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SCE-69 SUPER COMPUTER BOARD
INTRODUPTIDN oy U RLmERL I an

The Smoke Slgnal Broad:ast;ng (SSB)"_ﬁPﬁclébard (SCB=€9)

Qprovzdes the central processing facilities of a . m;crocomputnr
:The SCB~53 prou;des “twenty address l;nﬂs for addres:xng up tn one
megabyte of memory. eigh+t data lines. ‘and other control . lines

needed by menory systems, disc controllers, and other
peripherals. The SCB-69 can be configured in a number of ways..

STANDARD CONFIGURATION

‘The SCB-69 comes with the standard MON63/690 2K moniior, . and

4K of acratch .pad RHM _The SCB-69 ha: provisions . for addres»;ng

up to 18K of sn-board EPROM/ROM. The SCB-69 also comes ‘standard

Wwith - a . real . -time clock (RTCY which provides. the fime-of- daga
v»dag-o?-week,,- ~day=of =month, and. dag—of—gear along Sl th
_programmable interrupta and batterg backup. . The standard sw;+fh

settings. of switches ..S1-1.,2,3.,4 and. .3 __and“ ’SN;tChﬂa

] 32'1a E.- 3. 4J S5.6,7 and 8 are:r

Si-1 OFF COPEN)

S1-2 OFF C(OPEN)

§1-3 ON. CCLOSED> . .. .
'S1-4 OFF COPEN) L
S1-5 OFF COPENJ  NOT USED

S2-1 ON - (CLOSED>
s2-2 OFF (OPEN>
.S2-3 OFF COPENY .
. S2-4 OFF (OPEN>
. S2-5 OFF COPENY
S2-6 ON  <CLOSED) ..
$2-7 .0N . (CLOSED).
se-e,on <CLOSED?

DPTIONRL CONFIGURHTIONS

The SCB-69 contains provisions For!laﬁding ‘an - optienal
tlinating point arithmetic processor (RPU)Y and up‘ to 29K of
EPROM/ROM.. - . . T . L

The Float;ng poxnt processor can greatlg reduce the amounf‘

‘,of so?tware needed for . computat;onal -programs. o There Lare. 2
_.different versions of. the processor - AMDISL1i and: ‘AMD9S12. The

AMD9514 does single precision arithmetic (7.5 dig;+s of- acrurarg>

‘plus transcendenﬁlal funztions. -The AMD9542. does :;nglﬂ and
.double precision ar;thmet;c 7.5 and 16 d;g;ts of. Accuracyr. . The

AMC2542 provides only the four arithmetic functzons; ~add,
subtract, multiply and diwvide.
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The user may  install up $to 20K of EPROMAROM on the SCB-£9
LU coard. , : : : S _

FRINTED CIRCUIT LAYOUT

The SCB-69 uses a number of wire Jumpers +o con?igure the
available © options. Rll wire ' Jumpers are layed out in a dual
- inline package (DIP) +to allow the user %o install OIP switches.
The SCB=59 is designed to work with the S§S- 53 and 83-586 buses
w;+hout any Jumper changes

HOW THE SCB-69 WORKS

The SCB-69 address decoding of the on-board EPROM/ROM is
done by a Field Programmable Logic Array (FPLAJ. The FPLA can be
:astomzzed, by reprogramming, o work with a specially configured
computer system (EPROM/ROM at a lower memory address. etc. ).

The FPLA IC U3 (8SRS108) has sixteen input lines and eigh+
output lines. The SCB-69 uses eleven of the input lines (IS-1S)
for decoding' address lines RAS-15. The control 1line E' ' is 'also
decoded by input line I4. The remaining four anut_lines are
used 4o decode option sense switches (refer  +to FPLA OPTIONS).
These option sense. switches are used to implement the numerous
options of the SCB-69; 2K 4K EPROM’s, HIGHA/LOW EPROM. DUAL STACK
and. SLOW I/0. ‘ ' ‘

The FPLA can be used with the extended addressing attributes
- of. the SCB-69 by selecting the proper extended address range via
switches S3 1-4 and $3-5. Switch 83-5 controls +the  extended
addressing into +the FPLA by gating the output of a four bit
address comparator (IC U27 74LS8S) into the FPLA.

The . SCB-69 is designed to address one megabyte of memory by
the use of a memory manager. The memory is organized in 4K
blocks with up to sixteen blocks active at any time and up to 256
4K blocks selectable. The memory manager is a 256 X 8 high speed
RAM IC U18-19 (93412). The four ‘high order address lines.
(A12-415> from the cpu are used <o select a one of sixteen
location of U18-419. The upper four address lines of Ul8~19 are
"eontrolled by a four bit latch IC W29 (74LSITII.  The memory
Latch allows +the memory manager to have ona2 of sixteen $4K maps
selectable at any time by writing a one of Sixteen number into
“the latch locatﬂd at SFFED +o $FFEF. : . e :

The SCB-69 has a unique f2ature in that any memory reference
to $FFBB8 to $FFFF will cause the memory manager +o disengage the
‘translation‘process and force the address lines LA12-419 4o all
Cone’s. © The width = of this memory window is selectable bg optlon
Jumpers -on the mpu board (W3 1-8). The window -is - set ' for the
upper - 256 bytes ($FFB8 to $FFFF) of memory normally but the user
may wish %o extend this range downward. The selectable window
- range - is from $80080 to $FFFF with the usable range from $F2YB +to
T EFFFF. B e ~ ; S SRR .
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Switches $2-1 through S2-7 control the chip select function
of all on-board memory dewvices. - Opening any of - these switches .
will cause the corresponding device to be disabled and the memory
space allocated to the device 'is usable by external .memory
devices. ' '

Switch S2-1 selects IC U214 (TMS2516 or TMS2532).

Switch S2-2 selects IC U22 (TMS2516 or. TMS2532).

Switch $2-3 selects IC U23 (TMS2515 or THMESES3I2).

Switch S2-4 selects IC U24 (TMS2S516 or TMS2532).

Switch S2-5 selects IC U2S (TMS2516 or TMS2532>.

Switch S2-6 selects IC U36 AND U37 <2114).

Switch S2-7 selects IC UAi3 and U2S (MMS34567 and AME: . 9511/184

IC W18 (74LS382 goes high (logic "1"};when;ang of the memorg
devices on the SCB-69 are selected. This causes the address
buffers. IC U328, 33, 34, 35 (74LS367> and the data buffer IC U33
(DP83833 to be tri-stated C(high 2>. External memory devices may
occupy the same address space as any sn-board memory dewvice but
the on-board device will have pr;or1+g over the external . devics.

The FPLR selects the Ploating‘point processor <IC ugsed and
the real time clock (IC UL3) as one memory device through IC W12
(74LS32>, therefore, if switch $2-7 is OM (CLOSED), both of the
devices will. be selected. - o R '

Since the the floating point praocessor and the.real +time
=lock are 8088 type devices with separate READ and WRITE  control
lines, . IC - US .. is used. to gate the. separate READ. and NRITE lxnea
with the memory control signal E.

The floating point processor'and the real time clock also
need a longer access time. typicaly 508 nanoseconds. . The FPLA
has an output line (F?7) which signals a one-shot (IC ULS 74123
*o stretch the control signal E. to 588 nanoseconds. . This output
line may be disconnected by opening switch S2-8. : ’
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SCB-69 MEMORY MAP (FPLA YERSION 1B69-1 18.4./98)
STANDARD CONFIGURATION (2K EPROM, HIGH EPROM. DUAL STARCK)

FFFF ¢ NRITE DNL? MQPPING’RHM IC U1i8 AND uU1?

FFFB : ‘READ ONLY RESET AND INTERRUPT VECTORS IC U214

FFEF : WRITE OMLY PAGE LATCH REGISTER IC U29

FFE® : READ ONLY RESET AND INTERRUPT QECTORStIC u21

FFDF : .

: EPROM/ROM SOCKET IC U21
F8@3 : -
FPFF :

© ¢ LMB-1 I/D SPACE
FPED : e |
FPDF :

' RESERVED FOR I~0 EXPANTION (LMB-2)>

F789 : ‘

FPPF - . , SR

. : BFD-68 DISC CONTROLLER

FP7PC e T |

FP7B ‘
RESERVED FOR MODEM BOARD

F779 P -

FT6F _ '
DCB-4 DISC CONTROLLER

FP68 : C

FPSF ’

’ RESERVED FOR FUTURE USE (32 BYTES>
FT4@ ’ :
FP3F

AP - FLORTING POINT PROCESSOR
Fran
FPLF
RTC - REAL TIME CLOCK
FPo0
FEFF
FREE SPACE (768 BYTES)
F40B
F3FF
1K SCRATCH PAD RAM IC U368 AND U3?7
Foen
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EFFF : . e
: EPROMAROM SOCKET IC u22
. Eg@9g : :
EPFF ¢ o o ;
=i EPROMAZROM- SOCKET IC. W23 -
Eede : . N b
,:DéF?”; Lo g
... : EPROM/ROM.SOCKET IC U24
-baea - : R R o :
DPFF ¢ . . .
: EPROM/ROM SOCKET IC U25
bggs '

There are three additional memory.

_ EPROM/ROM sockets CU22, 23, 24 and 25): .

maps vfoé the: - last . four

4KA/LOW EPROM

- 4K/HIGH EPROM - 2K/LOW EPROM -
EFFF : L BFFF : - .. | BFFF: o
Uyl 8- L UBR L
E@o8  i@ses.: . ! BEoR : - :
_DFFF :- i B?FF : . . L AFFF : - 1
Lot u23 {o:ou23 : u23 |
peo@ : ! Be@d : | AG@® : |
CFFF : { AFFF @ | SFFF = |
. U2 :  u2d : Uz4 |
ce@e : | RSB : . | 9889 : :
BFFF : L APFF ¢ . | BFFF : . 1
a2 URS H C s US s b o U@S L
BOOO : ! APOR ! 80900 :

The FPLA does not decode IC U21 as

with the 4K EPROMA/ROM option on.

SCB~-69 1.5
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FPLA QOPTIOMS
The FPLA has four sense switches - Si-1. 2, 3 and 4,
Switch Si 1: HIGH/LON EPROM/ROM

With switch 8Si-1 in the OFF (OPEND p0a1+10na the FPLA ‘will
decode the lower four EPROM/ROM sockets (22, 23, 24 and 25> in
the allocated  high memory range  ($09G0 +o  S$EFFF for 2K
EPROM/ROM s and $B889 +o $EFFF for 4K EPROM/ROM s). . With switch
81-1 in the ON (CLOSED)> position, the FPLA will decode the lower
four EPROM/ROM sockets in the allocated low memory range <$RBQB
to $BFFF ?or 2K EPROMAROM‘ s. and $8888 +to $BFFF for 4K
EPROM/ROM 3 The low EPROMAROM memory range would allow the user
c %0 run 00569 at $CPPD to $DFFF and up to 16K of EPROM/RUN o

Switch Si- 2 8K/4K EPROM/RUM

With switch S1-2 in the OFF (OPENY po:;t;on,.the FFPLAR will
- decode  the on-board EPROM/ROM sockets <IC U22; 23, 24 and 25> as
2K dewvices. With switch S1-8 in the ON (CLOSED)> pozition, the
FPLA will decode the on-board EPROM/ROM socke®s as 4K devices.

Switch: 31-7 buRL STHCK

With switch S1-2 in the ON (CLOSED’ poszt;on, +the FPLA will
decode  all memory references between $DFSP . and $OFFF to $F388 +to
$F3FF. This option will allow all programs written to reference
MONB9’s stack area <($DFS8® to $OFFF) to work with MON69‘s stack
area ($F389 to $F3FF) without modification to software. With
switch S1-3 in the OFF <(OPEN) position, all references to MONG9’s
stack area wi;l appear only at $DFS8A to S$SOFFF.

Switch Si1-4: SLOW I/0 DEVYICES

With aw;tch S1-4 in the ON (CLOSED) pns;tlon. the FPLA will
stretch the control signal E 580 nanoseconds anytime a memory
refarence between $F788 and $F7FF occurs. With switch -Si-4 in
the OFF (OPENJ position, the stretching function is defeated.

Switch 51-5: NOT USED
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1 3NIPE JUMPERS

f The SCB 69 has a number of w;re Jumpers that the ‘usnr “mag

 use %o reconfxgurﬂ‘ :erta;n Functlons of the SCB—69 All wire

E:Jumpers are layed out in a dual Lnllne pattern. (DIP) wh;ch allom;
the user %o install DIP SWITCHES in place of the wire Jumpers ’

The present wire Jumpesrs on the SCB-69 consist. of ?o;l
traces on +the back side (solder side) of the PC board. To cut

.. these foil traces, take a sharp knife and cut the narrow. portion
o of the foil trace. Make sure that the cut Pozl trace is. not Jdett

.~ on_the board where it may short out other ‘circuit traces
T‘w1 -1

- The control ;Lgnal Bus Hua;labla (BR) .may bﬂ.,optlonallg

 ,qated with the  control. s;gnal Bua Status (BS> +to form the bus

...signal BA. BS. . With wire Jumper N1-1 open . Cnormal . cond;t;on)a the
bus signal is Bus Awvailable <BAY, onlg The bus. signal BHiBS i=
useful in some DMA and dgnam;c memorg rﬂfresh s:hemes s

Wi-2 and 3

The system clock used by the SCB-69 is made up of a quartz

crystal oscillator circuit which runs at 8.0 Mhz. The 8.6 Mhz i=
divided by two D FLIP-FLOPs (IC U6 74LS74> down to 2.8 Mhz.
- Optionally, the SCB-62  may be driven at 4.8 Mhz from the same
oarystal by removing the wire. Jumper Wi-3 and Jumper Wi-2. = Wire
‘Jumper W1i-3  takes the 8.9 Mhz signal from the oscillator bufrar
CIC UB 74LS@4> and runs the s;gnal 4o the extarnal o:sillator.
input of the cpu (IC U229 Me3IBA9>. Wire Jumper Wi-2 takes *he
4. 8- Mhz signal from the first D FLIP-FLOP circuit and runs  the
signal to the cpu. T

Wi-4 NOT USED
Wi-5 and 6

Wire Jumpers Wi1i-5 and 6 are used to control the RESET
function of +the cpu board. Normally., the RESET function is
genarated on the cpu board by a reset circuit (IC Ul4 74LSH4> and
gated with an optional external reset signal. Wi-6 vectors the
on-board RESET function to both the cpu and  the axternal RESET
buz signal. By dinstalling Jumper Wi-5 and cutting Wi-S, +the
RESET function could be generated by both the external RESET bus
signal and the on-board RESET generator.

Wi-7 and 8

Wire _umpers Wi-7 and & are used to controll the interrupt signal
from the AMDIS14./9512. Hhen wusing the AMDS511 wire Jgumper Wi-~-7
should be installed and for the AMD951i2, wire _Jumper Wi-8 should
be installed.

We=-1
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On the SS-3BC bus., the signal BUSY is not used by  the 6889
cpuy chip. The BUSY signal occuples the same pin as the NMI line
on the S$S+58 bus. Wire Jumper’ W2-1 allouws the user +o Jumper the
BUSY (NMI> signal to the NMI input %o ‘the cpu chip. If the user
wishes to d;sable the NMI input rrom the bus, Jumper wa—1 must be
cut.

S Me-2, 3 4, S, 6 and 7

; These 6  wire Jumpers allow the wuser  to ;eleCt “the
appropriate ;nterrupt signal from the floating po;nt processor
and the real +time clock. MWire Jumpers W2-2 and 3 are used +o
gate the interrupt signal from <the real +$ime clock and the
floating processor +to the IRA input signal of the cpu. - Wa-2 is
for the RTC chip and W2-3 is for the APU chip. Wire Jumpers Wa-4
and 5 are used to gate the interrupt signal from the RTC and the
"APWY to the FIR® input signal of the cpu. W2-4 is for the RTC
chip and  W2-5 is for the APU chip. = MWire Jjumpers W2-6 and 7 are
used to gate the interrupt signal from the RTC and the APU chips
to the NMI input signal of the cpu.” ‘W2-6 is for the RTC chip and
W=7 is for the RAPU chip. '

We-8 NOT USED
W4-1, 2, 3 and 4

‘ The SCB-69 comes conf&gurﬁd to used TMS2516 EPROM/ROM- s
optionaly, the user may install TMS2532 (4K X 8> EPROM/ROM’s Bg

-

Cutting  wire _jumpers W4-2 ;nd 4 and‘quper;ng W4-1 and 3 the

. TMS2532 may be used.

WS, We, W? and W8

Wire blocks WS, 6, 7 and 8 are connected in the same manner
as W4, ' R &
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PARTS LIST

1
a2
u3
U4
Us
us
uv
s
U9
uio

Uil

iz
ui3
ui4
uis
uie
Uiz
uis
ui9
u29
uai
uaa
uas
ua«
uas
uas
ue?

uas

uag
us

U3z
uza
33
u34
u3s
u3e
37
u3e

cai
ca
c3
c4
LS
cé
cr
cs
co
218
cidi
ciz
ci3
ci4

T74LS133

325106
74LSa4
74L.500
74LS7V4
74LS832
74L.S084
r4LS157
74L.838
74LS064
74LS32
MMS8167
NESSS

. 74123

SPARE
74LS88
93412
93412
MesRa9
TMS2546
™MS2516
TMS2518
TMS2516
TMSE2516
AMD9S11
74L 583
74LS74
74L837S
7406
74LS3VS
74L8367
74L8367
74L8367
74LS367
2114
24114
DP8393

228 pf

i ouf

.1 ouf

27 pf

188 pf

.1 ouf
$5-35 pf
.1 ouf

. 891 uf
i@ pf

186 uf 25Y
10 uf 25¢
.1 uf

88 pf

NOT USED

THIRTEEN INPUT NHND GHTE

FIELD PROGRAMMABLE. LDGIC HRRHQ SR

HEX INVERTER ”

QUAD DUAL IMNPUT NAND GHTE
DUARL D FLIP FLOP . 00
QUAD DUAL INPUT OR PHTE
HEX INWERTER ‘

GQUAD DUARL INPUT MULTIPLEXER
EIGHT INPUT NAND- GHTE

HEX IMYERTER ' -
QUARD DURL INPUT OR’ hHTE ’
REAL TIME CLOCK -~ RTC 5
DAUL TIMMER

DUAL ONE SHOT

AUARD DURAL INPUT HND'GHTE’
HIGH SPEED 256X4 RAM - .-
HIGH SPEED 236X4 RAM

‘CPU

2K X 8 EPROM
2K X 3 EPROM

2K X 8 EPROM

2K X 8 EPROM :

2K X 8 EPROM FTEL
FLOATING POINT PRUCESSDR
FOUR BIT COMPARATOR' »
DUAL D FLIP FLOP

FOUR BIT LATCH

HEX INVERTIMG BUFFER

FOUR BIT LATCH

HEX NONINVERTING BUFFER
HEX NONINVERTING BUFFER
HEX NONINVERTING BUFFER
HEX NONINVERTING BUFFER
1K X 4 RAM

1K X R RAM ;
BI-DIRECTIONAL TRANSCEIVER

CAPACITOR
CAPARCITOR
CAPACITOR
CAPACITOR
CARPACITOR
CAPACITOR
TRIMMER" CRPHCITDR
CAPACITOR
CAPACITOR
CAPACITOR
CAPRCITOR
CAPACITOR
CAPRACITOR
CAPACITOR

SCB-6% 1.9
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USER 'SUPPLIED"
USER SUPPLIED
USER SUPPLIED
USER SUPPLIED"
APU OPTION =

. DPTIONAL
OPTIONAL



Cis
cis
ci7
cis
c19
cee
cali
cea
ca3
ca4
£as
c39
c4a
Ca1
c42
ca3

R1
Rz
R3"”
R4
RS
R6&
R?

rR9

R19
R1i1
rRi2
R13
R14

CR4
Ccrz
CR3

BRT

YR1
YR2

21
22
<3
o3
25
26

z?

22

S1
52

¥i

wa

RS .

NOPPRRORRBRPRRE

a
L
o
e

GO 00 RPPRRREAPRR

L1 ouf
1ouf

L ouf
19 uf 18y
18 uf 1s¥.
18 uf 1sV
.1 uf

. R T

.1 ouf

.1 owf

- STl

. 47 uf
.47 uf

-1 ouf

n:
n

0
“

®

o
2 XXX

o
PO OO
~

B
R R
>

AND14
iN914
1INS349

CAPRCITOR
CAPACITOR
CAPACITOR
CAPACITOR
CAPACITOR
CARPACITOR
CAPACITOR
CAPRCITOR -
CAPACITOR
CAPACITOR
CAPACITOR.
CAPACITOR
CRPACITOR
CAPACITOR

- CAPACITOR

CRPACITOR

RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTOR .
RESISTOR
RESISTOR
RESISTOR
RESISTOR:
RESISTOR
RESISTOR
RESISTOR

DIGCDE
DICRE - -
ZENER DIODE . -

3.6 Yolt Battery

7305
788S

RARRARRKRAEAR

SPST DIP
SPST DIP

.8 MHZ
2K

S YOLT REGULATOR
S YOLT -REGULATOR

& PIN RESISTOR PRCK
& PIN RESISTOR PACK
& PIN RESISTOR PRCK
18 PIN RESISTOR PRCK
1@ PIN RESISTOR PRCK.
& PIN RESISTOR PRCK
18 PIN RESISTOR PRCK.
& PIN RESISTOR PACK "

SWITCH
SWITCH

KRTAL
“TARL
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M068A09

(1.5 MHz).

M068809

(2.0 MHz) -

8-BIT MICROPROCESS!NG UNIT

" The MC6809 s a’ ‘revolutionary high=performance 8-bit mlcroprocessor

which “supports modern programming: techniques such as posmon in-

. dependence, reentrancy, amd modular programmirig. :
This third-generation addition to the M6800 family has major archatecturali

improvements which include additionat regnsters instructions, and addressmg
modes.

The basic instructions of any computer are greatly .enhanced by the N
presence of powerful addressing modes. The MC8809 has the most complete

set of addressing modes available on any 8-bit microprocessor today. :

The MCBB809 has hardware and software features which make it an |deel '
processor for hugher level language execution or srandard controkier apphca- .

tions.

MC8800 COMPATIBLE
® Hardware — Interfaces with Ail M6800: Penpherals .
® Software — Upward Source Code Compatibie: Instruction Set and
Addressing Modes .

ARCHITECTURAL FEATURES
@ Two 16-bit Index Registers. ..
® Two 16-bit Indexable Stack Pointers - o :
. ® Two 8-bit Accumuiators ¢can be Concatenated to Form One 16-8it
Accumulator

@ Direct Page Register Allows Direct Addressing Throughout Memorv

HARDWARE-FEATURES
® On-Chip Oscillator (Crystal Frequency=4XE) .
® DMA7 éﬁﬁﬁ Allows DMA Operation on Memory Refresh . -
@ Fast Interrupt Request Input. Stacks Only. Condition Code Reglster
and Program Counter

(H|GH DENS!TY N-CHANNEL. SIUCON-GATE)

8-BIT RN
MICROPROCESSING
UNIT ;

. L SUFFIX
CERAMIC PACKAGE
CASETS

P SUFFIX
PLASTIC PACKAGE
CASE 711

- § SUFFIX
CERDIP PACKAGE
CASE 734

FIGURE 1 = PlNASSlGNMENT o

O®MRDY Input Extends Data Access Times for Use with Slow Memory \__/ A
® (nterrupt Acknowledge. Qutput Allows Vectoring By Devices . 1 U VSSEf_‘: L coy 40: _;’5‘-‘::
® SYNC Acknowledge Output Allows for Synchromzatlon to Extemal SRR 8 N NMIg 2 o 39 [T XTAL
~ o Event: - L - :
" @ Single Bus-Cycle R §Ef ags . 38 EXTAL
. 0 Single 5-Voit Supply Operation = o FiRaQ 4 37 [IRESET
inhibited After Until-After First Load of Stack Pointer .8sds % JMRDY
0 Early Address Valid Allows Use With Slower Memories EIT
® Early Write-Oata for Dynamnc Memorles 8AQe o JQ j
SOFTWARE FEATURES _ veeQr o ME
® 10 Addressing Modes . _ Ao(s - v 13IDMA7BREQ
_ 6800 Upward Compatible Addressmg Modes Ao . ngRwW
-o..Direct ‘Addressing Ahywhere in- Memory ‘Map STt DAL ST ST
¢ lLong Relative -Branches A2Qio - afjoo-
¢ Program Counter Reiative AN R
e True Indirect Addressing a0
¢ Expanded Indexed Addressing: \
0-, 5-, 8-, or 16-bit Constant Offsets ASfh3 - o
i 8-, or 168-bit Accumulator Offsets a6l1a
Auto-increment/ Decrement by 1.or 2
@ Improved Stack Manipulation : ATThS -
. @ 1464 Instructions: with Unique Addressmg Modes . A8(}16
®'8 x 8 Unsigned Multlply R
-~ @ 16+bitArithmetic’ - ‘ ‘ ‘AZS,GJ»? E
.® Transfer/Exchange All Regnsters Aol
® Push/Puil Any Registers or Any Set of Registers a1l 19
® Load Effective Address s
A12{20
©MOTOROLA INC., 1981 DS9846
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MAXIMUM F!ATlNGS

. Ratlng Symbol Value', Unit I o —
i g . N A his device contains circuitry to protect the: |
ly Vol v =03t +70 'V =l
Supply Voltage - (?C - © it - | inputs: against ‘damage."due ‘to high- statlc :
-|Input Voltage - Vin =0.310:+7.00}.V " voltages or electric fields; however, it is ad- -
Operating. Temperature Range : TLo TH vised that normal -precautions be-taken to
MCB808, MCEBBA0S, MCE8B0Y Ta Ot +70 °C avoid application of any voltage higher than
MCB808C, MCBBACSC, MCB8B0O9C -40 10 +85 maximum rated - voltages to this .high -im-
Storage Temperature Range Tst -8B 10 + 150 | °C " . pedance circuit. - Reliability -of operation is
: g enhanced if unused inputs are tied to an ap-
THERMAL CHARACTERISTICS ) . propriate logic: voltage levels (eg, gither
~Characteristic T Symbol | Vaie | Unk Vs orveo). :
Thermal. Resistance ' N ‘ R
Ceramic 50
Cerdip . ) 8ia 60 /W
Plastic : § 100
POWER CONSIDERATIONS :
The average chip-junction temperature, T, in °C ¢an be.obtained from:
TJ=TA+{(PDed A} . (1

‘Where:
TA = Ambient Temperature, °C
9Ja m Package Thermal Resistance, Junction- to-Ambnent, °C/W
Po=PINT + PPORT
PINT®miCC X VEC, Watts — Chip Internal Power
PpORT ™ Port Power Dissipation, Watts ~ User Determined

For most applications PPORT <« PINT and:can be neglected. PPORT may become sngmfucant lf the device is conflgured to
drive Darlington-bases or sink LED loads. :

“An.approximate relationship: between Pp and TJ (if Ppom’ is neglecrad) is: o o
PD=K+(Ty+273°C) . ‘ (2¥

. Solving equations 1 and 2 for K gives: ,
K =Ppe(TA +273°C) + 0 a*PD? : - (3)

-Where K is a constant pertaining to the particuiar part. X can be determined from equation 3 by measunng PD (at equmbnum)
for-aknown TA. Using this value of K the values of Pp and T can be abtained by solving equations.(1) and (2} ateratxvely for any
value of TA.

ELECTRICAL CHARACTERISTICS (Vee=5.0V £5%, Vss=0, Ta =0 to 70°C uniess otherwise noted)

Characteristic Symbol Min Typ Max Unit
. Logic, EXTAL - ViH Vgg+2.0] - | Veco
Input Hugh Voltage . RESET . VIHR | Vss+*4.0 | = | Vvce v
input Low Voitage .Logic, EXTAL, RESET .. VL Vgg=03 | - | Vgs+08 | V
input.Leakage Current ‘ R ‘ ) : N
(Vin=01056.25 V, Ve = max) Logic lin T =l 28 A
DC Output High Voitage ' .

Al pad= — 205 wA, Veg=min) 00-07 - . v Vgg+2.4 | - |7 = v
(I gad= ~145 wA, VCC = min) AC-A15, R/W, Q. E . OH | vgg+24| - | 7 = ‘
{ioad= =100 uA, Voo =min : BA, BS ' Vegg+24 | =} -

'| OC Output Low. Voitage ' ' N A
(lLgad = 2.0 MA, Vcc=min) _ VoL | : Vss+0S |V
internal Power Dissipation tmeasured at Tao =0°C in steady state operation)- PINT Lt 10 ) W
Capacitance # k B B E
(Vin=0, TA=25°C, f=1.0 MHz) D0-07, RESET Cn | - 10 15 pF
Logic Inputs, EXTAL, XTAL R fh [0 I B |
, AC-A15, R/W,BA, 85 | Cour 'l = | = | 18 pF
Frequency of Operation . MC8809 04 | - 4 I
: . MCEB8A09 ) fXTAL 04 | = C6 T MHz
{Crystal or External input) - . MCB8809 0.4 - 8
Three-State (Off State) Input Current 00-07 | - 20 10 A
(Vin=0.4 to 2.4 V, Veg = max) AG-A18, R/W TS - |- 10 f*

# capacitancas are periodically- tested rather than 100% tested.

1 @ MOTOROLA Semiconductor Products Inc.
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BUS TIMING CHARACTERISTICS (Ses Notes'1 and 2) : : .
N L : MCB809. | MCBBAQS. | MCB8B09

Numior  Cheractaristics . | Symbol I Min | Max | Min | Max | o
1 Cycie Time (See Note 5) : teye | 1.0 | 10 {0.867] 10:{ 05| 10 |us -
2 Pulse Width, E Low . | PWgL | 430 | 5000 | 280 | 6000 | 210 | 5000 | .ns
3 Puise Width, E High . ' | PWep | 460 |15500] 280 |16700] 220 | 16700 | ns
4 Clock Rise and Fail Time . e Tt tf | = | B - | B:f -] 20 |ns
5 Puise Width, Q High. - . . PWQr | 430 | 5000 | 280  |'5000{ 210 | 5000 | ns
[} Puise Width, Q Low m— PWqr | 460 18500 280 |15700( 220 |15700 | ns
7 Delay Time, E to Q Rise . tAvS 200 | 250 | 130 { 165 | 80 | 1258 ‘| 'ns
9 Address Hold Time® (See Note 4) ' AR | 0 | =] 20| - | 0] = [ ns
10| BA, 8S, A/W, and Address vaiid Time to Q Rise aQ |0 | =] B[ = | B — |ns
17 | Read Data Setup Time -~ .~ L - tDSTR 80 | - 60 | - | 40 - | ns
18 | Read Data Hold Time® - e e C tOHR 0] - 10 - 10 - ns
20 | Oata.Oelay Time from Q@ DoQ | - | 200| — | 40| = | 110 | ns
21 Write Data Hold Time* ‘ ) ’ tDHvTI 0 - 0 - 30 - ns
29 Usable Access Time (See Note 3. S tACC - 56 | - | 40 | — |30 | - ns
“Procassor.Control Setup Time (MRDY, Interrupts, DMA/BREQ, 1. 3
_FALT, RESET )i’(ﬁguflas?, 5, 10, 11, 13, ang 14 e tPcs |20 - M) - |MO] — |
. Crystal Oscillator Start Time (Figuras 7 and.8) . ‘ RC - J100] - 1100] = |00 .| ms
oot . """ | Processor Control Rise and Fail Time (Figures 7 and 9) - ®Cn tPCt{ = [ 100 | - ]100 | = |10 | ns
* -*Address and data ‘hold times aée periodically. tested rather than 100% tested. '
NOTES: S
1. Voitage levels shown are V|_50.4 V, Viy22.4 V, unless otherwise specified.

2. Measurement points shown are 0.8 V and 2:0'V, unless otherwise specified.
“*:3."\)sable access time is:computed by: 1=4=7.max +10-17.
4.'Hold time (- (8):). for BA and BS.is not specified..
5, "Maximum teyg during MRDY:or DMA/BREQ is 16 us..

- ‘,  MOTOROLA 'Semiconductor Products Inc.
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C = 30-pF for BA, 8S

FIGURE 3 — MCB809 EXPANDED BLOCK DIAGRAM
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A
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+—Vee
“+—Vss -

Instruction
Register

Interrupt
Control g TRQ

DMA/BREQ
I r—.a W

. . 'Bus. b TALT
Controi - —--—-DBA

# Internal Three-State Control

F!GURE 4 — BUS TIMING TEST LOAD

5.0V

mmoetso S AL = 22X

or Equiv.

MMD7000
or Equiv.

R = 11.7 k1 for D0-07
16.5 kQ for AG-A1S, E, Q, R/W
24 kQ for BA, BS

130 pF for D0-07, €, Q -
90 pF for AQ-A15, R/IW

' @ MOTOROLA Semiconductor Products Inc.

PROGRAMMING MODEL :
As shown in Figure 5, the MCB809 adds thres registers to

' the set available in the MCB800. The added registers. inciude-

a Direct Page Register; the User Stack pointer and a second
Index Register. : . .

ACCUMULATORS (A 8,.D)

_ The A and B registers are’ general’ purpose accumulators»
- 'which are used for anthmetlc caicufatlons and, manipulation:

of data.

Certain instructions_concatenate the A and B registers to
form a single 16-bit accumulator. This'is referred to as the D
Register, -and is formed with: the ‘A Register as the:mast
significant byte.

DIRECT PAGE REGISTER-(DP) ,

The Direct Page Registerof the MCB809 serves to enhance
the Direct Addressing Mode. The content of this register ap-
pears at the higher address-outputs (A8-A15) during: direct
Addressing Instruction execution. This allows. the direct
mode to be used at any place in memory, under program
control. To ensure 6800 compatibiiity, all bits of this register-
are cleared during Processor Reset.

RS




FIGURE 5 — PROGRAMMING MODEL OF THE MICROPROCESSING Ule

CC - Condition Code Register

18 L
X~ Index: Register
7 ¥ = Index Register
Pointer Registers
U - User Stack Pointer teg
S —~ Hardware Stack Pointer R :
B ~PC . . .Program Counter - -
A o B Accumuiators
N 2
Y
D ..
|v oe l Direct Page Register. . ..

INDEX REGISTERS (X, V)

The Index Reglsters are used in'indexed mode of address-
ing. The 16-bit' address in this register takes part in the

‘ ‘caiculation of effective addresses. This address may be used

to point 10 data directly. or may be modifed by'an optlonal

o constant or register 'offset. During some indexed modes, the ‘
| contents of the. index register are .incremented or -
" ‘decremented to point to the next item of ‘tabular type data.

All four pomter regtsters (X Y, U S) may be used as index

| registers.

STACK POINTER (U S)

The Hardware Stack Pointer (S) is used automaticaily by
the processor during. subroutine cails and interrupts. The
stack pointers of the MC8809 point to the top of the stack, in

' contrast to the MCBSOO stack pointer, which ‘pointed to the

next free location on the stack The User Stack Pointer (U) is

»controlled exclusively By " the programmer thus “allowing

arguments to be passed to and ‘from subroutines with ease.

“Both Stack Pointers have the sarme indexed mode address-

ing -capabilities as the X and Y registers, but also support

* 'Push and Pull instructions. This allows the MCB80S to be us-

ed efficiently as a stack'processor, greatly enhancmg its abili-
ty to.support. hlgher level languages and mcdular prcgramm-
lﬂg R .
PROGRAM- COUNTER TR

“The -Program Ccunter ns used by the procassor to point to
the address.of. the next instruction t0 be executed by the pro-
cessor.. Relative Addressmg is provided allowung the Pro-

gram Counter 10 be used like an index register in some situa-
tions.

CONDITION CODE REGISTER

The Condition Code Register defines the State of the Pro-
cessor at any given time. See Figure 6.

— . Mo‘roROLA ‘Semiconductor Products Inc.
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CONDITION CODE REGISTER:
* DESCRIPTION
BIT 0.C) A

BitOis ‘the, carry flag, and is’ usually the carry from the
bmary ALU. C s aiso used to represent 3 'borrow’ from sub-

tract like instructions. (CMP, NEG, SUB, SBC) and is the

complement of the carry from the bmary ALU

BIT 1 (V)

8it 1 is. the overflow flag, and is set-to a.one by an-opera-
tion .which _causes a signed two's complement artthmettc )

‘overﬂow This overflow iS. detected in an operation in ‘which

the carry from the MSB m the: ALU dces nct match the carry
from the MSB8-1.

BIT 2(2)

Bit 2 is the zero flag, and is set to'a one if the result of the
previous operation was identically zero.




- MC6803eMCE8A0deMCE

BIT 3(N)

_ Bit 3is the negative flag, which contains exactly the value
of the MSB of the result of the preceding operation. Thus,
a negative two's-complement result will leave N set to a.one:

BIT 41l

Bit 4is the IRQ mask bit. The processor will not recognize
interrupts from the IRQ line if this bit is set to a one. NMI,
FIRQ, IRQ, RESET, and SW! are set.|'to a one, SW|2 and
SWI3 do not affect |.

BIT 5 (H)

Bit 5 is the haif-carry bit, and is used to indicate a carry
from bit 3 in the ALU- as a resuit of an 8-bit addition only
(ADC or ADD). This bit is used by the DAA instruction to
perform a BCD decimai add adjust operation. The state of
this flag is. undefined in ail subtract-like instructions.

BIT 6 (F). : -

Bit 6 is the FIRQ mask bit._The processor will not
recognize interrupts from the FIRQ line if this bit is a one.
N1, FIRQ, SWI, and RESET ail set F to a one. TRG, sSwi2
and SWI3 do not affect F.

BIT7 (B)

- Bit 7 is the entire flag, and when set to.a one indicates that
the compiete machine state (ail the registers) was stacked,
as opposed to the subset state (PC and CC). The E bit of the
stacked CC is used on a return from interrupt (RT)) to deter-
mine the extent of the unstacking. Therefore, the current £
left in the Condition Code Register represents. past action.

PIN DESCRIPTIONS

POWER (Vssg, Vcc)

Two pins are used to supply power to the part: Vgg is
ground or O voits, while Veg is +5.0 V £5%.
ADDRESS BUS (A0-A15) '

Sixteen pins-are used to output address.information from
the MPU onto the Addréss Bus. When the processor does
not require the bus for a data transfer, it will output address

. EFFF18, R/W = 1,and BS = 0; thisis a "“dummy access” or
VMA. cycie. Addresses are valid on the rising edge of Q (ses

Figure 2). All address bus drivers are made high-impedancs
when output Bus- Available (BA) is high. Each pin will
drive one Schottky TTL load or four LS TTL Ioads, and
90 pF. .

“DATA BUS (D0-07)

~ These enght pins provude communication with the system
bi-directional data bus. Each pin-will drive one Schottky TTL

load or four LS TTL loads, and 130 pf.

: @¢ MOTOROLA Semiconductor Pfodqc?s" Inc.

'READ/WRITE (R/W)
This signal-indicates the direction of data transfer-on the

. data bus. A low indicates that the MPU is writing data onto | ’

the ‘data- b bus. R/W is made high impedance when BA is
high. R/W is valld on the rlsmg edge of Q.

'RESET

A low level on this Schmltt-trlgger input for greater than
one bus cycle will reset the MPU, as shown in Figure 7. The
Reset vectors are fetched from locations FFFE1g and FFFF16
{Table *1) when Interrupt Acknowledge s true,
(BA eBS=1). During initial power-on, the R RESET line
shouid be held low.until-the clock ascillator is fuily cpera-
tional. See Figure 8.

Because the MCB809 RESET pinhasa Schmxtt-tngger in-
put with a threshold voitage higher than' that of' standard
peripherals, a simple R/C network may be used to reset the
entire system. This higher threshoid voitage ensures that all
peripherals are out-of the reset state before the Processor.

HALT

A low level on this input pin will cause the MPU to stop
running at the end of the present instruction and remain
haited indefinitely without loss of data. When haited, the BA
output is' driven high - indicating the:buses are high im-

. pedance. BS is.aiso high which'indicates the processor is.in

the. Halt or Bus Grant state. While haited, the MPU will not
respond to external-reai-time requests. (m "Q) 1) although

.' . .DMA/ BREQ will always be accepted, and NMi or RESET will

be latched for later response. During the Hait state Qand € |
continue to run normally. If the MPU is not running (RESET,
DMA/BREQ), a hdited state (BAeBS=1) can be achieved

by pulling A HALT low.while RESET is still low., If DMA/BREQ

and HALT are both pulled low, the grocessor will reach the.
last cycie of the instruction (by reverse cycle stealing) where
the machine will then become haited.. See Figure~9~.

BUS AVAILABLE ‘BUS STATUS (BA, BS) )
The Bus Avanlable output is: an indication of an mternal

_control signal which makes the MOS buses of the MPU high
. impedance.. This signal does not imply. that the bus will be

available for more than one cycle. When BA.goes low, a .
dead cycte will elapse before the MPU acquires the bus.

The -Bus Status output signal, when decoded with BA,
represants the MPU state (valid wuth Ieadmg edge of Q).

MEY State MPU State Definition
BA 8S )

0 "0 Normai (Running)

Q 1 interrupt or Resat Acknowledge
1 Q . Sync Acknowledge

1 1 Hait or Bus Grant Acknowiledge
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FIGURE 8 — CRYSTAL CONNECTIONS AND OSCILLATOR START UP

b)) ' | 1T
< vee min, - (€ o : B lDl . 8
vee __/ ' R :
E ! . . g -
RESET

MCB809

Y1 “Cin Cout ¥

Y1
8MHz | 18pF | 18pF : 4 D %
6 MHz | 20pF | 20pF : ‘ L_-l l-—‘
Cin —i ) -:-E Cqut

4 MHz 24 pF 24 pF

Nominal Crystal Parameters”

3.58 MHz |- 4.00MHz | 6.0 MHz 8.0 MHz
RS 60Q 50Q | 30500 2040 Q
Co 35pF | 650F 48 pF 4§ oF
o] "0.015pF .|  002pF | 0010.02pF | 0.01-0.02pF
o} >40K . ..|7 >30K >20K >20K

All parameters are 10%
*NOTE: These are representative AT-cut crystai- parameters oniy. Crystais of other

Typical PC Board Layout types of cut may also be used.

b
W IIES;
///

¥
Crystal

. {/ 2 mI max.

CL

. NOTE: Wavef_orrh measurements for ail inputs and outputs are specified
at logic. t'_ligh 2.0 V and logic low Q.8 V uniess otherwise specified.

Otﬁ'e‘r Signais.
Not Wired In
This Area.

' @ MOTOROLA Semiconductor Products Inc.




FIGURE 9 — HALT AND SINGLE INSTRUCTION

2nd To Last ‘
Last Cycle .
Cycle Of  Of

Current Current - Dead

EXECUTION FOR SYSTEM DEBUG

Dead inst. Instruction- Dead

.~

| Inst. inst, - Cvele.l .

Halted

" ") Cycle | Fetch | Execute; Cycle | Halted
St D) R D R DA

.__Fetch  Execute

A X _X_7
W __ X A X ) $5
oA / S
BS . ./ :5
Data

/ |

o

_ Instruction
Qpcode

NOTE: Waveform meesufemems for.all inputs and outputs are specxﬁed at Iogxc h:gh 2 0.V and |og|c Iew 08V unless otherwise speczfled

Interrupt Acknowiedge is indicated d durin ng both cycles ofa_‘
hardware-vector-fetch (RESET, NMI, FIRQ, 1RQ, SWI,

SWi2, SWI3). This signal, plus decoding of the lower four -

address lines, can provide the user with an indication of

which interrupt level is being serviced and allow vectonng by

device. See Tabie 1.

. Sync Acknowiedge is indicated while the MPU is waiting |

for external synchronization on an interrupt line.

Hait/Bus Grant is true when the MCSSOQ isin a Hait or Bus
Grant condition.

TABLE 1: MEMORY MAP FOR INTERRUPT VECTORS

- Memory Map For
Vector Locations intarrupt Vector
Description
MS LS .
FFFE FFFF RESET
FFFC FFFD - NMi
FFFA FFFB swi
FFF8 FFFY RQ :
FFF6 FFF7 . FiRG
FFF4 FFF5 - swi2
FFF2 FFF3 - swi3-
FFFO FFF1 -~ ‘Reserved.

NON MASKABLE lNTERRUPT (T)'

A negative transition on this input requests that a non-
maskable interrupt sequence be generated. A non-maskable

: mterrupt cannot be inhibited ed by the program and also has a

higher priority than FiF FIRQ, TRA or software interrupts. During

' recognition of an NMI, the entire machme state is saved on:

the hardware stack. After reset, an NMI will not be recogniz-
ed until the first program loz load of the Hardware Stack Pointer
(S). The puise width of NMi low must be at least one E cycle.

It the :NMI input does not meet the minimum set up with

- raspect to Q, the interrupt will not be‘recognized until the
. next cycle. See Figure 10..

FAST-INTERRUPT REQUEST (FIRQ)*

A low level‘on this input pin will initiate a fast interrupt se-
quence, provided its mask bit (F} in the CC is clear. This se-
qwde has. priority over. the standard Interrupt Reguest

“{IRQ); and is fast'in the sense that it stacks only the contents
. of the condition code register and the program counter. The
" interrupt seivice routine should clear the source of the mter-
L rupt before domg an RTI -See Figure 11.

. mrsnaUm- REQUEST (IRQ)*

A low level input on this pin will initiate an Interrupt Re-
quest sequence provided the mask bit (1) in the CC is clear.
Since IRQ' stacks the entire machine_state it provides a
slower response tgﬂerrupts than FIRQ. TRQ also has a

. lower priority than FIRQ. Again, the interrupt service routine

shouid clear the source of the mterrupt before doing an- RTI
See F|gure 10." :

“NMi, FIRQ, and TRQ requests are sampied on the falling edge of Q. One cycle is required for synchronization before these interrupts are recg$
nized. The pending intarrupt(s) wiil not be serviced until completion of the current instruction uniess a3 SYNC or CWAI condition is present. if IRQ
and FIRQ do not remain low until compietion of the current instruction. they may not be recognized. However, NM1.is latched and need oniy re-
main low for one cycte. No interrupts are recognized or latched between the falling edge of RESET and the rising edge of BS. indicating

RESET acknowiedge.

'MOTOROLA Semiconductor Products Inc. -
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XTAL, EXTAL

These inputs are used to connect the on-chip oscillator to
an external parallei-resonant. crystal. Alternately, -the pin
EXTAL may be used as a TTL level input for external timing
by grounding XTAL. The crystai or exterhal frequency is four
times the bus frequency. See Figure:8.: Proper RF layout
technigues should be observed in the Iayout of printed circuit
boards.

E, Q

E is similar to the MC8800 bus timing. signal ¢2 Qisa
Quadrature clock signal which leads E. Q has no parailel on
the MCB800. Addresses from the MPU will be valid with the
leading edge of Q. Data is latched on the failing edge of E
Timing for E and Q- is shown in Figure 12. .

MRDY*
This input control signal allows stretching of E and Q to

extend data-access time. € and Q operate normally whiie-

MRDY is high. When MRDY is low, E'and Q may be stretch-
ed in integral muitiples of quarter (%) bus cycles, thus allow-
ing interface to slow memories, as shown in Figure 13(A).

During non-valid memory access (VMA cycles) MRDY has .

no effect on stretching € and Q; this inhibits slowing the pro-
cassor during "“don’t care’” bus accesses. MRDY may aiso be

used to stretch clocks (for siow memory). when bus control |

has been transferred to an external device (through the use
of HALT and DM

NOTE: Four of the-early productuon mask sets (G7F, TBA,
PBF, T6M) require synchronization of the MRDY input with

the 4f ciock. The synchronization necessitates an external

oscillator as shown in Figure 13(B). The negative transition
of the MRDY signal, normally derived from the chip select
decoding, must meet the tpCS. timing. With these four
mask sets, MRDY's posmve transition must occur with the
rising edge of 4f.

In addition, on these same.mask sets, MRDY will not
stretch the E and Q signais if the machine is executing either
a TFR or EXG instruction during the HALT high-to-low tran-
sition. If the MPU executes a: CWAI instruction, the machine
pushes the internal registers. onto the stack and then awaits
an interrupt. During this wamng penod it is possible to place

the MPU -into a Halt mode to. three-state the machine, but

“MRDY will not stretch the clocks.

The mask set for a particuiar part may be determined by
examining the markings. on top of the part. Below the part
number is a.string of characters. The first-two characters are
the last two characters of the mask set code. If there are only
four digits the part is the G7F mask set. The last four digits,
the date code, show when the part was manufactured.
These four digits represent year and week. For example.a
ceramic part marked:

is @ TBA mask set made the twelveth week of 1980.

DMA/BREQ’
The DMA/BREQ input provides:a method of suspending

. execution and acquiring the MPU bus for another use, as
‘i shown in Figure 14. Typical uses inciude. DMA and dynamic

memory refrash.
Transitions of DMA/BREQ should occur durmg Q. Alow "

. levei on this pin will stop instruction execution at the end of
- the current cycle uniess gre-ernpted by seif-refrash. The

MPU wiil acknowiedge DMA/BREQ by setting BA and BS to
a one. The requesting device will'now have.up to 15 bus

cycles before the MPU retrieves the bus for seif-refresh. Self- . |
refresh  requires one bus cycle with a leading and trallmg ‘

dead cycle._See Figure 18. The self-refresh counter is-only | o
cleared if DMA/BREQ 'is inactive for two or more MPU
cycles.

Typically, the DMA controllér wiil request to use the bus
by asserting. DMA/BREQ pin low on-the leading edge of €.
When the MPU replies by setting BA and BS to a one, that
cycle will be a-dead cycle used to transfer bus mastership to

- the DMA controller.

False memory accesses may be prevented during any dead
cycles by developing a system DMAVMA signal WhICh is
LOW in any cycle when BA has changed.

FIGURE 12 - E/Q. RELATIONSHIP

End of Cycle (Latch Data)

/

Start of Cycle
A ¢
. |
l B
E er 0.5V
| j—tavs
I
Q | _ )
| Address Valid

\ '
J —

NOTE: Waveform méashremems for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V uniess otherwise specified.

*The on-board clock generator furnishes & and Q to both the system and the MPU. When MRDY is pulled low, both the system clocks and the.
internal MPU clocks are stretched. Assertion of DMA/BREQ input stops the internal MPU. clocks while allowing the external system clocks
to-RUN l(i.e., release the bus to a DMA controiler). The 2 internal MPU clocks resume operation after DMA/BREQ is released or after 16 bus
cycles {14 DMA, 2 dead), whichever occurs first. While DMA/ BREJ is asserted it is sometimes necessary to pull MRDY low to sllow DMA to/
from siow me mory/peripherals. As both MRDY and DMA/BREQ contral the internai MPU clocks, care must be exercised not 1o violate the
maximum teye specification for MROY or DMA/BREQ. (See Note 5 in Bus Timing.)

)

: MOTOROLA Semiconductor Products Inc.




When BA goes low (elther as a result of m
HIGH or MPU seif-refresh), the DMA device shouid be taken :

off the bus. Another dead cycle will elapse before the MPU -
‘accesses : memory, to allow transfer of . bus mastershlp

thhout contention. _
MPU OPERATION

During normal operation, the MPU fetches an instruction

-_from. memory and -then -executes the requested - function.

FIGURE 13(A) —

‘This sequence begins after RESET and is repeated indefinite-
ly uniess altered by a speciai instruction or hardware oceur-
rence. software instructions that alter'normal MPU operation
are: SWH,.SWI12, SWI3, CWAI, RTi and SYNC. Aninterrupt,
HALT, or DMA/BREQ can.also alter the normal execution of
instructions. Fugure 16 1llustrates the flowchart for the :
T MCB809. -

MRDY TIMING -
] bP)

o/
D> _ k“ ” S |

(N
PCS v
AN 2/
e A\ N\ : ¢
FIGURE 13(B) — MRDY SYNCHRONIZATION
4.0 MHz 5
Osgcillator
XTACT 39 74LS04
-
EXTAL|38
Part of A
MCB808  Mqapvizs MRDY Stretch a CLAR 4
N = MRODY
% - |Synchronization
7474 .
] S
-5 PR
. Active Lo —— 7
Chip Select
_For Slow" :
Memory or ¢ Vaiues
Peripheral ) Chosen
as Req'd

MROY Stretcn
Stretich = 0.7 RC

- --  MOTOROLA

To Memory -
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w—tpcs - ' ‘ - —{PCS

e NNy | 777
- *

BA, BS — taD

MAViA® / \

ADDR /
(MPU)

ADDR
(DMAC)

i

(\

FIGURE 15 ~ AUTO-REFRESH DMA TIMING (> 14 CYCLES) .
: {REVERSE CYCLE STEALING) '

:DEADL— 14 DMA Cycles J‘omlmu]oeml-—om e —Y
! [

(o]

DMA7BREQ —\IL : ! |
|
|
8a. 85 __/ ]1 ) T , ;(

—

*CMAVMR is a signal which is deveioped externaily, but is a system requirement for DMA. Refer to Application Note AN-8.

NQTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified.
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ADDRESSING MODES

The- basic instructions ~of - any computer are greatly
. _enhanced by the presence of powerful addressing modes.
The MCB809 has the most complete set of addressing modes

available on any microcomputer today. For example, the .

MCB809: has 59 basic instructions; however, it recognizes
1484 - different variations of instructions and addressing
modes. The addressing’ modes support modern programm-
~ing - techniques. The following addressing. modes are
avaiiabie on the MCB809:
inherent (Includes Accumuiator)
Immediate
Extended
- Extended Indirect
. Direct
“Register
Indexed
Zero-Offset
Constant Offset
Accumulator Offset
Auto Increment/Decrement
Indexed Indirect
Relative -
Short/Long Reiative Branching
Program Counter Relative Addressing

INHERENT (INCLUDES ACCUMULATOR)

In- this addressing mode, the opcode of the -instruction -

contains all the address information necessary. Examples of
Inherent Addressing are: ABX, DAA; SWI, ASRA, and
CLRB.

lMMEDIATE ADDRESSING

In Immediate Addressing, the effective address of the data

is the location immediately’ following the opcode (i.e., the
data to be used in the instruction immediately foilows the op-

- code of the instruction). The MCB809 uses both 8 and 16-bit .

immediate - values  depending . on the size of argument
specified by the opcode. Examples of instructions with Im-
mediate Addressing are: .

LDA #$20

LDX #$FO00

LDY #CAT

NOTE: # signifies Immediate addressmg, $ sngmfles hexa-
decxmal vaiue: :

EXTENDED ADDRESSING

In Extended Addressing, the contents of the two bytes im-
mediately following the opcode fully specify the 16-bit effec-
tive address used by the instruction. Note that the address
generated by an extended instruction defines an absolute ad-
dress and is not position mdependent Examples of Extended
Addressing. include:

LDA CAT
STX MOUSE
LDD $2000 ..

@  MOTOROLA SemiconduCtor"Proddé't_é Inc.

EXTENDED INDIRECT ~

As . a special’ case of indexed addressing (discussed
below), one level of indirection may be added to Extended
Addressing.. In-Extended Indirect; the two bytes following
the postbyte of .an lndexed lnstructlon contaln the address of
the data. :

LDA [CAT]
LDX [$FFFE]
STU [DOG]

DIRECT ADDRESSING

Direct addressing is similar to extended addressing except
that only one byte of address foilows the opcode. This byte
specifies the.lower 8 bits of the address to be used. The up-
per 8 bits of the address are supplied by the.direct page
register. Since only one byte of address.is required in direct
addressing, this mode requires less memory and executes
faster than extended addressing. Of course, only 256:loca-
tions (one page) can be accessed without redefining the con-
tants of the DP register. Since the DP.register is set t0.$00 on
Reset, direct addressing on the MCB809 is compatible with
direct addressing.on the M6800. Indirection is not allowed in
direct addressing. Some.exampies of direct addressmg are:

LDA - $30

SETDP $10 (Assembler directive)
LDB  $1030

LDD < CAT

NOTE: < is an assembler directive which forces direct
addressing.

REGISTER ADDRESSING

. Some opcodes- are followed by a -byte that defines a
register or set of registers to be used by the instruction. This
is called a postbyte. Some examples of register addressing
are: : . '

TFR X, Y Transfers X into Y

EXG A, B Exchanges A with B

PSHS A, B, X,Y PushY, X, Band A onto S
PULU X, Y,D

Pull D, X, and Y from U

INDEXED ADDRESSING

In all indexed addressing, one of the pointer registers (X,
Y, U, S, and sometimes PC) is used in a calculation of the ef-
fective address of the operand to be used by the instruction.
Five basic:types of indexing are availabie and are discussed
below. The.postbyte of an indexed instruction specifies the
basic type and variation of the addressing mode as well as
the pointer register to be used. Figure 17 lists the legal for-

-mats for the postbyte. Table 2 gives the assembler form and

the number of cycles and bytes added to-the basic values for

“indexed addressing for. each variation.




FIGURE 17— INDEXED ADDRESSING POSTBYTE - ‘Zero-Offset Indexed — In this mode, thé selected pointer
REGISTER BIT ASSIGNMENTS ..register contains the effective address of the data to.be used:
o Indgxed -by the instruction. This is the fastest indexing.mode:
g P“st'aw' Reg'm'zsh T3 ' Addressing . Examples. are: o o
Y . . . Mode
L v : LDO: 0,X-.
0 R{AR| dl dldld]d]|EA=R+5B8it Offset LDA _._S_ :
11 R RJOLOLol=0] 0 R+ o : . .
L ARIR] 104101 0] ] ks “Constant’ Offset ' indexed n this’ mode a
Yl RIRIOJOJOT1]O —R * two’s-complement offset and- the contents “of oneof the:
L0 S O O 2 R R A : ;= =R ‘ -~ pointer registers are added to- form the effective address of.
1| R{R| i]O0{ 1 ]0| 0| EA=,R+00fset | the operand. ‘The ‘Pointer" regusters mmal content IS un-;
1] R{R| i Of 1101} 1]|EA:=,R+ ACCB Offset changed by the addition.
1l RIR] i, 0]l 11 1] 0|EA=,R + ACCA Offset | Three sizes of offsets are avaaiabfe
1R { R 100 {0 O EA = R +88it Offset 5 -bit (=16 to +18)
ol R bR i 2ob- Qe Q041 | BA =R +.16 Bit Offset 8 -bit (=128 to +127)
VLR R T O Vet | EAVE - R4 D Offset 16-bit {-32768 to .,.32757)
Tl x [ xp i p 1 )"t} 0] 0)EA= PC+8 Bit Offset _ The two's complement 5-bit offset _mc!uded in thef_
lox g x )b p 1 0] 1 EA-= PC +16 Bit Offsat ‘ postbyte and, therefore, is most efficient in use.of bytes and |
LA A I I L I B EA = [,Address _ cycles. The two's complement 8-bit offset is contained.in a _
R e e — S C single byte followmg the postbyte. The two’s complement -
;——_ ~-—Addressing Mooe Fieid 16-bit offset is in the two bytes following. the postbyte.. In
’ ‘_“"d'irm Finid ' _mast cases the programmer.need not be concerned:with the -
i size of this, offset since the assembler will select the optlmal :
" (Sign-bit when.b7. = 0)
S : size autometlcauy .
' Examples of constant-offset zndexmg are:
.eglster F'eld AR . LDA: - 28,%
‘gﬁ’:é LDX.  =2,8"
10=U LDY "+ 300,X
8% = S kDU . CATY
x = Don’t Care : )
- d = Offset Bit. ‘
' 0=Not Indirect b
1 =indirect
TABLE 2 —~ INDEXED ADDRESSING MODE
Non Indirect indirect i
Type Forms Assembier- Postbyte | .+ +: | Assembier .- - Postbyte ‘| + -+ |
. Form OP Code: |-~ ¢ Form: QP.Code | =~ ¢
Constant Offset-From R No Offset A 1RR0O0100 0 0 LA] o 1RR10100. | 3: 0
{2’s Complement Offsets) 5 Bit Offset n, A ORRAnnnnn 1 0. . -‘defauits:to-8-bit J.
8 Bit Offset: - n, R 1RRO1000. {+ 1. % |i (n, R1:= 7 " TRR11000 | 4 1
18 Bit Offset n,R .- 1RROI00Y. |- 4.2 {n.RY 1RR110015 702
: _'A’ccummetor:Offset: From'R A Register Offsat - : A, R " ARRO0110. |1 :Q (A Ry 1RR10110. 4.+ 40
| (2's Complement Offsats) | B Register Offset [ 8 R 1RRO0101 | 1 0 | (8, R 1RR10101 | 4 0
o O Register Offset 0. R - 1RR01011: | 4 . 0-] . [D:R] ~-1RRT101%.:} 7.0
“JAuto Increment/Decrement R | IncrementBy 1 A+ 1RR00000 | 2.0 | not allowed s
1 oo 'L Increment By 2 R+ TRRO000T | 3 0 [ (R++] ~TRR1000t | 6 .0
| Decrement 8y. 1 , =R 1RRO0010 | 2 O not ailowed
e s e -1 -Decrement By 2. . = =R 1RRC0011 3 0 [[-<Rl -~ ~1RR10011: } 60
Constant Offset From PC . 8 Bit Offset = " n, PCR 1xx01100.) - 3. - |- n, PCRE« . . - 1xx11100: | 4 1
{2's Complement Offsets) 16.8it Offset n, PCR oo dxx0101 | 622 | o(m PCR] - ~--1xx11901-.4.°8 2
Extended Indirect 16 Bit Address - s ] e ] o R o 100111 62
e R=X. Y Uor§ - E O W T ST T Y
x = Don't Care. RR:- o N ‘ UL e e T T e SN
Bt m-x B B . . NN . . o Gaie i . . ; i S .
10= U
N=$
:and ; indicate the number of additional cycles and bytes for the particular variation.

'MOTOROLA Semicanductor Products Inc.
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- Accumulator-Offset Indexed — ‘This mode'is simiiar 'to
constant offset indexed except that the two’'s-complement
value in one of the accumulators (A, 8:or D) and the con-
tents of one of the pointer registers are added td form the ef-

fective address of the operand. The contents of both the ac-

cumulator and the pointer register are unchanged by the ad-
dition. The postbyte specifies which accumulator to. use as
an offset and no additional bytes. are required. The advan-
tage-of an accumulator offset is: that the value.of the offset
can be calculated by a program at run-time.

Some examples are:

DA BY .
LOX DY
LEAX  B,X

Auto Increment/ Decrement Indexed — In-the auto-incre-
ment addressing mode, the ponnter register contains the ad-

dress of the operand. Then, ‘after the pointer register is used
it is mcremanted by: one ‘or two. This addressmg mode is
useful in’ stepping through tables, moving data; ‘or for the
creation of software stacks. In auto decrement, the pointer
‘register is decremented: prior to- use as the address of the
data. The use of auto decrement is similar to that of auto in-
‘crement; but the tables; etc., are scanned from the high to
low addresses. The size of the increment/decrement can be
sither one or two to ailow for tables of either 8 or 16-bit data
to. be accessed and is selectable by the programmer. The
pre-decrament, post-increment nature of these modas allow
them to be used to create additional software stacks that
behave identicaily to the U and S stacks.

Some examples ‘of the auto increment/decrement ad-
dressing modes are:

LDA X+
STD Y+
LD08 =Y
LDX , = =8

Care should. be taken in performing operations bn' 16-bit

pointer registers (X, Y, U, S) where the same register is used -

“to calctlate the effective address.
Consnder the followmg mstructxon

STX0,X+ + (X initialized to0 0},

Thedesnred result is to store-a 0 in locations $0000 and $0001 ;
-then nncrement X to point to $0002..In reality, the followmg‘

-oceurs:

" Q=temp . calculate the EA; temp is a holdlng regmter
X4 2=X - perform autoincrement :
"~ X=={temp) .- -do store operatlon

‘ INDB(ED INDIRECT |

All of the indexing modes bwuth the exceptlon of auto in~. -

crement/decrement by one, or 3 + 4-bit offset may have an

additional level of indirection specified. In indirect adddress-

ing,. the effective address is contained at the location

specified by the contents of the index reglster plus any off-

set. In the example below, the A accumuilator is loaded in-

directly using an effective address calculated from the Index
- register and an offset.

@ MOTOROLA Semiconductor Products Inc.

Before: Exec'u‘tioﬁ
A=XX.(don't care)
X=8$FO00

30100 "LDA [$10,X] - EA is now $FO10

SFOI0 $F1 - $FI50is now the
$FO11 980 .. new EA" '
$F150 - SAA :

-~ After Executlon -
. A 3AA Actual Data Loaded
© X=$F000

" All modes of indexed indirect are included except those
which are meaningless (e.g., auto increment/ decrement by
1 indirect)..Some examples of indexed - indirect are:

LDA [LX] DA [BY]
DD (10,1 . DD [X++]
RELATIVE ADDRESSING

The byte(s) following the branch opcode is (are) treated as '
a signed offset which may.be added to the program counter. :
If the branch condition is true then: the calculated address
(PC + signed offset) is ioaded into the program counter.
Program -execution continues at the new location as in- °
dicated by the PC; short (1 byte offset) and long (2 bytes off-
set) relative addressing modes are available. All of memory
can be reached in long relative addressing as an effective ad-
dress is interpreted modulo 218, Some examples of relative
addressing-are:

BEQ CAT (short)
BGT DOG - {short)
CAT LBEQ RAT {long)
DoG LBGT RABBIT  (long) -
[ ]
[ ]
[ ]
‘RAT NQP

RABBIT  NOP.

PROGRAM COUNTER RELATIVE 3
' The PC can be used as the pointer register with 8 or 16-bit

'signed offsets.” As'in relative addressing, the offset is.added

to the current PC to create the effective address. The effec-

- tive address is then used as'the address of the operand or
.. data.. Program Counter -Relative Addressing is used for

writing posntlon independent programs. Tables related to &
particular routine- wiil maintain the same reiationship after
the routine is moved, if: referenced. relatlve 10 the Program ¢
Counter.  Examples are:, :

LDA CAT, PCR

LEAX- ~“ TABLE, PCR -

Since program counter relative is a type of indexing, an

additional level of indirection. is available.

LDA [CAT, PCRI]

Lbu [DOG, PCR]




MCSBOS INSTRUCTION SET

i The instruction: set of the MCB809is similar‘ tothat of the
"MCB800 and is upward compatible at the source code levei.
- The number of ‘opcodes has been reduced from 72'to 59, but,

because of the expanded architecture and additional ad-
dressing modes, the number of available opcades {with dif-
ferent addressing modes) has risen from 197 to 1464

Some of the new instructions are described in . detail
below:

PSHU/PSHS .

The push lnstructions have the capability of pushnng onto
gither the hardware stack (S) or user stack (U) any single
register, or set of registers with a single instruction.

PULU/PULS

The pull mstructlons have the same capability of the push
instruction, in reverse ‘order. The byte immediatety. following
the push or pull ‘opcode determines Wthh register or
registers are to be pushed or puiled. The actual PUSH/PULL
sequenca is flxed each bit defines a unique register; to push
or pull, as shown below. -

PUSH/PULL POST BYTE

register; while bits 0-3 represent the desunatton regaster
These aré denoted. as follows:- &

TRANSFERY/! EXCHANGE' F’OST BYTE
| soumce | DESTINATIONI

REGISTER FIELD

0000 = 0.(A:8) 1000 =-A

70001 =X 1001 - 8
0010 = Y :1010'='CCR ~
001t = y 1011 = DPR
0100 = S )
0101 = PC

NOTE AII other combmations are undeﬂned and lNVALID

LEAX/LEAY/ LEAU/ LEAS e ,
The LEA (Load Effective Address) works by calculatmg]
the effective address used in an:‘indexed ‘instruction .and

--stores -that. address: value; rather than the:data:at, that ad-

dress, in-a:pointer register. This makes all.the features.of the
internal addressing hardware available to- the programmer.
: Some of the. |mphcat|ons of. thns mstructxon are ﬂlustrated in:

Table 3.

The LEA |nstructuon also allows tne user. to.access-data
and tables in-a posmon independent-manner. :For exampte !

LLF ‘ STACKING ORDER LEAX MSGT, PCR ‘
TTTITIT L] I’ PULL ORDER LBSR PDATA (Print:méssage routme)‘
: l le—ccr & . '
A L]
--———--Bm L v 'DBP - MSG1.. FCC. ~ 'MESSAGE': - ; :
e e X ~ XHi i ‘This sample: program prints: 'MESSAGE". "By writing'
:N ’; l;: MSG1, PCR, the assembler computes the distance between
o ‘ Ylo ©the present address :and “MSG1. This resuit is placed as a
T U/S Hi " constant’ into ‘the ‘LEAX ‘instruction . which “will' be-indexed:
Up’g ’:_n - from the PC'value.at the time.of execution: No.matter where:
Pe Lo " the:code is located, when it is executed, the computed offset
) from the PC will:put the absolute address of MSG1.into the X:
PUSH OROER pointer register. This code is totally position independent.
INCREASING . The LEA instructions are very powerfui:and usean internal’
MEMORY holding register:(temp). Care ‘must be-exercised when using
‘ the LEA instructions with: the'autoincrement and autodecre-; -
ment addressing modes due-to the sequence of internai.
operatlons The LEA mternal sequence :s outhned as follows
. LEAa b+ " (any of the 16-bit-pointer registers X, Y, U
N T “or § mav be subststuted for a and b )
TFR/EXG - _ R ~
Within- the MCB809, any register may be transferred to or ,1‘. b"‘,‘i’.“p. » \-(calculate the EA) o im
exchanged: with: another of like-size; i.e., 8-bit to.8-bit or 2 b+1=b . (modify b, POSthfem
16-bit to..16-bit. Bits 4-7 of -postbyte -define  the- source 3. temp=-a (load a) o
L TABLE 3 — LEA EXAMPLES: - . AN
Instruction Operation Comment
{'LEAX 10,X | X+ 10 =X Adds 5-bit constant 10 to X
LEAX. 500, XX + 500 = X Adds 16-bit'constant 500 to X .-
LEAY A Y | Y+A =Y Adds 8-bit- A accumulator.to Y . .o o
LEAY D, Y[ Y+D =Y -Adds. 16-bit D-accumulator to. Yo | o
LEAU=-10,U | U~10 =U Subtracts:10:from W
‘LEAS =10,8 | $-10 =S (ised to regeive area on stack
LEAS 10,S | S.+10 =8 Used to ‘clean up’'stack - "+ *
LEAX~ 5,8 | S+5 =X Transfers as'well asadds ™
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LEAa ,-b

1. .b—k1‘ ﬁte_mp {caiculate EA.with predecrement)
2. b=1=b (modn‘y b, predecrement)
3. temp—3a (load- a)

Automcrement-bv—two and autodecrement-by-two instruc-

tions work similarly. Note that LEAX ;X + does not change
X, however LEAX, ~X.does decrement LEAX 1, X should
be used to |ncrement X by -one.

MuUL

Multiplies the unsagned binary numbers i in the A and B ac-
‘cumulator-and piaces the unsigned resuit into the' 16-bit D
* accumuiator. This  unsigned. multlply aiso allows multipie-
precxslon multlpllcatlons

»

Long And Short Retative Branches

“The  MCBB09E has. the capability “of 'program countef™
relative ‘branching - throughout theentire memory map.: In
this mode, if the branch is to-be taken, the 8- or 16-bit signed
offset is added to the value of the program counter to be us-
ed as the effective address. This allows the program to

"~ branch - anywhere . in the 84K memory. map. Position- '
‘“independent code can be easily generated through. the use of

relative branching. Both short (8-bit). and long (16-bit) bran-
ches are-available:

SYNC

After encountering a Sync instruction, the MPU enters a

Sync state, stops processing instructions and waits for an in-
»terrupt. If the pending interrupt is. non-maskable (NM1} or
‘maskable (FIRQ, TRQ) with its mask bit (F or 1) clear, the pro-
cessor will clear. the Sync state and perform the normatiinter-
rupt stacking and.service routine. Since FIRQ and IRQ are

* not edge-triggered, :a low level with a minimum duration of.

- three bus cycles-is required to assure that the interrupt will
be taken..if the pending interrupt is. maskabie (FIRQ, TRQ)

- with its mask bit:(F or1) set, the processor will clear the Sync
state and continue processing by executing the next inline
instruction. Figure 18 depicts Sync timing..

Software Interrupu A

A Software Interrupt is an mstructton which wull cause an
interrupt, and its associated vector fetch. These Software.in-
terrupts _are  usefui. in. operating system cails, software
debugging, trace operations, memory mapping, and soft-
ware development systems. Three leveis of SWI are available
on the MCEB0S, and are pnormzed ln the followmg order:
“SWI, SWI2, SWI3.

16-8it Operation

The MCB809 has the capability of processing 16-bit data.
These. instructions inciude’ loads, stores, compares, adds,
subtracts, transfers, exchanges. pushes and pulls.

CYCLE-BY-CYCLE OPERATION -

The address bus cycle-by-cycle performance ‘chart il- ’

lustrates the ‘memory-access sequence: corresponding to
each' possibie instruction and addressing: mode- in.-the
MCBB09. Each instruction begins with- an opcode. fetch.
While that opcode is being internally decoded, the next pro-
gram byte is always fetched. {Most instructions will use the

@ MOTOROLA Semiconductor Products Inc.

neXt byte, so this techmque considerably speeds ;
throughput.): Next, the'operation of each opcode will-follow

.+ the-flowechart.. VMA -is ‘an indication -of :FFFF16 on the: ag-

dress bus, R/W.= 1.and.BS: = 0. The following examples il

- lustrate-the use of the-chart; see thure 19.

Exemple 1: LBSR {Branch Taken)
Before Execunon SP= FOOO

$8000 - LBSR  CAT

$A000  CAT
CYCLE-BY-CYCLE FLOW

 Tyde# Address Daw R/W Description’

1 8000 17 1. Opcode. Fetch
S2. 0.0 8001 2 1. Offset High 8yte
3. 8002 00 1 Offset Low. Byte
4 - FFRF- 7 * 1" VMA Cygle’
5 FRFE * "1 "VMA Cycle’
8 AQQO * 1 Computed Branch Address
7 FFFF * 1 VMA Cycle
8 EFFF 80 0 Stack High Order Byte of
Aeturn Address .
9 EFFE 03 - -0 Stack Low Order Byte of

Return: Address

Exampie 2: DEC (Extended)

$8000 DEC $A000
-
[
$AB000-  $80
CYCLE-8Y-CYCLE FLOW
Cycle # Address  Data R/W Description
1 8000 7A 1 Opcode Fetch
2. 8001 A0 1 Operand Address, High Byte
3 8002 00 1 Operand Address, Low Byte |
4 FFFF * 1 VMA Cycle
5 AQQ0 80 1 . Read the Data
6 FFFF * 1 VMA Cycte-
7 ' ACCO 7F 0 Store the Decremented Data

*The data bus has the data at that panticular address.

MCs809 INSTRUCT!ON SEI' TABLES

The instructions of the MCSBOQ have been broken down .
into five different categories. They are as foillows:
8-8it operation (Table 4}
16-Bit operation (Table 5}
Index register/stack pointer instructions (Table 6)
Relative branches (long or short) (Table 7)
Miscellaneous instructions (Table 8)

Hexedecxmal values for the instructions are given in-
.Table 9. :

PROGRAMMING AID

Figure 21 contains a compilation of data that will assist in
programming the-MCB8Q09. -
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*"ICLR, CLRA, CLRB
"[CMPA, CMPB . .

- |LSR,.LSRA, LSRB .

“|ROL, ROLA, ROLB
' |ROR, RORA, RORE

TABLE 4 = B-BIT ACCUMULATOR AND ‘MEMORY INSTRUCTIONS -

" ‘Mnemonicis) : ] . : - Qparation :
ADCA, ADCB - Add:memory to accumulator with carry.:
. |ADDA, ADDB Add memory to ‘accumuiator
- ~{ANDA, ANDB And -memary with accumtlator .

ASL, ASLA, ASLB

| Arithmetic shift of accumuiator. or memory left S

ASR; ASRA, ASR8

BITA, BITB

Arithmaetic. shift of accumulator.or-memory rlgm
Bit: test: memory - with accumulator -

' Clear accumulator or' memaory location

Compare memory from accumulator

Complement.accumulator. or. memory Iocatlon

COM, COMA, COMB"
DA - -

Decimal adjust A  accumuiator

DEC, OECA, DECB

.. Decrement accumulator of memory location

EORA, EORB Exclusive: or:memory. with accumulator

EXG R1,R2 Exchange R1 with'R2 (R1, R2.= A, 8, CC, DPl s

INC, INCA; INCB T ncrament: accumulator. or memory location:
-[CORTD8 T Toad accumulator from memory.

LSL, LSLA, LSLB " ],

Logical shift left accumulator or memory location

" Logical shift right .accumuiator. or. memory location .

MUL - Unsigned muitiply (A x B. = D)
NEG, NEGA, NEGB Negate accumulator-or-memory - ..
ORA, ORB Or memory with accumulator

Rotate accumulator or.memory left”

Aotate accumuiator or memory right

SBCA, S8CB | Subtract memory: from accumulator with borrow
'ﬁ'A, STB _- Store accumulator to memory

SUBA, SUBS Subtract memory from ‘acgumulator. |

TST, TSTA, TSTB Test accumulator or memory location

TFR Rl R2 . Transfer R1 0 H2 (Rl RZ = .A; 8, CC DP)

NOTE: A, B, CCor OP may be pushed to (pulled from) elther stack with PSHS PSHU (PULS,

PULU) instructions.

TABLE 5 - 16-BIT ACCUMULATOR AND MEMORY INSTRUCTlONS

. Mnemonicts) . . Operation
- - |ADDD . Add. memory. to .0 accumuiator .
- |CMPD -~ - Compare memory from D -accumuiator
~|[EXG D, R Exchange O with X;'Y, S, U'or PC -
LoD Load D accumulator, from memary
SEX _-Sign Extend. B-accumulator into A accumulator :
STD Store-D.accumuiator to_ memory
SUBD Subtracx memary from D accumulator -
TER D, R . Transter O to X, Y,-S, Wor PC
JTFR-R, D. Transfer X, Y;.S, U.or PC to D

NQTE: D mav be pushed (pulled) o elther stack WIth PSHS PSHU (PULS

PU LU) instructions.....

— (M) MOTOROLA semicanductor Products inc.
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MC6809eMCE8AGGeMCE8B0T:

TABLE 6§ — INDEX REGISTER/ STACK POINTER INSTRUCT!ONS )

Instruction - Description -
1 cMes, CMPU Compare memory from stack pointer
CMPX,.CMPY Compare memory from index register
EXGR1, R2 . ‘Exchange 0, X, 'Y, S, U or PC with D, X, Y, S, Uor PC"
LEAS, LEAU Load effective address into stack pointer
LEAX, LEAY Load effective address into index register
LDS, LOU ' Load stack. pointer from memory .
LDX, LDY ‘| Load 'index register from memory :
PSHS ‘Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack
PSHU Push A; B;.CC, DP, D;-X..Y, S, or PConto user stack -
PULS Pult A, -8, CC, DP, D, X, Y, U or PC from hardware stack
PULU Pull A, 8, CC, OP, D, X, Y, S.or PC.from hardware stack..
STS, STU Store stack pointer to memory
STX, STY Store.index régister to memory
[TFR A1, A2 Transter O, X, ¥, 8, U of PGt D, X, ¥, 5. U of PC
ABX . | Add 8 accumuiator to X {unsigned}
. TABLE 7 — BRANCH INSTRUCTIONS -
Instruction | © . Description’
) ’ SIMPLE BRANCHES
BEQ, LBEQ Branch if equai
BNE, LBNE. Branch if not équal
8M1, LBMI Branch if minus.
8PL, LBPL Branch if plus
8CS, LBCS | Branch if carry set,
8CC, LBCC Branch if carry clear
BVS, LBVS Branch it overflow.set’
B8VC, LBVC | .Branch if overflow. clear
" SIGNED BRANCHES
8GT, LBGT Branch it greatar {signed)
8VS, LBVS -Branch if invalid 2's compiement resuit
| 8GE, LBGE Branch if greatar than or equal {signed)
[8EQ, LBEQ Branch if equal i
BNE, LBNE Branch*if not equal L
BLE, LBLE Branch if less than or equal (signed)
8VC, LBVC Branch if valid 2's complement resuit
BLT, LBLT . Branch if lass than. (signed)
UNSIGNED BRANCHES
8HI, LBHI Branch if higher {unsigned)
8CC, LBCC Branch if higher or same {unsigned):
8HS, LBHS ‘Branch if higher.or same (unsugnad)
B8EQ, LBEQ Branch if equal’
SNE, LBNE Branch if not equal
BLS, LBLS Branch if lower or same (unsngnud)
8CS, LBCS Brangh if lower (unsigned) .
| 8LO, LBLO Branch if lower. (unsigned)
QTHER BRANCHES
BSR, L8SR Branch to subroutine
BRA, LBRA Branch aiways
8RN, LBRAN Branch nevar
TABLE 8 — MISCELLANEOUS INSTRUCTIONS
Instruction Daescription
ANDCC AND condition code register
CWAI AND condition code register, then wait for intarrupt
NOP No operation
QRCC OR condition code register
JMP Jump
JSR Jump to subroutine
RT! Return from interrupt
RTS Return from subroutine

SWI, SW12, Swid

Software interrupt (absolute indirect)

SYNC

Synchronize with interrupt line

@' MOTOROLA Semiconductor Products Inc.
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MCB380%:

MCEBO3eMCEBACEs

, d(m : TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES
; . OP  Mnem Mode -~ ¢ OP  Mnem _ Mode -~ # OP  Mnem Mode. =~ . #
.| 00 NEG .. ‘Disct 6 2 30 LEAX Indexed 4+ 2+. 60 NEG ' indexed 6+ 2+
] o1 I A : 31.  LEAY A 4+ 2+ 61 :* A
02 - 32 LEAS oy 4+ 2+ B2 : I =
03 COM.. |- 6 2 3 LEAU Indexed 4+ 2+ 63 com o B 24
04 LSR" 1oe 2 34 PSHS inherent 5+ 2 . 84 _ LSR C B 24
" o8, * = | 3B, PULS C B+ 2 .85 . :
06 . ROR: 6 2 3% PSHU 5+ 2 66 . ROR B 24
07 . ASR b8 2 37 . PULU . 8+ 2. .67 - ASR ' L Bt 24
08 . ASL, LSL a8 2 B’ N ‘ 68  ASL, LSL oo B 24
09 - ROL .6 2 3 RTS - TR 69 . ROL L By 2+
0A-.. DEC 6. 2 3A.  ABX : 4 3. 1. - 8A - DEC e B 24
- S ' 38 RTI B 6/18 1 ‘68 - ° : i
. 0C... INC 82 3¢ cwal 220 2 6C INC Teo B, 2+
0. - TST: 18 2. 3D MUL N E 60 - TST CL B 2
0. - JMP y 3 2 3 ° v ; ©B6E . JMP.- {V S 3+ 2+
OF - CLR: Direct 6 ... 2 3F Swi . Inherent 19 1 6F CLR Indexed. 6+ 2+
10 Page.2. - - - 40 NEGA Inherent 2 1 70 ... NEG Extended 7 3
11 Page3. — == & : A - T Ar :
~ 120 NOP.. Inherent 2 .. 1 . 427 ° . L7200 sl e
13 . SYNC inherent. =4 - 1 43 COMA : 29 1 73 COM e 70 3
BT S v _ - 44" LSRA 2 1 74 LSR e 704008
18 el B - R E 7% fi
18 - LBRA Relatve 5. 3~ 46  RORA 2 ! 76 - - ROR 7 .3
. 17 LBSR Relative 9 3 47" ASRA 2 1 77 .- ASR 7.3
L TR R 48°  ASLA, LSLA 291 78 . ASL, LSL 7 .03
19 DAA. Inherent. 2 1 . 49  ROLA. 201 79 . ROL 7 3
1A - ORCC Immed 3 2 4A"  DECA 20 7A .- DEC 7 3
S R - T - . | : CoTB -
. 1C.. ANDCC Immed. 3 Z 4C"  INCA 2 1 7C .+ INC 7 0.3
10 . SEX. . inherent 2 1 4D TSTA : 2 1 70.. TST 7@
- 1E  EXG .8 2 € Y 7E - JMP. y o4 o3
: 1F TFR Inherent 6 2 4F: CLRA. inherent 2. - 1 7F CLR Extended 7 3
20 - BRA . Relative 3 2 . 80 NEGB inherent 2 1 80 SUBA Immed -2 2
“21 . 8RN A3 2 51. A 81  CMPA A2 02
2 . BHL © 3 2 82 : N 82 . SBCA S22
23 BLS 3 2 . 83, coms - 21 83 . SuBD 4 3
24 . BHS, BCC 3 2 54 LSRB 2 1 84 - ANDA 2 2
2%  8LO, BCS 3 2 85 "85 ' BITA 2 2
26  BNE 3 2 56 RORB 2 1 86 : LDA 2 .02
27 . BEQ. . o 3 2 §7. ASR8 2.1 87 P
28 . 8VC. . : o 3 2 88 .  ASLS, LSLB 2 1 . .88 - EORA 2 2
29  BvVS - 3 2 59  ROLB 2.1 783 ADCA 2002
2A  BPL 3 2 5A- DECB 2. 1 . 8A - ORA V2 2
28 BM! 3.2 8. °*! " 88 ADDA i 2
2C . BGE 3 2 . SC. INCB , 2. 1 . 8C - CMPX immed . 4 3
2D BLT. . 3.2 8D TST8 A2 1 .80 - BSR Relative - 7 . 2
< c 2. BGT vy -3 2 58 - ¥ C8E . LDX Immed 3 = J
. 2F -BLE. ... Relative 3 2 . SF  CLRB" inherent 27 1 8 - :
LEGEND: ; «
-~ Number of MPU cycles (less possible push puil or indexed-made cycles)
# Numiber of program bytes i L
* Denotes unused opcode
14
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TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES (CONTINUED)
OP  Mnem - Mode -~ # OP  Mnem Mode -~ # OP  Mnem . . Mode. -~ 'z
‘90 SuBA Direct 4 2 co  suss. . immed 2 2 o . :
91 ' CMPA A s 2 C1  cmeB 2. 2 " Page 2 and 3 Machine
92 SBCA 42 C2. sBCB 2. 2 Codes
93  SuBD 6§ 2 C3  ADDD N 4 3 '
34 ANDA 42 C4 ANDB ' 2 2 1021 LBRN- Relative 5 4
95 - BITA 4 2 c5 BIT8 Immed- 2 2 1022 LBHI A se 4
9%  LDA 4 2 c6 LDB Immed 2 2 1023 LBLS ‘ 5(6) . 4
g7 STA 4 2 c7 o 1024 LBHS, LBCC 56) 4
98 EORA 4 02 " C8° EORS8 2 2 1026 LBCS, LBLO 5(6) ~ 4.
9 ADCA 4 2 Cs ADCB 22 1026 LBNE : B 4
9A  ORA 4 2 CA ORB o202 1027 - LBEQ 56) 4
98  ADDA 42 C8 ADDS8 2 2 1028 LBVC - 5l6) 4
9C  CMPX 8§ 2 cc Lo 3. 3. 1029 LBVS 5(6) - 4
% JSR 72 co 102A LBPL 5(6) " 4
9E  LDX y- 5 2 CE WU - immed 3 3 1028 LBM! osie) 4
9 STX Oirect: & - .2 CF * : _ 102C LBGE 56) 4
‘ . 1020 LBL 5(6) 4
A0 SUBA™ Indexed 4+ 2+ Do- . Suss Dt & 2 e et Y 58 4
Al CMPA A ar 2+ g* -CMCP’E s 5 102F LBLE Relative 5(6) " 4 .
A2  SBCA 4+ 2+ 2 S8 s 5 103F swi inherent 20 2
A3  SUBD 6+ 2+ 03 ADDD 1083 CMPO immed 5 4
A4 ANDA Iae 2+ D4 ANDS &2 s cmpy T s s
AS - BITA 4e 24 05 88 2 g 108E LDY immed 4 4 -
A6  LDA 4+ 2+ o6 LDB s 5 1083 CMPD Direct 7 3
A7 - STA 4+ 2+ o7 STB o S 108C CMPY' 7 73
A8  EORA 4 2+ D8  ECRB % T geE DY 8 3
A9  ADCA | 4+ 24 09 ADCB ’ :‘ ; 109F STY Direct 6 - 3
- AA  ORA | as 2+ DA OR8 4 2  10A3 CMPD Indexed’ 7+ 3+
- AB -~ ADDA o4+ 2+ DB ADOS 5 2  10AC CMPY " 7+ 3+
AC  CMPX 6+ 2+ DT 09 | & 5 toae oY 6+ 3+
AD - JSR . 7+ 2+ DE  LDU : v 5 2 10AF STY indexed 6+ 3%
| AE 'LDX Y o S5+ 2+ ect 5. 2 1083 CMPD’ Extended 8 - 4
AF STX indexed S5+ 2+ OF STU Direct . 108C CMPY . 8 a 4
_ : E0  susB Indexed~ 4+ 2+ 10BE LDY - 7 4
BO SuBA Extended 5 3. E1  CMPB , Ar 4+ 2+ 10BF STY Extended 7 = 4
81 - CMPA! A5 3 E2 ' SBCB 4+ 2+ ° 10CE LDS Immed 4 4
' B2 SBCA 5 3 E3 ADDD 6+ 2+ ° 10DE LDS Direct 6 3
B3 . SuUBsD 7 3 E4  ANDB 4+ 2+ 7 10DF STS Direct . 6 3
' 84  ANDA 5 3 E5° 8IT8 ol a¥ 2+ 108 DS indexed 6+ 3+
. 85 BITA 5 '3 E6 LDB ) 4+ 2+ 10EF STS Indexed 6+ 3+
86 LDA 5 3 g7 sST8 4+ 2+ 10FE LDS Extended 7 4
87 . STA .5 3 £8- EORB .4+ 2+ - 10FF STS Extended 7 4
B8 EORA 5 3 E9 ADCB 4% 2+ N3F swi3 Inherent 20 - 2,
" B9 7 ADCA 5 .3 EA  ORB 4+ 2+ 1183 CMPU immed 5 4
BA  ORA 5 =3 EB° ADDB 4+ 2+ . 118C CMPS immed 5§ 4
88 = ADDA . 5 3 EC LDD §+ 2+ 1193 CMPU Direct - 7 3
8C CMPX 7 3 gD STD S5+ 2+ 119C CMPS’ Direct 7 3
BD - JSR 8 3 EE LDU Y 5+ 2+ 11A3 CMPU indexed 7+ - 3+
BE LDX Y: 'g ;3; EF . STU Indexed 5+ 2+ 11AC CMPS Indexed 7+ - 3+
o e R suss Bendea 5. 3 153 2UES Sxonded 8 4
F1 CMP8 5 3 : ‘
F2  SBCB 5 3
F3  ADDD 7 3
F4 - ANDB 5 3
F5  BITB 5 3
F6 LDB 5§ 3
F7 . STB 5 .3
NOTE: All unused opcodes are both-undefined F8 EORB 5 3
and liegal Fa ADCS § 3
FA- ORB 5 3
FB ADDB Extended 5 3
FC DD Extended § 3
FO STD 8 3
FE DU 8 3
FF STU Extended 6 3

’ " MOTOROLA Semiconductor Products Inc.
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MC6803eMCEHACEeMCEEE0T:

K ‘ - AID
_ ﬂ’ﬂ v FIGURE 21 - PROGRAMMING
. : D B Addrasung Modas ) : L S :
S immediate Diract - | Indexed | _Extended ~f ~inherent - | o 15131211000
Lo 1 7] Instruction{.  Forms | Qp.{ ~ | #| Op |~ [#[ Op{ =~ # ["Op| = | 44 0p{ .~} # ... Description “IHINTZTIV[C
£ ABX T S o b 3A 3 ] -1.[B+X=X (Unsigned) Jelefelel o}
|ADC: |- [ADCA- [89 T2 2] 9@ [4 | 2] A9[4+{ 2+]| 89} 5 3 A+rM+C=A REEES KT ERE
o . ) .. {ADCB. 1 CO| 2 2]-09 | 4| 2| E9)4+[{2+]| FS} 5| 3 B+M+C—=8" ity efel |
- FADD. - |'ADDA T {.8B.1 2 Z[ 9B {4 2| ABj4*| 2+ BB} 543 A+M=A () PR 2 % 8 I O O
N B -ADDB . -JCB {2 2| 084 | 2{ EB|a+rj2+|FB} 5 3 B+M~8 | AR ERIN!
a ' ADDD | C3|4]-3| 03| 6 | 2| E3|6+[2+| F31 7| 3 D+M:M+1=D dete] o]
~ [AND. - |ANDA |84 |.2[.2] 94 |4 ] 2| Ad[4+]2+][ 84| 5| 3 A A M=A R o[ f]0] e
o e anpg | ca 2 | 2 e e 2] -Ealas) 2] Fa) 5 3 | leam-8 . e olrltlol e
' : anocc |ic i3l 2] |- . CC A IMM=CC SERCEE A St S
ASL .. |-ASLA 48 {-2] 1 b RN Y N N IR B
T |ase | ' : : 1o pelalh }I[[D-w—.oma_;v tlaf ]
s ASL 4o r 0816 2] 68 6ej 2+ 78| 7 3] M ; ) IR ENEAREE
ASR "ASRA ; a7 21 1] Aj BEEBHGE
ASRB N | 57| 2|1 |||||||| _- glif1]ef:
SO ASRE e ] 07 | 6| 2| 6716+{2+l 77| 73] b | f M BT T 8 leftlepry
8IT .. | BITA 8871 2.2 94| 2| AS{4+| 2+ BB} B | 3 ) Buit Tes:A(M A A) ol fa0f .}
R -1 BITB CS | 2206 a | 2| E5|d+|{2+| F5) 5.| 3 8it Test(MABJ . oit|1]0]e
CLR . | CLRA = ‘ } . j aF 2] 1[0=A o [0 1010
- - [CLRB- | P : 4o | sF| 2 1]0-8 elof1]otof
C | CLR A7l or 6 f 2| 6F |62+ 7R 7] 3 0-M ‘o {0t
CMP:  [CMPA. {81 [2] 2|91 .4 ] 2] Arj4+t2+1 BT} 5| 3 1 Compare .M from A glefert] sl
: : CMPB - C1 [2| 2] Ov 4] 2| Bl ds|2+) Fi] 5 3. Compare M from 8 . gl
CMPD {1071 8] 4[ 1077 | 3] 10]7+}3+110] 8 4 Compare M:M + 1 from O ol teapift )t L
83 93 | A3 B3| ' [ : : |
CMPS. Mis 4. M 4723 Mj7«[3+] 1N }8] 4 CompareM:M+1fromS  “ijedpipltf ]
ol O 8c| | | ec ACl 8c| : BREE R B R AR
Sl | CMPU RS 407 | 3] )7 3= 118 |4 “ 1 [ Compare M:Nt# 1 from W e t
CMPX 8C |4 3| 9C |6 | 2]AaC|6+t2+BC| .73 1. |Compare M:M +1 from-X ' sl LR
CMPY 410 |64 10 [ 7 {3} 10 :7+] 3+ | 10[.8 | 4| C] .| Compare MM+ 1 from Y T i Cledtd bty
; .. . .18¢C .9C AC | ) 8C| . .| .| X ) :
COM COMA ‘ T T a2 A=A : NI IR
i coms A C 32 1 |B=8 . : eirfrfol g
; COM 03|62} 63|6+{2«73] 73] I M~ M i ol 1 ]0f 1
CWAI 3C 2 : A CC'A IMM==CC Want for Interrupt 7
DAA : : 1971027 - 1 Decimal Adjust A - ettt {t]0ft
"JOEC i [OECA : T o AT TTA=T=A efvfopfe]
o DECB ’ : N sal 2i1|(B~1=8 eftit)t]e]
..o | DEQ } JOA |6 2| oA|B+|2+] 7A:7 "3 - M~1=M el
EOR : EORA 88 |2} 2| 98 (4| 2| AB|4~[2+|BB| 5|3 - A% M-—=A ol 174710 o
: ‘ EORS8 ¢8| 2 2/ 0814] 2] €8[d+[2+! FBI:8/) 3| 0 B M=8 el {t{Qfe
EXG . - |R1R2 | . RSN bbb 8] 2 R1-R24 L clefefefetef
{INC T INCA | . o . T ‘ ' 3C1 2 1HA+1-=A { SRR \
1o INCB \ ) ’ 8C| 2| 1|B+1=8: ; Sleprlr|t]e
L i INC aC | 8 2] 6C 6+ 2+ 7C| 7 3 i M+ 1=M ol itf{tle
1IMP: QB {3y 2| 6E|3+f2+|7E} 4] 3 EAS=PC i felefelel e}
< {JSA. B R 904 7| 2. AD[:7+] 2+ [BD] 8:] 3 . .| Jump to Subroutine. sjeje)efe
LD . |LDA |86 ] 2| 2| % |4 | 2| A6|4+|2+|B6] 5 3 MR Tel]ilo] e
08 - -|ce{ 2| 2| 084 | 2| E8lax|24]| FE| 6 3 M= Jedrfy]ofe
LDO CC{3f 3|/ 0C|5 | 2| EC|5+]2+|FC| 6| 3 MM+1=0: elti1]0fe
LBS 0]4f 4t 06| 3| 10)6+{3+|10] 7|4 SMMeI=s eftftio]ef
£ A e o |CE] ) L OE gE| | | FE| 1 : i
' Lbu CE|3| 3| DE{S5 | 2| EBE{S+|2+]FE} 61 3 MM+ T=U el O e f
‘ jox.. |8 | 3| 3| 9 |8 | 2| AE[5+|2+|BE| 6| 3 MM+ 1= X tirlo] e
oY 04 4|l 10|86 | 3] 10]6+]3+| 0] 7| 4" CAMIME Ty e el g ] of e
e, 8E 9 AE 8E ke
, LEA LEAS 32| 4+] 2+ HE EAS=S - o leleleele
% ' LEAU Bla+{ 2+ | leAd=y oleie]e)e
' : LEAX 0| 4+] 2+ ¢ leAdax: wfeft]efe
LEAY 3| ae] 2+ EAd-y o gejefifeled
Legend: ‘M ComplementofM *~ - T S Testiand set if true, cleared otherwise
OP  Operation Code (Hexadecimai) ~  Transfer Into’  ~ SR LT e ‘Not Affected:
,' y ~  Number of MPU Cycles ‘MW Haif-carry {frombit 3) - ) ooee Condition’ Code’ Reg:ster
‘m’ #  Number of Program Bytes N  Negative (sign bit) T v O Concatenation
+  Arithmetic Plus Z  Zero resuit .V togicator i
= Arithmetic Minus ..V Qverflow, 2's compiement A" Logicaland
¢  Muitiply C  Carry from ALU ¥ Logncal Exclusive or
MOTOROLA Semiconductor: Producis Inc.
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FIGURE 21 — PROGRAMMING AlD (CONTINUED)

- Addressing Modss. - - . i
R _immediate Diract Indexed] ' Extanded .Inherent\. o ‘5{312111(0
instruction{ Forms (OB ~ | #| 0P| ~] #| Op] -] 2| Op{ ~| #1Qpf{ =] # Description . HIN{Z}V[C
LSL. - 7 [LSLA R @l 2| 1] Ay ——— : el jufafe
R ,_ | 2| 1| SRIIIIIIo || |i]s:
LSL- - o8| 64 2| s8|6+| 2| 78] 7] 3 . oM gy e be e ey
LSR LSRA ’ lasl 20} A s ' e Qe
LSR8 54 2| 1 3}°*DID]3]}>U efofifen
- LSR 04l.6].2] 84|62+ 741 71 3 ) b7 BQ°C jejQ|t]|eis
MUL ) D] 11 {1 |AxB=D Unsigned)  : ejefi]|w}g
NEG NEGA B 401 27| TlA+1=AT ait et |t
NEGB ‘ : : g 50{ 21 1|8+1=8 ajrfefr ey
. NEG 00| 6| 2{ 60:{6+| 2+] 70] 7] -3 i M+1=M 81t ltft}t
NOP - B : ) . 12,1 24 1 ]No Qperanon. oo fje]e]e
oR ORA. "8Al 2712 9A | 4| 21 AA[4+| 2+ BAL 5|3 AV-M=A e j1]|Q e
: ORB.- [ CAl:2 | 2| DA| 4| 2| EAld+| 2+ FA| 5| 3 BVM=8 el L ]|Cfe
ORCC [ 1A[ 3 {2 CC V IMM=CC 7
PSH PSHS 4(5+4 2 ~| Push-Registers on’S ‘Stack L ote {efale
PSHU 3815+4l 2 Push Registers on U_Stack AR LEKRE]
PUL PULS Bls5+9 2 Pull Registers trom: S Stack ofe|ofela
PULU 371s+41 2 Pult Registers trom U Stack (oo |ofo]e
"ROL AQLA 481 21 1] A : st gttt
~ |ro w2 B}LDH]]]IEED““-** Ll
ROL 09] 6| 2|8 |6+[2+] | 7] 3 ' M 57 o Ll il
ROR RORA b 462 .1 Amﬂ ERTEEER
| RORB : ot 562 1 51} el (et
ROA B | 6 21 66|18+ 2+ 76] 7 3 c. by 00 ot |t fe?
CATI © ] 38.16:19 -1 |Return. From interrupt 7
RTS , 3915 | 1 |Return from Subroutine e[e |s]ofe
SBC SBCA 821 2 [ 2] 924} 2] A2{d«) 2+ B2 S| 3 A-M=C=A g ey t]
S sS8c8 C2l 2 |2 02} 4| 2} E2{4+| 2+l F2| 51 3] |B-M=-C=8: 8l |t e fr]
SEX ) T D] 2 | 1|Sgn Extend B nto A [t |1]0]*]
st . STA 97| & | 2| A7|d+| 2+| B7| 5.3 A= M ol ool
» sTB 07:.4| 2] €7 |4+| 2+{ F7| 5 3= B—=M ot ft [0 fel:
STD DO|. 6| 2| ED|S+{ 2+ FO| 6 3 D=M:M+1 et |t]o]e}
STS 10 (-6 31 10:|6+{3+{ 10|-7] 4] S=MM+1 o |1 |1.10 e
. OF{ ... | €F FF. e -
STU OF| 6| 2| EF |8+ 2+ FF| 6[ 3 U=MM+1 Lol 0 e
STX. OF | 8| 2| AF{B+| 2+ BF| 6| 3 XeMM«1 et 110 ]e
STY 10]6 3] 10} 0] 7] 4 YeMM+] e |t 1 ]o]e
RN . 9F | . AF |6+| 3+ | BF .
sus - |SUBA 80| 2 {21904 2 A04+|2+[BO[ 5] 3 - M—=A 1o vl
L " lsuss. ].CO{.2 [2|l 00} 4| 2 E0|4+j2+] FO|5| 3 B-M=8 8 1t-js iyt
: -|SUBD 83| 4 |3]193}{6 (2 [A3]|6+]2+{83} 7] 3 D-MM+1=0 o it Ittt
sWi swid 1 T S “1'3F | 19} 1 |Sotwware \nterrupt 1 ofefelale
‘ SWI6 10| 20 2 |Software Interrupt 2 o e oo e
3F o
swié 11]°20°] . V| SoftwareInterrupt 3 ole jejea e
. FL . o .
SYNC. 13 | 24| .1 [Synchromze: 0 Interrupt o (e je [a e
TER ‘|R1, A2 1F| 6| 2 |[R1=R2¢: o|o jo oo
TST TSTA 4D 1.2 | 1 |Test A 101 ]0]e
- |TSTB 8D | 2 1 (Test 8 e[t |t |0 e
TST |6 2]|6D|6+{2+]|70}1 7} 3 . Test M. et |t {Qfe
. Notes: :
T, I_hnscglumn gnvesabasecvcle and byta count. To obtain total count, add thevalues obtamed from the INDEXED' AOORESSING MODE :able
able .
2. A1 and R2 may be any pair of 8 bit or any pair of 16 bit regusters
.. The 8 bit registers are: A, 8, CC, DP
<" - The 18 bit registers are: X, Y; U,.5, D, PC
" ‘3. EA is'the effective address.
4.. The PSH and.PUL instructions requure § cycles pius 1 cycie for each byte pushed or puNed
5. 5(6) means: 5 cycles if branch not taken, & cycles if taken (Branch mstrucnons)
6. SWi sets | and.F bits..SWI2 and SWI3 do not affect | and F.
7. Conditions Codes-set as 3 direct resuit of the instruction.
8.. Vaue of half-carry flag is undefined.
9.

Special Case — Carry set.if b7 is SET.

- MOTOROLA Semiconducto,r Products Inc.
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" FIGURE 21 — PROGRAMMING AID-

{CONCLUDED)

8ranch Instructions

SIGNED CONDITIONAL BRANCHES, (Notes 1-4)

UNSIGNED. CONDITIONAL BRANCHES (Notes 1-4)

Test True QP -~ Faise QP
rsm . BHMI . 22 _ BLS,K& 23
ram’ BHS: 247 BLO 25
ram 'BEQ’ ©27° " BNE 26
rsm BLS 23 BH! 22
rem BLO® 25 BHS 24

‘| Addressing ) ' r—
o Mode .
R : si3l2(1]l0 - Egmu‘F ; ) 513:211:0
Instruction i Description HIN|ZIV|C instruction (. Forms. |OP | ~ ! # | . Description H{N|Z|V|C
8cc 8cc 24 -2 [Branch C=0 elejelefe 8LS | BLS 23| 3 | 2 |Branch Lower sjefejeie
LBCC .10 4 |Long Branch elojeiete or Same
|24 ; C=0Q - e LBLS -10:{ 51614 |Long Branch:-Lower |e || e} eie
8Cs BCS By3002 Branch C= | efe|efe]e N 23y |} orSame
LBCS ™ | 101581} 4 |Long Branch efiele BLT feur: 2D 327 Branch<lefc sjejetele
: 26 0 f - Caio LBLT 10| 5i6}| 4. |Long Branch<Zero. |e{e[eje e
BEQ gEQ - |27 . 2'|Branch Z= 1 ofofefe . e}
LBEQ | 10([5i8)| 4 {Long Branch etelare BMI Mt 28| 3 | 2 {Branch Minus slejleotele
27 _ ] .2=0 LBMmt, 10:16t6)| 4 jLong Branch Minus |@fe|eje fe
BGE 8GE 2C| .3 | 2 {BranchaZero ofofe o 281 |
’ LBGE 10|5i6)| ‘4 {Long BranchzZero | et e e} ef e BNE BNE 261 3. | 2 |Branch Z=0 ejelejele
. 2€ ST LBNE - | 10 {66} | 4 |Long Branch olefejeje
8GT 8GT %€ 2 |Branch > Zera ofefefele ; o2 L Z#0 ‘
LBGT 10| 5i6)] 4 |Long Branch>Zaro | o[ e} e[ e} @ 8PL. - uPBPL . o 12A- 3 |2 |Branch Plus oje: oo
26 ) : SfLBPL ] 10-[518)] 4 -|Long Branch Plus sreyefeje
8HI. 8HI 2 2 |Branch Higher efef el o] e e o L2A0
. L8 10 { 5i6) | -4 [Long Branch Highar | ej ej ej el e BRA BRA . :204°:3.. 2 |Branch Always olefeie o
i 2 i - N . e LBRA 16| 5 { 3 |Long Branch Always jsje{e| e |e
8Hs 8HS 24 2 |Branch Higher ejolejeie 8RN BRN 21| 3 | 2 [Branch Naver. efelefele
or.Same : LBAN. 10 |5 .} 4. |Long Branch Never (e lefa}ete
LBHS -10°] 616) | - 4 {Long-Branch Higher { o[ ¢ el e} e 21 K
2 or Same 8SA |8SR 1801 7 | 2-|Branch to.Subroutingje|e|e|e e
BLE 8LE 2F| 3 | 2 |BranchsZaro | @) el e) el e LBSR 17.1 9 | 3 |Long-Branch to . oo
LBLE | 10|5(6)| 4 |Long BranchsZero: | e| el ej o] e . ... 1. | Subroutine :
il : o : 8ve 8vC 281 3| 2 |Branch V=0 oo e
8Lo 8LO 2513 | -2 |Branch iower elefefele ) LBVC 10 |5i6) { 4 |Long Branch: ejolefere
L8LO . 10°:5(8) ! 4 jLong Branch Lower | o| e).e| ef e 28 V=0,
25 Y ‘BVS BVS. ... [298] .3 | 2.[Branch V=1 . . efole
. LBVS 10 |6i8)| "8 [Long Branch srofolete
t 28 V=i |
SIMPLE BRANCHES
e S S  SIMPLE CONDITIONAL BRANCHES (Notes 1-4)
8RA 20 3 2 Test True oP Faise QP
LBRA 6 .5 3 N=1. BMI 28 BPL 2A
BRN 21 3 2 Z=1 . . BEQ 27 BNE 26
LBRN 1021 5 4 Val . 8VS 28 BvC 28
BSR 8D 7 2 C=1 BCS 25 8CC 24
~LBSR 17 9 3.

All conditional long branches are tormed by preﬂxmg the short branch opcode w»th $10 and using a 16-bit destination offset.

Test “True ..~ OP . Faise: ' OP
r>m BGT‘T}-}» 26+ BLE 2F
rzm BGE: - 2C BLT: 20
r=m BEQ 27 BNE: 26
rsm . 'BLE . 2F 8GT: 2E
r<m CBLT T 2D 8GE- 2C
Notes: ‘ . o

1. Al conditional branches have both short and-long variations.

2. -All short branches are 2 bytes and require 3 cvc!es

3

4,

Ali conditional long branches require 4 bytes and 6 cycles if the branch:is taken, Qr 5 _cvcles if the branch is not taken.

MOTOROLA Semiconductor Products Inc.
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R S S

| MCER0SeMCEIANS MBS

PACKAGE DIMENS!ONS'

AAANANNANARIDDANNANNDADN
o} il

, . { MILLIMETERS| - INCHES

MIN | MAX | MIN | MAX_
51.69 | 52.45 | 2.035 | 2.065
13.72 | 14.22 1 0.540 | 0.560
.94 | 5,08 | 0.185 0,20
. .56 | 0.014 | 0.022
02| 1.52 | 0.040 | 0.060

D . ]

) - - - 0 |
TUVT UV YU T U T TV IV

zlgr'z‘—.a.m uu—:m)alg
e
|
o

—— —— A - - L -
R - : ¢ ~ 2.54 BSC. 0.1608SC__|
: NG | 165 | 2.16 | 0.085 [ 0085 |
SpRyRyRynyayn v, 0.20 | 0.38 | 0.008 [ 0015
- ”””””” : ” ' ’ 3 \ 292 343 | 0.115] 0.135
e v x 15.24 8SC_ | 0.500 8SC
e -6~ -wF oo carng "M 0o 159 ge 1 180 1
" e " .51 | (.02 | 0.020] 0.040_
NOTES: ‘ .
1. POSITIONAL TOLERANCE OF LEADS (D), L e P SUFRIX -
SHALL ‘BE WITHIN 0.25 mm (0.010) AT g Sy
MAXIMUM MATERIAL CONDITION, IN o PLAcs:‘sce v
RELATION TO SEATING PLANE AND L &
EACH OTHER. :

2. DIMENSION L TQO CENTER QF LEADS
| WHEN FORMED PARALLEL.

3. DIMENSION 8 O0ES NOT INCLUQE
MOLD FLASH. -

—r . ) ~ [MILLIMETERS:| INCHES
8 ) : OIM [ MIN _[MAX | MIN [ MAX
J A | 50,29 | 51.31 | 1.980 | 2,020 |

8 ] 14.63 | 15

-

Ry
in]
>
00!
7]
r4

¥

1

;

‘

i
(2}

!
1
'l_

N
e

]

il [l s

EE

1
;c:’»‘z:

)

|
EN
RN

ry
Pt
=

2}31—:-
— ol
o

) G~ - - M. -
NOTES:
1. DIMENSIONCA] IS DATUM. }
2. POSITIONAL TOLERANCE FOR LEADS: L SUFFIX
_ - CERAMIC PACKAGE

9!0.25 (0.010) @]T A® ] CASE 715-04

3. (5] 1S SEATING PLANE.
4. DIMENSION “L” TO CENTER OF LEADS
WHEN FORMED PARALLEL.
5. DIMENSIONING AND TOLERANCING
PER ANSI Y14.5, 1973,

v MILLIMETERS INCHES

b4
=
=
H
=
I3
X

8sC. 0.100 8SC
0.20 [ 0.30¢ 0.008 ; 0.012
3.18 | 4.08 | 0.125 | 0.160
15.24 8SC 0.600 8SC

ll-,,' 2 "u.-whl
Pt L B h
iafeo!

Sl
o
|
L

M |5 150 | 50 | 150
NOTES: N 0. a.
1. DIMENSION-A-IS DATUM. R
2. POSITIONAL TOLERANCE
FOR LEADS: :
(¥ TvoE000m ] TIAM | S SUFFIX
3.. CI2) 1S SEATING PLANE. CEZT;EP;;%FE

4. OIMENSION L TO-CENTER
OF LEADS WHEN FORMED
PARALLEL.

5. OIMENSION A ANO 8
INCLUDES MENISCUS.

@ MOTOROLA Semiconductor Products Inc.
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B MCE809°MCEBANS-MCGEBIE

ORDERING INFORMATION

MCB8A0SC

A} -
g ' Motorola integrated Circuit ——j-T

: : M6800 Family
Blanks= 1.0 MHz
A=1.5MHz
B=2.0 MHz
Device Designation
In M680Q Family
Temperature Range
8lank =Q°== +70°C
C= -40°— +85°C
Package
P = Plastic
$ = Cerdip
L = Ceramic

BETTER PROGRAM

Better program processing is available on ail types listed. Add
suffix letters to part number.

Level 1 add “S”  Level 2add "D  Level 3 add "DS”

Level 1 "S" =10 Temp Cycles — (25 to 180°C);
Hi Temp testing at T 5 max.

Level 2 ‘D" = 168 Hour Burn-in at 126°C

Level 3 "DS" = Combination of Level 1 and 2.

-  MOTOROLA . Sémic»onduc'to.f‘ Products Inc. -



MCE809eMCE8AGIeMCEHE0S:

Motoroia resawes the right to make changes to any products herein to improve reliability, function or design. Motoroia does not assume any liability arising
out of the application or use of any product or circuit described herein; neither doas it convey any license under its-patent rights nor the rights of others
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