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MAXIMUM RATINGS

Rating
Value

Symbol
MC68000

Unit
MC68HCOO0 MC68008 MC6801O

Supply Voltage Vcc – 0.3 to 7.0 -0.3 to 6.5 –0,3 to 7.0 -0.3 to 7.0 v

Input Voltage U“ –0.3 to 7.0 –0.3 to 6.5 –0.3 to 7.0 –0.3 to 7.0 v

Maximum Operating TA TL to TH TL to TH TL to TH TL to TH *: it.
Temperature Range o to 70 0 to 70 0 to 70 0 to 70 , ,>.,: .,>

MC68000C –40 to 85 — -40 to 85 – 40 to 85;,,,~$,,;::: ‘:

Storage Temperature T~tg –55to 150 –55to 150 -55to 150 -55 tq$:~~ .C

,!k’.~, -~1.$:~~~.~~??tt:,:,1:.
~r,,t-..,,. f~~t

‘i:,,‘$~~.

THERMAL CHARACTERISTICS
“t..>sq. ...)$.?

+)$3..,,*..,..-~?,..‘\~i.’‘“~x.~..
The following thermal characteristics apply to the ,l~,&&%OO, MC68HCOO0,
MC68008 and the MC68010,

*,.4,..:~,,,.,,\*t,..,,~ .**\.
This device contains protec-
tive circuitry against damage
due to high static voltages or
electrical fields; however, it
is advised that normal pre-
cautions be taken to avoid
application of anv voltages
higher than maximum-rated
voltages to this high-imped-
ance circuit. Reliability of op-
eration is enhanced if unused
inputs are tied to an appro-
priate logic voltsge level (e.g.,
either GND or VCC).
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POWER CONSIDERATIONS

The average die-junction temperature, TJ, in ‘C can be obtained from:

TJ =TA + (P~OJA) (1)
where:

TA = Ambient Temperature, ‘C ,,

OJA = Package Thermal Resistance, Junction-to-Ambient, “Cm ‘W~$ik
pD = PINT+ Pi/0

~:t’1..,~..t.,>>.i,
~ ,“~”~$,$* ,>,.

PINT = ICC x Vcc, Watts — Chip Internal Power
“,$,i,,’,y,>.,j

~.$~~ ,9

Pi/o = Power Dissipation on Input and Output Pins — Use~@~~mined
$1+....,,,.~~:$i,:‘.:..~*; \

For most applications PI1O<PINT and can be neglected. ~~$:~~.$’
~<~i$?~,s$,.x:,>,..?:\\,*..”$It.i,.,:.

An appropriate relationship between pDand TJ (if P$@i&heglected) is:..~~..$.;

, ~,,t,,!
.,

where K is a constant pertainiM*~the particular part.
from equation (3) by measuri~’~D (at thermal equilibrium) for a known TA.
Using this value of K, th~!~alues of PD and TJ can be obtained by solving
equations (1) and (2),,~#$~t~vely for any value of TA.

(2)

(3)

K can be determined

,,“ ,)* -&\.
“...<;!K.,,$.

The curve show~:[~$~~ure 1 gives the graphic solution to the above equations
for the speci~<e&@SWerdissipation of 1.5 watts over the ambient temperature
range of ~85~to 125°C using a maximum OJA of 45°CW, Ambient tem-
peratur~!~}hht of the still air surrounding the device. Lower values of 6JA
caus~i~~..~urve to shift downward slightly; for instance, for 6JA of 40°M,
th~ ~b{~b is just below 1.4 watts at 25°C.
q:l+,l$~-*

.,,~$p~’stotal thermal resistance of a package (6JA) can be separated into two
‘)i’’t$’components, 6JC and 6CA, representing the barrier to heat flow from the\ *p&,>+:b:~:$-+><.:>?.{; semiconductor junction to the package (case) surface (6Jc) and from the case

$.,3,4;.+..:~>:,.,i:.*’ to the outside ambient air (OCA). These terms are related by the equation:~’:..,\,;.>-.+,

M68000 ELECTRICALSPECIFICATIONS
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Figure 1. MC68000 Power Dissipation (PD) vs A@~,@t Temperature (TA)

, ..,:!
,:$. \

,+>,, ,

6JC is device related and cannot be infl~’~e% by the user. However, 8CA is
user dependent and can be minimiz~&&.%uch thermal management tech-
niques as heat sinks, ambient air c~~~hg, and thermal convection. Thus,
good thermal management onw,~~epart of the user can significantly reduce
9CA so that 8JA approximat,~~’’~uals OJC. Substitution of 9JC for 6JA in
equation (1) results in a l~~~(:~%miconductor junction temperature.

.“.:<.:.:’.$J.*”;,,.,,.,,’,‘,’‘
Table 1 summarizes Q~#l&um power dissipation and average junction tem-

perature for the cg.,@~~tirawn in Figure 1, using the minimum and maximum
values of am bie,$~,,,tpmperature for different packages and substituting 6JC
for 6JA (assu@itg good thermal management). Table 2 provides the maxi-

mum pow@~@S&pation and average junction temperature assuming that no
therma~+~a~%gement is applied (i.e., still air).,,,,:,,,..-~’.*:,\...?,.‘L’!%.....+$#,,,\ ‘:). .,..,i,\.,,.‘$i \&,<..s...... NOTE

MOTOROLA

Since the power dissipation curve shown in Figure 1 is negatively
sloped, power dissipation declines as ambient temperature in-
creases. Therefore, maximum power dissipation occurs at the lowest
rated ambient temperature, but the highest average junction tem-
perature occurs at the maximum ambient temperature where power
dissipation is 10west.
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Values for thermal resistance presented in this manual, unless estimated,
were derived using the procedure described in Motorola Reliability Report
7843, “Thermal Resistance Measurement Method for MC68XXX Microcom-
ponent Devices”, and are provided for design purposes only. Thermal meas-
urements are complex and dependent on procedure and setup. User-derived
values for thermal resistance may differ.

,+~,?,~,tl~

PD(W) TJ PC} PD (~’:q; ,,:/$:TJ (c)

Package TA Range eJc PCArV) @ TA Min. @,T* Min. @ T&:~~~+’b TAMax.

MC68000 .:,, -1,,,\ ~*,1*

MLC WCto JWC 15 1,5 23 4:?2$, 1.2 88
– 4WC to 8&C 15 1.? _ 1# ;*J.Z1,,,, ‘“ I ,2 103

WC to 8WC 15 1.5 ..%s; .. ““ 12 103

P rc to 70”C 15 1,5 $T;;g;y’ 1.2 88

R/RC VC to JO”C 15 1.5 .P ~~ “23 1.2 8%
- 40”C to 85°C 15

J,,.\
I.J %$‘<’” -14 1.2 103

O“Cto 85°C 15 , $“’”’$: ,. *3 1,2 103

FN O“c to 70”C 25 ,~;:*$,5 ‘“ 38 1.2 101

*8008

LC VC to JO°C 15 <“:’:%. ‘“’ 1.5 23 1.2 88
– 4VC to 85°C %~~,,:) 7.J -14 1,2 103

VC to 85°C $*W$, 1.5 23 1.2 103

P Tc to 7WC ..{. 28 1.5 30 1.2 95

FN PC to JO”C >.:::+ 30 1.5 45 1,3 108
4>.:’+.l&

%f:*Pc*da+, MC6801O

ULC
Ooct@$@.p,$

15 1.5 23 1.2
- 40*i:ii@3”c

88
15 1.7 -14 1.2 103

*g$@~9&c 15 1,5 23 1.2 103
\

P x:,, “~&to JO”C 15 1,5 23 1.2 88

RIRC “ ‘~ O°C to JO°C!:..
,<;:,*4:X$>.J?

15 1.5 23 1.2 88
- 4~C to + 8YC.+t 15 1.7 -14 1,2 103

ji . WC to 85°C 15 1,5 23J{:!.,.. .... ,...1< 1.2 103
\

FN g)~:, ; O“c to 7WC 25 1.5 38 1,2 101
.. ,

~$~ Table does not include values for theMC8800012F.
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Table 21 MC68000 Power Dissipation and Junction Temperature vs
Temperature (OJC# OJA)

PD[W] TJ VC) PD [W) TJ ~Cl
Package TA Range 6JA ~CW) @ TA Min. @ TA Min. @ TA Max. @ TA Max.

Mc68000 ,,
ULC O“c to 70”C 30 1.5 23 1.2

.,. . ‘~:$?,
88 ‘.*:: tii

– 4WC to 85°C ~“~f$:$),:.30 1.7 –14 1.2 103

O°Cto 8WC 30 1,5 23 1.2 103 .%; ~t;’,::

P Oocto 70”C 30 1.5 23
..,7 .

1.2 ,pq,;?:J ~

R/RC O“c to 70”C 33 1.5 23 1.2
,,:~. .. . $<
‘I*SB .

– 40°C to 85°C 33 1.7 -14 1.2 .8s:,:<,~@$’

O°Cto 85°C 33 1.5 23 1.2 ~ ‘ ~!~:l03

FN O“c to 70”C 40 1.5 38 J,$:’G;&. 101

MC6600B
** ‘ ..~~~,

.,* ,*!*

LC O“c to 70”C 40 1.5 60 ,%~~;w$ 121
– 40°C to 85°C 40 1.7 – 27 ‘“ 1,2 134

O°Cto 6YC 40 1,5
~,’,: ‘:>

1,2 134

P O“c to 70”C 40 1,5 ,p~q’” 1.2 121

FN O“c to 7WC 50 1.5 ..: ‘:+?’$.$& 1.3 134

w{\\MC6BO1O *:* .

ULC rc to 70”C 30 ‘ ‘,f..,Fv+.@ ‘* 23 1.2 88
– 40”C to + 85°C 30 ,$, 1.% –14 1,2 103

WC to 85°C 30 ,$.~.$:,:+:s 23 1,2 103

P O“c to 7rc 30
s,,. ~.

~i) 1.5 23 1.2 88

RIRC O“c to 7WC ,,# + :.; 23 1.2 86
– 40”C to + 85°C .“,+33*:?, -14 1.2- 103

O“Cto 85°C ,4,.,~’:& 1:5 23 1.2 103

FN O“c to 70”C + ‘;” 40‘ ,+..~;,*,.., 1.5 36 1.2 101,,
\.,~ii~.~$\

NOTE: Table does not include. ~$~t%r the MC68000 12F.
~,:s\ ,.,,,::h,\ ~i

,,:...,-..$.,\\,i.t,~

CMOS CONSIDE@kkdNS,,, ,,,,::t;*\
The MC68&~00, with its significantly lower power consumption, has other
consid~{~ti$~s. The CMOS cell is basically composed of two complementary
trans~$~#(a P channel and an N channel), and only one transistor is turned
oq’wRrb the cell is in the steady state. The active P-channel transistor sources

‘*+~~
,~~~~eht when the output is a logic high and presents a high impedance when

,<,,[,,,,<,~$eoutput is a logic low. Thus, the overall result is extremely low power
....
:~<$$,.”consumption because no power is lost through the active P-channel transis-

$<\\>.\\::~.;:,.,~., tor, Also, since only one transistor is turned on during the steady state, power~,.>s consumption is determined by leakage currents.

MOTOROLA M68000 ELECTRICALSPECIFICATIONS 5



Because the basic CMOS cell 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 MC68HCOO0
is implemented with input protection diodes, care should be exercised to

ensure that the maximum input voltage specification is not exceeded. S,~~~e
systems may require that the CMOS circuitry be isolated from volta~eJ~M-
sients; others may require no additional circuitry. ,.}.‘~[t.l~,L...J”J”“,.,T\:b.,.....*.~~’{:.,.<,., ~.

The MC68HCOO0, implemented in CMOS, is applicable to desf~.j?o which~<L,,.~:\,;\\..,*..’.
the following considerations are relevant: ~i\-~r:t, .,.

~\~,..?.’
‘,:+ ‘,,:,.>..\,,\

1. The MC68HCOO0 completely satisfies the inp~$~~’~~~t drive require-
ments of CMOS logic devices. ,,‘<\::%,,

~.\,;’’%’”~..:,
+1:+,%,

‘~*\J
2. The HCMOS MC68HCOO0 provides an ?~&&o~ magnitude reduction in

power dissipation when compared ,t~~l~~ HMOS MC68000. However,
the MC68HCOO0 does not offer a ‘{~~owr-down” mode. The minimum
operating frequency of the MC~H~bOO is 4 MHz.

~~.:;>.,J..’.!\:i,.,,. .,,., .~;,~.:>
$;2,,>?,,<r/+

AC ELECTRICAL SPECIFICATIOkjbEFINITIONS
~,.

The AC specifications ~~sented consist of output delays, input setup and

hold times, and sign~~~~dW times. All signals are specified relative to an
appropriate edge @J~~clock and possibly to one or more other signals.

~~.,,y:,i,,,>.$”
~y,>yp,,

The measure,m&&&fthe AC specifications is defined by the waveforms shown

in Figure 2Y~@t@st the parameters guaranteed by Motorola, inputs must be
driven ~~:~~~ioltage levels specified in Figure 2. Outputs are specified with
mini,~,~w,~nd/or maximum limits, as appropriate, and are measured as shown,\li .!
in,,~~~e 2. Inputs are specified with minimum setup and hold times, and

~~,~,~easured as shown. Finally, the measurement for signal-to-signal spec-
.Y+,,,~~&%tionsis also shown.

.. ... ‘$~,,,

NOTE

The testing levels used to verify conformance to the AC specifications
does not affect the guaranteed DC operation of the device as spec-
ified in the DC electrical characteristics.

M68000 ELECTRICALSPECIFICATIONS MOTOROLA



CM

OUTPUTS(I) CLK

OUTPUTS(2) CLK

INPUTS(3) CM

INPUTS(4] CLK

ALL SIGNALS(5)

~!!,. ,1,.. :f.,,~‘,.4 ,x~
NOTES: \i$$’~..f$

1. ~s output timing i&~@cable to all parameters specified relative to tie rising edge of tie clock.
2. This output ti~~, is a~~ticable to all parameters specified relative to tie falfing edge of the clock.
3. This input ~}~’i~appli~ble to all parameters sptified relative to the rising edge of the dock.
4. ~s inp~$qo~$$ applimble to all parameters spwified relative to the falling edge of the clock.
5. This ~W ‘&hpplicable to all parameters epacifisd relative to the essertion/negation of anotier signal

LEGEN@~, %:%~’”
~#MW.um output delay spcificafion.

put hold time.~:f~::$rwm ‘Ut
,.. . mmuminputsetup timespecifi~tion.

.%,. “’k+~. Mnimum input hold time specification.
“:~ >. Signal vatid to signal valid specifi~tion (maximum or minimum).

F, Signal valid to signal invatid specifi~tion (maximum or minimum).

MOTOROLA

Figure 2. Drive Levels and Test Points for AC

M68000 ELECTRICALSPECIFICATIONS
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DC ELECTRICAL CHARACTERISTICS (MC68000, MC68008, MC68010)
(VCC=5.O Vdc*5%; GND=OVdc; TA=TL to TH)

Characteristic

Inuut Hiqh Voltaae

Input Low Voltage

Input Leakaga Current
—— —— —— —
BERR, BGACK, BR, DTACK, CLK, lPLO-lPL~

ti~ 5.25 V HALT, RESET

Threa-State (Off State) Input Current ~, A1-A~DO-Dl 5, FCO-FC2,
f{ 2.4 V/O.4 V LDS, R~, UDS, VMA

Output High Voltage [IOH = -400 wA) E*
(IoH = -400 wA) E, ~, A1-A23, ~, DO-D15,

FCO-FC2,LDS, RW, UDS, VMA

Output Low Voltage
(IOL= 1.6 mA) HALT
(lOL = 3.2 mA) AI-A23, ~, FCO-FC2
(lOL = 5.O mA) RESET
[IOL= 5.3 mA) E, ~, DO-C115, LDS, R~, UDS, VMA

Power Dissipation

Capacitance {Vin = OV, TA= 2WC, Frequency = 1 MHz)**
~,i...
.:$;

Load Capacitance 4W
&fl&krs

Symbol

Vlu

Min

2.0

GND -(

—

ITS1 I –

VOH Vcc -0,

-1.1,.

*With external pullup resistor of 1.1 KQ,
.,?, ~,>

,~,;<\,
**Capacitance is periodically sampled rather than 1000/. tested. .-,$,. !*~ ,,,.\

*** D””ri”g normal “operation instantaneous VCC current requirem$nt;!may be as high as 1.5 A
~~b:’:%:,*P

M68000 ELECTRICALSPECIFICATIONS

Max
—
Vcc
—
0.8

—

2.5
20

—
—
20.0
—

70
130

v—
KA

w—
pF
—
pF

—

MOTOROLA



DC ELECTRICAL CHARACTERISTICS (MC68HCOOO)
(VCC=5.O VdCf5%; GND=O Vdc; TA=TL to TH)

Characteristic I Svmbol ! Min Max Unit

Input High Voltage VIH 2.0 Vcc v

Input LOWVoltage VIL GND– O.3 0.8 v

Input Leakage Current
—— —

BERR, BGACK, ~, DTACK, CLK, IPLO-IPL2, VPA, Iin — 2.5 LA
6, 5.25 V HALT, RESET — 20

Three-State (Off State) Input Current
fit 2.4 V/O.4 V

‘co-Fc2%”~

-- .- —,——-. .. ..
Output High Voltage E, AS, A1-A23~~

([OH = -400 wA) FCO-FC2, LDS, RM, UDS, ~ , .,. .

Output Low Voltage VOL
y:

(iOL= 1.6 mA) HALT
(IoL=3.2 mA) A1-A23, ~, FCO-FC2 :,..3,, ;9 ‘“v
(lOL= 5.O mA) RESET

*tk,
“~ $0.5*.~,,.~

[]oL=5.3mA) E, ~, DO-DI 5, LDS, fl~, UDS, VMA /&r~~ ‘ -.$:? 0.5

Current Dissipation+
~l,.,.>>,,.?~

f=8 MHz ID >%.&!! ,.*,,,,,t:. 25 mA
f=10 MHz .>..._ 30

f= 18.67 MHz ,,, ., “}}:!,,.,>,.$.t. 50

Power Dissipation f=8 M~z; ~
“~D’ _

0.13 w
f=low~. ‘+”’~’~ – 0.16

f= 14*5 M~* — 0.19
,,${:,,,,..>, 0.26

Capacitance (~n = OV, TA=250C, Frequency= 1 MHz)**
...-*+.* ‘1’ii .:l~~ Cin — 20.0 pF

Load Capacitance
~,,>,,-!/?,(?J

., ~.’ HALT CL — 70 pF
‘~$~ All Others — 130

~...)<’

*Currents listed are with no loading.
.,

,,,;*<,’
**Capacitance is periodically sampled rather than lQ/.’’%ted.

AC ELECTRICAL SPECIFl~~$~hS — CLOCK TIMING (seeFigure 3)

/i, -“t$~),:*,
*. ,:,,

8 MHz* 10 MHz* 12.5 MHz*
16.87 MHz

Num.
16 MHz

CharactG~:,~ ‘ ’12P Unit
.’”.’

~~,i, ,:+ Min Max Min Max Mn Max Min Max Min Max
., ,...:1.

Frequency of Opera~&n ::, 4,0 8,0 4.0 10,0 4,0 12.5 8,0 16.7 8.0 18,7 MHz

1
Y -’

Cycle Tme .~~”%~!:‘“’ 125 250 100 250 80 250 60 125 60 125 ns..

2,3 Clock Puls~Widt~weasured from 1,5 V to 1.5 V 55 125 45 125 35 125 27 62.5 27 62.5 ns
for 12~/$~& *Y 55 125 45 125 35 125 27 62.5 27 62.5

4,5 Cloc~ki@,~n~ Fall ~mes — 10 — 10 — 5 — 5 —
$:.\

5 ns
~,,,>, ,,,, ‘ — 10 — 10 — 5 — 5 — 5

,.ty .,. ‘,?,,

*Thes~”x&p~&fications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz
MQ@~&@O and are valid onlv for product bearing date codes of 8827 and later.
-~~?,,~F.,,.\..
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AC ELECTRICAL SPECIFICATIONS — CLOCK TIMING [MC68008)
(seeFigure 3)

Num.
8 MHz*

Characteristic
10 MHz”

Symbol

I

Unit
Min Max Min Max

Freauencv of ODeration f 2,0 8.0 2.0 10.0 MHz

1 Clock Period tcyc 125 500 100 500 ns

2,3 Clock Pulse Wdth tCL, tCH 55 250 45 250

4,5 Clock Rise and Fall Trees trr, trf — 10 10

*These specifications represent an improvement over previously published specifications for the 8- and 10-MHx$ ~~~8
,,$,< .,

and are valid only for product beating date codes of 8827 and later. li;~,.,,.i~!~?,,~
.,,: .b<.\P’

,~t, S*

NOTE:

~~,’),.

figure 3. Clock lnp~f~T&ing Diagram
,*V,”,;.\:,,~~~~$.,..L.:,,.,.$.$,.,

AC ELECTRICAL SPECIFICATIONS— READ AND WRITE CYCLES
.,.
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES
(Continued)

a MHz* 10 MHz* 12.5 MHz’ 16:yH’ 16 MHz
Num. Characteristic Unit

Wn Max Min Max Min Max Min Max Min Max

16 Clock High to Control Bus High Impedance — 80 — 70 — 60 — 50 — 50 na

172 ~, DS Negated to R~ Invalid 40 — 30 — 20 – 10 — 15 — ns

181 Clock High to R~ High (Read) o 55 0 45 0 40 0 40 0 30 ns ~f

201 Clock High to R~ LOW(Write) o 55 0 45 0 40 0 40 0 30, ,.%6%::*

20A2,6 ~ Asserted to RN Valid (Write)

-,}
— 10 — 10 — 10 — 10 — .,$0: ‘$;+

2,2 Address valid to R~ Low (w~it~) 20 — o — o — o – “,@?*:g++ +’ns

21A2 FC Valid to R~ LOW(Write) 60 — 50 — 30 — 20 _, ““~ ;:_ n,

222 R~ LOWto ~ Asserted (Write) 80 — 50 — 30 — 20. :+:. *.30 — ns

23 Clock LOWto Data-Out Valid (Write) — 62 — 50 — 50 .f~> ‘:& — 30 ns

252 AS, DS Neoated to Data-Out !nvalid (Write) ~olo _ 30 — 20 ,*2 l+lti~l — 15 — ns

262 Data-Out Valid to DS Asserted (Write) 40 — 30 — ,\@&. -~< 15 – 15 — ns

275 Data.in Valid to Clock LOW(Setup Time on Read) 10 — 10 * !Jji: ‘- 7 — 5 — ns

27A5 Late BERRAsserted to Clock Low 45 — 44t* ‘ .$. *&5 — — — — — ns
(Setup Time) ‘,$3:!...

:.,

282 AS, E Negated to DTACK Negated o z40k%~~“,o ‘“190 0 150 0 110 0 110 ns
(Asynchronous Hold) .t..’.’’t<\ il.

‘c.~:

J’ o — o — o — o — ns

— 150 — 120 — 90 — 90 ns
f..

o — o — o — o — o — nsmAS, DS Negated to Data-In Invalid (Hold Time on Read)

29A AS, DS Negated to Data-In High Impedance

30 AS, DS Negated to BERR Negated

312,5 IDTACK Asserted to Data-in Valid (Setuo Tim>~k. ‘f’
~ .,.:i -. h

32 I HALT and RESET Input Transition Time”,* t,. o

—

—
—

1.5

90 l—
200 I o

62 l–

+

62 —

3.5 1.5[

65

200

50

50

3,5 E
—50—

0 200 0

–40—

—40—

1.5 3.5 1.5

40

150
—

40
—
40

3.5 %

— 50 ns

— 150 ns

O 30 ns

o 30 ns

1.5 3,5 Clks

I 1.51 3.5 I 1.513.511.5!3.51 1.513.51 1.513.51clksl

37 BGACK Asserta,~&~@egated 1.5 3.5 1.5 3,5 1.5 3.5 1.5 3.5 1.5 3.5 Clks

37Ae BGACK As,si@ed}~$& Negated 20 1,5 20 1.5 20 1.5 10 1.5 10 1.5 ns
\,.

*.,v*{,*’\ ,<., Clks Clks Clks Clks Clks

38 ~ ~$ad’$o<ontrol, Address, Data Bus High — 80 — 70 — 60 — 50 — 50 ns
@p@atibe (AS Negated]

39 ,a. ~~~f~th Negated 1.5 — 1,5 — 1.5 — 1.5 — 1.5 — Clka

,,,w~i?,: ,,~~ck LOWto VMA Asserted —

?’” Clock LOWto E Transition

70 — 70 — 70 — 50 — 50 ns

— 551Z — 45 — 35 — 35 — 35 ns

E Output Rise and Fall Time — 15 — 15 — 15 — 15 — 15 ns

~, ~ Negated to VPA Negated o 120 0 90 0 70 0 50 0 50 ns

I 45 E LOWto Control, Address Bus Invalid 30—10—10—10— 10—ns
[Address Hold Time)

MOTOROLA M68000 ELECTRICALSPECIFICATIONS 11



AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES
(Concluded)

and are valid only for product bearing date codes of 8827 %~%~’r
i !$

NOTES:

1. For a loading capacitance of less than or equal &&50 p~ subtract 5 ns from the value given in the maximum columns.

2. Actual value depends on clock period. .,’~”‘*-~+.\:,
——

3. If #47 is satisfied for both DTACK and BE~$~~$ may be ignored. In the absence of DTACK, BERR is an asynchronous

input using the asynchronous input se~@Jl~ r#47).

4, For power-up, the MC68HCOO0 mus.b.@&$ey*in the reset state for 100 ms to allow stabilization of on-chip circuitrv,

After the svstem is powered up, &,@(&,~&to the minimum pulse widt=red t= the Processor.

5. If the asynchronous input setup$~~?@471 requirement is satisfied for DTACK, the DTACK asserted to data setup time

1#31 ) requirement can be ign@.e$%~e data must only satisfy the data-into clock IOW setuP time (#271 for the following:>..,....Z.s., ~~~+,.
clock cvcle. ,,,, ,,,

6. When ~ and R~ are~q~[l~~oaded ( * 20”AI, subtract 5 ns from the values given in these colum~.

7. The processor will n~at&~% and begin dfiving the bus again if external arbitration logic negates BR before asserting

BGACK.
,:)~

$: “’tihi’’**’ * ‘
8. The minimum v~e~ust be met to guarantee proper operadon. If the maximum value is exceeded, ~ mav be re-

asserted, * “.:+

9. The falling&e ~f S6 triggers both the negation of the strobes (= and x~) and the falling edge of E. Either of these

events <a&i?$W$first, depending upon the loading on each signal Specification #49 indicates the absolute maximum

skew~~~mll occur between the rising edge of the strobes and the falling edge of the E clock.

10. 245 ‘~%the MC68008.

11. ~~~$’’f$r the MC68008,

l~~?Oi?*for the MC68008.

~..~,::,‘~.~\:\>,.~$-~
,,.:~\,”>\>J~,:,..
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S0S1S2S3S4S5 3SS7

GM

FC2-FW

A23-AI

UIAGK

DATAIN

BERR/ ~
(NOTE2)

.?,.:,,~,.:...,:,,
,:i} NOTES:

!:::!,.,..., —— —
,. .{.,.*,. 1. Setup time for the asynchronous inputs IPL2-IPLO AND VPA (#4~ guarantee their recognition at the next
~:,.t,~
.. ~ng ~ge of the closk.

2. BR need fall at fhie time only to insure being r~gnized at the end of the bus cycle.
3. Timing meaeuremenk are referen~d to and from a low voltage of 0.8 volt and a high voltage of 2.0 volk,

unless othemise noted, The voltage swing through this range should start outside and pass through tha
range suti that the rise or fall is linear bemwn 0.8 volt end 2.0 volk.

figure 4. Read-Cycle fiming Diagram
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CLK

FC2-FW

MA1

R

——
LDWDS

w–

DTACK

DATA OUT

BERR/=
(NOTE 2)

,, ~
<$%$2!$”:

~+J’,*:.
.~.i ~,i

s~:,+>$ .~,r>..,.

~;,:j~,yw. NOTES:
,.$~~\ ‘.:\i> 1, Tming measurements are referen~d to and from a low voltage of 0.8 volt and a high voltage of 2.o volb,
.*!\ ;.~..’,+..+. unless othe~ise noted. The voltage awing through this range should stafl oufefde and pass through the

v~.,.: range such that the rise or fall is ~iear be[ween 0.8 vol~nd 2.o volts.

2. Wcause of Ioadng variation, W my be valid after AS even though bolh are initiated by the tising edge

of S2 (specifi~fion #20A).

Figure 5. Write-Cycle Timing Diagram
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AC ELECTRICAL SPECIFICATIONS — PERIPHERAL CYCLES TO M6800
(VCC=5.O vdC*5%; GND=O VdC; TA=TL to TH; see figures 6 and 7)

a MHz* 10 MHz’ 12.5 MHz* ‘ 6.y2pH* 16 MHz
Num. Characteristic Unit

Mn Max ~n Max Min Max Wrr Max Min Max

121 Clock Low to~, ~ Negated — 62 — 50 — 40 — 40 3 30 ns

181 Clock High to Rfi High (Read) o 55 0 45 0 40 0 40 0 30 ns

201 Clock High to Rfi Low (Write) o 55 0 45 0 40 0 40 0 30 nq ~‘

23 Clock LOWto Data-Out Valid (Write) — 62 — 50 — 50 — 50 — 30 ~?!J ;

27 Data-In Valid to Clock LOW[Setup Time of Read) 10 — 10 — 10 — ? — 5 ,<$1$.“*$
——

29 AS, DS Negated to Data-In Invalid (Hold Time on Read) o — o — o — o — ~’ ,i;;$ ~

40 Clock Low to% Assarted — 70 — 70 — 70 —

41 Clock LOWto E Transition — 55 — 45 — 35

42 E Output Rise and Fall Time — 15 — 15 — 15 , ,%j; ,:$’5 — 15 na

43 % Asserted to E High 200 — 150 — 90 -+ :{* — 80 — ns
——

44 AS, DS Negated to VPA Negated o 120 0 90 G: ‘ ,%Q., ‘o 50 0 50 ns

45 E Low to Control, Address Bus Invalid 30 — 10 -{ “1~~ ‘~— 10 — 10 — na

[Address Hold Time) ,,,$,~‘ :<:..,..*

47 Asynchronous Input Setup Tme 10 — ~ -~. 10 – 10 – 53 – ns

492 ~, ~, Negated to E Low – 70 7Q>~;-’”* t. 55 -45 45 -35 35 – 35 35 ns

50 E Width High 450 N.%i ,.,ko – 280 – 220 – 220 – ns

51 E Width LOW
~~., ~.\\h$,

7oB\ ;- 550 — 440 — 340 — 340 — ns

54 E Low to Data-Out Invalid ., &ol– 20 – 15 – 10 – 10 – ns

MOTOROLA M68000 ELECTRICALSPECIFICATIONS 15



CLK

AH-A1

E

DATA
Om

DATA IN

NOTE

figure 6. Peripheral Timing Diagram (Best Case)





AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION
(VCC= 5.0 Vdc~ 5°/0; GND=O Vdc; TA=TL to TH; see Figures 8, 9, 10, and 11)

8 MHz* 10 MHZ* 12,5 MHz*
18.67 MHz ,6 MHZ

Num, Characteristic ’12F Unit

Min Max Min Max Wn Max Min Max Min Max

J Clock High to Address, Data Bus High Impedance — 80 — JO — 60 — 50 — 50 ns
(Maximum) .:<*~, \\;~

16 Clock High to Control Bus High Impedance 80 – 70 – 60 – 50 — so ~%?y~

33 Clock High to BG Asserted 62 — 50 — 40 — 40 0 30,,$. ‘$g: ,?

34 Clock High to BG Negated — 62 — 50 — 40 – 40 0 $$&?.;hk

35 BR Asserted to ~ Asserted 1,5 3,5 1.5 3.5 1.5 3.5 1.5 3.5 fi$$ ‘?3*? Clks

361 ~ Negated to ~ Negated 1,5 3.5 1.5 3.5 1.5 3.5 1.5 3*; , 1:!
\ ?“

“ 3.5 Clks
.

37 BGACK Asserted to BG Negated 1.5 3.5 1,5 3.5 1.5 3.5 1.* ;:8$5 ‘“T.5 3.5 Clks

37A2 BGACK Asserted to BR Negated 20 1.5 20 1.5 20 I.&, ~ fbi h 1:5 10 1.5 ns
Clks Clks $J* <? ,:~$ Clks Clks

38 BG Asserted to Control, Address, Data Bus High — 80 — JO _~ ?f:~”; , “_ 50 _ so “s

Impedanca (AS Negated) ~;l~,,~i ~i.~
.,.; >.,,,,,,.~

39 ~ Width Negated 1.5 — 1,5 ,:*4 ‘.J.5 —

46 BGACK Wdth LOW 1,5 — ~~ ,,’:%$$ 15 –

4J Asynchronous Input Setup Time 10 ~. is) h— 10 — 10 — 5 — ns

57 BGACK Negated to AS, DS, R~ Driven
, *}

I.?: i .:.~ ~::,1.5 — 1.5 — 1,5 — 1.5 — Clks

57A BGACK Negated to FC, VMA Driven $,~} &,..b$ 1 – 1 – 1 – 1 – Clks

581 BR Negated to AS, ~, R~ Driven “;~~ – 1.5 – 1.5 – 1.5 – 1.5 – Clks

5BA1 ~ Negated to FC, VMA Driven
J(* , _ , _ , _ , _ ,,,.,.:$ – Clks

,$ (*

1.5 — 1.5 — Clks

1.5 — 1.5 — Clks

“These specifications represent an improvem$q~~{e~previously published specifications for the 8-, 10-, and 125-MHz
MC6BHCOO0and are valid onlv for Droduct @~@~ate codes of 8827 and later.,. ,,r ,., .,,.

NOTES: r..,.{.\
,$.,. %i .?.

1. The processor will negate ~ and+b~~,~%ing the bus again if external arbitration logic negates ~ before assening
BGACK. ..sZ.,\...&s*w,. .>$:i .. ,

2. The minimum value must be,,,mq;{&guara ntee proper operation. If the maximum value is exceeded, ~ mav be re-
asserted. .::!.> \~~t.w **.,.;
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NOTES:
,,.,- .*.
~~ v

1. Setl!p time fw*~@~chronous inputs BGACK and BR (#4~ guarantees their r-gnition at the next fdflng edge of
tie dtiib “~~+~

2. Wavef@@easurements for all inputs and outputs are s~ifiad at logic high 2.0 volts, logic low = 0.8 volt.
/\, .t,s~.~$
%*Y?,*’
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SO S1S2

.$, \ ,
:~:+~,’,,~\x...:**

NOTES:
.
“**:>, -::

1. Setup time for lhe q$nchr~us inputs BGACK and~R (#47) guarantees their rwgnition at the next falfing e~a of the clak.
Z. Wavaform me~~#@h@ for dl inputs and outputs are spwitiad at fogic high 2.0 volta, Iogio 10W= 0.S VOlt.

.ij. ‘~~)~, :::*

—

—

—

—

—

—

—
—

—

e
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Figur~,,~&.,#us Arbitration Timing — Multiple Bus Request

“+3,$(52-Pin Version Only for the MC68008)..
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