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I Advance Information II
1 1 I

8-BIT MICROPROCESSOR UNIT

The MCl@05E2 Microprocessor Unit (MPU) belongs to the M6805

Family of Microcomputers. This 8-bit fully static and expandable

microprocessor contains a CPU, on-chip RAM, 1/0, and TIMER. It is a

low-power, low-cost processor designed for low-end to mid-range ap-

plications in the consumer, automotive, industrial, and communications

markets where very low power consumption constitutes an important

factor, The following are the major features of the MC1W05E2 MPU:

HARDWARE FEATURES
● Typical Full Speed Operating Power of 35 mW @ 5 V

● Typical WAIT Mode Power of 5 mW

● Typical STOP Mode Power of 25 pW

● 112 Bytes of On-Chip RAM g-.:,,>:,

● 16 Bidirectional 1/0 Lines * ~$i:
● Internal 8-Bit Timer with Software Programmable 7-Bit Pres$,Q?e~3.,

,,:::i/ ..1.!,~. .*..-
● External Timer Input

,.,,.i+.$q:,~J\)
“ i,, ,i~,,..,.$1

● Full External and Timer Interrupts ;$:,V,;:)2: >
..>. ., >,,),

● Multiplexed Address/Data Bus .J~\l.\,.,.<

● Master Reset and Power-On Reset
.,

~w,;t~.

● Capable of Addressing Up to 8K Bytes of E~~@XMemory

● Single 3- to 6-Volt Supply ~$,,t.,,:”’:y,\ ‘.,.
,,:. ‘~.-:..,,,.~,..~.~t+.~

● On-Chip Oscillator ., ‘~!{{++,.,.r$‘i..w,..,f.’ ~
● W-Pin Dual-In-Line Package

,:+. ~Al ‘$..*X2$, .\t:f+F:$.).$.,.,,,. .
v$p>.,hva‘“%>

● Chip Cartier Also Available ,{~:...t+,,’~l:y$.
‘‘$$,,,,,’,$,

-$)>.\

SOFTWARE FEATURES $~ “:+’>~~i!,, $<
. Similar to the M c~,.;a~j:~~,+,~

● Efficient Use of Pro~{{&t$ace

● Versatile lnterrup@~a’#&l~ng
~l;~\-N\\.;?l-

● True Bit Man~@l.atlo~’.?t:e\\::
● Addressing~~~@with Indexed Addressing for Tables

● Efficie~~~~{$~c~on Set

● Me~o$~~pped 1/0

● J,m&tiQwer Saving Standby Modes>;.*
:... :,,

~\*!s$ 1$:?~i)
.:~i~,~\is+k~A$.

,1,,:* ‘*t
..:...,‘..:.>>..:..:
*,{>,,?$*,.,<: GENERIC INFORMATION

Package Frequency
Type (MHz) Temperature Generic Number

Ceramic 1.0 Ooc to 700c MC146805E2L

L Suffix 1.0 –40°C to 85°C MC146B05E2CL

Cerdip 1.0 O“c to 70°c Mcl@wE2s

s suffix 1.0 –40°C to 85°C MC14~05E2CS

Plastic 1.0 O“c to 70°c MC1W05E2P

P Suffix 1.0 –40°Cto850C MC1W05E2CP

Leadless Chip Carrier 1.0 O“c to 70°c MC 146B05E2Z

Z Suffix 1.0 –40°C to 85°C MC146B05E2CZ

CMOS ..! .

L SUFFIX
CERAMIC PACKAGE

CASE 715

S SUFFIX
CEROIP PACKAGE

CASE 734

P SUFFIX
PLASTIC PACKAGE

CASE 711

Z SUFFIX
CHIP CARRIER

CASE 761

PIN ASSIGNMENT

lRQ~ 2 (3)

LI [ 3 (4)

DS[ 4 (5)

R/~[ 5 (6)

AS[ 6 (7)

PA7 [ 7 (8)

PA6[ 8 (9)

PA5[ 9 (lo)

PA4[ 10(11)

PA3[ 11 (12)

PA2[ 12(13)

PA1[ 13 (14)

PAO[ 14 (15)

A12[ 15 (16)

All[ 16 (17)

A1O[ 17 (18)

A9 [ 18 (19)

A8 [ 19 (20)

Vss[ 20 (21)

(% I 35 3PB1

(35) 34 ]PB2

(M) 33 ]PB3

(33) 32 ]PB4

(32) 31 ]PB5

(31)30 ]PB6

(30) 29 ]PB7

(29) 28 ]BO

(28) 27 ]Bl

(27) 26 ]B2

(26) 25 ] B3

(25) 24 ]B4

(24) 23 ]B5

(23) 22 IB6

(22) 21 ]B7

Pln numbers in parentheses represent equivalent Z
suffix chip earner pins.

Iis dmument contains information on a new product. Spwlf!cations and Information herein @MOTOROLA INC., lW AD1-mR3
are subjwt to change without notice.
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M~lMUM RA~NGS (voltages referenced to VSS)

Ratings symbol Value Unti

Supply Voltage VDD –0.3 to +8.0 v

All Input Voltages Except OSC1 Vi” VSS–O.5 to VDD+O.5 v

Current Drain Per Pin Excluding VDD and VSS I 10 mA . ~

O~ating Temperature Range
k+,t,,

TL to TH ‘::$::)s$:..,r,.~,

MCl~E2 TA o to 70 $~~$: $
MCl~E2C –4t085 {. ..... ,..’$:)”

J,, .-.1$,.,,
\-

Storaga Temperature Range T~tg – 55 to + 1w , ::$;$’ ,>~~~c

:,’.~”,... -;?.:,,
,!:;,,~.~,.,. .. .+t,~

>~yr.i..... ‘“\’i:\.~,,,,,$’

~ERMAL CHARA~ERISTiCS This device contain#&rc~j to protect the

inputs against dam~e ~k’lo high static volt-
Smw Value Unk ages or elactri$ fw, however, it is advised

T-I R~istance
. ...~>~~.>, ...,,

that normal#9~#ons be taken to avoid ap-

Pktic lm plicstio~$:~$.:~~,~ voltage higher than maxi-

-p 9JA 80 ‘Clw mum f~q~~ty~hag~ to this high impedance

Ceramic
. . ,f+,,,

50 cir$uit. ‘~[ proper operation it is racommend-
ChipCa*r T8D @~~J Vin and Vo”t be constrained to the

,$s*\trqe VSSs (Vln or Vout)s VDD. Reliability

e q~, ~f operation is enhanced if unused inputs are
,,.

.<:~$,,*:..- ‘*’Ji’tied to an appropriate logic voltage level

TIMER

dPM ‘2 POn

Pon A

A PA3 “ Rao

ti-

1/0 p~ 10
tines

PA5 g

dPA6 8

PA7 7

&
Stack

Pointer
6 5P

rogram

Counter

5 High pCH

Program

Counter

8 Low PCL

A

@
M~ROLA

D
2s

BO

27 ~1

Mux

Bus
26

B2

Dr!ve 25 63

24 ~4

23 ~5

22
B6

21 ~7

J -‘.ALU & *B

Address 18 ~9

Drive 17
A1O

&
All

15~A12

n112x B

RAM

Semiconductor
2

D
6

AS

Bus 4
Control

DS

5 RIW

Multiplexed

Add~assl

Data

Bus

Address

Bus

Address Strok

Data Stro& {+2)

Readl Wrile

Ptiuck Inc.
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DC ELECTRICAL CHARACTERISTICS @ 3.0 V (VDD = 3.o Vdc, VSS =0, TA= TL to TH, unless otherwise noted)-- ....~
Characteristic symbol Min Max ~iw: $

Output Voltage (lLoad= 10.0 PA)
VOL –
VOH

‘~@-- Jd
VDD– O.1 .,,,; ‘$,:q,’~!$,**,, ,+

Total Supply Current (CL= 50 pF – No dc Loads, tcyc= 5 ps)
,,,,i+‘ .,,

,., J,

Run (vlL=O.2 V, VIH=VDD– O.2 V)
...R.. ‘~*

IDD – $? ‘~’’$.:~b mA

Wait (Test Conditions – See Note Below) IDD
,\R\, .:

“ 2m— .t::j$~,,,m*,, PA

Stop (Test Conditions – See Note Below)
. ..

IDD ,:,:~‘ .‘>”~t,~,,lm,,~ .:,>; PA

Output High Voltage ‘tj. >‘ it’ ‘
(lLoad=0.25 mA) A8-A12, BO-B7, DS, AS, R/~

.,.

vOH,i\ ,,~*@9:&2.7 — v

(lLoad = 0.1 mA) PAO-PA7, PBO-PB7 v~,:’ :$*L 2,7 — v

Output Low Voltage SJ+9::,,.$1,,.,

(lLoad=0.25 mA) A8-A12, BO-B7, PBO-PB7, DS, AS, R/~, PAO-PA7 ~?:~@~;$’ _ 0.3 v
Input High Voltage ~........)(\~j,?~.i~..:$:!

PAGPA7, PB&PB7, BO-B7 ,~.t*~~l:~+,$., vlH 2.1 — v

TIMER, ~,~
...- ,,,.

$~‘“~\k.t:$;’,. vlH 2.5 – v

Oscl e~ ~t’,,,~’,,$;$’\.:$:\\*\* VIH 2.1 — v,.,,-.
Input Low Voltage (All Inputs) \ ‘\,t,.\!>*>,. .,,,, vlL – 0.5 v
Frequency of Operation .:;.:’~.,~,;,*-

, ‘!?,
Crystal

,.,.,\>
.:!~“‘“~’l>b ~
,>., t,. fosc – 1.0 MHz

External Clock ,>,:l,\,-$’. ‘~:j~,*,+,, fosc dc,,?,:,.,.$..,. 1.0 MHz

Input Current ,1*$,,.k:,}.$i~.
-“.~.,>.,.

RESET, IRQ, TIMER, OSC1
*..

,,<\y Iin — *1 PA

Hi-Z Output Leakage
!{:

\l.M..
~ ~..>,,:.

PAO-PA7, PB@PB7, BO-B7 .\,\t, .’.~! ITSL —.,).,. *10 PA

Capacitance ‘ . ~.**~>’,x,[’.~~$ “.~.:.
—— ‘.*,!.t
RESET, IRQ, TIMER

f,:?~,,(:. ,
~?,,.p:,,,~1..*. Ci” – 8.0 pF

Capacitance <,yt,,:,, .*T
,,:$.1!:}..?>!:,\

DS, AS, R/~, A8-A12, PAO-PA7, PBO-@~;@~B7 Cout – 12.0 pF
....:.. .,,,,

.~
NOTE: Test conditions for Quiesce~l$:~$~e#\ Values are:

Port A and B progra@me$as inputs.
VIL = 0.2 V for P&,~~$&:$BO-P67, and BO-B7,

VIH=VDD–0.2:~ f@~, ~, and TIMER
OSC1 input:@a s~~&rewave from VSS +0.2 V to VDD – 0.2 V.
0SC2 o~~~&~o$d (including tester) is 35 pF maximum.
Wait ~~~ 1~~ is affected linearly by this capacitance.

.$<j,..ti:j\ ,24$,~...+~

M070ROLA Semiconductor
3

Products Inc.
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Port A and B progra,w~~<~~nputs.
vIL=O.2 V for PA@PA?z.PB@PB7, and BO-B7.
VIH=VDD– O,,~V f&@~T, ~Q, and TIMER
OSC1 input ~~f~,~~:prewave from VSS + 0.2 V to VDD – 0.2 V
0SC2 outpu~;ja~hncluding tester) IS 3 pF maximum,
Wait rn@~t~~) ISaffected linearly by this capacitance.

@
M~ROLA Semlcotiuctor Ptiucb

4
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TABLE 1 – CONTROL TIMING (VSS=O, TA=TL to TH)

I v~~=5.ov * 10% I

fo~c= 1 MHz fow = 5.0 MHz

Characteristics Symbol Min Typ Max Min Typ Max .Uk,,

1/0 Port Timing – Input Setup Time (Figure 3) tpvASL m — — 2W — — ,,$”v

Input Hold Time IFigure 3)
:,.. ,,~.,,. .

tASLpX 100 – — lm — “,* ‘2’Shs-,{.. :.,,,,

Output Delay Time (Figure 3)
,,,.

tASLpv – – o — — ,.*8 ,’:”$~’ ns

Interrupt Setup Time (Figure 6)
, >*.~i:y.:>*,

tlLASL 2 — — 0.4 — ps.... :... .!’“

Crystal Oscillator Stertup Time (Figure 5) toxov – x m — ,Q :%,iy”
,,ti ms

‘,,:~,,.-~-,.,,
Wait Recovery Startup Time (Figure 7) tlvASH – – 10 ,$g— .,’ :jl 2 ps

Stop Recovery Startup Time (Crystal Oscillator) (Figure 8) tlLASH – w 300 – ~.. 1~$?ti 100 ms
..>’,?.:<,.e,y:<,_

Required Interrupt Release (Figure 6) tDSLIH – – 5 -, ~+)~?~$,,~>,,. 1.0 #s

Timer Pulse Width (Figure 7) tTH, tTL 0.5 – – \$$:&” ‘*q %_ _ tcyc

Reset Pulse Width (Figure 5) tRL 5.5
. ‘“.,:— — “?i$:$;~?”’” – _ ps

Timer Period (Figure 7} tTLTL 1.0 – — “~gy$o - - tcyc

Interrupt Pulse Width Low (Figure 161 tlLIH 1.0 .+::.KJ,— 1.0 – – tcyc.*:5:,-.,l:$!,4..,,
Interrupt Pulse Period (Figure 16) tlLIL *F

* — il’tt,t!,.*S % — —~.,., tcyc

Oscillator Cycle Period (1/5 of tcyc) tOLOL lm ~ “t3$,,,,.+:;~— 2m — — ns

OSC1 Pulse Width High 350 ,>,, “’ –..:$&;jl‘tOH 75 – — ns

OSC1 Pulse Width Low to L 350 ,:+~;., –“:” – 75 — — ns
.:$:,,

,.<<.S-.?:*,.,
*The minimum period tlLIL should not be less than the number of tc.yC$Yc~@ it takes to execute the interruPt semlce routine Plus ~ tcyc

cycles.

CMOS Equivalent

‘estpointT
-c

I=
C= 50 pF, PAO-PA7, PBO-PB7

= 130 pF, A8-A12, B&B7, DS, AS, R/~

with VDD=5V +10%

@
MOTOROLA Semiconductor Products Inc.

5
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FIGURE 3 – 1/0 PORT TIMING

(VLOW=0.8 V, vHigh=vDD–2.0 V, VDD=5.O * 10%

TA=TL to TH, CL on Port=W pF, fo~c=5 MHz)

Nm

—

1
,.~,! ,,,$, ..}::::

!:~}, \ . .... \ f-= 5 MHz
fti = 1 MHz Vm=mv *lo%,

SWM vDD=3.0 v 1~L Uti
50pF Load and 130 pF Load

u:. I .* Mn Max

m dc ns
—,—, a – n.

~-’”z”’””’’”””—

.,$ .. .

1
,.,,, , m

.
“ kTima .,,, . ;~.,.,.\,,,,,::+<$i.$..../.>6 ,,,,

p. kyc m]dc}la
eW idth, D S Low “’k\L :$ PWEL w 1 a

a i PI Ib Wi+h nc .M\@ ‘ ~’”’

—
I I , ,-

PWEH 1~ – ‘--375 –
k Transiti@ ‘k$,,,..$”

ns
t’, tf – 100 –

3
30

I HI W- HoI ,“’S,>,,.;$ *“
.,.-.. .~~&f& Hold

ns

*
tRWH 10 – 10 – ns

. tAH m – 100 – ns
~{&om DS Fall tAD – 500 – m ns

K4 Address Defay from AS Rise tADH o m o 100
. w .,- Data Setup

ns
tDSR 200 –

o
115 – ns

~v~ Data Hold @R o m
- ‘PU Data Dday, Write

o 16D ns

~Jfite Data Hold
tDDw – o – 120

,1 ns

. 1 tDHW. . Boo – 55 –
‘ AtirW Dday from AS Rise

ns
tBHD o m o

Address Valid to AS Fall
120 ns

tASL m – % –
2 I MUX- Address Hold

ns

6
t~

D*Y DS Fall to AS Rise
. I t,. . . . .. . . .

*

*

MUXW /

Muxad /
.*. ...-A

z

71 I rUIW Wtih, AS High

2s My, AS Fall to DS Rise

w’ ‘
[ASD soo]– I 180]– ns-.. 1

1 250 I 750 ! 60 I lm I ns 1

1 PWASH I B501– I 175 1 –
I 11 ns
I tAsED I m I -11601 - Insl, 1 1 J

M-ROLA Semiconductor Ptiucb Iw.
6
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FIGURE 6- POWER-ON RESET AND ~~ TIMING

Oscl
..... ,.

//////////~~///////////////////~///l//l/l///l/////////ll//l/llL t>
>!.

RESET_ J
k tRL

L
1920 tc,c+toxov

As n n n n nh

Crystal Parameters Representative Frequencies

m
I Coscl I 15-~ pF I 15-~ pF I 15-W pF

COSC2 15-25pF 15-25 pF 15-W pF

CrVstal Circuit

‘G3
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FIGURE 6 – ~ AND T=7 INTERRUPT TIMING

ASJ n n n n n n n
DS

Unmux
A8-A12 x x \

Address Bus Next Op Code Address
+tl LASL

~ or TCR7

Mux BO-B7 SP SP-1 SP-2 5P-3

Addressl Data ~ x xx X’x PCL x x PCH

Bus Next Op Code 1st Op Code ~ RTI
F8 (Timer) F9 (Timer) Int Routine Op Code

Rl~ ~

*tDSLIH – The Interrupting device must release the IRQ Ilne wlttlln ttlls time to preven~$ubsequent recognition of the same Interrupt
,T,3i,

,{!!* ~

AIT INSTRUCTION: TIMING

Internal/ Ex\ernal
~tTL

Clock

+ tTH ~:;,
TCRb7

i~i~ :{.
Sf)::+$i~ -t’v’sH+n+n+14r+2 +--n+ 3+.+4+fl+5+nn+6+fl+7+

AS n n 1
,.,$ :.?,>,!’

DS

Unmux Int Routine Starting Addr

A8-A12 xAddress Bus
/ lF x lF x./ x

Mux BO-B7
5P SP-1 SP-2 SP-3 SP-4 F6 F7

xAddress/ Data x //kV/////////////////m x$ xx
Bus New PCH New PCL 1st Op Code Int

Routine

/
:$}

*



FIGURE8– INTERRUPT RECOVERY FROM STOP INSTRUCTION: TIMING .j.J\

.

OSC2* v//////////////////4

A

A
m tlLAsH~lg20 tcv:+

DS

,’~.,y,,!’.i,.,N,t :<\~.>,

~?>, ,,$,

=*
Unmux

.P?i\ Int Routine
Op ~ode Address

,.
Starting Addr

~.
A8-A12 k

Address 8US x.
......,i<\t,,,,L k / lF x lF X./

8 Mux BO-B7
~ Addr;::Data 8E x

Stop Op Code
#

g
Int Routine-+fk,,.
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FUNCTIONAL PIN DESCRIPTION

VDD AND Vss

VDD and VSS provide power to the chip. VDD provides

power and VSS is ground.

~ (MASKABLE INTERRUPT REQUEST)

~Q is both a level-sensitive and edge-sensitive input

which can be used to request an interrupt sequence. The

M PU completes the current instruction before it responds to

the request. lf~ is low and the interrupt mask bit (1 bit) in

the condition code register is clear, the MPU begins an inter-

rupt sequence at the end of the current instruction. The in-

terrupt circuit recognizes both a “wire ORed” level as well as

pulses on the IRQ line (see Interrupt section for more

details). IRQ requires an external resistor to VDD for “wire

OR” operation.

m

The RESET input is not required for start-up but can be

used to reset the MPU internal state and provide an orderlv

software start-up procedure. Refer to the Reset section for a

detailed description.

TIMER

The TIMER input is used for clocking the on-chip timer.

Refer to Timer section for a detailed description.

AS (ADDRESS STROBE)

Address strobe (AS) is an output strobe used to indicate

the presence of an address on the 8-bit multiplexed bus. The

AS line is used to demultiplex the eight least significant ad-

dress bits from the data bus. A latch controlled bv address

strobe should capture addresses on the negative edge. This

output is capable of driving one standard TTL load and ,&~O

pF and is available at fosc + 5 when the MPU is not t~”tfi~,

WAIT or STOP states, ‘+$:,i...,,i,:;t,t,
. ..*. ‘..?,.i$$..~,,,., . ~..~:,,,.

~ ..$:,>+.~:~,,,
DS (DATA STROBE) *.~$\i\, .*,‘....t:.,.,,+.i

,. i.ts:~’;,..~., ~’,~
This output is used to transfer data to or,~gw:~peripheral

or memorv. DS occurs anvtime the M P~J,d~~@’data read or

write. DS also occurs when the MP~tdo%iJ@tiata transfer to

or from the MPU internal memor$$~. R6$er to Table 2 and

Figure 4 for timing characteristi~~ :%~~youtput is capable of

driving one standard TTL li~~q~@ 130 PF. DS is a con-

tinuous signal at fosc + 5 Wen$he MPU is not in the WAIT

or STOP state. Somejbus ‘~~’les are redundant reads of,.!
opcode bvtes. ?’!,,.,.\i,t’ .

t}., ~i.+-
“it$r,$

R/~ (R-D/~#x&*$ “

The R/~ qu$g~% used to indicate the direction of data
transfer f~~bo~~, internal memorv and I/O registers, and ex-

ternal ~~~:@l devices arrd memories. This output is used

to in~~%..lo a selected peripheral whether the MPU is going

ta$$q~~;.or write data on the next data strobe (R/~

lo~}~processor write; R/~ high= processor read). The

R/~ output is capable of driving one standard TTL load and

130 pF. The normal standbv state is read (high).

*A12 (HIGH ORDER ADDRESS LINES)

The A8-A12 output lines constitute the higher order non-

multiplexed addresses. Each output line is capable of driving

one standard TTL load and 130 pF.

@
MO=ROLA

B@B7 (ADDRESS/DATA BUS)

The BO-B7 bidirectional lines constitute the lower order

addresses and data. These lines are multiplexed, with ad-

dress present at address strobe time and data present at data

strobe time. When in the data mode, these lines are bidirec-

tional, transferring data to and from memorv and peripheral

devices as indicated bv the R/~pin. As outputs in either the

data or address modes, these lines are capable of driving one

standard TTL load and 130 PF.

Oscl, OSC2 ~~*~.*.
The M Cl@05E2 provides for two tvpes of OSCih~@~@-

puts – crvstal circuit or external clock. The t~”’+~~~ator
pins are used to interface to a crvstal circuitm$~~~wn in

Figure 5. If an external clock is used, it mus~~$.&&Rnected to

OSC1. The input at these pins is dlvide,~?~~$yK$to form the
cvcle rate seen on the AS and DS pinSi:%,&:JJ~ebuencv range

is specified bv fosc, The OS Cl taibu~&tF8hsitions relation-
\*,?k

ships are provided in Figure a{for~~tem designs using

oscillators slower than 5 M HL$:.$j:,
,.Q>,it.. . .;,:$

‘,.~~>,>\,,.i.

CRYSTAL – The circ~f,sh~~n in Figure 5 is recommend-
ed when usinga crvsta~~{~~$~ternal oscillator is designed to

. k.,:+.‘V,t
interface with an A%.F~Nk’parallel resonant quartz crvstal

resonator in ths$~?gqu?~cv range specified for fosc in the
.!,*, ,,tt,,..

electrical cha~awa~s%cs table. An external CMOS oscillator,,y:~.+]. ‘):*4,
is recomrn~,,de~, when crvstals outside the specified ranges

are to ,~:..OM. The crvstal and components should be

mou,~ted?~ close as possible to the input pins to minimize

ou$afltdistortion and start-up stabilization time.
‘~’~.p, !T+i~,i},..,

,.t,,l~$,+,~~TERNAL CLOCK – An external clock should be ap-
~,$jj$$~f?ed to the OSC1 input with the 0SC2 input not connected,

‘~~~,$ as shown in Figure 10.
.,:>

LI (LOAD INSTRUCTION)

This output is used to indicate that a fetch of the next op-

code is in progress. LI remains low during an external or

timer interrupt. The LI output is used onlv for certain debug-

ging and test svstems. For normal operations this pin is not

connected. The LI output is capable of driving two standard

LSTTL loads and 50 pF. This signal overlaps data strobe.

PAO-PA7

These eight pins constitute input/output port A. Each line

is individually programmed to be either an input or output

under software control via its data direction register as

shown in Figure n(b). An l/O pin is programmed as an out-

put when the corresponding DDR bit is set to a “l”, and as

an input when it is set to a “O’. In the output mode the bits

are latched and appear on the corresponding output pins. An

MPU read of the port bits programmed as outputs reflects

the last value written to that location. When programmed as

an input, the input data bit(s) are not latched. An MPU read

of the port bits programmed as inputs reflects the current

status of the corresponding input pins. The l/O port timing is

shown in Figure 3. See tvpical 1/0 port circuitrv in Figure 11.

During a power-on reset or external reset, all lines are con-

figured as inputs (zero in data direction register). The output

port register is not initialized bv reset. The TTL compatible

threestate output buffers are capable of driving one stan-

dard TTL load and 50 pF. The DDR is a read/write register.

Semiconductor Produck Inc.
11
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Oscl

AS

DS

R/t

A8-A12

BO-B7

FIGURE 9 – OSC1 TO BUS TRANSITIONS

II I I II I I IIL

%
,:.

B@B7
MPU Write

MPU Write Data

1

.,:,,
FIGURE 10 – MTERNAL CLOC&$~@CTION

These eight pins interface with input/output port B. Refer

to PA@PA7 description for details of operation.

MEMORY ADDRESSING
The MCl~~ is capable of addressing 8192 bytes of

memory and 1/0 registers. The address space is divided into
internal memory space and external memory space, as
shown in Figure 12.

M~ROLA

The internal memory spaceislo~t~ withinthefirstl=
bytes of memory (first half of page zero) and is comprised of
the 1/0 port locations, timer locations, and 112 bytes of
RAM. The MPU can read from or write to any of these loca-
tions, A program write to on-chip locations is repeated on

the external bus to permit off-chip memory to duplicate the
content of on-chip memory. Program reads to on-chip loM-

tions also appear on the external bus, but the MPU accepts

data only from the addressed on-chip location. Any read
data appearing on the input bus is ignored.

The stack pointer is used to address data stored on the

stack. Data is stored on the stack during interrupts and
subroutine calls. At power-up, the stack pointer is set to
$O07F and it is decremented as data is pushed onto the
stack. When data is removed from the stack, the stack
pointer is incremented. A maximum of W bytes of RAM is

available for stack usage. Since most programs use only a
small part of the allotted stack Ioations for interrupts and/or
subroutine stacking purposes, the unused bytes are usable
for program data storage.

All memory locations above location $O07F are part of the

external memory map. In addition, ten locations in the l/O
portion of the lower 128 bytes of memory space, as shown in

Semicotiuctor Pduck /m.
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FIGURE 11 – TYPICAL PORT 1/0 CIRCUITRY
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t : t
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TABLE 3 – 1/0 PIN FUNCTIONS

Rl~ DDR 1/0 Pin Functions

The 1/0 pin IS [n Input mode. Data IS wr[tten
o 0

Into the output data latch,

Data IS written Into the output data latch and
o 1

output to the 1/0 p[n

1 0 The state of the 1/0 pln IS read.

The l/O pin IS (n an output mode The output
1 1

data latch IS read

MOTOROLA Semiconductor Products Inc.
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Fgure 12, are part of the external memory map. All of the ex- INDEX REGISTER (X)
ternal memory space is user definable except the highest 10 The X register is an &bit register which is used during the
locations. Locations $1 FF6 to $1 FFF of the external address indexed modes of addressing. It provides an &bit value
space are reserved for interrupt and reset vectors (see
Figure 12).

which is used to create an effective address. The index
register is also used for data manipulations with the raad-

REGISTERS modifv-write tvpe of instructions and as a temporary storage

The MC1HE2 contains five registers as shown in the register when not performing add ressing operations. “Q~,,,

qramming model in Figure 13. The interrupt stacking

$J,$<,.,,.,’~,’$:.‘!(:,,:1+ts.,
3P?*3’ ,,,p. \.,,

-r is shown in Figure 14.
,,: ,,t.::,
~,:,f, -~”

*’$’.!.\ ,*\:,,~‘.>.. ,!,$~”~$,<i,.,,

WCUMUUTOR (A]
,$$.~‘.<$,,

PROGRAM COUNTER (PC)
<.,,!,.::,.,t-:..j{~.

This accumulator is an 8-bit general purpose register used

,.>,,~..}. .\.,~,+:?..
The program counter is a l~bit registera:~~c~ntains the

to hold operands and results of arithmetic calculations and address of the next instruction to b~’’&Hd bv the
data manipulations,

[

c
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FIGURE 13 – PROGRAMMING MODEL
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NOTE: Since the ~~~,$~olhter decrements during pushes, the PCL is

stacked.:$4ts?~$&~Yf&wed by PCH, etc. Pulllng from the stack is in

B~~y:l,\\?\\,-+>

STACK POINTER (SP) ..\l, $,,~-.,’$>$X*,:?,.$!.

The stack pointer is a 13-bit regi,S,%,,Cgn~ainin9 the ad-

dress of the next free location on t~s~~df.When accessing

memory, the seven most signi~m~bil~ are permanently set

to -1. They are appen,~~,,~# the six least significant

register bits to produce aq~~ti~$es$ within the range of $m7F

to $W. The stack afea oR*’M is used to store the return

address on subrouti~febl~$ and the machine state during in-

terrupts. During e%~ew or power-on reset, and during a

“reset stack ~&?&~: instruction, the stack pointer is set to
its upper li~i@~~~~F). Nested interrupts and/or subroutines

may usq,,~:~~j~oi:’~ (decimal) locations, beyond which the
stack pdjnt$’%’wraps around” and points to its uPPer limit,

the~~’~~$ing the previously stored information. A

~uti~~t~he call occupies two RAM bytes on the stack, while

‘~~%krrupt uses five bytes.

~:.

CONDITION CODE REGISTER (CC)

The condition code register is a 5-bit register in which each

bit is used to indicate the results of the instruction just ex-

ecuted. These bits can be individually tested by a program

and specific action taken as a result of their state. Each of the

five bits is explained below.

HALF CARRY BIT (H) – The H bit is set to a one when a

carry occurs between bits 3 and 4 of the ALU during an ADD

or ADC instruction, The H bit is useful in binary coded

decimal addition subroutines.

INTERRUPT MASK BIT (1) – When the I bit is set, both

the external interrupt and the timer interrupt are disabled.

Clearing this bit enables the above interrupts. If an interrupt

occurs while the I bit is set, the interrupt is latched and will

be processed when the I bit is next cleared.

NEGATIVE BIT (N) – When set, this bit indicates that the

result of the last arithmetic, logical, or data manipulation was

negative (bit 7 in the result is a logical one).

ZERO BIT (Z) – When set, this bit indicates that the result

of the last arithmetic, logical, or data manipulation was zero.

CARRY BIT (C) – The C bit is set when a Mrv or a bor-

row out of the ALU occurs during an arithmetic instruction.

The C bit is also modified during bit test, shift, rotate, and

branch types of instruction.

RESHS
The MC1=E2 has two reset modes: an active low ex-

ternal reset pin (R ES ET) and a power-on reset function; refer

to Figure 5.

@
MOTOROLA Semiconductor Products Inc.
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~(PIN #l)

The ~ input pin is used to reset the M PU and provide

an orderly software start-up procedure. When using the
external reset mode, the = pin must stay low for a mini-
mum of one tRL. The RESET pin is provided with a Schmitt
trigger to improve its noise immunity capability,

~WER-ON RESET

The power-on reset occurs when a positive transition is

detected on VDD. The power-on reset is used sttictly for
power turn-on conditions and should not be used to detect
any drops in the power supply voltage. There is no provision
for a power-down reset. The power-on circuitry provides for

a 1920 ~yc delay from the time of the first oscillator opera-
tion. If the external reset pin is low at the end of the 1920
tcyc time out, the processor remains ;n the reset condition,

Either of the two types of reset conditions causes the
following to occur:

—

—

—

—
—

—

—

Timer control register interrupt request bit (bit 7) is

cleared to a “U’.

~lmer COntrOl register interrupt mask bit (ht 6) is set to
a “l”.

All &@ direction register bits are clear~ to a “0’ (in-
puts).

Stack pointer is set to $O07F,

The address bus is forced to the reset vector ($1 FFE,

$lFFF).

Condition code register interrupt mask bit (I) is set to a
,,, ,,

– External interrupt latch is reset,
,!.. i{!“)!+..,,.. ‘..*:$:,*~b,$,~:.

All other functions, such as other registers (inclu@8~ b~t-
put ports), the timer, etc., are not cleared by the [&a~~wdi-
tions.

INTERRUHS (~ ‘~y,::~

The MCl~E2 may be interru~d<~~~~ne of three dif-
ferent methods: either one of ~o ~as,~ble hardware inter-

rupts (external input or timer) qy~~h~~askable software in-
terrupt (SWI). Systems often r~J& that normal processing

be interrupted so that so~iexterhal event may be serviced.
Interrupts muse the ~~~@r registers to be saved on the

stack and the interr&~ti&sk set to prevent additional inter-
rupts. The RTI ins~~k~on’causes the register contents to be

J.‘,>
recovered from-~~~~~k and a return to normal processing.
The stackin~~~fd~his shown in Figure 14.

Unlike,$R,k%J$hardware interrupts do not cause the cur-
rentin~@@ excutiom to be halted, but are considered\xl,.,
mndq~~yll the current instruction execution is complete,

W% ‘~he current instruction is complete, the processor
checks”’ all pending hardware interrupts and if unmasked,
proceeds with interrupt processing; otherwise, the next in-
struction is fetched and executed. Note that masked inter-
rupts are latched for later interrupt service.

If both an external interrupt and a timer interrupt are pend-
ing at the end of an instruction execution, the external inter-
rupt is serviced first. The SWI is executed as any other in-

struction. Refer to Figure 15 for the interrupt and instruction

processing sequence.

@

TIMER INTERRUPT

If the timer mask bit (TCR6) is cleared, then each time the
timer decrements to zero (transitions from $01 to ~) an in-
terrupt request is generated. The actual processor interrupt
is generated only if the interrupt mask bit of the condition

code register is also cleared. When the interrupt is recog:
nized, the current state of the machine is pushed onto,.~~~~~:+

stack and the I bit in the condition code register is se$,.~~~”
masks further interrupts until the present one is sd~~~?

The processor now vectors to the timer inter~~fi%>~~mce
routine. The address for this service routinejs:w]y~ by

the contents of $1 FF8 and $1 FF9 unless thqi~r<~~~or is in a

WAIT mode, in which case users of ma,~k~~,@ns BP4XX-
XX and AW9XXXX should refer to th~~gp~ndix for addi-

tional information regarding exceptt~s toe~ls function. The
contents of $1 FF6 and $1 FF7 Sp’@#@Jthe service routine.
Also, software must be used,~:* the timer interrupt r%

quest bit (TCR7). At the e~,~~@~~,{Ketimer interrupt sewice
routine, the software now~~’gx~ut~ an RTI instruction

‘~\ ‘+.\!.
which restores the m~qhin<~~tate and starts executing the in-
terrupt program.b$fl~i{~

b.,,.:...
*JJ*$*<.?>,!‘%’$\:

~TERNAL 1~~>~~~

If the int@i,@trnask bit of the condition code register is
cleared ,@d t~~external interrupt pin ~ is “low,” then the
extern#T~~errupt occurs. The action of the external interrupt
is i~~n~alto the timer interrupt with the exception that the

@l~i$outine address is specified by the contents of $1 FFA
‘f%@{F$lFFB. The interrupt logic recognizes both a “wire

~Red” level and pulses on the external interrupt line. Figure

~; 16 shows both a functional diagram and timing for the inter-
rupt line. The timing diagram shows two different treatments

of the interrupt line (~) to the processor. The first con-
figuration shows many interrupt lines “wire ORed” to form
the interrupts at the processor. Thus, if after servicing an in-
terrupt the ~Q remains low, then the next interrupt is
recognized. The second method is single pulses on the inter-

rupt line spad far enough apart to be serviced. Users of
mask versions BP4XXXX and AW9XXXX should refer to the

appendix regarding exceptions to this function. The
minimum time between pulses is a function of the length of
the interrupt service routine. Once a pulse ocurs, the next
pulse should not occur until the MPU software has exited the
routine (an RTI occurs). This time (tl LIL) is obtained by ad-
ding 20 instruction cycles (one cycle ~yc = 5/ fosc) to the
total number of cycles it takes to complete the service
routine including the RTI instruction; refer to Figure 6.

SO~ARE INTERRUPT (SWI)

The sof~are interrupt is an executable instruction. The
action of the SWI instruction is similar to the hardware inter-
rupts. The SWI is executed regardless of the state of the in-
terrupt mask in the condition code register. The sawica
routine address is specified by the contents of memory loca-
tions $lFFC and $1 FFD. See Figure 15 for interrupt and in-
struction processing flowchart,

STOP

The STOP instruction places the MC146605E2 in a low
power consumption mode. In the STOP function the internal
oscillator is turned off, causing all internal processing and
the timer to be halted; refer to Figure 17. The DS and AS
lines go to a low state and the R/W line goes to a high state.

M-ROLA Semico&uctor P&uch lm.
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FIGURE 15 – RESET AND INTERRUPT PROCESSING FLOWCHART
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R

than the number of ~yc cycles it takes to

execute the interrupt sawice routine plus

20 tcyc cycles.
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The multiplexed address/data bus goes to the data input

state (as shown in Figure 8). The high order address lines re-

main at the address of the next instruction, The MPU re-

mains in the STOP mode until an external interrupt or reset

occurs.

During the STOP mode, timer control register (TCR) bits 6

and 7 are altered to remove anv pending timer interrupt re-

quests and to disable anv further timer interrupts. External

interrupts are enabled in the condition code register. All

other registers and memorv remain unaltered. All 1/0 lines

remain unchanged.

FIGURE 17 – STOP FUNCTION FLOWCHART

~

Stop Oscillator
And All Clocks
TCR BI! 7-O

TCR Bit 6-1
Clear I Bit

I

I A

which is allowed to count in a normal sequence. The R/~

line goes to a high state, the multiplexed address/data bus

goes to the data input state, and the DS and AS lines go to

the low state (as shown in Figure 7). The high order address

lines remain at the address of the next instruction. The MPU

remains in this state until an external interrupt, timer inter-

rupt, or a reset occurs.

During the WAIT mode, the I bit in the conditiom~~ode

register is cleared to enable interrupts. All other,,@%~&s,

memorv, and l/O lines remain in their last stat~~’~&;%imer

The MPU timer com~~~~~~ingle 8-bit software program-

mable counter (tiw ~~f~ register) with 7-bit softwarelbx”~*
selectable presc~~r. P!wre 19 shows a block diagram of the

timer. The cou~~~~~pv be preset under program control and
decrement~~y~~$s zero. When the counter decrements to

zero, th~t~er$~nterrupt request bit, i.e., bit 7 of the timer

controF+@’is;er (TCR), is set. Then if the timer interrupt is

no~ttias’~bd, i.e., bit 6 of the TCR and the I bit in the condi-

,$j~~n~de register are both cleared, the processor receives an
~ { lnl~rrupt. After completion of the current instruction, the

%+y+jW&cessor proceeds to store the appropriate registers on the
‘“~w~$stack, and then fetches the timer interrupt vector from loca-,,?

~~ tions $1 FF8 and $1 FF9 in order to begin servicing the inter-

dFetch External Interrupt
or Reset Vector

mav be enabled to allow a periodic exit fr~%4@~WAlT

mode. If an external and a timer interrupt ~~+~~~t the same

time, the external interrupt is serviced f~~~~~f~~, if the timer

interrupt request is not cleared inj:~~w~yternal interrupt

routine, the normal timer interrupt ~~,ot”&&~timer WAIT inter-

rupt) is serviced since the MP~, is ‘W:longer in the WAIT

mode.
.....?\$.,,,1~.,. . ....

The WAIT instruction places the MC146805E2 in a low

power consumption mode, but the WAIT mode consumes

somewhat more power than the STOP mode; refer to Table

1, In the WAIT function, the internal clock is disabled from

all internal circuit~ except the timer circuit; refer to Figure

18. Thus, all internal processing is halted except the timer

MOTOROLA

ruDt. If the MPU is interrupted bv the timer while in the

W“AIT mode, the interrupt vector fetch would be from loca-

tions $1FF6 and $1 FF7.
The counter continues to count after it reaches zero,

allowing the software to determine the number of internal or

external input clocks since the timer interrupt request bit was

set. The counter mav be read at anv time bv the processor

without disturbing the count, The content of the counter

becomes stable prior to the read portion of a cvcle and does

not change duting the read. The timer interrupt request bit

remains set until cleared bv the software. If a read occurs

before the timer interrupt is serviced, the interrupt is lost.

TCR7 mav also be used as a scanned status bit in a non-

interrupt mode of operation (TCR6= 1).

The prescaler is a 7-bit divider which is used to extend the

maximum length of the timer. Bit O, bit 1, and bit 2 of the

TCR are programmed to choose the appropriate prescaler

output which is used as the counter input. The processor

cannot write into or read from the prescaler; however, its

contents are cleared to all “OS” bv the write operation into

TCR when bit 3 of the written data equals 1, which allows for

truncation-free counting.

The timer input can be configured for three different

operating modes, plus a disable mode, depending on the

value written to the TCR4, TCR5 control bits. Refer to the

Timer Control Register section.

TIMER INPUT MODE 1

If TCR4 and TCR5 are both programmed to a “O”, the in-

put to the timer is from an internal clock and the external

TIMER input is disabled. The internal clock mode Mn be

Semiconductor Produck Inc.
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nOxillator Active
Cl~r I Bit

Timer Clock Active
All Other Clwks

stop

- for @odicJj,n~~@t generation, as well as a reference
in ~ency ~~,efi? measurement. The internal clock is

the instructi,~ ~r6 clock and is coincident with address
strobe. (&~:*t during a WAIT instruction. During a
WAIT,tn~~&bn the AS pin goes to a low state but the in-
ternal~$~ ‘io the timer continues to run at its normal rate.i$,>:,.~

\\,.:)

mERwM2

With TCR4= 1 and TCR5 = O, the internal clock and the
TIMER input pin are ANDed to form the timer input signal.
This mode mn be used to measure external pulse widths.
The external timer input pulse simply turns on the internal
clak for the duration of the pulse. The resolution of the

I Yes

+

TCR No
Bit 6= O?

Yes

J

count in this mode is + 1 clock and therefore accuracy im-
proves with longer inp;t pulse widths.

TIMER INPUT MODE 3

If TCR4=0 and TCR5= 1, then all inputs to the timer are

disabled.

TIMER INPUT MODE 4

If TCR4= 1 and TCR5 = 1, the internal clock input to the

timer is disabled and the TIMER input pin komes the input
to the timer. The external TIMER pin mn, in this mode, be
used to count external events as well as external frequencies
for generating periodic interrupts.

Figure 19 shows a block diagram of the timer subsystem.

Semiconductor Ptiuck Inc.
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FIGURE 19 – TIMER BLOCK DIAGRAM
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*
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b
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k Cleared bv
TCR3

\

1. Prescaler and timer data register ere clocked on the falling edge
2. Timer data register is written to during data strobe (DS) and

...

TIMER CONTROL REGISTER (TCR)

7654 321 0
Internal clock (AS) to timer

AND of internal clock (AS) and TIMER

TCR7 TCR6 TCR5 TCR4 TCR3 TCR2 TCR1 TCRO

All bits in this register except bit 3 are read/write bi,@~
Inputs to timer disabled

,j.~$’!,:l,>,,
\$ ..,*

,,:...t,~:.
,,:.:.$.;Kj,~i:p$

,:,>%./.i

TCR7 – Timer interrupt request bit: bit u~~,~t~$fltiicate

the timer interrupt when it is logic “1”. ~~a$$~~”
...

1 – Set whenever the counter decrem~~~~b zero, or un-
‘\.$J.i.

der program control.
.;;:.
wt. ,,~+i

O – Cleared on external reset, @$w~’~&n reset, STOP in-
~..,.;Vstruction, or program c,~m$fm}+k,

.+.:.’.,,,3:} V$*,<:1..,$..$\\*,t>+..,,.+,.
$?:\$:,,{/$

TCR6 – Timer inter~pt ‘*k bit: when this bit is a logic

“l” it inhibits the ti,~r,,in~errupt to the processor.

1 – Set on e~~e~p’~#et, power-on reset, STOP instruc-

tion, or ~~~$$m control,

O – Clea~e*}*mr program control.
“?,$,.:‘.’’~.:-

?$F::\.!,\t,,.,.~:..’~.,
‘~::**,~,+t$><>,‘

T$$~$,,,-” External or internal bit: selects the input clock

&,g.r,~)to be either the external TIMER pin or the internal
c~b%”$funaffected by RES ET).:$<

* – Select external clock source.

O – Select internal clock source (AS),

TCR4 – External enable bit: control bit used to enable the

external TIMER pin (unaffected by RESET).

1 – Enable external TIMER pin,

O – Disable external TIMER pin.

@
MOTOROLA

~ 1 I 1 I TIMER pinto timer

TCR3 – Timer Prescaler Reset bit: writing a “l” to this bit

resets the prescaler to zero. A read of this location always

indicates a “O” (unaffected by RESET).

TCR2, TCR1, TCRO – Prescaler address bits: decoded to

select one of eight outputs of the prescaler (unaffected by

RESET).

Prescaler

TCR2 TCR1 TCRO Result

o 0 0 -1

0 0 1 -2

0 1 0 -4

0 1 1 -8

1 0 0 -16

1 0 1 +32

1 1 0 -a

1 1 1 -128

INSTRUCTION SET

The MPU has a set of 61 basic instructions. They can be

divided into five different types: register/memory, read-

modify-write, branch, bit manipulation, and control. The

following paragraphs briefly explain each type, All the in-

structions within a given type are presented in individual

tables,

Semiconductor Products Inc.
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RffilSTER/MEMORY INSTRUCTIONS

Most of these instructions use two operands. One
operand is either the accumulator or the index register. The
other operand is obtained from memory using one of the ad-

dressing modes. The jump unconditional (JMP) and jump to
subroutine (JSR) instructions have no register operand.
Refer to Table 4.

REABMODIFY-WRITE INSTRUCTIONS

Th~ instructions read a memory location or a register,
modify or test its contents, and write the modified value

back to memory or to the register. The test for negative or
zero (TST) instruction is an exception to the read-modify-

write ~uenca since it does not modify the value. Refer to
Table 5.

BRANCH INSTRUCTIONS

This Wt of instructions branch= if a pa~icular condition is
met, otherwise no operation is performed. Branch instruc-
tions are two byte instructions. Refer to Table 6.

B~ MANIPUUTfON INSTRUCTIONS

The MPU is capable of setting or clearing any bit which

resides in the first 256 bytes of the memory space, where all

port registers, port DDRs, timer, timer control, and on-chip
RAM reside. An additional feature allows the software to
test and branch on the state of any bit within these 266 loca-

tions. The bit set, bit clear and bit test, and branch functions
are all implemented with a single instruction. For the test and
branch instructions, the value of the bit tested is also placed
in the carry bit of the condition code register. Refer to Table
7.

,,+$$’

~NTROL INSTRUCTIONS
,,i,\\Q~A

+,:,., ~~>:$
These instructions are register reference instructioq~$~~;$$.

are used to control processor operation during pro~~~<~ ~-

acution. Refer to Table 8, $$1$:,‘f’;!t.,$.”.......... ‘i!$\.

~$~dkilNG MODES
The MPU u~.~~$~fferent addressing modes to provide

the program~% * an opportunity to optimize the code to
all situati~~~><~.h~’various indexed addressing modes make it,,..... .,\ ~..,\.,.I
possibl&?~$*te data-tables, code conversion tables, and
scah~,~,% anywhere in the memory space. Short indexed

~m~re single byte instructions, while the longest in-
~ruct~~%s (three bytes) permit accessing tables throughout
~ory. Short and long absolute addressing is also includ-
ed. Two byte direct addressing instructions access all data
byt= in most applications. Extended addressing permits
jump instructions to reach all memory. Table 9 shows the
addressing modes for each instruction, with the effects each
instruction has on the condition code register. An opcode
map is shown in Table 10.

The term “effective address” or EA is used in describing

the various addressing modes, and is defined as the address
to or from which the argument for an instruction is fetched

m M~ROLA

or stored. The ten addressing modes of the processor are
described below. Parentheses are used to indicate “contents
of, ” an arrow indicates “is replaced by, ” and a colon indi-

cates concatenation of two bytes,

INHERENT
In inherent instructions all the information n~~~~ to ex-

ecute the instruction is contained in the opcode. Operation?
specifying only the index register or accumulator, and fib?,L>,*,,,~,,i~~$
other arguments, are included in this mode. ‘,.,\<>~*L\.*,,,,.~:syt.

,,(..,,t’ .. .,

IMMEDIATE
. . w.. ~.t::i%.N.:\>.:‘.\*,,~:tiy ,,,

in immediate addressing, the operand is cO~@~@ln the

byte immediatley following the opcode. l~#&@aWaddrass-
ing is used to access constants which dy+~.$~nge during

program execution (e. g., a constant uq t~ Initialize a loop

counter).
,.>
,:, q.;

DIRECT
,>.- .,..s.,..,>+..,:*

<$:i,\‘+:?:,~?.
in the direct addressin~,iw,’the effective address of the

argument is contain~,,in &qngle byte following the opcode
byte. Direct addr%f~~qllows the user to directly address
the lowest 2W ,bw]~ memory with a single two byte in-

struction. Th& ‘$~cl,~es all on-chip RAM and 1/0 registers

and up to 1~<fi@Yt&Sof off-chip ROM. Direct addressing is ef-
ficient i,~bothf,~emory and speed.

,$.><m,,
*!.*,1 EA=(PC + 1); PC~PC + 2. ..

{~~~ress BUSHigh-o; Address BUSLow+ (Pc + 1)
,.,~

J:?<&ZCDED
“’$fn the extended addressing mode, the effective address of

‘$ the argument is contained in the two bytes following the op-

code, Instructions with extended addressing modes are
capable of referencing arguments anywhere in memory with

a single three byte instruction. When using the Motorola
assembler, the user need not specify whether an instruction

uses direct or extended addressing. The assembler

automatically selects the most efficient addressing mode.
EA=(PC+1):(PC+2); PC+PC+3

Address Bus High-(PC + 1),; Address Bus Low+(PC + 2)

lND~ED, NO OFFSH

In the indexed, no offset addressing mode, the effective

address of the argument is contained in the &bit index
register. Thus, this addressing mode can access the first 256
memory locations. These instructions are only one byte
long. This mode is used to move a pointer through a table or
to address a frWuently referenced RAM or 1/0 location.

EA= X; PCqC+ 1
Address Bus HighA, Address Bus Low+X

INDEXED, SBIT OFFS=

Here the EA is obtained by adding the contents of the byte

following the opcode to that of the index register; therefore,
the operand is located anywhere within the lowest 511
memory locations. For example, this mode of addressing is
useful for selecting the m-th element in an n element table.
All instructions are two b~es. The contents of the index
register (X) is not changed. The contents of (PC+ 1) is an
unsigned &bit integer, One byte offset indexing permits
look-up tables to be easily accessed in either RAM or ROM.

EA=X+(PC+l); PC+PC+2
Address Bus High-K; Address Bus Low~X + (PC + 1)
where: K = The carry from the addition of X + (PC+ 1)

Semiconductor Ptiucb IM.
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INDUED, l&BIT OFFSET

In the indexed, 16-bit offset addressing mode the effective

address is the sum of the contents of the unsiged 8-bit index

register and the two unsigned bytes following the opcode.

This addressing mode can be used in a manner similar to in-

dexed 8-bit offset, except that this three byte instruction

allows tables to be anywhere in memory (e. g., jump tables in

ROM). As with direct and extended, the M6B05 assembler

determines the most efficient form of indexed offset – 8 or

16 bit. The content of the index register is not changed.

EA=X+[(PC+ 1):( PC+2)I; PC+PC+3

Address Bus High~(PC+ 1) + K

Address Bus Low~K+ (PC+2)

where: K = The carry from the addition of X + (PC + 2)

RELATIVE

Relative addressing is used only in branch instructions. In

relative addressing the content of the 8-bit signed byte

following the opcode (the offset) is added to the PC if and

only if the branch condition is true. Otherwise, control pro-

ceeds to the next instruction. The span of relative addressing

is limited to the range of – 126 to + 129 bytes from the

branch instruction opcode location. The Motorola assembler

calculates the proper offset and checks to see if it is within

the span of the branch.

EA=PC+2+ (PC+ 1); PC-EA if branch is taken;

otherwise, PC~PC + 2

BIT SET/CLEAR

Direct addressing and bit addressing are combined in in-

structions which set and clear individual memory and 1/0

opcode. The bit set and clear instructions occupy two bytes,

one for the opcode (including the bit number) and the sec-

ond to address the byte which contains the bit of interest.

EA=(PC+ l}; PC~PC+2

Address 8US High +0; Address Bus Low+(PC+ 1)

BIT TEST AND BRANCH

Bit test and branch is a combination of direct addre~~~g,
bit addressing, and relative addressing. The bit addrw:w

condition (set or clear) to be tested are part of t&~@~~,de.

The address of the byte to be tested is in the si~~$,~p im-

mediately following the opcode byte (E~~P: ~$e signed

relative 8-bit offset is in the third byte (E~~)”w*$#s added to

the PC if the specified bit is set or cw:i?~,~~he specified

memory location. This single three,,&fi@%%&truction allows

the program to branch based on$~,h~~$dition of any bit in

the first 2W locations of mem~syxi ‘\k:.,t,,: },

EAl,>$:?@t+~)

Address Bus Highyq}t$ti$&ss BUS Low~(PC+ 1)
EA2 = PC + 3+ (PQ~$~~F::FC-EA2 if branch taken;

oth%w&$, Pc+ Pc + 3
*p.s?~ “’”‘

,*;

,f~$~~fh CONFIGURATION
Figure~$~Q@~{.~$~ugh 25 show in general terms how the

MClq~ bus structure may be utilized. Specified inter-

face$~tail~vary with the various peripheral and memory

~,g$c~.employed.

~“?~le 11 provides a detailed description of the information

,,$:~,~%ent on the bus, read/write (R/~) pin and the load in-

“’*$J~Qtruction (Ll) pin during each cycle for each instruction.
.$

\ This information is useful in comparing actual with ex-

as the control program S executed. The information is

categorized in groups according to addressing mode and

number of cycles per instruction.

@
MOTOROLA Semiconductor Products Inc.
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TABLE 4- REGISTER/MEMORY INSTRUCTIONS

r Adddna Madee
*{iv

1
t

Op
code

A6

#
cycles

3

3
1 1

t D713 I 6

-- ---- .- --
lad X from Memory LDX AE 2 2 BE 2

ore A In Memorv STA – –
,*.-.~.... ,.,K,

— 07 2 4 C7 3 5 F7 1 4 i +~ ~ ~‘“ 2 ‘5

Store X in Memory STX — — — BF 2 4 CF 3 5 FF 1 4 ‘“..,, ~} E$’~+* 2 5 DF 3 6

Add Memorv to A ADD AB 2 2 BB 2 3 CB 3 4 FB 1 \ J, >;; ‘~$EB 2 4 DB 3 5
‘ ~d Memory and

Carry to A
ADC A9 2 2 B9 2 3 C9 3 4 F9 1 ,,,,~;$~ ‘? E9 2 4 D9 3 5

,\>,,..?”>

Subtract Memory SUB AO 2 2 BO 2 3 co 3 4
......

FO *{* 5$$:3 EO 2 4 DO 3 5

Subtract Memory from
.,

A with Borrow SBC A2 2 2 B2 2 3 C2 3 4 F2 .& ~$,,1, ‘“ 3 E2 2 4 D2 3 5

AND Memorv to A AND A4 2 2 B4 2 3 C4 3 4 ;:*p;;’ i; , 3 E4 2 b D4 3 5

OR Memory with A ORA AA 2 2 BA 2 3 CA 3 4 ,:$’>,;’%~$p$ 1 3 EA 2 4 DA 3 5

Exclusive OR Memorv f
EOR A8 2 2 B8 2 3

with A
C8 3 ,#4 ‘$+?;,F8 1 3 E8 2 4 D8 3 5

,*~R.~%.,

Anthmettc Compare A
..
.i$.t

CMP Al
with Memorv

2 2 B1 2 3 cl 3 &’~ ‘~$$4 F1 1 3 El 2 4 D1 3 5
., ::<: .,$

thmetlc Compare X
“ith Mamnr,, CPX A3 2 2 B3 2 3 C3

,>&k’$$;\:’ *“” 4 ~

Bit Test Memorv with
,.t:,,

A (Logical Compare)
BIT A5 2 2 B5 2 3 C5 , $3 4 F5 1 3 E5 2 4 D5 3 5,$

Jump Unconditional JMP – – — BC 2 ,~: “$**& 3 3 Fc 1 2 EC 2 3 DC 3 4

Jump to Subroutine JSR – – - BD 2 ,,,<:i<: ~:.CD 3 6 FD 1 5 ED 2 6 DD 3 J
,.. ..

TABLE ~.+;~&-MODIFY-WRITE INSTRUCTIONS
[ .,>~$:*.

Addressing Modes
1 r ,-J-..-J I Indexed

(8-Bit Ofiet)

Op # $: *t#’” Op # # Op # # Op # # Op # #
Funtiion Mnemonic Code -${ k,@cles Code Bytes Cycles Code B~es Cycles Code Bytes Cycles Code Bytes Cycles

Increment INC 4C ~+.1 $ 3 5C 1 3 3C 2 5 7C 1 5 6C 2 6
* %,. ?

Decrement DFC 4A.”J “*:$.P 3 5A 1 3 3A 2 5 7A 1 5 6A 2 6--- -----
1

---
1

.:. ,.,
1 1 1 1 1 1 1 1 1 1 1 1 1

Clear CLR I,+4F ‘>’~$@1 3 5F 1 3 3F 2 5 7F 1 5 6F 2 6 i
Complement I COM . ‘~../33 [ 1 I 3 I 53 I 1 I 3 I.– 33 2 5 73 1 5 63 2,.s,.;, .,,, 6

Negate
,,$$>:$,,

(2’s Complement)
N~~’~$::<: m 1 3 w 1 3 30 2 5 70 1 5 m 2 6
,.~“.rk..\ ~

Rotate Left Thru Carrv ,: R@b,”*’ I 49 1 3 59 1 3 39 2 5 79 1 5 69 2 6

.-~.~‘..: :. ---
-- -- .- --

.* LSR 44 1 3 54 1 3 34 2 5 74 1“ 5 84 2 6
*

,,%Jht ASR 47 1 3 57 1 3 37 2 5 /7 1 5 67 2 6

Test for Negative
. . T- ._, TST 4D 1 3 5D 1 3 3D 2 4 7D 1 4 6D 2 5

Logical Shift Left~~~~~ I SI IM11131W 1113 1.W171517R 1115 lm 17161

Logical Shift ~w~~’~

Anthmetlc Shif@.$~a~

ur /urq

*



TABLE6– BRANCH INSTRUCTIONS

Relative Addressing Mode

Function Mnemonic
Op # #

Code Bytes Cycles

Branch Always BRA 20 2 3

Branch Never BRN 21 2 3

Branch IFF Higher BHI 22 2 3 ,*!.
‘*{,3,

Branch IFF Lower or Same BLS 23 2 3 sg:.;y.~i<t~,
,id.t,. ~x:,.. ~

Branch IFF Carrv Clear BCC 24 2 3
,i,! ,/,:>S.?~.

Branch lFF Not Equal BNE 26 2

Branch IFF Equal BEQ 27 2

Branch IFF Half Carrv Clear BHCC 28 2

Branch IFF Half Carry Set BHCS 29 2

Branch IFF Plus BPL 2A

Branch IFF Minus BMI 2B

Branch IFF lnterruDt Mask Bit IS Clear BMC 2C

] Branch IFF lnterruDt Line IS Low l-~
I Branch IFF Interruot Mask Blt IS Set I BMS

‘%Branch IFF Interrupt Line IS High BIH ~s @F, \,t;: I

Branch to Subroutine BSR *~&:A6’ 2 6
\ \&. +;,].

~,~, .,J:w Addressing Modes
~,.$,~,’.,y:%

Bit Set/Clear Bit Test and Branch
.+... “ OS,

Function Mnemo@<,.~+, ‘ Op # # Op # #
,. ~t~>:,yi.>$,,,.Y.. %., Code B~es Cycles Code B~es Cycles

Branch IFF Bltn is Set BRSETa~:?R:;@. .7) — — — 2* n 3 5

Branch IFF Bitn Is Clear BRq&@:&%~’o..7) – — 01+2~n 3 5

Set Bit n B3&T?~~n = O. 7) 10+2*n 2 5 — — —

Clear Bit n .,;+,:’*Q,LM n (n= O..7) ll+2*n 2 5 — —
..

@

TABLE 8 – CONTROL INSTRUCTIONS

Inherent

Function Mnemonic ~:~.
# #

I I tiuuc I B~es Cycles

Transfer A to X TAX 97 1 ?

1

c

..-. -. .
I I

-.
I I

Transfer X to A TXA 9F 1 2

Set Carrv Bit I SEC I 99 I 1 I 2 1
Clear Carry Blt CLC 98 1 2

Set Interrupt Mask Bit SEI 9B 1 2

Clear Interrupt Mask Btt CLI 9A 1 2

Software InterruDt Swl 83 1 10

Return from Subroutine RTS 81 1 6

Return from Interrupt RTI 80 1 9

Reset Stack Pointer RSP 9C 1 2

No-Ooeratlon NOP 9D 1 2
1 1 1 1

Stoo STOP 8E 1 2

I Walt WAIT 8F 1 2

MOTOROLA Semiconductor Products Inc.
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TABLE 9 – INSTRUCTION Sm

Mdon coda Smms
H W Cam (From Kn 3) A Tast and Sat If True. C&ti 0#~.
I Intarrupt Mask ● Not Affmtad
N -i [S@n Bit) ? Ld CC Rmistw From Swk

o Cbrad -
1 set

M~ROLA Semicotiuctor
z

lm.
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1

Sk Manipulatbn Branch Raad-Modiw-Write I Control

BTB BSC RFL DIR INH INH 1X1 lx INH INH IMM lx lx
Hi 8 9 A

Low
B E’

m ml mlo
HI

ml 1 olm 0101 0110 0111 lm lml 1010 1011 1110 1111

3

BRSET05 BSET05
5 3 3 6 5 9 2

0
5 4 3

BRA NEG NEG NEG NEG NEG RTI SUB SUB SUB SUB o
BTB 2 REL 2 DIR 1 (NH 1 INH 2 1X1 .1 lx 1 INH 2 2 3 2 1

3
[MM 1X2 1X1

3 ~ ‘“
1 BRCLR05 BCL~05

6 2

BRN RTS ,,lM *:::&:D; R;’ ‘3 cM~x: 3 CMP,X: , CMP,X: , CMP ,; J,ml 3 BTB 2
CMP

REL 1 lNH 2

BRSET15
5 3

2
4

BSET1 E3HI ‘: ‘$$~$ 3
4

S B~$+ SBC SBC SBC SBC 2
W1O 3 BTB 2 REL 2 DIR 3

BRCLR15
5 3 5

EXT 3 1X2 2
3

1X1 1 mlo
, ‘:.i~.:ts

lx

COMA 3
6 5 10

3 ~t;~& ‘*2, ~ CPX
4

BCLR1 BLS
4

COM COMX COM COM SW CPX CPX CPX CPX 3
0211 3 BTB 2 REL 2 DIR 1 INH 1 INH 2

5
1X1 1

3
lx 1 INH -w M 2 DIR 3 EXT 3 1X2 2 [xl 1 lx ml 1

BRSET25
5 3 3 6 5

“’*%D ‘ 24
4

BSET2
5

BCC
4

LSR
3

LSRA LSRX LSR
Olm

LSR AND ANO AND AND
3 BTB

\#f+~+, 2
ANO 4

2 REL 2 DTR 1 INH 1 INH 2 1X1 1 lx (MM 2 DIR 3 EXT 3 1X2 2 1X1 1 olm

B RC Lj:5

lx
3

5

.k,[>b:,~+,.$))>:)$,...
BCLR25

2 3 4

BCS
5 4 3

:8:? ‘*.
0101

BIT BIT BIT BIT BIT , BIT 5$<J. .,.:,,, ,,.,
3 2 REL 2 IMM 2 DIR 3 EXT 3 1X2 2 1 lx

3

BRSET35
5

BSET35
3 3 6

\,,,\
5

6
,\4~ 2 3 4

BNE
5 4

ROR ?’.:,.,>.~,t
3

RORA
,1.,

RORX ROR ROR
0110

~,::,~’ ,,\ ,. LDA LOA LDA LOA LDA LDA 6
BTB 2 REL 2 D(R 1 INH .1 INH 2 !X1 1 lx ~,i;.. ,:* 2 IMM 2

3
DIR 3 EXT 3 1X2 2 1X1 1 0110

BRCLR35 BCLR35
5 3 3

J
6 5 + i:, , 2 4

BEO ASR ASRA ASRX ASR ASR
~“r.,,

0111
TAX STA

3 BTB 2 REL
STA

2 DIR 1 INH 1 INH 2 1X1 1 lx
~,,.1,:1.,<:.,,

INH 2 DIR 3 ,x: 3 STAIX; 2 STAIX: , ‘TA :; 0;1

BRSET:5
3

BSET45
5 3 3 6 5 .:*%;.

B
>.\::& 2 2 3

BHCC LSL LSLA LSLX LSL
lW 3

LSL ?“ +$vk CLC EOR EOR
REL 2 I n 2 ,x; 3 EORIX: 2 ‘oRlx; 1 ‘oR lx ,&

EOR
DIR 1 INH 1 lNH 2 (X1 1 IXL*. ., \MM 2

BRCLR45
3

DIR 3

BCLR45
5 3 3 6

3
<:5 ~ ;.,. jr 2 2 3

BHCS ROL ROLA ROLX ROL
lml

~Q4 ++, .3

3
SEC ADC ADC

BTB
ADC AOC ADC ADC 9

REL 2 DIR 1 lNH 1 INH 2 1X1 1 $Yt:$.i:]l)~,$>~. 1 INH 2 IMM 2 DIR 3 EXT 3 1X2 2 1X1 1 lml

BRSET:5
3

lx
5

BSET55
3 3 6 ‘‘.t.+.,5

I

2 3

A BPL DEC DECA OECX DEC , g:c “
1010

CLI ORA ORA ORA ORA ORA ORA
2 REL

A
2 DIR 1 lNH 1 INH 2 1X1 lx 1 (NH 2 lMM 2 DIH 3 ExT 3 (X2 2 1X1 1 1010

3
BRCLR55 BCLR55

.>:+$:

lx

B
2

BMI
4

,,.>..~... :+..
1011

SEI AOD
3 BTB 2

ADD ADD ADD
BSC 2 REL

ADD AOD B
,.:3,. ~..\ 1 INH 2 IMM 2 DIR 3 EXT 3

3 5
1X2 2 1X1 1 lx 1o11

BSET65
3 3

c
* :\,,, 6 5 2

BRSET6
2

BMC
3

INC
4

INCA INCX ~?&$&Q+.. INC
1lW

RSP
BTB

JMP
2 REL 2

JMP JMP JMP JMP c
DIR 1 (NH 1 lNH.i ‘2 ‘*?J. 1X1 1 lx 1 ~

3
2 DIR 3 EXT 3 1X2 2 1X1 1 1lm

BRCLR65
4

BCLR65
3

T S TK’<~. y *ST
4 5

D
2 6 5

BMS TST TSTA TST
1101

NOP
BTB

BSR JSR
2 REL ,x; 3 ‘SRIX2 2 ‘SRIX, 1 ‘SR :; 1;1

JSR
2 DIR 1 INH 1

.:/w $:%..*
(X1 1 lx 1 (NH 2 REL 2 .-

BRSETJ5

DIR 3
5 3 ,,. .*. 2:$3, ,>~+!..t

E
?

BSETJ BIL \ ~,,’ ,. .: *!,
1110 ?~,.;. ..,>~,,,J, STOP LDX

BTB
LDX LDX

BSC 2 REL
LDX LDX LOX E

1— ~INH

BRCLR75

2 lMM 2 DIR 3 EXT 3 1X2 2 1X1 1

BCLR75
3

lx 1110
5

F CL;&: ~~:#Rx 3
6 5 2 4

BIH CLR
6 5

CLR
1111 3

CLR
BTB 2

WAIT TxA
BSC 2

STX STX STX
REL 2 DIR 1

STX STX F
INH 2 1X1 1 lx 1 INH 1 lNbl 2— DIR 3 EXT 3 1X2 2 1X1 1 lx 1111

AWreviationa for Addraee Modae LEGEND

REL Relative
.*,<s .-.>>

$,, ‘!+
BSC Bit Set/ Clear ,yt%?z~:,<:~~ #ofcY~e.~ Addre~~M~de
BTB Bit Test and .g$%$$Q~
lx Indexed (~$,~~et)
1X1 Indexed, R~.*lB-Bit) Offset
1X2 Indexed, 2 ‘$yte (16-Bit) Offset
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FIGURE 20 – CONNECTION TO CMOS PERIPHERALS

R
Address

Decode

(74HC13) Chfp

Enable

A8-A12

w

Address

MC1W5E2

CMOS

Microprocessor

80-B7 Address/Data Bus

Typical CMOS

Peripheral

(MC148818 etc

ADGAD7

AS AS

“ ‘“-B7mADQ’ADQ7*P

AS

m

Address Strobe
M

Data Strobe
DS G

Read/Wrtte
R/~ w

1
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NOTE:

FIGURE 22 – CONNECTION TO M6800 PERIPHERALS

f 1
Address

Decode
Chip

Select

- Ts
A8-A12 Address

J Mm
MC146805E2 Peripherals

BO-B7 00-D7

Address

Strobe

AS ~ Latch RSO, ETC

Data Strobe
DS - * E

Read/Write
R/~ m R1~

Interrupt
m -

RESET

In some cases, pullup resistors or other level

shifting techniques mav be required on signals

going from NMOS to CMOS parts
‘,!~:,..,.:,.?,\ {,4’

4% *..{*

i. .!
.!,,.,.

FIGURE = – CONNECTION<,:~~wHED NON-MULTIPLIED CMOS ROM AND EPROM
%

Chip

Enable
AS

30-07

CMOS

Non- Muxed

AO-A7 Memory

A8

s

E
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FIGURE 24 – CONNECTION TO STATIC CMOS RAMS

MCl~5E2

CMOS

Microprocessor

BO- B7

AS

A8-A12

FIGURE 2S –

Address/Data Bus DO-D7

Address

Strobe Octal
b

Latch
AO-A7

CMOS

Static

RAMs

CONNECTIO~$~~$CHED NON-MULTIPWED CMOS RAM
St’.:+

Chip

Enable

QO-07

CMOS
AO.A7 Non-Muxed

RAM

A8

3

me

F

m M~ROLA Semiconductor Ptiucb lm.
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TABLE 11 – SUMMARY OF CYCLE-BY-CYCLE OPERATION
—

Address Mode
Cycles Cycle # Address Bus

R~ LI

In*rutiions Pin Pin
Data Bua

Inherent

LSR LSL

k
ASR NEG

CLR ROL

COM ROR

DEC INC TST

TAX CLC SEC

STOP CLI SEI

1
2

3

1

2

1

2

3
4

5

6

1

2

3

4

5
6

7

8

9

10
1
2

3

4

5

6

7

8

9

Op Code Address

Op Code Address + 1

Op Code Address + 1

1
1
1

3

2

6

Op Code Address

Op Code Address + 1

Op Code Address

Op Code Address + 1

Stack Pointer
Stack Pointer + 1

Stack Pointer + 2

New Oo Code Address

1
1

1
1
1
1
1
1

I

RTS

,${relevant Data
New OD Code

Op Code Address

Op Code Address + 1

Stack Pointer

Stack Pointer – 1

Stack Pointer – 2
Stack Pointer – 3

.,~:~’~
‘.+>

Stack Pointer –4 ,,.~.,>.,.it.

Vector Address 1FFC (Hex) “$ ~:~~,

Vector Address 1FFD (Hexk$ ‘*~:,

Op Code

Op Code Next Instruction

Return Address (LO Byte)

Return Address (H1 Byte)

Contents of Index Register
Contents of Accumulator

Contents of CC Register

Address of Int. Routine (H1 Byte)

Address of Int. Routine (LO Byte

Interrupt Routine First Opcode

Op Code

Op Code Next Instruction

Irrelevant Data

Irrelevant Data

Irrelevant Data

Irrelevant Data

Irrelevant Data

Irrelevant Data

New OD Code

Swl 10

1
0
0
0
0
0
0
0
0L

RTI

Immediate

9

I

OD Code Address I 1 I 1 ODCode
Op Code Address + 1 1 0 Operand Data

.g .,
BSET n

,,~,~ .!.,-,,,~. 2 Op Code Address + 1 1 0 Address of Operand
*\,, .s,,~ ~t+

., ,.,.,

BCLR n
-.,,*. 5 3+i.m ~. Address of Operand 1 0 Operand Data

~t’!:t;.L,, .\,
~\\*$1.~... 4 Address of Operand 1 0 Operand Data, .:}$t.,\

*J$, ,!,:l} 5 Address of Operand o 0 Manipulated Data

Bti Teat and Brd~;:l:”
~w:,, I\.)t;t

s. 1.~~; Op Code Address 1 1 Op Code,,

BRSET.@9’~>
2 Op Code Address + 1 1 0 Address of Operand

BRC~R ‘%$;. ‘“
5 3 Address of Operand 1 0 Operand Data

K?. 4“:;~y$::~,,..,,. Op Code Address + 2 1 0 Branch Offset

.,<..$, 5 Op Code Address + 2 1 0 Branch Offset

F
R~ti&

BCC BHI BNE BEQ

BCS BPL BHCC BLS
BIL BMC BRN BHCS

BIH BMI BMS BRA

1 Op Code Address 1

3 2 Op Code Address + 1 1

3 Op Code Address + 1 1

1 Op Code Address 1

2 Op Code Address + 1 1

6
3 Op Code Address + 1 1
4 Subroutine Starting Address 1

5 Stack Pointer o
6 Stack Pointer – 1 0

1
0
0

1
0
0
0
0
0

Op Code

Branch Offset

Branch Offset

Op Code

Branch Offset

Branch Offset
First Subroutine Op Code

Return Address (LO Byte)

Return Address (H1 Byte)

]BSR

(M)MOTOROLA Semiconductor Products Inc.
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TABLE 11 – SUMMARY OF CYCLE-BY-CYCLE OPERAnON (~NUED)

~m

I cm C* # AddraaaBua
Rl~ LI
Pm %

b Bus

MP 2
1
2

1

2
3

Op Code Address
Op Code Address + 1

Op Code Address
Op Code Address + 1
Addr~ of Operand

1
0

Op coda
Jump Address

Op Code
Address of Operand

Operand Data

—-

—
hDC EOR CPX

\DD LDA LDX

ND ORA BIT

;BC CMP SUB

1
1
1

1
0
0

1

3

1
1
1
1
1

1 OD Code Address

+

‘ST 4

;TA

;TX
4

2

3
4

Op Code Address + 1

Address of Operand

Op Code Address + 2

Op Code Address

Op Code Adrress + 1
Op Code Address + 1

Address of Operand

Op Code Address
Op Code Address + 1
Operand Address

Operand Address
Operand Address

Op Code Address

o
0
0
1

2
3
4

1

2

3

4
5

1

1
1
0

0
0
0

.SL LSR DEC
*SR NEG INC

:LR ROL

:OM ROR

1
1
1
1
0

1
0
0

~~& OfOwrand
$~${~1 Operand Data
CWKnt Operand Data
,~~w Operand Data

Op Code
Subroutine Address (LO Bvte)
1st Subroutine Op Code

Return Address (LO Bvte)

Return Address [Hl Bvte)

5

1
2 Op Code Address + 1

ISR 5 3 Subroutine Starting Address

4 Stack Pointer

I I 5 Stack Pointer – 1
A,,..,,

0

~

IMP

LDC BIT ORA

\DD CMP LDX
\ND EOR SBC

:PX LDA SUB

Op Code

Jump Address (H1 Bvte)
Jump Address (LO Byte)

Op Code

Address Operand (Hi Bvte)

Address Operand (LO Bvte)

Operand Data

Op Code

Address of Operand (H1 Bvte)
Address of Operand (LO Bvte)
Address of Operand (LO Bvtel

Operand Data

Op Code

Address of Subroutine (H1 Bvtel

Address of Subroutine (LO Bvte)

1st Subroutine Op Code
Return Address (LO Bvte)

Return Address [HI Bvte)

1 1
1 0
1 0
1 1
1 0
1 0
1 0
1 1
1 0
1 0
1 0
0 0
1 1
1 0
1 0
1 0
0 0
0 0

3

4

;TA

;TX
5

ISR

,.
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 1 0 Op Code Next Instruction

1 Op Code Address 1 1
2 Op Code Address + 1 1 0
3 Index Regtster 1 0

1 Op Code Address 1 1
2 Op Code Address + 1 1 0
3 Index Register 1 0
4 Op Code Address + 1 1 0

1 Op Code Address 1 1

Op Code

Op Code Next InstructIon

Operand Data

Op Code

Op Code Next Instruction
Operand Data
Op Code Next Instruction

Op Code

Op Code Next InstructIon
Op Code Next Instruction
Operand Data

Op Code
Op Code Next Instruction
Current Operand Data
Current Operand Data
New Operand Data

0~ Code

2
3
4

Op Code Address + 1
Op Code Address + 1
Index Raglster

Op Code Address L
1 0
1 0
0 0
1 1LSL LSR DEC

ASR NEG INC

CLR ROL
COM ROR

t

5

5

2 Op Code Address + 1

3 Index Register
4 Index Register
5 Index Register

1 Op Code Address
2 Op Code Address + 1
3 Index Register
4 Stack Pointer

5 Stack Po!nter – 1

1
1
1
0
1
1
1
0

Op Code Next Instruction

1st Subroutine Op Code
Return Address (LO Bvtel

Return Address (H1 Bvtel

JSR

o1

m M~ROLA Semiconductor Ptiucb Inc. —
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TABLE 11 – SUMMARY OF CYCLE-BY-CYCLE OPERATION (CONTINUED)

Address Mode
Cycles Cycle # Address Bus

R/w LI
Instructions I Pin Pin

Data Bus

ndexed aBit Wset

IMP

4DC EOR CPX

4DD LDA LDX

4ND ORA CMP

;UB BIT SBC

;TA

3TX

rsT

-SL LSR
4SR NEG
2LR ROL
:OM ROR
)EC INC

—

ndexed. 1&Bit Offset

a1
3 2

3

1

4
2
3
4

1
2

5 3
4

I
5

1
2

5 3
4
5

1

I
2

6
3
4
5
6

1
2

16
3
4
5
6

JSR

x
1
2
3
4
5
6

1
2
3
4
5
6
7

Op Code Address 1 1

Op Code Address + 1 1 0
Op Code Address + 1 1 0
Op Code Address 1 1

Op Code Address + 1 1 0
Op Code Address + 1 1 0
Index Register + Offset 1 0

Op Code Address 1 1

Op Code Address + 1 1 0
Op Code Address + 1 1 0
Op Code Address + 1 1 0
Index Register + Offset o ,,$:!

Op Code Address 1 , ~~.~~

Op Code Address + 1 1 “’:,.m:,,,

Op Code Address + 1 1 ‘~::~ ~

Index Register + Offset ,ti$: “ o

Op Code Address + 2 ?$~gk,,*. o

Op Code Address $$
;,$-’q,

1

Op Code Address + 1
,~.s.,,,:t ...... .1 0:,.:*..,*.

Op Code Address + 1
3+ \
~i<~,.;$’- 1 0IA>

Index Register + Offset ,$. ‘ ‘~-& 1 0,hi::i$$,
Index Register + Offset ‘~$.:.ii 1 0
Index Register + Offset $Tw’’$$j o 0

Op Code Address “ ‘;~&$:sY‘+,*,, 1 1
“~s,+,>

Op Code Address + $;’ZY?2 1 0

Op Code Address + 1 ‘~$ 1 0
Index Register..+ O~$Set 1 0

Op Code Address + 1 1

Op Code Address + 2 1

Op Code Address + 2 1

Index Register + Offset 1

Op Code Address 1

Op Code Address + 1 1

Op Code Address + 2 1

Op Code Address + 2 1

Op Code Address + 2 1

Index Register + Offset o

Op Code Address 1

Op Code Address + 1 1

Op Code Address + 2 1

Op Code Address + 2 1

Index Register + Offset 1

Stack Po!nter o
Stack Pointer – 1 0

0
0
0
1
0
0
0
0
1
0
0
0
0
0
1
0
0
0
0
0
0

OD Code

dp Code

Offset

Offset

Operand Data

OD Code Next InstructIon

Op Code

Offset

Offset

Current Operand Data

Current ODerand Data
New Operand Data

Op Code

Offset

Offset
1st Subroutine Op Code

Return Address LO Byte

Return Address HI Byte

Op Code

Offset (H1 Byte)
Offset (LO Byte)

Offset (LO Byte)

Op Code

Offset (HI Byte)

Offset (LO Byte)

Offset (LO Byte)

Operand Data

Op Code

Offset (H1 Byte)

Offset (LO Byte)
Offset (LO Byte)

Offset (LO Byte)

Operand Data

Op Code

Offset (H1 Byte}

Offset (LO BVte)

Offset (LO Byte)

1st Subroutine Op Code

Return Address (LO BVtel

Return Address (HO Byte)

Motorola reserves the right to make changes !O any products here!n to improve rellab!litv, function or design. Motorola does not assume anv Ilabilitvarislng

out of the application or use of anv product or circuit described herein; neither does it convev anv license under its patent rights nor the rights of others.
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TABLE 11 – SUMMARY OF CYCLE-BY-CYCLE OPERATION (CONTINUED)

l~s Cyck Cycle# Address Bus
RESET Rl~ LI

Pm Pin Hn
Data Bus

Power on Reset

KQ Interrupt

lTimer V~or $1 FF8, $1 FF9)

5

1922

Cyti

10

$lFFE o 1
$1FFE o 1

1 $1FFE 1 1

2 $1 FFE 1 1

3 $lFFE 1 1

4 $lFFF 1 1

5 Reset V~tor I 1 I 1

1 $lFFE 1 1

x
x
x
x
x
x
x
x
x

●

●

●

x

1
1
0
0
0
0
0
1
1
1

o

0
0
0
0
0
0
0
0
0
0

..

~relevent Data

Vwtor High

V~tor Low

Op Code

Data Bus

x

Irrelevant Data

Irrelevant Data

Return Address (LO Byte)

Return Address (H1 Byte)

Contents Index Rag

Contents Accumulator

Contents CC Register

Vmtor High

V~tor Low

Int Routine First

Under certain circumstance~?~# MCl~5E2 (BP4XXXX these require no action and the third has a recommend-

and A~XXXX) +bit ~~~~pr~tessor Unit ~ interrupt

does not conform t@~’~,jbperation described in this
Advan& lnform~~~s~~t.

.,,, it). .
$1:}~

1. The level +#t@e IRQ mode, which is by far the most

fraqu~~~~, is FULLY OPERATIONAL thus, most

M~~Z applimtions are unaffected. However,
t@~:#*triggered IRQ interrupt mode MIGHT NOT BE

f@@JCED under certain programming circumstances;

Wrefore, it is recommended that the edgetriggered

2.

fide not be used.

An interrupt-v~tor address CAN BE improperly
generated in some circumstances. There is a possibility
that when an external interrupt ( IRQ) and timer inter-
rupt wcur during the WAIT mode (following wait
instruction), address locations $1 FF2 and $1 FF3 are
sel~ted instead of vector locations $1 FF6 and $1 FF7.
There are three specific examples listed below; two of

ed solution.

a. Those not using the WAIT mode need not take anv
action.

b. If the WAIT mode is used without external interrupt
(~ pin held high), no precautions are required.

c. When ~ can be active (low) during the WAIT
mode, the vector in locations $1 FF6 and $1 FF7 (the
WAIT mode timer interrupt vwtor) should be
duplimted in $1 FF2 and $1 FF3, In this wav the cir-

cumstances that caused selection of the =ond
v~tor do not disturb normal program execution.

On future MC1-E2 parts, no s~ial actions will be
necessarv. If vou have questions, contact Vour Motorola

distributor or Motorola sales office, or contact Motorola
Microprocessor Applications Engineering in Austin, Texas.

Semicoducfor Ptiuck Inc.
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PACKAGE DIMENSIONS

hOTES
I DIMENSION ~lSOATUM

=;

2. POSITIONAL TO LERANCEFORLEAOS

[$] O25(OO1OI ~TIA@

‘s

MILLIMETERS INCHES

3 ~ISSEATING PLANE OIM MIN MAX MIN MAX ,*!.

4 DIMENSION L’”TOCENTEROF LEADS A 5029 5131 1.980 2020 ‘*{,3,
sg:.;y.~i<t~,

FL

17

WHEN FORMEO PARALLEL B 1463 1549 0.516 0.610
~,., .,

5 DIMENSIONING ANOTOLERANCING c 305 412 0.120 017 ,\\idt“
,,,:> ~:.~?,

PER ANSI Y145, 1913
0 038 053 0.015 0021 <~ , ,*

‘F F 016 140 0.030 0055 ..* .! .. ,>{

G 254 Bsc O1OOBSC %~,:,.~J.R.?-.?~

-c

l?
~“m

J 0.20
.—. —- .— --- ---—— -, -,,,

033 0.OO8 0013 )~$ . ‘~!.,

Illi;<l<llllil
j

L SUFFIX K 2M 419 0100 0165 +~~’:s$~,

H 5L. &G) ~+;, ~i CERAMIC PACKAGE
L 1499 1565 0590 ~ ‘Qj~

M- 100 - ?: op..:,

CASE 715-05 N 102 152 0 , 0 ,.:~
*!+~.i .$~..‘~.,t.: ‘

~J/t ~.’!
,Cl:kfk$

‘:’.\

NOTES ~k~’l

1. DIMENSIONA-IS OATUM.

~=~

2, POSITIONAL TOLERANCE

~A—l c~’1

~[=~

d“

~

J

i.~ L, 4LD

“h K 4’ M

$*
,?>~,,1

. la >..+
. ,?,.,,... $ ~,,,

.:,},,)C, ,?~

. +$$<:R{$,
NOTES
1 PoSITIONAL TOLERANCE OF LEADS (O).

al %:’’’NEANo ‘;==

SHALL BE WITHIN 0.25 mm (0.010) AT

MAXIMUM MATERIAL CONOITION, IN

2, OIMENSION L TO CENTER OF LEAOS

3. OIMENSION B OOES NOT INCLUOE

~..*< ~’”” c-’ -:~>.’,?:>, .$:,PH .

n

G 2.54 8SC 0.100 BSC
H 1.65

,,.$ &
216 0.W5 0085

J 0.20
., ,. ,

038 0.W8 0015

- ~:,j~y~

P SUFFIX K 292

1- *

343 0115 0135
.*$“ ,, .’ L

‘“ PLASTIC PACKAGE
15.24BSC 0.6~ BSC

;+ ~$?,:~, i’
MW 150 0° ,~o

H~ F 4LD CASE 711-01 N 0,51 I 02 0.020 O.MO

,,s
“~..>.,.:,, ,~..~? PLANE

,J.i’b ?.:,

*~ ‘ t’,::t,.~

,. >\.’+:2~.~.,.J)

.... . , :.?, ..

‘~:::, ,, .,.

,. $. +:*
>\>\.y

.,.

,f::.~~~’
~’h,

~:
1 OIMENSIONSA& R ARE OATUMS

,$im .(

: r? ‘“’iz::@ :E;Z

S!l:*;} .bt,, .:’

4 DIMENSIONING ANO TO LERANCING

—,,~ ‘ $~ Ak. “ ---
Z SUFFIX ❑G 1,02 Bsc O.MOBsc

H 0S4 1.19 0.033 0.047

CHIP CARRIER N 1.27 1.79 0.050 0.070

CASE 761-01
R 11.94 12.57 0.470 0.495

See front page for chip carrier equivalent

pin assignments.
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