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B-BIT MICROPROCESSING UNIT
The MCBBOSE is a revolutionary high performance B-bit microprocessor “"os
which supporfts modern programming techriques such as position in- (HIGH-DENSITY N-CHANNEL, SILICON-GATE)
dependence, reentrancy, and modular programming
This third-generation addition to the MBB0O0 family has major architectural 8-BIT
improvements which include additional registers, instructions and addressing MICROPROCESSING
s’ UNIT
Tha basic instructions of any computer are greatly enhanced by the
presence of powerful addressing modes. The MCBB0SE has the most com-
plete set of addressing modes avallable on any 8-bit microprocessor today. —)
The MCB809E has hardware and software features which make it an ideal s
processor for higher level language execution or standard controller applica-
tions. External clock inputs are providad to allow synchronizaton with
peripherals, systems or other MPUs
MCE800 COMPATIBLE L SUFFIX
® Hardware — Interfaces with All MBB0O Peripherals CERAMIC PACKAGE
® Software — Upward Source Codes Compatible Instruction Set and CASE 715
Addressing Modes
ARCHITECTURAL FEATURES P SUFFIX
® Two 16-bit Index Registers PLASTIC PACKAGE
® Two 16-bit Indexable Stack Pointers CASE 71
® Two 8-bit Accumulators can be Concatenated to Form One 16-Bit
Accumulator
® Direct Page Register Allows Direct Addressing Throughout Memory Sy
HARDWARE FEATURES b dratd B
® External Clock Inputs, E and Q, Allow Synchronization CASE 7™
#® TSC Input Controls Internal Bus Buffers
@ LIC Indicates Opcode Fetch
® AVMA Allows Efficient Use of Common Resources in
A Multiprocessor System
® BUSY 1s a Status Line for Multiprocessing FIGURE 1 — PIN ASSIGNMENT
® Fast Interrupt Request Input Stacks Only Condition Code Register
and Program Counter vssll' @ FACT
® Interrupt Acknowledge Output Allows Vectoring By Devices ] Ts5C
® SYNC Acknowledge Qutput Allows for Synchronization to External 12 e
Event seor maga BAUC
® Single Bus-Cycle
L ] Eﬁ%le 5-Vaolt Supply Operation FiRag4 37 pRESET
L] Inhibited After Until After First Load of Stack Paointer 8sf]s 6 [JAVMA
® Early Address Valid Allows Use With Siower Memories salls asfja
@ Early Wnite-Data for Dynamic Memories
SOFTWARE FEATURES VeeQ? upe
® 10 Addressing Modes Aol e 1 fBuUSY
* MB800 Upward Compatible Addressing Modes aitds uflR/w

Direct Addressing Anywhere in Memory Map
Long Relative Branches
Program Counter Relanve
True Indirect Addressing
Expanded Indexed Addressing:
0. 5, 8, or 16-bit Constant Offsets
8, or 168-bit Accumulator Offsets
Auto-Increment/ Decrement by 1 or 2
Improved Stack Manipulation
1464 Instructions with Unique Addressing Modes
B x 8 Unsigned Multiply
16-bit Arithmatic
Transter/ Exchange All Registers
Push/Pull Any Registers or Any Set of Registers
Load Effective Address

- " 48w

A2 100
A3 ;01
A4 02
A5 ]03
AB 104
A7 05
A8 06
A9 jo7
A1D Ja15
Al JA14
A2 JAa3
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MAXIMUM RATINGS

Aating Symbol Vilue Unit This device contains circuitry 1o protect the
n v -03w +70 v NpUTS against damage due 1o m suatic
SUpRlY VelsoN £C voltages or electric fields; however, 1 is ad-
Input Voltage Vin -03w +70] v wsed that normal precautions be taker 1o
Operanng Temperature Range Ty to Ty avoid application of any voltage higher than
MCBEB0SE, MCBSAC9E. MCEBBOSE Ta Ow +70 0 maximum rawed voltages to this high im-
Starage Temperature Ran T ~-5510 +150 | °C pedancs circuit,
» = e Reliability of operation 1s enhanced if unus-

#d inputs are ted to an appropriate lagic
voitage level (s.q., sither Vs or Vee)

THERMAL CHARACTERISTICS
Characteristic Symbol Valua Unit
Thermal Resistanca

Ceramic 50

Cerdip LAY 60 "C/W

Piastic 100

POWER CONSIDERATIONS
The average chip-junction temperature, TJ. in °C can be obtained from:
Ti=Ta+I(Pped al i
Whare

Ta=Ambient Temperature, °C

8 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
PomPINT +PPORT

PINTmIcc x Vg, Watts — Chip Internal Power

PPORT = Port Power Dissipation, Watts — User Determined

For most aoplications PpORT < PINT and can be neglected. PPORT may become significant if the device is configured 1o
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is;

Pp=K=(T +273°C) i2)
Solving equations 1 and 2 for K gives;
K=Ppe(Ta+273°C) + 8 a0Pp2 (3)

Where K 1s a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known T4, Using this value of K the values of PD and T can be obtained by solving equations (1) and (2] iteratively for any
value of Ty

DC ELECTRICAL CHARACTERISTICS VCC=50V £5%, VS5=0, TaA=T( to T unless otherwise noted.)

Characteristic Symbol Min Tyvp Max Unit
L Q v v + 20 v
Input High Vaitage H%%'FET Vlll'lHR Vgg sl = Vgg v
E VIHC | Vcc-075 [ - [ vgo+03
input Low Vollage Logic. 4, NESET ViL Vss - 03[ - TVss+ 08|
E viLe Vss-03 | — | Vgg+04
Input Leskage Current Logie, Q, HESET [ - - 25 ok
Vin = 010525 v, Voo = max) 3 n - - 100
OC Output High Voltage
Load = 206 4A Voo = min) DO-D7 = Vv Vg + 24 | - = v
(ILoag = =146 wA, Vo = min) AO-AI5, R/W OH  |ygs + 24| - =
llLoad = =100 4A, Ve = min) BA, BS, LIC, AVMA, BUSY vgs + 24| - -

DC Output Low Voltage

lLoad = 20 mA. Ve = min) VoL — - | Vg + 05 v
Internal Power Dissipation (Measured at Ta = T n Steady State Operation] PINT - - 1.0 W
Capacitance® Cin

(Vin =0, TA = 25°C. | = 1.0 MH2) Euo:{ Logic Inputs, Q, RESET - ;g ;g oF

AQ-A15, R/ A,
u%. A%M;,?\IBL?SW! s Cout - 19 15 or
Frequency of Operation MCB300E 01 == 1.0
MCBBADSE 1 o - 15 MHz

IE and O Inputs) MCBEBOSE 0 - 20
Tnree-State (Off State) Input Current 00-D7 - 2.0 10 2A

Win = 041024V, Voo = maxl AD-A1S, R/W ITsi 5 - 100

*Capacitances are penodically tested rather 1han 100% 1ested
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BUS TIMING CHARACTERISTICS |See Notes }, 2. 3, ano 4l

Ident, o MCEBOBE | MCBBADSE | MCBBBOSE

Numoer Chiracturistics Symbol Iia T Max | Min | Max | Min | Max | ”""j
1 Cycle Time Teyc | 10| 10 |0867] 10 [05] 10 [ ws |
2 Puise Width, E Low Pwer | 450 | 9500] 295 [ 8800 | 20 | 9800 ns |
3 Pulse Width, £ High PWew | 450 | 9500 280 | 9500 | 220 | 9600| ns |
4 Clock Rse and Fall Time wtt |~ |5 | = . — ( Mins |

5 Pulse Wioth, O High PWQOR | 450 | 9500 280 {9500 | 220 | 3800 | ny

7 Delay Tma, E to O Rise 1gQ1 | 2 =TT O A

74 Delay Tma, O High 10 £ Aise g 0] - J 0] - Jwa] -1 ry

78 Delay Tme, £ High to Q Fail igga | X0 — [ ™[ - [wo] -]

s Delay Tima, O High to E Fall tegd (0] — |10 — Jwol -] ns

9 Address Hold Time TAH 0 - 20 - 20 ] ~—EE

n Aadress Delay Time from E Low BA, BS, A/ TAD - (00 - [T [ - { 10[ =

17 Aead Data Seiup Time 'DSA | 80 - | B0 = - 3-8 = "5

8 Read Data Holg Time 1OHR 10 == 0 = 10 = s

20 Data Deiay Time from Q DDG == T L "o | =
21 Write Data Hold Time DHW | 30 - n - a0 - nsJ
3 Usable Access Time tacc (695 - | 40| - [330) - ns_l
Control Delay Time (Figure 2) 1D - 0| - [0 -] 200] s |
Interrupts, FALT, AESET, ana TSC Setup Time pcs |20 - [ @O - [ref - | ns |

|Figures 7, 8. 9, 10, 13, and 14}

TSC Drwe 10 Vahd Logic Lavel (Figure 14} TSV - | 210] - W[ - 120 s

TSC Release MOS Bufters to Hgh Impedance (Figure 14) TSR - 200] — | 40| - MO | »s

TSC Three-State Delay Time (Figure 141 TS0 - 120 — 85 - 80 ns

Processor Cantrol Rise and Fal Time (Figure B) r:’(é‘.'il - 100 - ol - 00| ns

FIGURE 2 ~ READ/WRITE DATA TO MEMORY OR PERIPHERALS
kit
L. IHC
E Viy VILE
a

F/W, Address

BA, BS

Resd Data
Non- Muxed

Write Data /

Busy, LIC,
AVMA

NOTES

¢

—-—-4-

®4

S —

| Vaoliage levels shown are V( <04V, Viyz24 V, unless otherwise specifigd 3 Hold ume | @ 1 foi BA and BS is not specitied

2 Measurement painis shown are D8 V anp 2 0V, uniess otherwise specilied. 4 Usable access ime s computed by 1-4—11 man -
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FIGURE 3 — MCBBOBE EXPANDED BLOCK DIAGRAM

T D07
AQ-A1S
- - - Ve
+— Vg5
L7168
/1 B
g— PC i — InsUTuCton
Register
) o —
— S et — AESE
NMI
je—— ¥ — Do
Interrupt FIRG
Control RO
o o Lic
—» AVMA
A —™RrW
D{ 5 T5C
- DP cc —3 Bus —— HALT
Control L BA
| BS
BUSY
ALU - — Tirming

# |nternal Three- State Control

FIGURE 4 — BUS TIMING TEST LOAD

50V

MMDE150
ar Eguiv
Test Pont

C =230 pF fter BA, 8BS, LIC. AVMA. BUSY
130 pF 'or DO-D7 =]
30 pF ‘or AD-AYS R/W

117 %0 tor DO-D7

165 k@ for AG-AIS RIW
24 kf} for BA, BS

LIC. AVMA, BUSY

£
W

MMD 7000
or Equw

RL=22kﬂ

A=

PROGRAMMING MODEL

As shown in Figure 5, the MCBBOIE adds three registers to
the set available in the MCE800. The added registers inciude
a Direct Page Register, the User Stack painter and a second
Index Reqister

ACCUMULATORS (A, B, D)

The A and B registers are general purpose accumulators
which are used for arithmerc calculations and mamipulation
of data

Certain Instructions concatenate the A and B registers 10
form a single 16-bit accumulatar This s reterred to as the O
Register, and 1s formed with the A Aegister as the MOSI
significan! byte

DIRECT PAGE REGISTER (DP)

The Direct Page Register of the MCBBOSE serves 1o
enhance the Diract Addressing Mode The content of this
reqister appears at the higher address outputs |AB-A15) dur
ing direct addressing instruction execution This allows the
ditect mode 1o be used at any place (n memary under pro
gram control To ensure MEB00 compatibility, all oits ol this
register are cleared duning Processor Reset
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FIGURE 5 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

1]

K ~— Index Regisier

Y — Index Reqister

U = User Stack Pownter

Painter Registers

S - Hardware Stack Pointer

PC

Program Counter

A l

B Accumulators

o

7

oe

Direct Page Register

9

EF ]

CC — Condition Code Register

INDEX REGISTERS (X, Y)

The Index Registers are used in indexed mode of address-
ing. The 16-bit address in this register takes part in tha
calculation of effective addresses. This address may be used
to paint ta data directly or may be modifed by an optional
constant or register olfset. During some indexed modes, the
contents of the (ndex register are |ncremented or
decremanted to point 1o the next item of tabular type data.
All four pointer register (X, ¥, U, S) may be used as index
registers

STACK POINTER (U, S)

The Hardware Stack Pointer (S) Is used automaucally by
the precessor duning subrouting calls and interfupts. The
User Stack Pointer (U} i1s contralled exclusively by the pro-
grammer thus allowing arguments to be passed to and from
subroutines with ease. The U-reqister is fraquantly usad as a
stack marker. Both Stack Pointers have the same indexed
mode addressing capabilities as the X and Y ragisters, but
also support Push and Pull instructions, This allows the
MCBBO09E to be used sfficiently as a stack processor, greatly
enhancing its ability 1o support higher level languages and
modular programming.

NOTE
The stack pointars of the MCBB09E point to the top of
the stack, in contrast to the MCBB00 stack pointer,
which pointed 10 the next free location on stack.

PROGRAM COUNTER

The Program Counter is used by the processor to point to
the address of the next instruction 10 be executed by the pro-
cessor Relative Addressing is provided allowing the Pra-
gram Counter to be used like an index register in soma situa-
tions,

CONDITION CODE REGISTER

The Condition Cade Register defines the siate of the pro-
cessof at any given tme. See Figure 6

FIGURE 8 — CONDITION CODE REGISTER FORMAT

[Elew Inl2]lv]c]
— cany
Overflow
Zerc
MNegative
IRQ Mask
Half Carry
FIRQ Mask
Enwie Flag

CONDITION CODE REGISTER
DESCRIPTION
BIT 0 (C)

Bit 0 is the carry flag, and is usually the carry from the
binary ALU. C is also used to represant a 'borraw’ from sub-
tract like instructions (CMP, NEG, SUB, SBC) and s the
complement of the carry from the binary ALU

BIT 1 (V)

Bit 1 is the overflow flag, and is set to a one by an opera-
tion which causes a signed two's complemant arithmetc
overflow. This overflow is detected in an operation in which
the carry from the MSB in the ALU daes nat match the carry
from the MSB-1

BIT 2(2)
Bit 2 1s the zero flag, and is set 1o a ane \f the result of the
previous aperation was idenfically zero.
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BIT 3 (N}

8it 318 the negatve 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 4 (1)

Bit 4 s the THQ mask bit. The processor will not recognize
interrupts from the TR line if this bit is set to a one. T,
FIRQ, (AT, FESET, and SWI ali set | to a one: SWI2 and
SWI3 do not affect |

BIT 5 (H)

Bit 5 is the half-carry bit, and is used to indicate a carry
from bit 3 In the ALL as a result of an 8-bit addition only
{ADC or ADD! This bit is used by the DAA instruction 1o
perform a BCD decimal add adjust operaton The state of
this flag 1s ungefinea n all subtract-like \nstructions

BIT 6 (F)

Bit 6 s the FIRQ mask bit. The processor will not
recognize interrupts from the FIRQ line if this bit is a ane.
NI, FIRG, SWI, and RESET all set F to 3 one. RO, SWiz2
and SWI3 da not affect F

BIT 7 (E)

Bit 7 is the enure flag, and when set 10 a one indicates that
the complete machine state (all the registers) was stacked,
as opposed 10 the subset state (PC and CCI The E bit of the
stacked CC is used on a return from interrupt (AT to deter-
mine the extent of the unstacking. Therefore, the current E
left in the Condition Code Register represents past action.

PIN DESCRIPTIONS

POWER (Vss, Vce!

Two pins are used to supply power 1o the part. VSs IS
ground or 0 volts, while Vgo s =50V 5%,

ADDRESS BUS (A0-A15)

Sixteen pins are used 1o output address informaton trom
the MPU anta the Address Bus, When the processor does
not require the bus for a data transfer, it will output address
FFFF1, A/W = 1,and BS = 0; thisisa ""dummy access" of
VMA cycie. All address bus drivers are made high-
\mpedance when output Bus Available (BA) is migh or when
TSC s asserted. Each pin will drive one Schottky TTL load or
tour LS TTL loads, and 90 pF

DATA BUS [DO-D7)

These eight pins provide communication with the systam
bi-directional data bus. Each pin will drive one Schottky TTL
i0ad or four LS TTL loads, and 130 pF

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 bus R/W is made high impedance when BA )5 high
ot when TSC is asserted

RESET

A low level on this Schmitt-tngger input for greater than
one bus cycle will reset the MPU, as shown in Figure 7 The

Hesel vectors are fetched from locations FFFE g and FFFF16
(Table || when Interrupt Acknowledge s Irug,
{BA » BS = 1). Dunng inital power-on, the Reset line should
ba held low until the clock input signals are fully operanonal
Because the MCEBOSE Reset pin has a Schmitt-trigger in-
put with a threshold voltage migher than that of standard
peripherals, a simple R/C network may be used 10 reset ihe
gntire system. This higher threshold voltage ensures that all
peripherals are out of the reser state petore (he Processar

HALT

A low level on this input pin will cause the MPU 10 stop
running at the end of the present instruction and remain
halted indefinitely without loss of data. When halted, the BA
pulput is driven high indicating the buses are nigh im-
pedance. BS 15 also high which indicates the processar 1s in
the Halt state. While halted, the MPU will not respond to ex-
ternal real-time requests (FIRQ, IRQ) although NMI or
FESET will be latched for later response. During the Halt
state Q and E should continue 1o run normally. A halted state
(BAeBS=1) can be achieved by pulling HALT low while
AESET is stll low. See Figure 8.

BUS AVAILABLE, BUS STATUS (BA, BS)

The Bus Available output is an indication of an irternal
control signal which makes the MOS buses of the MPU high
impedance. When BA goes low, a dead cycle will elapse
befare the MPU acquites the bus. BA will not be asseried
when TSC is active, thus allowing dead cyclé consistency

The Bus Status output signal. when decoded with BA,
represents the MPU state (valid with leading edge of O

LA MPU State Definition
BA 8s
0 0 | Normal (Running)
o] 1 imerrupt or RESET Acknowledge
| g SYNC Acknowledge
L 1 1 HALT Acknowledge

interrupt Acknowledge is indicated during both cyces ota
hardware-vector-feteh (RESET, NMI, FIRQ, RO, Swi
SWI2, SWI3). This signal, plus decoding of 1he lower four
address lines, can prowide the user with an indication ot
which interrupt lavel i1s being serviced and allow vectonng by
device. See Table 1

TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS

Vector u':::: Intarmupt Vector
NS s Description
FFFE FFEF RESET
FFFC FFFD M
FFFA FFEB SWI
FFFR FFF9 [G[e]
FEFB FFF7 FIRG
FFF4 FFFS SWi2
FFF2 FFEI swi3
FFFO FEF1 Reserved ¥l
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Sync Acknowledge s indicated while the MPL s waiting
for external synchronization on an interrupt line.

Hait/ Acknowiedge is indicated when the MCBBOSE is in 3
Halt condition

NON MASKABLE INTERRUPT (NMI)*

A negative transition on this input requests that a non-
maskable interrupt sequence be generated. A non-maskable
interrupt cannot ba inhibited by the program, and alsa has a
higher priority than FIRQ, TRQ or software interrupts. During
recognition of an NMI, the entire machine state (s saved on
the hardware stack. After reset, an NMI will not be recog-
nized until the lirst program load of the Hardware Stack
Pointer (S). Thﬁ&ulu wicth of NMI fow must be at least one
E cycle_ |f the NMI input does not meet the minimum set up
with respect 10 Q, the interrupt will not be recognized until
the next cycle, See Figure 9.

FAST-INTERRUPT REQUEST (FTRQ)*

A low level on this input pin will inivate a fast interrupt se-
quence, provided its mask bit (F) in the CC Is clear. This se-
quence has priority over the standard Interrupt Request
(TATY), and is fast in the sense that it stacks only the contents
of the condition code register and the program counter, The
interrupt service routine should clear the source of the inter-
rupt before doing an RTI, See Figure 10,

INTERRUPT 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
siower response 1o interrupts than FIRQ. IAQ also has a
lower prionity than FIRQ, Again, the interrupt service routine
should clear the source of the interrupt before doing an RTI
See Figure 9.

CLOCK INPUTS E, O

£ and Q are the clock signals required by the MCE809E, Q
must lead E, that is, a transition on Q must be followed by a
similar transition on E after a minimum delay. Addresses will
be valid trom the MPU, tap after the falling edge of E, and
data will be latched from the bus by the falling edge of E.
While the Q input is fully TTL compatible, the E input directly
drives internal MOS circuitry and, thus, requires a high level
above normal TTL levels, This approach minimizes clock
skew inherent with an internal buffer. Timing and waveforms
for E and Q are shown in Figure 2 while Figure 11 shows a
simple clock generator for the MCBBO9E.

BUSY

Busy will be high for the read and modify cycles of a read-
modify-writa instruction and during the access of the first
byte of a double-byte operation le.g., LDX, STD, ADDD)
Busy is also high during the first byte of any indirect or other
vector fetch (e.g., jump extended, SWI indirect etc.),

In a multi-processor system, busy indicates the need 1o

*NM, FTAQ, and AT requests are sampled on the faing sdge of O
nized. The panding interruptis) will not te serviced until compiation

One cycle 1§ requited lor synchronization before these interrupts are tec%g_
af the current instructian unless a SYNC or CWAI condition 1s prasent 1"

defer the rearbitration of the next bus cycle 1o insure the n-
1egrity of the above operations This difference praowvides the
indivisible memaory access required for a “test-and-sat’’
phmitive, using any one ot several read-modily-write Instruc:
tons.

8usy does noi become active during PSH or PUL opera-
tions. A typical read-modify-write instruction {ASLI 1s shown
in Figure 12. Timing mformation is given in Figure 13, Busy (s
valid tcp after the nsing edge of Q.

AVMA

AVMA is the Advanced VMA signal and indicates that the
MPU will use tha bus in the following bus cycle The predic-
uve nature of the AVMA signal allows efficient shared-bus
multiprocessor systems. AVMA s LOW when the MPU 1s in
aither a HALT or SYNC state AVMA 15 valid 1cp after the
nsing edge of Q

LIC

LIC (Last Instruction Cycle) is HIGH dunng the last cycle
of every instruction, and its transition from HIGH to LOW
will iIndicate that the first byte of an opcode will be atched at
the end of the present bus cycle. LIC will be HIGH when the
MPU is Halted at the end of an instruction, (i & , notin CWA
or RESET) in SYNC state or while stacking during interrupts
LIC is valid 1cp after the rising edge of Q.

TsC

TSC (Three-State Control) will cause MOS address, data,
and R/W buffers 10 assume a high-impedance state. The
control signals (BA, BS, BUSY, AVMA and LICI wil not go
to the high-impedance state, TSC is intended to allow a
single bus 10 be shared with other bus masters {processors
or DMA controllers). =

While E is low, TSC controls the address buffers and R/W
directly. The data bus buffers during a write operation are in
a high-impedance state until Q nses at which tme, fTSCis
true, they will remain in a high-impedance state. If T5Cs
held beyond the rising edge of E, than it will be internally |at:
ched, keeping the bus drivers in & high-impedance state for
the remainder of the bus cycle. See Figure 14

MPU OPERATION

During normal operation, the MPU fetches an instruction
from memory and then executes (he requested tunction
This sequence begins after RESET and is repeated indelinite-
Iy unless altersd by a special instruction of hardware occur-
rence. Software instructions that alter normal MPU opera-
tion are: SWI, SWI2, SWI3, CWAI, ATI and SYNC. An -
terrupt or HALT input can also aiter the narmal execution of
instructions. Figure 15 1s the flow chart lor the MCE809E

a

and FIA0 do not remain low until completion of the current instruction they may not be recogrized.However, NMI 15 latched and need only &
main low far one cycle. No intarrupts are recognized or laiched batween the falling edge of RESET and the nsing edge of 8S indicaung

RESET acknowledge. See

sequenca in the MPU flowchan in Figure 15.
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FIGURE 11 — MCBB08E CLOCK GENERATOR
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1 i 2 12 Opuonal
|MF"3Y MADY Circunt
| 74L804 g3 74LS10 l
| |
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RILERRT> o) S e e
——{>0 to System and Processar
ig 7
CLR G
4,7 ofSldd, af- —{">E 10 System
741576 7ALS 76 1 s
4 MHz 13>U2 6 03 !
Osc 0 ‘:Emﬂ
- 1 it
L 13 Q E K (9] 3 F—DE 1n Processor
PRE | 14 CLA A
) LS04
24,__5
+B Y
4% NOTE: it optional circuit is not included the CLR and PRE
inputs ol U2 and U3 must be ued high.
E
a
MRDY
STRETCH

FIGURE 12 — READ-MODIFY-WRITE INSTRUCTION EXAMPLE |ASL EXTENDED INDIRECT)

Memory Memory
Locatian Cantenis Contents Description
PC— 50200 368 ASL Indexed Opcode

50201 S9F Extended Indirect Postbyte
50202 363 indirect Address Hi-Byie
50203 500 Iindirect Address Lo-Byte
50204 Next Main Instruction
56300 SE3 Eftective Address Hi-Byte
$6301 $D6 Effective Address Lo-Byte
SE3ID6 $5C Targer Data
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BA | BS

Bus State

RAunmng

imernupt or Resel Acknowledge 0

Sync Acknowledge
l Halt Acknowledge

FIGURE 15 — FLOWCHART FOR MCBB09E INSTRUCTIONS ~
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ADDRESSING MODES

The basic instructions of any computer are greatly
enhanced by the presance of powerful addressing modes.
The MCBBO9E has the most complete set of addressing
maodes available on any microcomputer today. For example,
the MCBB09E has 59 basic instructions; however, it
racognizes 14684 different vanations of instructions and ad-
dressing modes, The addressing modes support modern pro-
gramming technigues. The following addressing modes are
available an the MCEB0SE:

inherent (Includes Accurmuiator)

Immediate

Extended

Extended |ndirect

Direct

Register

Indexed

Zero-Offset
Constant OHset
Accumulator Offset
Auto Increment/ Decrement
Indexad Indirect
Relative
Short/ Long Relative Branching
Program Counter Relative Addrassing

INHERENT (INCLUDES ACCUMULATOR)

In this addressing mode, the opcode of the instruction
contains all the address infarmation necessary Examples of
inherent Addressing are: ABX, DAA, SWI, ASRA, and
CLRB,

IMMEDIATE ADDRESSING
In Immediate Addressing, the eftective address of the data

15 the location iImmediately following the opcode (i.e., the
data to beused In the instruction immediately follows the op-
code of the instruction). The MCE809E 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 #520

LDX #5F000

LDY #CAT
NOTE: # signifies Immediate addressing, $ sianifies hexa-

decimal value 10 the MCBB09 assembler.

EXTENDED ADDRESSING
in Extended Addressing, the contents of the two bytes im-

mediately following the opcode fully specify the 16-bit effec-
lve address used by the instruction. Note that the address
generated by an extended instruction defines an absolute ad-
dress and Is not position independent. Examples of Extended
Addressing nclude,

LDA CAT

STX MOUSE

LDD $2000

EXTENDED INDIRECT
As a special case of indexed addressing (discussed

below!, one level of indirection may be added 1o Extended
Addressing. In Extended Indirect, the two bytes following
the postbyte of an Indexed Instruction contain the address of
the data.

LDA (CAT]

LDX [$FFFE]

STU (DQG]

DIRECT ADDRESSING
Direct addressing is similar ta extended addressing axcept

that only one byta of address follows the opcode. This byte
specifies the lower 8 bits of the address 10 be used, The up-
per B bits of the address are supplied by the direct page
register. Since only ona 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 lone page) can be accessed without redefining the con-
tents of the DP register. Since the DP register is set to $00 on
Reset, direct addressing on the MCBB09E is upward compat-
ble with direct addressing on the MB800. Indirection is not
allowed in direct addressing, Some examples of direct ad-
dressing are:

LDA whera DP = $00

LDB whera DP =$10

LDD <CAT
NOTE: < is an assembler directive which forces direct

addressing,

RAEGISTER 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 XY Transfers X Into Y
EXG A B Exchanges A with B
PSHS A.B, X, Y Push Y, X, BandAcnto 5
stack

PULU X, Y.D Pull D, X, and Y from U stack

INDEXED ADDRESSING

in all indexed addressing, one of the painter registers (X,
¥, U, S, and sometimes PC) is used in a calculation of the ef-
{ective address of the operand (o be used by the instruction
Five basic types of indexing are available and are discussed
pelow. The pastbyte of an indexed instruction specifies the
pasic type an¢ variation of the addressing mode as well as
the pointer reqister to be used. Figure 16 lisis the legal for-
mars 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 variaton
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EIGURE 18 — INDEXED ADDRESSING POSTBYTE
REGISTER BIT ASSIGNMENTS

indexed

Addressing
Mode

!

i
|

EA = A + 5 Bit Offset

A+

A+ +

al-laolja &’é

- -R

EA = A +0 Qfiser

EA = A + ACCE Offset

EA = A + ACCA Offset

EA = A +8 Bu Offsat

EA = R +16 Bil Otfse

o|o|xn|z|a|o|v|u|lo|o|= ug

EA = R +D Offset

EA = ,PC +8 B« Offset

el =] =] =]==l=]=]|=]=]=c]

o |=

EA = ,PC « 16 Bt Offset

oi=|=x|a|zn|v|n|D|2|B|R|D|T|D| >
—“lolo|=|lo|lol=|oja|—=|—=|O|o|a
=l =|=lojo|=|o|=|o|=|o|a ]| &

n

—l=l=lolojal=|=|=|eo|o|ao|e|a | M

B

‘-__._._-.-_QUOOCIODQ

EA = | Address|
e ™

‘ l——Audressmg Mode Field
Indirect Field

(Sign bit when by = 0

ﬂ

Regisier Fisld RR

00=X
=Y
10=U
=35

x = Don't Care

d=0ftset Bit

_ D= Not Inairect

T 1=Indirect

Zero-Offset Indexad — In this mode, the selected pointer
register contains the effective address of the data to be used
by the instruction, This is the fastest indexing mode

Examples ara.

LDD 0, X
LDA:. (S

Constant Offset Indexed In this mode, a
two's-complement offset and the contents of one of the
pointer registers are added to form the effective address af
the operand. The pointer register's initial content is un-
changed by the addinan.

Three sizes of offsets are available:
5 -bit (=16 10 +15)

8 ‘it (-12810 + 127}

16-bit | - 32768 to +32767)

The two's complement 5-bit offset is included in the
postbyte and, therefore, is most efficient in use of bytes and
cycles. The two's complemant B-bit offset is contained in a
single byte following the postbyte. The twa's complement
16-bit offset is in the two bytes following the postbyte. In
most cases the programmer need not be concerned with the
siza of this offset since the assembler will select the optimal
size automatically.

Examples of constant-offset indexing are.

LDA 28X
LDX -2,5
LDY 300,X
Lou CAT.Y

TABLE 2 — INDEXED ADDRESSING MODE

Non Indirect Indirect
Type Forms Assembler Postbyts | +|+ | Assembler Postbyts | + |+
Form OP Code | =~ 1/ Form OP Code ~11
Constan) Oftset Fram A No Offset A 1RA0100 0lo LAl 1RA10100 alog
12°s Complemant Oftsers) 5 Bu Dffset n, R QRRAnnnnn 110 defaults to B-bit
B Bit Dffset n R TRRO1000 110 [m, R] 1RR11000 411
16 Bi Offset n, R 1AR01001 412 [n, R] 1RA11001 742
Accumulator Offser From A A Register Otfset A R 1AR00110 110 (A, R 1ARI01I0 | 410
(2's Complement Offsets) B Register Offset B, A 1RA00101 110 1B, R] TAR10101 | 4]0
D Register Offset O, R 1RRO1011 4l0 (D, Al {RA1101 7]0
Auto increment/ Decremant R Increment By 1 R+ 1ARO000D0 2|0 not allowed
Increment By 2 A+ + TRAO0OOY | 3|0 | LR++) | 1RAI0001 | 6|0
Decrement By 1 - R 1RROD010 210 not allowed
Decrament By 2 --R 1RR00011 ijo [,- =Rl TRR10011 610
Constant Offset From PC B Bit Ofiset n, PCA 12201100 11 [n, PCR] 1xx11100 411
12's Complement Offsets) 16 Bit Offsel n, PCR 12201101 5|2 [n, PCR] 1xx11101 8|2
Extended Indirect 16 Bil Address — - == [nl 10011111 812
A=%Y Uors RR
i = Don't Care 0=x
Ni=Y
0=U
\1=5
i andg v

!

indicate the numper ol adaimonal cycies and byies respactively tor the particular indexing varnaton
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Accumulator-Offset Indexed — This mode s similar 10
constant offset indexed except that the two's-complement
value In one of the accumulators (A, B or D) and the con-
1ents of one of the painter registers are added 1o form the ef-
factive address of the operand. The contents of both the ac-
cumulator and the painter reégister are unchanged by the ad-
dition. The postbyta specifies which accumulator to use as
an offset and no additional bytes are required. The advan-
tage of an accumulator offser is that the value of the offset
can be calculated by a program at run-ume

Some examples are

LDA B.Y
LDX D.Y
LEAX B.X

Auto Increment/ Decrement Indexed — In the auto incre-
ment addressing mode, the pointer register contains the ad-
dress of the operand. Then, after the painter register is used
it 18 incremented by one or two. This addressing mode (s
useful In stepping through tables, maving data, or for the
creation of software stacks. In auto decrement, the pointer
register 1s decremented prior 10 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
either one or two to allow for tables of sither 8 or 16-bit data
to be accessed and is selectable by the programmer. The
pre-decrement, post-increment nature of these modes allow
them to be used 10 creale additional software siacks that
behave idenucally to the U and S stacks.

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

LDA X+
STD N+ 4
LDB =Y
LOX —=8

Care should be taken in performing operations on 16-bit
pointer registers (X, Y, U, 5) where the same register is used
1o calculate the effective address.

Consider the following instruction:

STX 0. X+ + [X imualized 10 0
The desired result is to store a 0 in locations $000C and 50001
then increment X 1o point to $0002. In reality, the following
oCCurs

O—1temp calculate the EA, temp is a holding register
X+2—=X perform autoincrement
X—(temp) do store pperation

INDEXED INDIRECT
All of the mdexing moades with the excaption of auto in-

crement/ decrement by one, or @ + 5-bit offset may have an
additional level of indirection specified. In indirect address-
ing, the effectuve address is contained at the locaton
specified by the contents of the Index Register plus any off-
set. In the example below, the A accumulator (s loaded in-
directly using an etfective address calculated from the Index
Register and an offser

Betore Execution

A=XX (don't

care|

X =5F000

$0100  LDA [$10,X]) EA 15 now $F010

$FO10  3SF) $F180 is row the
SFO11 S50 new EA
SF160  SAA

Atter Execution

A=S$AA (Actual Data Loaded)

X = $~000

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

LDA [.X]

LDD [10.51

LDA [B.Y]

LDD [X++]
RELATIVE ADDRESSING

The bytels! following the branch apcode is (arel reated as
a signed offset which may be added to the program counter.
It the branch condition is true then the calculated address
(PC + signed offset) is loaded 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 memaory
can be reached in long relative addressing as an effective ad-
dress interpreted modulo 218, Some examples of relative ad-
dressing are:

BEQ CAT Ishortl
BGT DOG Ishortl
CAT LBEQ RAT (long)
DOG LBGT RABBIT  llong)
-
-
-
RAT NOP
RABBIT NOP

PROGRAM COUNTER RELATIVE
The PC can be used as the pointer register with 8 or 18-bit
signed offsets. As in relative addressing, the otfset 1s added
10 the current PC to create the effective addrass. The effec-
nve address 1s then used as the address of the operand or
data. Program Counter Relauve Addressing is used for
wriling position independent programs. Tables related to a
particular routine will maintain the same relationship after
the routine 1s moved, if referenced relatve 1o the Program
Counter. Examples are:
LDA CAT, PCR
LEAX TABLE, PCR
Since program counter relatve is a type of indexing, an
additional level af indirection is available.
LDA |CAT, PCRH|
LDU IDOG, PCRI
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MCE80SE INSTRUCTION SET

The instruction set of the MCBBOSE is similar to that of 1he
MCE800 and is upward compatible at the source cace level.
The number of opcodes has been reduced trom 72 10 59, but
pecause of the expanded architecture and additional ad-
dressing modes, the number of available opcodes (with dif-
ferent addressing modes) has risen from 197 10 1464,

Some of the new instructions are described in detail
below!

PSHU/PSHS

The push instructions have the capability of pushing onta
sither the hardware stack (S) or user stack (U) any single
register, or set of registers with a single instruction.

PULU/PULS

The pull instructions have the same capability of 1ne push
instruction, in reverse arder. The byte immediately following
the push or pull opcode determines which register or
registers are to be pushed or pulled. The actual PUSH/PULL
saquence is fixed; each bit defines a unique register 1o push
or pull, as shown below.

STACKING ORDER
BuLL ORDER

PUSH/PULL POST BYTE

) A

cc
A
B
oP
LR
iio
Ul a ]
YLO
JIS
U's e
PC Hi
PC Lo
]

C

(2}

PUSH DRDER

INCREASING
MEMORY

!

TFR/EXG

Within the MCBBOSE, any register may be transterred to or
exchanged with another of like-size; i.e., B-bit 10 B-bit or
16-bit 10 16-bit. Bus 47 of postbyte define tha source

THANSFER/EXCHANGE POST BYTE
o
[ Sousce | pesrmation|

REGISTER FIELD

Q000 DIAB 000 A

0001 01 8

oovg v igta CCR

poflt W 101 OPR

atee S

LT
NOTE: All other combinations are undefined and INVALID
LEAX/LEAY/LEAU/LEAS

The LEA (Load Effective Address) works by calculating
the effective address used n an indexed |\nstruction 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 1o the programmer
Some of the implications of this instruction are lustrated in
Table 3.

The LEA instruction also allows the user 1o access data
and tables in @ position independent manner. For examole:

LEAX MSG1, PCR
LBSR PDATA (Print message routinel
-
-
MSG1 FCC ‘MESSAGE'

This sample program prints: ‘MESSAGE'. By wnting
MSG1, PCR, the assembler computes the distance between
the present address and MSG] This result 1s placed as a
constant into the LEAX instruction which will be indexed
from the PC value at the ime of execution. No matter where
the code is located, when it is executed, the compured olfset
from the PC will put the absolute address of MSG1 into tne X
pointer register. This code is totally position independent.

The LEA instructions are very powerful and use an intermal
holding register (temp}. Care must be exercised when using
the LEA instructions with the autoincrement and autodecre-
ment addressing modes due 1o the sequence of internal
operatons. The LEA internal sequence is outhined as follows.

LEAa b+ (any of the 16-bit pointer registers X, Y, U
or § may be substituted for a and b |

1 b—temp lcalculae the EA)

2 b+1=b (madify b, postincrement)

3 temp—2a (load a)

LEAa -b

1. b~ 1—=temp (caiculate EA with predecrement)

reqister, while bits 0-3 represant the destination register 2 b-1=b  (modity b, predecrement)
These are denoted as follows: 3, temp—a  lload a!
TABLE 3 — LEA EXAMPLES
Instruction Operation Comment
LEAX 10X | X+10 =X Agds 5-bit constant 10 to X
LEAX 500 % | X + 500 =X Adds 16-bit constant 500 o X
LEAY A Y | Y+A =Y Adds B-bit A accumulator to Y
LEAY DY |Y+D =Y Adds 16-bit D accumulator ta Y
LEAU-10,U | U=10 =-U Subtracts 10 from U
LEAS =10.S | S—10 =5 Used 1o reserve area on stack
LEAS 10,S | S+ 10 -S Used 10 ‘clean up' stack
LEAX: 5,8 | S+5 =X Transfers as well as adds
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Aulogincrement-by-1wo and aulodecrement-by-iwo instruc-
tians waork similarly Note that LEAX X+ does not change
X however LEAX - X does decrement X LEAX 1.X should
be used ta increment X by one

MUL

Multiplies the unsigned binary numbers in the A and B ac-
cumulator and places the unsigned resuit into the 16-bit o]
accumulator. This unsigned multiply also allows mulliple-
precision multiphcatons.

Long And Short Relative Branches

The MCBS09E has the capability of program counter
relauve branching throughout the entire memory map In
this mode, if the branch is 10 be taken, the B or 16-bit signed
offset is added to the value of the program counter 1o be us-
ed as the effectve address. This allows the program ta
branch anywhere in the BAK memory map Position indepen-
dent code can be easily generated through the use of relative
tranching Both short (B-bit} and long (16-bitl branches are
avallable

SYNC

After sacountenng 4 Sync instruction, the MPU enters a
Sync state, Stops processing instructions and waits for an in-
terrupt |1 the pending Interrupt is non-maskable (NMII or
maskable (FIRQ, IRQI with its mask bit (F or |} clear, the pro-
cessor will clear the Sync state and perform the normal inter-
rupt stacking and service routine Since FIRQ and IRQ are
not edge-triggered, a low level with a mimimum duration of
three bus cycles 1s required 1o assure that the interrupl will
be taken If the pending interrupt is maskable (FIRQ, IRQ)
with 115 mask bit (F or |} set, the processar will clear the Sync
state and contnueé processing by execunng the next inline
instruction Figure 17 depicts Syne timing

Software Interrupts

A Software Interrupt is an instruction which will cause an
interrupt, and its associated vector fetch, These Software In-
rerrupts are useful in operatng system calls, software
debugging, trace operations, memary mapping, and soft-
ware devaloprnent systems. Three levels of SW1are avallable
an this MCBA09E, and are prioritized in the following order
SWI. SWi2, SWI3

16-Bit Operation

Trne MCBS0OE has the capability of processing 16-bit data
These instructions include loads, stores, compares. adds,
subtracts, transfers, exchanges, pushes and pulls

CYCLE-BY-CYCLE OPERATION

The address bus cycle-by-cycle performance chart (-
[usirates the memary-access sequence corresponding 10
gach possible instruction and addressing mode in the
MCB809E 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
next byte, so this technigue considerably speeds
throughput ) Next, the operation of sach opcode will follow
the flow chart. VMA is an inaicaton of FFFF1g on the ad-
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dress bus, R/W = 1and BS = 0. The following examples |-
jusirate the use of the chart; see Figura 18

Example 1: LBSA (Branch Taken!
Before Execution SP=F000

-
.
-

SB000 LBSR CAT
-
-
-
54000 CAT .
CYCLE-BY-CYCLE FLOW
Cycla # Address Dsta R/W Description
1 3000 17 1 Opcode Fetch
i 3001 20 1 Oftset Hign Byte
3 3002 00 1 Offset Low Byte
4 FFFF . | VMA Cycle
5 ZFFF . 1 VMA Cycle
] 4000 y 1 Computed Branch Address
7 FEFF . | VMA Cycle
8 EFFF 80 D Stack High Order Byte of
Return Address
9 EFFE 03 0 Stack Low QOrder Byte of
Ratuin Address
Example 2! DEC (Extended)
$8000 DEC 5A000
$A000 FCB $80
CYCLE-BY-CYCLE FLOW
Cycle # Address Deta R/W Description
1 8000 TA 1 Opcode Feich
2 8001 AQ | Operand Address, High Byte
3 8002 00 1 QOperand Address, Low Byie
4 FFFF = 1 VMA Cycle
-] A000 B0 | Aead the Data
6 FFFF 5 | VMA Cycle
7 A000 7F 0 Store the Decremented Daia

*Tha data bus has the data a1 that paricular address
MCBB09E INSTRUCTION SET TABLES

The instructions of the MCB80SE have been broken down
into hive ditferent categories. They are as follows:
B-Bit operation (Table 4)
16-Bit operaton (Table 5
Index register/stack ponter instructions (Table B
Relative branches llang or short) [Table 7)
Miscellaneous instructions (Table B!

Hexadecimal values for the instructons are gwen 0
Table 9

PROGRAMMING AID

Figure 18 contains 3 compilation of data trat will assist
you n programming the MCB80SE
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TABLE 4 — 8-81T ACCUMULATOR AND MEMORY INSTRUCTIONS

—

Mnamanic(s)

|

Operation

ADCA ADCH

Agd memory 10 accumulator wWith carry

ADDA. ADDB

Add memory 10 dccumuiator

ANDA, ANDB

And mamory with accumulator

ASL, ASLA, ASLB

Arthmenc shift of accumulator or memary et

ASR, ASRA ASRB

Arithmenc shift of accumulalor or mermary right

BITA, BITB

8it 1est mamary with accumulator

CLR. CLRA, CLRB

Clgar accumuialar or memary locanon

CMPA, CMPB

Compare memory from accumulalor

COM, COMA, COMB

Complement accumulator or memory iocaton

DAA

Decimal adjust A accumulator

DEC, DECA, DECB

Decrement accumulalor or memaory logatan

EORA, EORB

Exgiusive or memary with accumulator

EXG R1, A2

Exctiange R1 wan AZ (A1 A2 = A, 8. CC, OPI

INC. INCA, INCB

InGrement accumulator ar memaory lacatuon

LDA, LDB

Load accumulator from memaory

LSL, LSLA, L5LB

Logical shilt left accumulator or memary location

LSR. LSRA LSAB

Logical shift right accumulator or memary lacanan

MUL

Unsigned multiply |1A = B = D)

NEG, NEGA, NEGB

Negate accumulalor of memary

QAA, ORB

Or memary with accumulator

ROL. ROLA, ROLA

Rotate accumulatar or memory left

RCH, RORA, RORB

Ratate accumulatar or memory fight

SBCA, 58CB

Subtract memary from accumulator with borrow

STA. STE

Store accumulatar 10 memary

SUBA, SUBB

Subtract memary from accumulator

TST, TSTA, TSTB

Test accumulator or memory location

TFR R1, R2

Transter R1 10 RZ (R1, R2 = A B, CC, DP)

NOTE A B, CC ot DP may be pushed o pulled fromi aither stack with PSHS, PSHU (PULS,

PULLUI instructions

TABLES — 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS

Mnemanicls)

Operation

ADDD

Agd memary 10 D accumulatgr

CMPD

Compare memory from O accumulator

EXGD R

Exchange D with X ¥ 5 U or PC

LoD

Load D accumulator from memaory

SEX

Sign Exiend B accumulalor nto A accumuiator

STD

Stgre D acGumuialor 1o memary

SUBD

Subtract memory lrom D accumuiater

TFROD R

Tearsfer Dt X ¥ S U o PC

TFRR D

Transter X ¥ 5 UorPCa 0

NOTE D may be pushec (pulled] to ehar stack with PSHS. PSHL IPULS

PLULUL instruchions
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TABLE 8 — INDEX REGISTER/STACK POINTER INSTRUCTIONS

Inmruction Deacription
CMPS,. CMPU Compare mamary lrom slack pointer
CMPX, CMPY Compare memory Hom indes egisier
EXG A1, A2 Exchangs D X. ¥_S. U or PC with D.X, Y. 5 Uo PC
LEAS. LEAU Load atfective address into stack ponter
LEAX LEAY Load eHective addiess in10 inoeR regisiel
LDS. LDU Load stack pointer from memory
LDx, LDY Load index register from memary
I PSHS_ Push A B CC.DP. D. A, ¥_U_or PC ontg nardware stack
PSHU Push A, B, CC, DP, 0. %, ¥, 5. or PC onta user stack
PULS Pull A, B, CC, DP, D, X. Y, U ot PC from hargware Stack
PULUY Pul A. B, CC. DP. D, X, Y. 5 ot PC from hatdware stack
575, 5TU Siore stack pointer 1o MEMOTY
STX, STY Srore indiex regisier 10 memory
TFR R1. A2 Transler D, X. ¥, 5, UarPC ta D, X. ¥ S, UorPC
ABX Agd 8 accumulaior 1o X (undgned)
TABLE 7 — BRANCH INSTRUCTIONS
Instruction Description
SIMPLE BRANCHES
BEQ. LBEQ Aranch || aqual
BNE, LENE Branch it not equal
Bmi, LBMI Aranch  minus
BPL. LBPL Branch il plus
BCS, LBCS Branch | carry set
BCC. LBCC |Branch il carry cieat
BVS. LBVS Branch il averliow set
BVC, LBVC Branch (| overliow clear
SIGNED BRANCHES
BGT, LBGT Branch ! greater (signed)
BVS. LBVS Branch it invalid 2's complemant result
BGE. LBGE Branch 1f greater than or equal Isigned)
BEQ, LBEQ Branch | equal
BNE, LENE Branch 1l not equal
BLE. LBLE Branch | less than or equal isigned!
BVC LBVC Branch 1 vaid 7% complémant result
BLT, LBLT Branch 1l less than (signed
UNSIGNED BRANCHES
gHL LBHI [ Branch it higher (unsigned)
BCC, LBCC T Branch | hugner or same (unsigned|
BH5. LBHS Branch ! righer or same (unsigned)
BEQ. LBEQ Branch /! equal
BNE. LBNE Branch i not equal
BLS. LBLS Branch || lower or same (unsignad)
BCS LBCS Branch it iower lunsignedl
BLO, LBLOD Branch 1 lowet lunsigned
OTHER BRANCHES
B5A.LBSA Branch 10 SubrouTNE
BRA, LERA Hrancn always
BAN. LBRN Branch never
TABLE 8 — MISCELLANEOUS INSTRUCTIONS
cth Deacnpnon
ANDCC AND condinian code register
CWAI AND conditian code ragister. then wail for interrupl
NOP No operation
QACC OF condition code register
JMP Jump
JSR Jump to subroufing
RATI Raturn fram interupl
RTS Return from subrouting
SWI. SWIL SWi3 Software mterrupt labsoiute indiect!
SYNC Synchronize with intetrupt line

4-322




MC6809E® MCB8A09E* MCE8BOSE

0P Mnpem
00 NEG
0 i

02 .

03 coM
04 LSR
05 .

06 ROR
07 ASR
o8 ASL, LSL
09 ROL
0A  DEC
og *

0C INC
DG TST
né JMP
OF CLR
10 Page 2
1 Page 3
12 NOP
13 SYNC
14 ¢

15 i

16 LBRA
V7 LBSRA
18 .

19 DAA
1A ORCC
B &

16 ANDCC
1] SEX
1E EXG
iF TFR
20 BRA
21 BRAN
2 BHI

23 BLS
24 BHS. BCC
5 BLO, BCS
6 BNE
r 8EQ
28 BvC
9 BVS
A BPFL

2 Ba
2C BGE
20 BLT
JE BGT
2F BLE
LEGEND

Direct
h

Al

Direct

Inherent
Inherenl

Relative
Relanve

Inherant
Immed

Immed
Inneeen

Inherent

Aeiative

*

v

Helalhve

o

L

o @ e L

usnuuuwwuuwmwmwuu

(SRS 3

[ NI S i

"3

L ]

ro R R RDRD RS RIURD R R R R RS RO R RS

TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES

LR REBRYs §

Mnam
LEAX
LEAY
LEAS
LEAU
PSHS
PULS
PSHU
PULY

RTS
ABX
RTI
CWA
MUL

SWi

NEGA

coma
LSRA

RORA
ASRA
ASLA,
ROLA
DECA

INCA
TSTA
CLRA

NEGE

come
LSRB

RORB
ASRB
ASLE,
AOLB
DECB

INCB
7518

CLRB

Mode

Indexed
A

Y
Indexed
Innerent
]

inherent

Inherent

LSLA

innarent

Inherent

LsLB

Y
Innerent

= Numpber of MPL cyches |iess possiDie pusn gull af indexed-mode cycles!
¢ Number ol program bytes
* Denoles unused opeade
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4+
4+
4+
44
5+
B+
5"
5+

5

a
B/15
=2
1

19

2

PRI B R RS S W N1

L

[N

R

P

2

L}

1+
2+
2?

i+
1
pd
2
2

Y - .

o
-

282 RCEBIBHLBRB

NEG

coMm
LSR

ROR
ASR
ASL, LSL
ROL
DEC

INC

111
JMP
CLRA

NEG

com
LSA

ROR
ASR
ASL, LSL
ROL
DEC

INC

TST
IMP
CLR

SuBA
CMPA
SBCA
SUBD
ANDA
BiTA

LDA

EORA
ADCA
QORA
ADDA
CMPX
BSR
LDR

Mode
Indexed

Indexed

Extended

\
Extended

\mmed

A

v
Immed
Relauve

Immed

G+
B+

B+
6+
B+
&+
E"

B+
6+
3+
B4+

e B B B M | - =

- B =~

o bl B B= BRI RD ORI

2
2
2
2
4
7]
3

2+
2+
2*
2+
20’

2+
2+
2+
i+

[PURE R PV T e L L) L b L

R R S T

L ha LD RS R RO R
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82

w
-

ZEELBEBBEE SRERESBBIBBEER

NOTE

TABLE § — HEXADECIMAL VALUES OF MACHINE CODES (CONTINUED)

Mnem Mode
SUBA Direct
CMPA 1\
SBCA
SUBD
ANDA
BITA
LDA

STA

EORA
ADCA
ORA

ADDA
CMPX
JSR

LDX \
STX Dire

[ R I A
BRI NI R RS R R RS RS RS R R KD R RN e

SUBA Inde:
CMPA
SBCA 4+ 1+
SuUBD 6+ 2+
ANDA a4+ 2+
BITA 4+ 2+
LDA 44 2+
S5TA d+ 12+
EORA 4+ 2+
ADCA d+ 24
ORA 4+ I+
ADDA 4+ 2+
CMPX B+ 2+
JSR T+ 2+

.-i ﬁ"
B
+
=

—

STX Indexed B+ 2+

SUBA Extended 5
CMPA A 5
SBCA 5
SUBD 7
ANDA 5
BITA 5
LDA 6
STA 5
EORA 5
ADCA 5
ORA L]
ADDA 5
CMPX 7
JSR 8
LDX * [}
5TX Extended 6

W W W L W W W W W W

All urused opcodes are bolh undelined
and hegal

oP
co
c1
c2

Mnem
suBs
CMPB
SBCB
ADDD
ANDB
BITE

LDB

EORB
4pce
ORB
ADDB
LDo

LDu

SuBe
CMPB
SBCB
ADDD
ANDB
BITE
Loe
sT18
EORB
ADCR
ORB
ADDB
LDD
STD
Lou
s5TU

sues
CMPB
sBcae
ADDD
ANDB
BITE
Lo8
STB
EORB
ADCB
ORB
ADDB
LDD
STD
Lou
STU

SUBBE
CMPB
SBCB
ADDD
ANDB
BITE
LDB
STB
EORB
ADCB
OR8
ADDB
Loo
STD
LDu
STU

Mode
Immed

Immed
Immed

R R BRI R R

W or R R

w

Immed

Direct

U‘U‘lﬂmbhhh&b“ho&-ﬁh

Direct
Indexed

— I
- =
OO e BhBEBBEABROEDS
$rr+rrirtrr At

Indexed
Extended

Extended
Exignaed

mma:mmmmmululmudmmm

Extended
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i

(RS EEnECE

WA R RS

umuunuuuunnunumw (=]

NNMMNMHMMNNNNMNN
g b ek PP R R S8 I

L L G0 L W LWL L

oP

1021
1022
1023
1024
1025
1026
1027
1028
1029
1024
1028
102C
1020
102
102F
103F
1083
108C
108€
1083
108C
109€
109F
1043
10AC
10AE
10AF
1083
0BC
10BE
10BF
10CE
100E
10DF
10EE
10EF
10FE
10FF
113F
1183
118C
1193
118C
1143
11AC
1183
V18C

Mode -

Pege 2 and 3 Machine

LBRAN
LBHI
LBLS
LBHS,
LBCS,
LBNE
LBEQ
LBVC
LBVS
LBPL
LBMI
LBGE
LBLT
LBGT
LBLE
sSwiz
CMPD
CMPY
LDY
CMPD
CMPY
LOY
STY
CMPD
CMPY
LDY
STY
CMPD
CMPY
LDY
STY
LDS
LDS
5TS
LDS
STS
LDS
STS
swia
CMPU
CMPS
CMPU
CMPS
CMPU
CMPS
CMPU
CMPS

LBCC
LBLO

Codes

Relative 5
A 5i6!
516)
518)
5161
5181
581
5(8)
Big!
516)
516)
5(8)
516)
Y LG
Relative 5I6)
Inherent
|mTad
Immed
Direct

DN~ ON

Chrect
Indexed 7+
T+

Indexed 6+
Extended

Extendad
Immead
Direct
Direct
Indexad
Indexed
Extended
Extended
Innerant
Immed
Immed
Direct
Direct
Indexed
Indexed
Extended 8
Exiended B

+

wﬂﬂﬂmmsﬂﬂﬂima}abﬂﬂmm
+

+ *

Humuhhbuhb&lbhhhhhh&hbk

L L W
4N ¥ ¥

WWww s s e

+

+

BB L b bl BB R s
*
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FIGURE 20 — PROGRAMMING AID

Addressng Modes
Immediate Direct Indexed Extendad - 513 110
instruction| Forms [Op =1 #] Op] -1 7] o®] -] F|Oe[ -] 7]Oe] -T¢ Description HIN|Z[V]T
YT 3A1 3| 1B+ X=X (Unsigned elafafa]w
ADC ADCA W 2] 2| @ | & | 2| ag4+[2+|BO| 5 3 ArM+C=A IRERERENE
ADCB co|2| 2| o9]e] 2| E8|as]2~ MRl S5) 3 B+M+C=B tlefafaly
aDoD ADDA 88| 2| 2| 98 |a| 2| AB[4+|2+[BB| 5| 3 AsrM-=A L L )
app |ce|2| 2|oe|e| 2| EB|as|2r|FB] S ) 3 B+M-B ilalelsls
ADDD ca|l4]| 3| p3|6| 2| E3|Ge| 2> F31] 3 D+MM+1=0 efplafef
AND ANDA T 2[ 8 |4 | 2| Aa|4-|2-[Ba] 5|3 AAM=A DRDUE
ANDE calz| 2| pa|a| 2| E8|a+|2+| F4 6] 3 BAM-8 ely|n|o]e
anoce | |3l 2 CC A IMM=CC 7
ASL ASLA s R T A alifefi]
Asts 2| 2| 1| ST o (81 0|11
ASL o8 |6 | 2| 88|&-]2-| 78| 7|3 MTe By g Blufuli|t
ASA Z5RA a2zl v A ——> Bli[a]e]1
AS3R 5y 2 1 BI Blifs]|e|
ASA o7 |6 | 2| 67 |6=|2+| 7] 7] 3 M 7 Blifu]s]
FTE; BITA Bs | 2 9% |a| 2] A5|4+|2-(B5| 5| 3 Bit Test A (M A A sl1|n]|0f"
8T8 s 2| os|a | 2| es|as]2+| 8| 5| 3 Bt Test B (M A 8 s()|t]|0]=
CLA CLRA aF| 2| 1|D=A sfO[1]0]0
CLRB 5F( 2| t|p-B s(O(7|0]0
CLA oF |6 | 2| 6F[Bef2e]7F| 7] 3 0-M s[ol1]0]0
CMP CMPA g1 [ 2] 21 91 |a | 2| A1|d+]|2«]|BYV| 5| 3 Compare M from A Blojrltef
CMPR cr{z] 21 |a]| 2| EVN|[d=|2«|F1 | & | 3 Compare M from 8 Bl
CMPD Ww|le| 4| w0 |73 W|[T+|3+| 10| B]| & Compare M M + 1 fram D elr]bfr]
B3 Ex] A3 B3
CMPS nmnls| a4l M |7] 3] N|7«|3+|N]8B]| 4 Compare M M + | from S sl
BC ac AC BC
CMPL Mmis|a4l 7] 3l N|7=|3«|N]B]| 4 Compae MM« 1 Irom U ANNENRA R
83 33 A3 B3
CMPX 8C |4 | 3| 8C|6 | 2| AC|B=|2+|BC| 7| 3 Compare M M + | from X el
CMPY W|s| 4| w73 W|T7+|3=| 0| B| 4 Camopare M M+ | ltam Y LEERARER
ac 9Cc AC BC
COoM coMa al 2] 1[a=-A BRDEE
coms 53 2| 1|3-8 afrfrfo]
[N COoM 03 )|6| 2(63|6-]2-|73| 71 M=M slift]o]
CWal iC =2 2 CC A IMM=CC War 'or Intertup) 7
BEY) 91 71 1[Decimat Adjust A el a1l
DEC DECA 3l 2] TIA-1—5A SR
DECE 5A| 2| 1|B-1=-B LR RN A
DeC DA |B | 2|BA|Be|2=|7A]| 7| 3 M=T=M afpjfulr)e
EOR c0Ra Bg | 2| 2| @ (4| 2| AB|a~-|2+~|BB]| 5| 3 AW-M=A sfy|r|0O]=
| ECRA cBl2| 2/]08|a}| 2| EB|d4«|2~|FB| 5] 3 B¥M-=B wit|1]0O]e
[£2G a1 Az €] B 2|m1-R2s o|w|o]e]e
~NG INCA acl 2] 1[ae1=A ef1]1]t]e
INCB §C| 2| t|jB«1=8 *1] e
ING OC |6 | 2] BC|B=]2+|72C| 7| 3 M=1=M eluLil) .
imp QE |3 | 2| 6E]3+|2+«| 7E| 4 3 £ad-pC | Mhaai . [l A
JSR 9D |7 | 2| AD|7=-| i+~|BD| B | 3 Jurmp 10 Subroutine sjsjvlele
Lo LDa B6 | 2| 2| 96 |4 | 2| AB|4-|2-|BE| 5 | 3 R CH S
108 Ce| 2] 2| D6 |4 | 2| E6|as]|2«|F6]| 5| 3 M-8 elv]jr]|O]e
LoD LC| 3] 3|0C|S| 2| EC|5«|2+|FC| & | 3 MM.1=D ali|r|o]e
LOS o4&l 4 W0 |6 3| 0]|6+|3+| 0] 7| s MMe1=§ af1f{1]|o]e
CE DE EE FE
(85 V] CE| 3| 3| DE|(5 | 2| EE|S+| 2»| FE} B | 2 MMty b LR L L
LD% BE | 3| 3) 9E | S| 2| AE|S5+|2-|BE| 6| 3 R slyl1|0]e
LDV wl4a| 4] 10|86 3] 06| 3<| 0| 7] 2 WM=l=y slrj1|0]e
8E ElS AE =13
LEA LEAS 12 [a+] 2+ EAd=S ole|o|wfs
LEAL 0|as] 2« eal_y IR
I EAx 0 |as] 2 eadox oflwfg|o|=
Eanw Wlas] 2e L.&-“-—v wlw|||e]|w
_rfqeru M Compiement ot M I Test and set if true, claared otharwise
4P Dperaon Cooe Hexadecimall = Transier inlo *  Not Alectad
- Number of MPL Cycles H o Hail.carty (ram it 31 CC Condition Code Registar
f Numper 3t Program Byles N Negative (sign Dt Concarenation
= Arhmenc Plys 2 leic resull vV Logical or
- Anthmetic Minus vV Qverfliow 2's comgiemen! A Logical and
o Mutiphy C Carry 'rom Alw ¥ Logwcal Exclusive or
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FIGURE 20 — PROGRAMMING AID (CONTINUED)

Addresmng Modes
Immedute Direct Indexed | Extended Inharent §(3]211]0
Instruction| Forms [Op] -~ [7[Os] -] 7| On] =] 71 Op] <1 7 ol - ¢ Description HIN[Z[V]C
LSL LSLA agl 2| A T LN N N
LSL 08| 6| 2| 6a|ge|2-] 78| 2] 3 MIT & ) slofe]i]s
LSR LSRA “lal] & ) S OE
LSAB sl 2] ﬂ,“*m*ﬂ efoi]el:
LSA D4) 6] 2| 6alGe|2+| 74| 7] 3 by 0. ¢ lelglylefa
MUL | ] 1 [A«B=0Unsgnea slo[1]aTa]
NEG NEGA Ol 21 1][A=1-2a Blou]s[e
NEGS S| 2] 1|1~ Blor]e |t
NEG 00| 8| 2| 60|6+| 2] | 7| 3 Me1=M AR INERE
NOP 187172 1 |No Cperasar e|alalala
OR ORA BAl 2 | 2| 9A| 4 21 aala«] 2+ BA| 5[ 3 AVM=2a ol Sl
OfB CAl 2 (2| DA] a| 2| EAala«|2+| FAa| 5| 3 BVM-B LI 3
QRCC 1Al 3 |2 CCV IMM=EC 2
PSH PSHS | 34|s+3] 2 Push Registars an S Siack “lefee
PSHU %|5+9] 2 Push Aegisters o0 U Siace RN
PUL PULS 35 |5+% 2 Pull Registers tram S Srack sfefe]e]e]
PULU 7|54 2 Pull Registers lram U Stack o o (s
ROL ROLA al 2] v o uged
ROLB fsa'ﬂll—Dﬂ-DI]I[m-\-||t:
ROL )6 2] 69|64 2+] | 7| 3 olifi]i]e]
ROA ACAA s 2] =1 [ ]efu]
RORB 55| 2 1 M! Ly et
AORA 66| 2 668|6+|2+] 7| 7] 3 ® [ ])]e]t
RTI 3B |6/18 1 |Rerurn From Inlgnupl 3
RTS W] 5] 1 [Return from Subroutine BT
SBC SBCA BRI 212924 2] A2[da+]2<[B2[ 5] 3 A-M-C-a 841 |4 |r :l
SBCB C2| 2 |2|02) a| 2| E2|a+|2+]| F2| 5 3 B-M-C-B i 1 bels
SEX 0] 2] 1 [Sign Extend B in1o & D .
T STA e 2] a7[a~[2+[87]| 5] 3 A=M EITED
AL D7) a| 2| €7|a«|2+| F?| 5] 3 B=M Ll T ol
STD DO 6| 2| ED|5+| 2+|FD| 86| 3 D-MM=1 LR
STS W[ 6| 3] 0|6+ 0] 7| & S=MM=1 ol .
DF EF FF ‘ |
5TU DF| 8| 2| eF|s+| 2+ Fr| 8] 3 U=M M= sl |
5TX 9 | 5| 2| AF|5+]| 2+ B8F| 6| 3 X=M M= oy 3]s
5TY 0] 8 ifw 1al ? 4 T=-MM=1 " IE c|
gF aF |84+| 34| BF | |
suB SUBA 80| 2 |2(%|a|2|A0]a+[2+|BO| 5| 3 A-M=A 81t 1]
SuBB COl 2 {2 |D0JAa ]| 2|€EC(a+i{2+]|F0]l 5] 3 B-M=B - IO S ‘
SUBD B3| 4 |3|93|16] 2|A3]e+|2+|B3|7] 3 D-MM+1=D I [N R
Swi swi 3F [ 19| 1 [Sohware imerrupr | 4 L2 LA U
swif 10| 20| i |Sattware interrupl 2 v|¥ v wle |
IF
swié 11| 20| 1 [Sotiware interrupt 3 LN DR
JF |
SYNC 13 | 4] 1 [Synchronize 10 Interrupt o [o TaTaTe
TER A1, A2 F| 8] 2 [R1-R2? ® (s = | |s
TST TSTA a0 2 [ 1 [Test & o141 [0 ]e
T5T8 50| 2 | 1 |TestB =1 ] |0 |e
ST o|6|z2]|e0|e+|2+]m]| 7] 3 Test M ot fr [o]s]
Notes:
1 Thiscolumn gives a base cycle and byte count. To obiain rotal count, add the values obtaned from the INDEXED ADDRESSING MODE rabie
Table 2

2. A ana R2 may be any pair of 8 tit ar any pair of 16 bir registers
The B bit registers are: A, B, CC. DP
The 16 bit registers are: X, ¥, U, S, D, PC

EA is the effective address

The PSH and PUL instructions require 5 cycles pius 1 cycle for each byte pushed or pulled
5(6) means: 5 cycles it branch not taken, B cycles if taken (Branch instructions!

SWI sets | and F tits SWI2 and SWI3 do not atfect | and F

Conditons Codes set as a direct result of the instruction

Vaue of hall-carry flag is undefined

Special Case — Carry set i b7 15 SET

0 m - a w
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FIGURE 20 — PROGRAMMING AID (CONTINUED)

Branch Instructions
| egenee [ o |
|_Mode
: 210 2l2l10
Instruction | Forma [ OP] - § Dwacrip HIN|ZIVIC Forma |OP|- 5§ Dascription HIN|Z|VIC
8cc |8cc 43 Branen C=0 lefelals 85 BLS B3 Branch Lowse ofalalels
‘LBCC 10 | 5181 Long Branch s o w|ale oF Sarne
| 24 C=0 LaLs 10 | ste1 Long Branch Lower [ s |e|e|a
8CS |3CS x| 3 Branch C=1 s[**]=]+ 1 ot Same
|Lacs 10 [ Bil Lang Branch tlelnjale aLr aLT 0| 3 |Branch < Zares = =
| ) L=t LBLT 10 | 5i8) Long BrancheZara |» || a|o |
BEQ BEG a3 Braren 2et o|o{n|nfn i)
LBEQ 10| S Liang Brancn 0o nle ami ami 8| 3 Branch Minus *leje]|nla
a7 I=0 LBMI 10 | 5461 Lang Branch Minus [« [» e[|«
BRGE BGE | 3 Branch = Zera AR 28
LBGE J 10 | 516} Long Branchziero |e|e|e|s|a BNE BNE -1 I Braneh 2 =0 e nnn
| 2 LBNE 10 | 5161 Long Branch alelm|n|s
AGT lseT [ 2| 3 Branch > Zero ow|aln]n % 2el
LBGT ‘ 10 | 581 Long Branch>Zarc | o[ e e/ e] e BPL BPL 241 3 | 2 [Branch Plus . ol
E LBPL L RET T Lang Branch Plus o aln|le]e
BHi am 2| 3 Branch Higner sfa[a]n]e A
LBRI 10 | 561 Long Brancn Highar | = [« | | & ARA BRA 2| 3 | 2 [Branch Aiways slalelaln
2 LBAA w)s |3 Long Branch Always (= |« | s | &
8HS BHS 4] 2 Branch Higher elelofa|e BAN BAN 1] 3 2 [Branch Never slafufele
or Same LBRAN 1015 | 4 |Long Branch Nevar [ ||+ ]|«
LBHS 10| Si6) Long Branch Higher | » | » |« s| s i
M of Same BSR BSA B0 7 | 2 |Granch 1o Subrounne (= | = |8 |5 |8
8LE BLE *13 Branch s g Slalefaln LBSA 171 9 | 3 |Long Branch 10 ololalele
LBLE 10 | 56 Long BranchsZera | e |s|s|a]s &
z "BVC BVC [ 3 |2 [Brancnv=0 OGO
BLO BLO F 1 BB Branch lowar HEDEE LBvc 10 | 5i81 Long Branch wlalelais
LBLO 10| %181 Long Branch Lawer || s/ e| s« e V=0
5 hivg avs ] 3 ranch Vm 1 " 0
LBvS 10 | 5 Long Branch wlefla|n|n
ol Vol

SIMPLE BRANCHES

3RA
LBRA
BAN
LBAN
BSR
LBSA

op

20
16
A
oz21

8D
17

W W oo

L AL R TR N

SIGNED CONDITIONAL BRANCHES {Notes 1-4)

Test True oP Falsa oP

>m BGT 2E BLE F

ram BGE 2C BLT D

r=m BEQ 27 BNE 26

rsm BLE 2F BGT 2E

t<m BLT 20 BGE e
Notes

[ R S

All condinonal branches have both shart and long variations
All short brancnes are 2 bytes and require 3 cycles

All conthtional long branches are
All conginonal Iong branches req
5I8) means 5 cycies it branch n

4.327

SIMPLE CONDITIONAL BRANCHES (Notes 1-4)

Tost True op False oP
N=1 BMI 28 BPL 2A
2= BEQ 27 BNE 26
V=1 8vsS 2 BvC 28
C=1 BCS 25 BCC 24

UNSIGNED CONDITIONAL BRANCHES {Notes 1-4)

Test True oP False oP
>m BHI 2 BLS 23
rzm BHS 24 BLO 5
r=m BEQ 27 BNE 26
rsm BLS 23 BHI 22
rem BLO 25 BHS 24

or 5 cycles f the branch is not taken

formed by prefixing the snort branch opcode with $10 and using a 16-bit destination offset
uire 4 bytes ana & cycles | the branch s taken
of taken, 6 cycles if taken
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INDEXED ADDRESSING MODES

NOMN INDIRECT INDIRECT
Assembler| Post-Byte + | Assembler| Post-Byte |- | -
TYPE FORMS Form | OP Coce v Form | OP Code .
CONSTANT OFFSET FROM R NO OFFSET R 1RRO0100(0| 0O | Al 'RA10100(3| 0
5BIT OFFSET n R |ORRPnnnn|Y |0 delaults to 8-bit
B BIT OFFSET nA TRAOT1000| V|1 In.R| |TAR11000 41
16 BIT OFFSET n A |1AR0100Y|4[2]| in Al [1RR11001(7]2
ACCUMULATOR OFFSET FROMR A—REGISTER OFFSET AR TRRDOYID|Y |0 |A.R| |YRR10110]4|0
B—REGISTER OFFSET| B8,R 1RRO0101 (1|0 18.R] [1RR10101 (4|0
D—REGISTER OFFSET| D R 1RAD1011 |40 ID.R| [1RA11011[7|0
AUTO INCREMENT /DECREMENT R INCREMENT BY 1 R« YRROO0OD (2| 0 not allowed
INCREMENT BY 2 R+« [VRROD0OT(3[0( | R--| [1RR10001|6
DECREMENT BY 1 -R  |1RAR00010|2| 0 nol allowed
DECREMENT BY 2 - -R |1RAD001Y (3|0 | | - -A| [1RA0O11 (6|0
ICONSTANT OFFSET FROM PC 8 BIT OFFSET n PCR [TXX01100(1[1 | |n, PCA| [1XX11100 (4|1
16 BIT OFFSET n. PCR ixx011015{2 | |n. PCR| |1xX11101[8]2
EXTENDED INDIRECT 16 BIT ADDRESS - - == Inj 10011111 [5)2
R=X Y U oS RR: 00 =X 1W0=0
X = DONT CARE 01=Y 11=5§
INDEXED ADDRESSING POSTBYTE
REGISTER BIT ASSIGNMENTS 5809 PROGRAMMING MODEL
e A ADDRESSING
MODE [ \":— index EE:
OfR|[ Al &] ale] o] EA = A « 584 Oitem
'|RiR|D]oO|ojojo A . POMILE REGISTERS
| U — User Stack '
tIRlR]iIjoloflal A= = S e
B I3 3 B 0 Y N ot
tIRIAlJafal ] =Xy
T{RrlaliJalv[a]a EA = A+ (0N | PC l PROGAAM LoumTES
1 Rl R ] o 1 a 1 EAw A+ ACCH Qliusy
BEIERE I ERER ) EA = R = ACCA Oftser | a ] ACLUMLL S T8
tirinlilrv]olafo EA » A » 8 81 Ofise ™ = ~
BRI rjolo]1 EA = A » 16 Bi Ottyer o
HBIE 2R Ea = A - [ Oitsm e
VJelali[rv[1]o]a] Ea= PC+aBnonm DP__| mimect Pack AFGISTER
TTe [ T[T | 7[0] 7] EA = PC» 18 &1 Oinat | {lebn $C — CONDITION CODE
AN LY. ER RN A = | Agoress) J | CARRY BOEROW
DINEmEL O
| i J 1 ZERD
— . e EGATHE
| ———— Addressng Mode Fieig |__ el :'ﬁ;“,_‘“f:::" M
InEire! Fig ALY INTEARUAT MAts
150 Bit wheei b = () — ENTRE STaTE D STaCK
——— _Megiaim Fma AR
o= x
[FL
&= 0o Care 0-
e s
PUSH/PULL POST BYTE #809 STACKING DRDER
I O 9 Y [
L}
(= cc
a &
;| B
1 DPA pe 6808 VECTORS
X L FFEFE Aestan
¥ ¥Lia FEFC MM
5 Ly b FFFA SwWi
PC Yia FFFR IRQ
UisSH FFFE FiRQ
TRANSFER/EXCHANGE POST BYTE YiSio FFF4 Swiz
——— - 2C Hi FEF2 SWi
| source Juesru_um-mf W."I.,t: FFFQ: esarved
REGISTER FIELD ARRIECER
INCREASING
0000 DOiAB) 000 A
oo R oot 8 MEMORY
oo v 0 coR #
DorY U il PR
mpa s
gy PC
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ORDERING INFORMATION

A= 15 MHz
B=2.0 MHz
Dewea

Package

P = Plasnc
S= Cercip
L= Caramuic

Blanks= 1 0 MKz

In MEB0D Family

Tempersure Rangs
Blank = 0*= 4 70°C
Com -a0*— s p5°C

Beter program processin
suthx laniers 1o pan number

Level 2 add "D

Lovel 1 “S” =10 Temp Cycies - (- 2510 150°C).
Hi Tamp testing a1 T4 max

Level 2 D" = 188 Hour Burn-in ay 125°C

Level 37'DS" = Combinston of Lavel | ang 2

Level | agg 'S’

MCB8A09
Motorola Integrated Circun ——I T
MEB0O Farmily |

BETTER PROGRAM

@ 18 available on all \ypes listed Agg

Level 3 a0d DS

Speed Devics Temparature Range
1.0 MH2z MCBBO9EP, L, S 0 1o 70°C

1.5 MHz MCB8ADIEP | S 01w +70°C
2.0 MHz MCB8BO9EP,L,S Orwe +70°C
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