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MC68HCOO0

Low power HCMOS
16-/32=Bit Microprocessor ‘“

This document contains both a summary of the MC68HCOO0 as well as a detailed set of parametric. ‘$~$:~’$
The purpose is twofold — to provide an introduction to the MC68HCOO0 and support for the sophisticate$~~$”’ .?’

,x,~,~,x~~

user, For detailed information on the MC68HCOO0, refer to the MC68000 76-Bit Micorprocessor User’s .i~~w:~,‘%1
,,+\,~:l,’~

Manual.
.. . ..,!. ,,.::>

The primary benefit of the MC68HCOO0 is its reduced power consumption. The device dissipate~j$~,
.,?!*>...+.

order of magnitude less power than the HMOS MC68000. ~ ..\:\e-<~,hi,,,:,.’:}++,,.’;,
The MC68HCOO0 is an implementation of the M68000 16/32 microprocessor architecture. TN$F’>.?

MC68HCOO0 has a 16-bit data bus implementation of the M68000 and is upward code coq~:~~~$$to the
MC68010 virtual extension and the MC68020 32-bit implementation of the architecture, ,Anx~;er-mode
programs written using the MC68HCOO0 instruction set will run unchanged on the M@~~.900;MC68008,
MC68010, and MC68020. This is possible because the user programming model i%?i~~~cal for all five ~
processors and the instruction sets are proper sub-sets of the complete archite~t~r~~~~esources available
to the MC68HCOO0 user consist of the following:

,,.~:?”.,,>.>.
.$,;F;F;’

● 17 32-Bit Data and Address Registers
,,~,. ‘~:+~,* ,.
,>. ~~t,~~../<:.,l

● 16 Megabyte Direct Addressing Range .-, ‘‘:.~.~,,,,~,.,...:’:.“:+:,, ~
. 56 Powerful Instruction Types

‘+~k..:~~},\,
\t..\:.\\ ‘..?*,\*..,.,:-.~. ,

. Operations on Five Main Data Types “...,?l,:/:?..>,:>4:.:./::!>

. Memory Mapped l/O

● 14 Addressing Modes
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“figure 1. User Programming Model

This document contains information on a new product. Specifications and information herein are subject to change without notice.

m MOTOROLA =
OMOTOROU INC., 1987

BUE275R2



..-.=

,.
,,

,;, , INTRODUCTION,.’ ,,

As shown in the user programming model (Figure 1),
the MC68HCOO0 offers 16 .32-bit registers and a 32-bit
program counter. ,The first eight registers (DO-D7) are
used as data registers for byte (8-bit), word (16-bit), and
long word (32-bit) operations. The second set of seven
registers (AO-A6) and the user stack pointer (USP) may
be used as software stack pointers and base address reg-
isters. In addition, the registers may be used for word
and long word operations. All of the 16 registers may be
used as index registers.

In supervisor mode, the upper byte of the status reg-
ister and the supervisor stack pointer (SSP) are also avail-
able to the program mer,, Theseregisters are shown in
Figure 2.

The status register (Figure 3) contains the interrupt mask
(eight levels available) as w611 as the condition codes:
extend (X), negative (N), zero (Z), overflow. (V),, and carry

(C). Additional status bits indicate that the processor is
in a trace (T) mode and in a supervisor (S) or user state.

USERBYTE

SYSTEM BYTE (CONTROL CODE REGISTER)

f v \

15 13 10 8 ‘4 o

,1211 10 x, N z v c

I \ J I
TRACEMOOE INTERRUPT EXTENO

SUPERVISOR MASK NEGATIVEI
STATE ZERO

OVERFLOW
CARRY

Table 1. Addressing Modes

Addressing Modes I Syntax

Register Direct Addressing
Data Register Direct I Dn

I Address Register Direct I An

Absolute Data Addressing
Absolute Short xxx. w
Absolute Long XXX. L

Program Counter Relative Addressing ,*!.
Relative with Offset d16( PC) ,s,:.,.%:l$,

‘*{,1,

Relative with Index Offset
.\.*,<.\+

d8( pC4WR/\$, .s,
;.:, . ‘

Register Indirect Addressing
<~,:*. “ $’.h:$,, ./,;,,:*S

~p =$~ddress of Data Register used as Index Register
~%~$ = Status Register

*$$$~@C ‘‘ = Program Counter,.~

Fiqure 3. Status Resister ~$p~~~$~’w’USP = User Stack Pointer

d8 = 8-Bit Offset, ( Displacement)
d16 = 16-Bit Offset (Displacement)
#xxx = Immediate Data

setting, and indexing. The program counter relative mode
can also be modified via indexing and offsetting.

INSTRUCTION SET OVERVIEW

The MC68HC0.00 instruction set is shown in Table 2.

Some additional instructions are variations, or sub-sets,
of these and they appear in Table 3. Special emphasis
has been given to the instruction set’s support of strucr
tured high-level Iangugages to facilitate ease of program-
ming, Each instruction, with few exceptions, operates on
bytes, words, and long words and most instructions can
use any of the 14 addressing modes, Combining instruc-
tion types, data types, and addressing modes, over 1000
useful instructions are provided. These instructions in-
clude signed and unsigned, multiply and divide, “quicK’
arithmetic operations, BCD arithmetic, and expanded op-
erations (through traps).

lRIF 0

Figure 2. Supervisor Programming Model Supplement
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Table 2. Instruction Set Summary ;

Mnemonic Description

ABCD Add Decimal With Extend
ADD Add
AND Logical AND
ASL Arithmetic Shift Left
ASR Arithmetic Shift Right

Bcc Branch Conditionally
BCHG Bit Test and Change
BCLR Bit Test and Clear
BRA Branch Always
BSET’ Bit Test and Set
BSR Branch to Subroutine
BTST Bit Test

CHK Check Register Against Bounds
CLR Clear Operand
CMP Compare

DBCC Test Condition, Decrement and Branch
DIVS Signed Divide
DIVU Unsigned Divide

EOR Exclusive OR
EXG Exchange Registers
EXT Sign Extend

JMP Jump
JSR Jump to Subroutine

LEA Lead Effective Address
LINK Link Stack
LSL Logical Shift Left
LSR Logical Shift Right

Mnemonic Description

MOVE Move
MULS Signed Multiply
MULU Unsigned Multiply

NBCD Negate Decimal with Extend
NEG Negate
NOP No Operation
NOT One’s Complement *,\*.

..,..t.,..~,\
OR Logical OR .,s,+..,.,:

..*,~?,~t~,\.,,. .

PEA Push Effective Address ,<i,..f$~

RESET Reset External Devices
,,,\,\,:$:!“~i;,.,.

..:.,t .+$,>:,1<:?~~,>.,
ROL Rotate Left without Ext@: ‘“,:+S?
ROR ‘Rotate Right without ~#&d,@
ROXL Rotate Left with Ex@~n&~~-
ROXR Rotate Right wi~ E-
RTE Return from %l~~on
RTR Return an~~&o~
RTS Return #;@ S~~routine

:.,?~ ,~,. ,,,,.
SBCD Su~@,~&cimal with Extend
Scc set ~d}ional
STOP ~g:$~p
SUB ,+ ,~~~utitract~:,
SWAP / $$Swap Data Register Halves,,’.>~:i.,

TAS :$,?>+‘“~“’ Test and Set Operand~:?.%.,
TR$~; .~.?.~ Trap
T~&~@;h Trap on Ovetilow

~f&fi, ~~ Test..>, ?$
:~~k Unlink \

.... .. .,,...
Instruction

*$. .,$:,>~>.,*.. ,.$~i..l,
Type Variation .*f%$D’&&?ption

ADD ADD ~&@~~$:,,i

ADDA $~d,$hddress
ADDQ .S?” ~;~dd Quick
ADDI ,,, “*%t+~$<AddImmediate
ADDX \ #:&$ ,, Add with Extend

AND A~~),, );< “~:s Logical AND
~pQj ‘$. And Immediate

;$,@~to CCR And Immediate to
.$,*;,!: t:~;b Condition Codes

*:$?$!.. $ANDI to SR And Immediate to Status.!’t:,.....;$:,*\.\>.,,,$..,:.,,h.l,.,’. .,,,~.!,,...:,!. Register

c@w.%,,;:t CMP Compare
,J$.>i+
>~t CMPA Compare Address
*,

CMPM Compare Memory
CMPI Compare Immediate

EOR EOR Exclusive OR
EORI Exclusive OR Immediate
EORI to CCR Exclusive OR Immediate to

Condition Codes
EORI to SR Exclusive OR Immediate to

Status Register

Instruction
Type Variation Description

MOVE MOVE Move ‘“
MOVEA Move Address
MOVEM Move Multiple Registers
MOVEP Move Peripheral Data
MOVEQ Move Quick
MOVE from SR Move from Status Register
MOVE to SR Move to Status Register
MOVE to CCR Move to Condition Codes
MOVE USP Move lJser Stack Pointer

NEG NEG Negate
NEGX Negate with Extend

OR OR Logical OR
ORI OR Immediate
ORI to CCR OR Immediate to

Condition Codes -
ORI to SR OR Immediate to Status

Register

SUB SUB Subtract
SUBA Subtract Address
SUBI Subtract Immediate
SUBQ Subtract Quick
SUBX Subtract with Extend

MCBBHCOOO MOTOROLA
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SIGNAL DESCRIPTION

The input and output signals are illustrated functionally in

Figure 4 and are described in the following paragraphs.

UCC(2J

GND(2) A1.A23
“,v

Table 4. Data Strobe Control of Data Bus

m m R1~ D8-D15 DO-D7

High High – No Valid Data No Valid Data

Low Low High Valid Data Bits Valid Data Bits
8-15 0-7

High Low High No Valid Data Valid Data Bits
o-7

bLh— —

Low High High Valid Data Bits No Vahd ~~ta
8-15 !t$;}:~i<;:{:,

B ., ‘S**‘~ IV’

Rl~

:-;l
Low Low Low Valid Data Bits

val~’&$hits

FCO
s

am m ASYNCHRONOUS 8-15 $:;+>*9

PROCESSOR

{:

Zz m BUS
;~:y.

FC1 ~u
STATUS FC2 gg. OTACK CONTROL High Low Low Vahd Data Bi@’ ~’~~&d Data Bits

~- O-7* ,+;:t<h,“
~ 0

0-7
=5

f.’~”

M6aoo

{:

E s
m

–“}

Low High Low
valid ~ia~y :

Valid Data Bits

PERIPHERAL m ,m BUSARBITRATION ,kg-~qt’t’ 8-15*

CONTROL
m+ BGACK CONTROL :,’$<+.t,..*

*Theaa ~o”ditions are a resultl~&&&nt implementation and rnaY
$’“$.,::$:$J:,

BERR .’ -m not appear on future devi~~. ? .

{: ,: }

“’$..)..!: ~
SYSTEM —RESET~ <m INTERRUPT ;<<.$,<>,

x<,.,t’”’‘~,,*, ,,,
CONTROL m m CONTROL $f\,. . . ..~::<;*,.,,!:<+,.>i?\,

Data Transfem~~&~o’wledge (DTACK)
Figure 4. Input and Output Signals This inp~$~ti$~tes that the data transfer is completed.

When t~$,$$w%sor recognizes DTACK during a read cycle,,,

ADDRESS BUS (Al THROUGH A23)
data~s %~ed and the bus cycle terminated. When DTACK

is Ex$gnized during a write cycle, the bus cycle is terminated.
This 24-bit, unidirectional, three-state bus is capable of ad-

~$>,,,,,...]*,R ,.

dressing 16 megabytes of data. It provides the address forbus ,, $U# ARBITRATION CONTROL
operation during all cycles except interrupt cycles. During in- :?,. ‘~r?:y*& The three signals, bus request, bus grant, and bus grant
terrupt cycles, address lines Al, A2, and A3 provide infor-

mation about what level interr~pt is being serviced ~hil~~
*’ acknowledge, forma bus arbitration circuit to determine which

address lines A4 through A23 are set to a logic high.,$?~~)k,,
t..., *.:.

This 16-bit, bidirectional, three-state bus i~~@~~,,@eral pur-

pose data path. It can transfer and accept~,@,$J%’’bither word

or byte length. During an, interrupt ackhiwdge cycle, the,\,*. .
external device supplies the vector ,w’~e~on data Iinea DO-

D7 . ,:t.:>. k,,..s+,.~.~,$:>f’~,r;$,t:‘::$.$,’!

ASYNCHRONOUS BUS ~Q~J#L.
Asynchronous data tran&~[#re handled using the following

control signals: addr@~stro~e, read/write, upper and lower

data strobes, and ~%~j$$msfer acknowledge. These signals

are explained ig:~~~~~~lldwing paragraphs.
1. .

his signal defines the data bus transfer as a read or write

cycle. The R/~ signal also works in conjunction with the data

strobes as explaina~ in the fo!lowing paragraph.

Upper and Lower Data Strobe (-, ~)

These signals control the flow of data on the data bus, as

shown in Table 4. When the R/~ line is high, the processor

will read from the data bus as indicated. When the R/~ line

is low, the processor will write to the data bus as shown.

device will be the bus master device.
\
\\,

Bus Request (~)

This input ia wire ORed ~th all other devices that could be

bus masters. This input indicates to the processor that some

other device desires to become the bus master.

Bus Grant (~)

This output indicatea to all other potential bus master devices

that the processor will release bus control at the end of the

current bus cycle.

Bus Grant Acknowledge .(BGACKI

This input indicates that some other device has become the

bus master. This signal should not be asserted until the fol-

lowing four conditions are met:

1.
2.

3.

4.

a bus grant has been received,

address strobe is inactive which indicates that the micro-

processor is not using the bus,

data transfer acknowledge is inactive which indicates that

neither memory nor peripherals are using the bus, and,

bus grant acknowledge is inactive which indicates that

no other device is still claiming bus mastership.

—— —
INTERRUPT CONTROL (lPLO, IPLI, 1PM)

These input pins indicate the encoded priority level of the

device requesting an interrupt. Level seven is the highest prior-

ity while level zero indicates that no interruptsarerequested.
Level seven cannot be masked, The least significant bit is given

in ~0 and the, most significant bit is contained in ~. These

MOTOROLA
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lines must remain stable until the processor signals interrupt

acknowledge (FCO-FC2 are all high) to insure that the interrupt

is recognized.

SYSTEM CONTROL

The svstem control inputs are used to either reset or halt

the processor and to indicate to the processor that bus errors

have occurred. The three svstem control inputs are explained

in the following paragraphs.

Bus Error (BERR)

This input informs the processor that there is a problem with

the cvcle currentlv being executed. Problems mav be a result

of:

1. nonresponding devices,

2. interrupt vector number acquisition failure,

3. illegal access request as determined bv a memory man-

agement unit, or

4. other application dependent errors.

The bus error signal interacts with the halt signal to determine

if the current bus cvcie should be re-executed or if exception

processing should be performed.

Reset (RESET)

This bidirectional signal line acts to reset (start a svstem

initialization sequence) the processor in response to an external

reset signal. An internally generated reset (result of a RESET

instruction) causes all external devices to be reset and the

internal state of the processor is not affected. A total svstem

reset (processor and external devices) is the result of external— _
HALT and RESET signals applied at the same time.

synchronized with the enable (E) signal. This input also indi-

cates that the processor should use automatic vectoring for

an interrupt during an IACK cvcle.

Valid Memory Address (VMA)

This output is used to indicate to M~OOO peripheral devices

that there is a valid address on the address bus and the pro-

cessor is synchronized to enable. This signal onlv responds to

a valid peripheral address (~) input which indicates that the

peripheral is an MWOOO FamilV device.
~~*~.*.

...... $,*,f!’}:~..(,!~tt.,:*,>. ,:~:,,=,,,,,,

PROCESSOR STATUS (FCO, FCI, FC2) ,$,:i,:jpt,:<)
,,,>,.,‘....,,

These function code outputs indicate the s~$?~~[~r or su-

pervisor) and the cvcle tvpe currently b~~;~~%cuted, as

shown in Table 5. The information indi,ca$~~~y the function

code outputs is valid whenever addre~,,st~~’’(~) is active.
.,,i .*;

Table 5. Function

Cvcle ~me

(Undefined, Reserved)
User Data
User Program

(Undefinad, Reserved)
(Undefined, Resewed)
Supewisor Data
Supervisor Program
Interrupt Acknowledge

~$?$’ The clock input is a TTL-compatible signal that is internally..:6;
Halt (HALT) ,,$$<s~.,

~.,.x,
,,k ,, .,, ,,ti

When this bidirectional line is driven by an extern+$*&e;

it will cause the processor to stop at the compl~~~~fix~f’the

current bus cvcle, When the processor has be~&J@ using

this input, all control signals are inactive a@..~%hree-state
‘“ $:y”?q

lines are put in their high-impedance sta~e~’~$~.

When the processor has stopped ~~x~~~mg instructions,

such as in a double bus fault conditio~ th@ HALT line is driven,4,%>$:,&>\e,:*
by the processor to indicate to ~&e~l’devices that the pro-,Ja,
cessor has stopped. . .. .,~*,\..,,:,,.;~~’.s{::,\..:~

~~,, ‘$)

M6800 PERIPHERAL Q~~T#~L
i ~?$$.v’~’f>

These control sign~~ a$~’hsed to allow the interfacing of
synchronous M08Q.$~~~heral devices with the asynchronous

MC08HCOO0. T*&$~slgnals are explained in the following

pa ragraphs,,.P’~~, “*4
>?- .,$
...! ..-

Enabl@’f~)”*:
‘%.~~<,,i:::.i.~...

T@J$L,<~nal is the standard enable signal common to all
M-~ype peripheral devices. The period for this output is

ten ~C88HCOO0 clock periods (six clocks low, four clocks

high). Enable is generated by an internal ring counter which

may come up in anv state (i.e., at power on, it is impossible

to guarantee phase relationship of E to CLK). E is a free-running

clock and runs regardless of the state of the bus on the MPU.

Valid Peripheral Address (VPA)

This input indicates that the device or region addressed is

an M~OOO FamilV device and that data transfer should be

buffered for development of the internal clocks needed bv the

processor. The clock input should not be gated off at anv time

and the clock signal must conform to minimum and maximum

pulse width times. The clock is a constant frequencv square

wave with no stretching or shaping techniques required.

DATA TRANSFER OPERATIONS

Transfer of data between devices involves the following

leads:

1. address bus Al through A23,

2. data bus DO through D15, and

3. control signals.

The address and data buses are separate parallel buses used

to transfer data using an asynchronous bus structure. In all

cvcles, the bus master assumes responsibility for deskewing

all signals it issues at both the start and end of a cvcie. In

addition, the bus master is responsible for deskewing the ac-

knowledge and data signals from the slave device.

The following paragraphs explain the read, write, and read-

modify-write cvcles. The indivisible read-modify-write cvcle is

the method used bv the MCWHCOOO for interlocked multi-

processor communications.

READ CYCLE

During a read cvcle, the processor receives data from the

memorv of a peripheral device. The processor reads bytes of

data in all cases. If the instruction specifies a word (or double

word) operation, the processor reads both upper and lower

bytes simultaneously bv asserting both upper and lower data

MC68HCOO0 MOTOROLA
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strobes. When the instruction specifies byte operation, the

processor uses an internal AO bit to determine which byte to

read and then issues the data strobe required for that byte.

For byte operations, when the AO bit equals zero, the upper

data strobe is issued. When the AO bit equals one, the lower

data strobe is issued. When the data is received, the processor

correctly positions it internally:

WRITE CYCLE

During a write cycle, the processor sends data to either the

memory or a peripheral device. The processor writes bytes of

data in all cases. If the instruction specifies a word operation,

the processor writes both b~es. When the instruction specifies

a byte operation, the processor uses an internal AO bit to

determine which byte to write and then issues the data strobe

required for that byte. For byte operations, when the AO bit

equals zero, the upper data strobe is issued. When the AO bit

equals one, the lower data strobe is issued.

READ-MODIFY-WRITE CYCLE

The read-modify-write cycle petiorms a read, modifies the

data in the arithmetic-logic unit, and writes the data back to

the same address. In the MC68HCOO0, this cycle is indivisible

in that the address strobe is asserted throughout the entire

cycle. The test and set (TAS) instruction uses this cycle to

provide meaningful communication between processors in a

multiple processor environment. This instruction is the only

instruction that uses the read-modify-write cycles and since

the test and set instruction only operates on bytes, all read-

state is the stopped state which the processor enters when a

stop instruction is executed. In this state, no further references

are made.

EXCEPTION PROCESSING

The exception processing state is associated with interrupts,

trap instructions, tracing, and other exception conditions. The

exception may be internally generated by an instruction or by

an unusual condition arising during the execution of an in-

struction. Externally, exception processing can be forc~, by

an interrupt, by a.bus error, or by a reset. Exception ~K;~~$*9

is designed to provide an efficient context switchj$o+~~t the
‘;,:*!: ,tt~~processor may handle unusual conditions. ,$~, ,. ~

,.:. ,,<,,’%,?. !fi,,:~s...!~y.

HALTED PROCESSING
<y:!~ ,,.*.:::‘

,\f,,,,j,,i$ ~
..lt$,,,,~ji?

The halted processing state is an (@}~t~ of catastrophic

hardware failure. For example, if:$dur%:~he exception proc-

essing of a bus error another *,’&~or occurs, the processor,., .+,>$,<~;
assumes that the system is u-e and halts. Only an external

reset can restart a halted &.@E’Rssor. Note that a processor in~:~i~~*,\ ,,;.
the stopped state is n~~ [N,tb halted state, nor vice versa..,,,.l}+,.~,.,)<.+,.., .-. <:,.

‘‘.&*
,:.+f~i$

-:?::..-~:.,:fx:tb
lNTERm~WITH M6600 PERIPHERALS~.::: .7

\?)$.~i!$.,<,.,.,r.
Motor* dtiensive line of M6800 peripherals are directly

com~~tible:with the MC68HCOO0. Some of these devices that

a~ej~~~~ularly useful are:
.,,,.3..!.i\. i

.. ‘$?$a,,~C6821 Peripheral Interface Adapter
modify-write cycles are byte operations.

.,\,,

h?:~$:., MC~ Programmable Timer Module.-w.,.,,
w<we MC- Floppy Disk Controller

.+,
PROCESSING STATES ,?N *f: MCW5 CRT Controller4.,,,

..,,’“!/>, MC6850 Asynchronous Communications Interface:!.$. .$:\!$,

The MC68HCOO0 is always in one of three proce:s$$<%tes: Adapter

normal, exception, or halted, ~+<:,..s~~:.$\. MC68W Advanced Data Link Controller
---.$ >>

9. .+.?~ ,, ‘~,:.:.<,>,,
..Jl:~.:*,

NORMAL PROCESSING
(:(*.’~<)t,,..’.<,j,.~,,..‘:> To intetiace the synchronous M6800 peripherals with the asyn-

:’.?,-’~’.~$i,.*$3+%
..,+‘~$[, chronous MC68HCOO0, the processor modifies its bus cycle

The normal processing state is that ~ocmted with instruc- to meet the M6800 cycle requirements whenever an M6800,a,,.:.-!.+,:,,.~,*.4
tion execution; the memory referen~ a\~W fetch instructions device address is detected. This is possible since both the

and operands, and to store res@w,k*.~ecial case of normal
.,::$ -i!~j,:

processors use memory mapped 1/0,
.,.,

;~$y.! .,,}
t:~$:i,,j:

MAXl~;~:~A+t NGS

... Rating Symbol Value Unit

Vcc – 0.3 to + 6.5 v

Vi” –0.3 to +6,5 v

Operating Temperature Range TA TL to TH Oc
MC68HCOO0 o to 70

Storage Temperature Tstg –55 to lW “c

This device contains circuitry to protect the
inputs against damage due to high static voltages
or electric fields; however, it is advised that nor-
mal precautions be taken to avoid application of
any voltage higher than maximum-rated voltages
to this high-impedance circuit. Reliability of op-
eration is enhanced if unused inputs are tied to
an appropriate logic voltage level (e,g., either
GND or Vcc).

MOTOROLA Mc68Hcm
6 *



THERMAL CHARACTERISTICS
Characteristic symbol Value Symbol Value Rating

Thermal Resistance (Still Air) 6JA 8Jc Oc/w
Ceramic, Type L 30 15*

Ceramic, Type R 33 15
Plastic, Type P 30 15*
Plastic, Type FN 45* 25*

*Estimated

DC Electrical CHARACTERISTICS Vcc= 5.0 Vdc *5%; GND =0 Vdc; TA=TL to TH; see Figures 5, 6, and 7) $?:,).i,,!.

4
PA

v
I

v

I
I

3
mA

w

pF

~,.t
h “~~

CMOS LATg#$~F,,>t},,.<:!*:,, , . ..4 *j: .,,
, .,.V ~ .,,;..,

The CMOS ceii is basica!ly&@#osed of two complementary
~*’’:\$

transistors (a P-channel,@fid an ~-channel), and, in the steady

state, only one transi~~b~~?urned on. The active ?-channel

transistor sources ~’@~I when the output is a logic high, and

presents a high ‘~~ance when the output is a logic low.
Thus, the oy@a~~reSult is extremely low power COnSUlnPtiOn

because th~:~~ ‘ho power loss through the active P-channel

transi~~r~~$$~~, since only one transistor is turned on during

the ~~ea~$sf~te, power consumption is determined by leakage
,.:;..,,$\\,,

cu rr~$~i

Be&use the basic CMQS ceil is composed of two

complementary transistors, a virtual semiconductor controlled

rectifier (SCR) may be formed when an input exceeds the

supply voltage. The SCR that is formed by this high input

causes the device to become “latched” in a mode that may

result in excessive current drain and eventual destruction of

the device. Although the MC~HCOOO is implemented with

input protection diodes, care should be exercised to ensure

that the maximum input voltage specification is not exceeded.

Some systems may require that the CMOS circuitry be isolated

from voltage transients; others may require no additional

circuitry.

CMOS APPLICATIONS

@ The MC& HCOOO completely satisfies the input/output

drive requirements of CMOS logic devices,

‘ @ The HCMOS MCWHCOOO provides an order of magnitude

power dissipation reduction when compared to the HMOS

MCWOO. However, the MCWHCWO does not offer a

“power down” or “halt” mode. The minimum operating
frequency of the MC68HCOO0 is 4 MHz.

Mc68Hcm MOTOROLA
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J
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I 130 PF

—

—
figure 5. RESET Test Load

+5 v

42.9k

m

T
70 pF

-——

Figure 6. HALT Test Load

+5 v

Y

‘:AR*=74

NOTE: Timing measurements are referenced to and from a low voltege of 0.8 volt and high a voltage of 2.o volts, unless otherwise noted. The
voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 0.8 volt
and 2.0 volts.

Hgure 8. Clock Input ~ming Diagram

MOTOROLA
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AC ELECTRICAL SPECIFICATIONS – READ AND WRITE CYCLES

(VCC=5.O Vdc i5Yo: GND=O Vdc; TA =TL to TH; see Figures 9 and 10)

8 MHz 10 MHz 12.5 MHz

Num. Characteristic Svmbol Min Max Min Max Min Max Unit

1 Clock Period tcyc 125 250 100 2W 80 2W ns

2 Clock Width LOW tcL 55 125 45 125 35 125 ns

3 Clock Width High tCH 55 125 45 125 35 125 ns t,,*.

4 Clock Fall Time tcf – 10 – 10 – 5
‘.:\:;*\ ‘,.\:.,,r,$$?b.p‘;?,,,. ,,,

.>
.

5 Clock Rise ~me
\,:.<

tcr – 10 – 10 – 5
* ‘:2,f$ “

\ :i\ ~:,.
*

6 Clock Low to Address Valid tCLAV – 70 –
,.,/.,,, \,\!.

60 – 5@;,3$St&,** ns

6A Clock High to FC Valid tCHFCV – 70 – 60 – ~::p .: ‘v ns

7 Clock High to Address, Data Bus High Impedance
‘S*>,<t.

tCHADz – 80 – 70
,,.:,.,’~.:~?.,.

-4,<>,*?
& ns

(Maximum) :*<+ ~~<-’$,,,

8 Clock High to Address, FC Invalid (Minimum) tCHAFl o – o -$:{*& - ns
——

gl Clock High to AS, DS Low tCHSL o 60 0 ,Oi$p? ~ 55 ns,.,\ .,i~}.
I 12

——
Address Valid to AS, 0S Low (Read)/~ Low (Write} tAVS L 30 – 20 .9+;:$:-i~ o – ns

——
I IA2r7 FC Valid to AS, DS Low (Read)/~ Low (Write) tFCVSL m – ,J’q “<’ - ~ - ns

121
——

Clock Low to AS, DS High
,:>+:..;>,.~!“:;’;,.,

tCLSH – 7Q*x,i~,,i<,- 55 – 50 ns
——132 AS, DS High to Address/FC Invalid tSHAFl 30 !+4’+2,<.$1,.+ 20 – 10 – ns
——

142,5 AS, DS ~dth Low (Read)/~ Low (Write) 29
..,<+.,:>.$

ts L ‘t’:\_ 195 – 160 –

14A2 ~ Width Low (Write) tDSL ,,$i$., ‘- 95 _ 80 \_ ::
*J,

?@
——
AS, DS Width High tSH,$, %;, (* – 105 – 65 – ns

16 Clock High to Control Bus High Impedance .:\L,..,,J:l:,“’”tc * .+*— 80 – 70 – 60 ns
——

172 AS, DS High to R/~ High (Read)
:,,.,

t~RH> 40 – 20 – 10 – ns

181 Clock High to R/~ High
*..

‘<$~~i>,tCH RH., 0 70 0 60 0 m.... ns

201 Clock High to R/~ Low (Write)
~.j,!. ?

S-4,,.*~F?+,.,, ‘~-?v<l..~\e\; tCHRL – 70 – 60 – 60 ns

20A8 ~ Low to Rl~ Valid (Write)
t:,. \

,&~$,>J>’‘“ tASRV – 20 —,.,.., ,<J 20 – 20 ns

2J2 Address Valid to Rim Low (Write)
~,.,.,,,...;f:::;t~,,,,,

.F;$:.j.i~~,,,,,>:~$~..*.: tAVRL 20 – o – o — ns
*

21A2r7 FC Valid to R{~ Low (Wrhe) “;~$?<~~”::!. tFCvRL 60 – 50 – 30 – ns
.,, ..! ,.J‘

~2 Ri~ Low to ~ Low (Write) $~ .v:~’<’ tRLSL 80 – 50 – 30 – ns

23 Clock Low to Data Out V@&f#~~) tCLDO – 70 – 55 – 55 ns
——

253 tSHDOl 30 – 20 – 15 – ns

2& Data Out Vatid t~~% ~@J’ (Write) tDOSL 30 – 20 – 15 – na

276 Data In to Cla$~$&,~*(Setup Time on Read) tDICL 15 – 10 – 10 – na

tSHDAH o 245 0 190 0 150 ns
——

29 tSHD\] 0 – 0 – 0 – ns

30 tSHBEH 0 – 0 – 0 – ns

tDALDl – 90 – 65 – % ns
9

*:~$3 ~~ and RESET Input Transition Time tRHr,f o 200 0 200 0 200 ns
33i$

Clock High to ~ Low tCHGL – 70 – 60 – 50 ns

M Clock High to ~ High tCHGH – 70 – 60 – 50 ns

35 ~ Low to ~ LOW tBRLGL 1.5 90 ns 1.5 80 ns 1.5 70 ns Clk. Per.
+3.5 + 3.5 +3.5

MC68HC~ MOTOROLA
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AC ELECTRICAL SPECIFICATIONS – READ AND WRITE CYCLES (Continued)

8 MHz 10 MHz 12.5MHz

Num. Characteristic Symbol Min Max Min Max Min Max Unit

36g ~ High to ~ High tBRHGH 1.5 90 ns 1.5 80 ns 1.5 70 ns Clk. Per.
+3.5 +3.5 +3.5

37 BGACK LOWto ~ LOW tGALGH 1.5 90 ns 1.5 80 ns 1.5 70 ns Clk. Per.
+3.5 ~ +3.5 +3.5

37A1O BGACK LOWto ~ High tGALBRH 20 1.5 20 1.5 20 I .5 fib..
Clocks Clocks Clocks ,, %~~$?

36 ~ Low to Control, Address, Data Bus High Impedance tG~. – 80 – 70 – 60$, ~ ~ ‘.:$ns
(~ High)

,. .
~.:~,.,. :*,:?+‘, (*,.. ,;\

39 ~ Width High tGH 1.5 – 1.5 – 1.5,<$~5-,3 Clk. Per

@ Clock LOWto ~ LOW tCLVML – 70 – 70 : (:$,,$?O,::\*\< ns

41 Clock Low to E Transition tCLET – 70 – 55,$ “$~j:~ 45

42 E Output Rise and Fall fime tEr,f – 25 –

43

,,,,~~;:: ~~~_ 25 ;
:....,

~ Low to E High tVMLEH 200 – lW,:* ;F* -*$ go — ns
——

~,).

44 AS, DS High;o VPA High tsHvpH o 120 ““:’.qf.<,$ ;$’$~go o 70 ns

45 E Low to Control, Address Bus Invalid (Address Hold tELCAl 30 -q? ‘f ~;,,,1OJ’ — 10 – ns
Time) ,},..>~~..!,,.>,t<..F,.,,,.

46 BGACK Width LOW tGAL 1.5.:F $?,–J$ ‘< 1.5 – 1.5 – Clk. Per

476
-

Asynchronous Input Setup Time tASl 2&J$:* ““”- 20 – 20 –

493
.:),. ns

BERR LOWto DTACK LOW ‘B ELDAL*;”{b,~o ‘“– 20 – 20 – ns
——

ml 1 AS, DS High to E Low ts H@t’i%~~ :}0 70 – 55 55 – 45 45 ns

50 E Width High ,&$~&<:” 450 – 3W – 280 – ns

51 E Width LOW ,, ‘?*~ 700 – 5W “– ~ – ns

53 Clock High to Data Out Invalid .,.~ “*
,..:.$:::*. tCHDOl o – o – o – ns

54 E Low to Data Out Invalid
.t}!t,th..,, !,}>‘$,,., tELDO[ 30 –.:~.\.:,..<,.}:. 20 – 15 – ns

55 R/~ to Data Bus Driven
.. ,,~,,‘ -~>..,\1..$-V,\:,, ,:;.~,.+::*. tRLDBD 30 – 20 – 10 – ns

~4 ~/~ Pulse Width
.’:1.‘“<i..:.*\.:::,> .$!:.

,,.:,>.‘~:i$$. tHRpW 10 – 10 – 10 – Clk. Per.

57 BGACK High to Control Bus Dri&3 tGABD 1.5 — 1.5 — 1.5 _ Clk. Per.

~9 — ....s\.. :.
BG High to Control BUS DQWn $~+:{~ tGHBD 1.5 – I .5 – 1.5 _ Clk. Per.

.. . ...j:
NOTES: ‘~<):..,,.,.>~y.,.,~%~>,,,,.!,,.<. ..:~.t

1. For a loading capacitance ofi.kss$an or equal to 50 picofarads, subtract 5 nanoseconds from the valua given in the maximum columns.
2. Actual value depends o,@&~&~@’riod.
3. If #47 is satisfied for, bof~~p” and BERR, #48 may be O nanoseconds.
4. For power up, th$$~~@Umust be held in RESET state for 100 ms to allow stabilization of on-chip circuitry. After the system is powered

up, #56 refers tq]t~,~%mum pulse width required to reset the system.
5. #14, #14A, ~<ti,~~ aYeone clock period less than the given number for T6E, BF4, and R9M mask sets.
6. If the asy@woW& setup time (#47) requirements are satisfied, the DTACK low-to-data setup time (#31) requirement can be ignorad.

The da~,im, bnly satisfy the date-in clock-low setup time (#27) for the following cycle.
‘‘ 7. For:{w, %A, and R9M mask set #11A timing equals #11, and #21A equals #21. #20A ma; be O for T6E, BF4, and R9M mask sets.

8. ,~~~,$@ and R/~ are equally loaded ( i 20Vo), subtract 10 nanoseconds from the values given in these columns,
9i$~~k&[ocessor will negate ~ and begin driving the bus again if external arbitration logic negates ~ before asserting BGACK.

$~&<,?@ minimum value must be met to guarantee proper operation. If the maximum value is exceeded,- ~ may be reasserted.
~~~%e falling edge of S6 triggers both the negation of the strobas (= and ~) and the falling edge of E. Either of these events can occur
‘+’ first, depending upon the loading on each signal. Specification #49 indicatas the absolute maximum skew that will occur between the

“risingedge of the strobes and the falling edge of the E clock.

Please confirm the current data sheet and any related addenda has been used in the final design process.

MOTOROLA MC68HCOO0
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing
specifications. They are not intended as a functional description of the input and output signals. Refer to
other functional descriptions and their related diagrams for device operation.

.....

4 ~ 5

SO S1 S2 S3 S4 S5 S6 S7 &,—

e

FCO.FC2

A1.A23 IH

I

k26

NOTES:
1,
2.
3.

Setup time for the asynchronous inputs -, ~, and ~ guarantees their recognition at the next falling edge of the clock.
~ need fall a-tthis time only in order to insure being recognized at the end of this bus cycle.
~ming measurements are referenced to and from a low voltage of 0.8 volt and a high voltage 2.0 volts, unless othewise noted. The voltage
swing through this range should start outside and pass through the range such that the rise or fall will be linear between 0.8 volt and 2,0
volts.

Figure 9. Read Cycle ~ming Diagram

MC68HCOO0 MOTOROLA
11



These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing
specifications. They are not intended as a functional description of the input and output signals. Refer to

other functional descriptions and their related diagrams for device operation.

-1 N
..
1+

,.?,.,‘ ;’::,.itx..,
*!,, ,,:$},3!,
{:,p

,:$

NOTES:

1. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted, The

voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 0.8 volt

and 2.0 volts.

2. Because of loading variations, R/~ may be valid after ~ even though both are initiated by the rising edge of S2 (Specification 20A).

Figure 10. Write Cycle fiming Diagram

,. MOTOROLA
MC68HCOO0,12



s

CLK

A1-A23

DATA

OUT

+

DATA IN

NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the best case possibly-attainable.

Figure 11. MC68HCOO0 to M6800 Peripheral ~ming Diagram – Best Case

MC68HCOO0 MOTOROLA
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AC ELECTRICAL SPECIFICATIONS – BUS ARBITRATION
(VCC=5.O Vdc +5%; GND=O Vdc; TA=TL to TH; see Hgure 13)

8 MHz 10 MHz 12.5 MHz

Num. Characteristic Symbol Min Max Min Max Min Max Unit

7 Clock High to Address, Data Bus High tCHADZ – 80 — 70 – 60 ns
Impedance

16 Clock High to Control Bus High Impedance tCHCZ – 80 – 70 – 60 ns

33 Clock High to ~ Low tCHGL’ – 70 – 60 – 50 ns

34 Clock High to ~ High tCHGH – 70 – 60 – N
,’ &,.$,m ..’s,..~it.,:~l,,~j.,.,?$,

35 ~ Low to ~ LOW
. . . ~.

tBRLGL 1.5 90 ns 1.5 80 ns 1.5 70 ns clk$’:P&< ~
+3.5 + 3.5 +3.5 “ ~,~,~l,,..+f,..l:r,, ~?..,..,b,:, ‘,.

361 ~ High to ~ High tBKHGH 1.5 90 ns 1.5 80 ns 1.5 70 n~.2 ,:b~$-~~er.
+3.5 +3.5 +.@~r~ :$””

37 BGACK Low to ~ High tGALGH 1.5 90 ns 1.5 80 ns 1.5 #iy&J#3$ ‘- Clk. per.

+3.5 +3.5 ~).
-$,%$y$

37A~ BGACK Low to ~ High tGALBRH 20 1.5 20 1.5
Clocks

38 ~ Low to Control, Address, Data Bus High tGLZ – 80 –
Impedance (~ High)

39 ~ Wdth High tGH 1.5 – 1.&f ‘$..:..- ‘“
1.5 – Clk, Per.

q.+:
46 BGACK Wdth LOW tGAL 1.5 – ~,ar’:$~:‘*. – 1.5 – Clk. Per.

\
47 Asynchronous Input Setup Tme tASl , ~~’y’ - 20 - ‘s20 – ..$’:

57 BGACK High to Control Bus Driven tGABD 1.5 ~ “ 3+1.5 – 1.5 – Clk. Per,~,,!.>:,

ml ~ High to Control Bus Driven tGHBD 1.5 ~,.:g+t:?-$>,. 1.5 _ 1.5 – Clk. Per.

NOTES:
,s. ,:t..{, R*,*1:*,,.\\.:+.:.</\~<

1. The processor will negate ~ and begin driving the bus again if exter@$*$ration logic negates ~ before asserting BGACK.
2. The minimum value must be met to guarantee proper operation. If the *&ximum value is exceeded,.~ mav be reasserted.

~J;$,

STROBES
ANDRl~

m-

BGACK

4

m
>..

CLK

.. :
— ——

Figure 13. Bus Arbitration Timing Diagram
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64-PIN DUAL-IN-LINE PACKAGE
,,

D3c 2

D2C 3

DIC 4

DOE 5
mc 6

mc 7
mc 6

Rl~C 9

DTACKL 10

mc 11

BGACK L 12
mc 13

Vccc 14

CLKC 15

GNO~ 16

HALTK 17

EL 20
mq 21

‘!
m 22
~ 23

IPL1 24

M 25
FC2 26

FC1 27

FCO 28

Al 29

A2 30

A3 31

A4~32

64205

63 a 06

62 307

61 308

60 309

59 3010

58 3011

57aD12

563 013

55 go14

54 gD15

53I GND

52 3 A23

51 ~ A22

50g A21

49 a Vcc
48 ~ A20

47 dA19

46 gA18

45 3A17

44 nA16

41 3A13

40 2A12

39 ~All

38 3 A1O

37D A9

36a A8

PIN ASSIGNMENTS

K

J

H

G

F

E

D

c

B

A

68-TERMINAL PIN GRID ARRAY

OCOOOO’OOQQ
NC. FC2 FCO Al A3 A4 A6 A7

QQOOOOOOOO
BERR IPLO FC1 NC. A2 A5 A6 A1O All A14

DTA#

BGA#

Vrr

“ “ . . “ m m

06B 61
1 60 - D13

I – D14
c 1 -D15

— c 1- GNO
I – GND

Cri– - A23
GND – - A22
GND – - A21
N.C.– lB

~–
52 - Vcc

- A20
RFSFT — - A1O

-Ali
- A16
-A15
- A14
–A13

MOTOROLA
MC68HCOO0 ‘
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STANDARD MC68HCOO0 ORDERING INFORMATION

Package Type

Ceramic

L Suffix

Plastic*
P Sufix

Pin Grid Array
R Suffix

Plastic Leaded
Chip Carrier*
FN Suffix ~

*Contact factory for factory availability.

Frequency

(MHz)

8.0

10.0
12.5

8.0
10.0
12.5

8.0
10.0
12.5

8.0
10.0
12.5

,

Temperature

O“c to 70°c
O“c to 70°c
O“c to 700c

O“c to 70”C
O“c to 700c
O“c to 70°c

O“c to 700c
O“c to 70°c
O“c to 70°c

O“c to 70°c
O“c to 700c
O“c to 70°c

Order Name

MC88HCOOOL8
MC68HCOOOLI0
MC68HCOOOL12

NOTES:
1. OIMENSlbNS AANO B ARE OATUMS. 4, OIMENSION LTO CENTER OF LEADS

2. ~ IS SEATING PLANE. WHEN FORMEO PARALLEL.

3. POSITIONAL TOLERANCE FOR LEADS
5, OIMENSION BOOES NOT INCLUOE

MOLO FLASH.
(OIMENSION 01: 6. DIMENSIONING ANOTOLERANCING

L+l @O.25 (0.010) @l TIA @l B @l PER ANSI Y14.5, 1973.

L SUFFIX
CASE 746-01

CERAMIC PACKAGE

P SUFFIX
CASE 764-01

PLASTIC PACKAGE

MC68HCOO0 MOTOROLA
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,,

MECHANICAL DhTA (CONTINUED)

‘-

1.57””
1 r “= “n

. /
12345678910

Dj fiD
0012345678910

NOTES:‘
1.DIMENSIONSA ANO 8 AREOATUMS ANO T IS 3.DIMENSIONING

,.?

R SUFFIX
PIN GRID ARRAY
WITH STANDOFF

(Dimensions essentially those of
Case 765A-01.)

OATUM SURFACE. Y14.5M,1982, ‘tk<><+~:”
2.POSITIONALTOLERANCEFORLEADS168PLACESI 4.CONTROLLIN@=ON: INCH.

leldo.131.oo51@lT lA@]B@l .~,
.\!’.’”.tJ*

FN SUFFIX
CASE 779-01
QUAD PACK

Motorola resewesthe right to make changes without further notice to anv products herein to improve reliabili~, function or design. Motorola does not assume anv Iiahliy

srising out of the application or use of anv product or circuit described harein; neither does it convev any license under its patent rights norttte rights of others, Motorola and

@are registered trademarks of Motorola, Inc.

MOTOROLA LTD. Semiconductor Products Group ~
,, COLVILLES ROAD, KELVIN ESTATE, EAST KILBRIDE,’GLASGOW, G75 OTG, SCOTLAND

# P,,nted in Great Sritai. by Grmvenor, Nonhamplon. 2000 121a7.


