 3
1 1 1 1 F

PAPER TAPE

Included in the software packages developed for the
M6800 Microcomputer Family is the ability to produce a
paper tape output for computerized mask generation. The

I1BM PUNCH CARDS
The hexadecimal equivalent {from Figure 3) may be
placed on 80 column IBM punch cards as follows:

assembler directives are used to control allocation of Step Column
memory, to assign values for stored data, and for control- 1 12 Byte "0 Hexadecimal equivalent for
ling the assembly process. The paper tape must specify the outputs D7 thru D4 (D7 = M.S.8.)
full 2048 bytes. 2 13 Byte 0" Hexadecimal equivalent for
outputs D3 thru DO (D3 = M.S.8.)
3 14-75 Alternate steps 1 and 2 for consecutive
Note: Motorola can accept magnetic tape and truth table by tes.
table formats. For further information, contact your 4 77-78  Card number (starting 01}
local Motorola sales representative. 5 79-80  Total number of cards (64)

FIGURE 4 - FORMAT FOR PROGRAMMING GENERAL OPTIONS

ORGANIZATIONAL DATA
MCM6832 MOS READ ONLY MEMORY
Customer:
Motorola Use Onty
Company
Q
Part No uote
P .
QOrtginator art No.
f
Phone No. Specif. No..
T Chip Select Opt :
rue Lhip select Untions . 1 D 1 is most positive
015 most negative
" o ]

— @ MOTOROLA Semiconductor Products Inc.



g s WN-=-O0O

OO oo~N®

11

13
14
15

16
17
18
19
20

21

23
24
25

26
27
28
29
30

31
32

128
256
512
1024

2048
4096
8192
16384
32768

65536
13107
26214
52428
10485

20971
41943
83886
16777
33554

67108
13421
26843
53687
10737

21474
42949

o &N

52

08
216
432

864
7728
5456
0912
41824

83648
67296
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NEGATIVE POWERS OF 2

—

bW

10
11

12
13
14

15
16
17

18
19
20

21

23

24
25
26

27
28
29

30
31
32

2—l

1.0
0.5
0.25

0.125
0.0625
0.03125

0.01562
0.00781
0.00390

0.00195
0.00097
0.00048

0.00024
0.00012
0.00006

0.00003
0.00001
0.00000

0.00000
0.00000
0.00000

0.00000
0.00000
0.00000

0.00000
0.00000
0.00000

0.00000
0.00000
0.00000

0.00000
0.00000
0.00000

25
625

3125
65625
82812

41406
20703
10351

05175

52587
76293

38146
19073
09536

04768
02384
01192

00596
00298
00149
00074
00037
00018
00009

00002

25
125
5625

78125
89062
94531

97265
48632
74316

37158
18579
09289

02322
01161

50580
25290
62645

31322
65661
32830

25

625
8125
40625

20312
10156
55078

77539
38769
19384

59692
29846
14923

57461
28730
64365

25
125

0625
53125
76562

38281
19140
09570

54785
77392
38696

25
625
3125

15625
57812
28906

25
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CONTINUING
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POSITIVE POWERS OF 8

=)

. 8"

1

8
64
512
409
327
262
209

®NO WM HEWN=O

6
68
144
715

2

167 772 16

POSITIVE POWERS OF 16

3

16"

1

16
256
409
655
104
167
268
429

NG HEWN—=-O

36

857
772
435
496

16
456
729 6

NEGATIVE POWERS OF 16

n 6™

0 1.0

1 0.062 5

2 0.003 906 25

3 0.000 244 140 625

4 0.000 015 258 789 062 5
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