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The EF6809 is a revolutionary high-performiance é-bit microproceéso.r
which supports modern programming tech

dence, réentrancy, and modular programming.

Ths third-generation addition to the 6800 Family has major architecturat
improvements which include additional r
modes. .

The basic instructions of any computer are greatly enhanced by the
presence ot powerfui addressing modes. The EF6809 has the most complete
set of addressing modes available on any'8-bit microprocessor today.

The EF6809 has hardware and soliware Teatures which make it an ideal
processor for higher lavel language execution or standard controllec applica-

EF6800 COMPATIBLE

Hardware — Interfaces with All 6800 Peripherals
Software ~ Upward Source Code Compatible Instruction Set and
Addressing Modes

ARCHITECTURAL FEATURES

Two 16-Bit Index Registers

Two 16-8it Indexable Stack Pointers

Two 8-Bit Accumulators can be Concatenated to Form One
16-Bit Accumulator ;

Direct Page Register Allows Direct Addressing. Throughout Memory

WARE FEATURES

On-Chip Oscillator (Crystal Frequency =4 x E}
OMATBREQ Allows DMA Operation on Memory Refresh

-Fast Interrupt Request Input Stacks Only Condition Code Register

and Program Counter
MRDY Input Extends Data Access Times for Use with Sfow
Memory
Interrupt Acknowledge Qutput Allows Vectoring by Devices
Syne Acknowledge Output Allows for Synchronization to External
Event :
Single Bus-Cycle RESET
%ﬂgle 8-Volt Supply Operation

| tnhibited After RESET Until After First Load of Stack Pointer
Early Address Valid Allows Use with Slower Memories
Early Write Data for Dynamic Memories

SOFTWARE FEATURES
[ ]

10 Addressing Modes
® 6800 Upward Compatible Addressing Modes
Direct Addresding Anywhare.in Memory Map
Long Relative Branches
Program Counter Relative -
True indirect Addressing
Expanded Indexed Addressing:

0-, 6-, 8-, or 16-Bit Constant Offsets

8- or 16-Bit Accumulator Offsets

Auto Increment/ Decrement by 1 or 2
Improved Stack Manipulation
1464 Instructions with Unique Addressing Modes
8 x 8 Unsigned Multiply
16-Bit Arithmetic
Transter/Exchange All Registers
Push/Puil Any Registers or Any Set of Registers
Load Effective Address

LI A Y

niques such-as position indepen- .

gisters, instructions, and addressing

HMoOs

(HIGH DENSITY N-CHANNEL, SILICON-GATE}

8-BIT
MICROPROCESSING
CUNIT

CB-182

40

LCASES*

- . PSUFFIX
PLASTIC PACKAGE

1 ALSOAVAILABLE
JSUFFIX - C SUFFIX
CERDIP PACKAGE CERAMIC PACKAGE
‘v - CB708
FN SUFFIX - E SUFFIX
PLCC 44 LCCC 44

Hi-Ref versions available - See chapter 9

PIN ASSIGNMENT
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MAXIMUM RATINGS 87D 08339 D T-49- |7-06 4
Rating - Symbol Value Unit thsd " 3
. — T is device contains crcuiiey to protect the T
; Supply Voitage - vee 03t +70] V nputs aganst damage due to high statc
Input Voltage - .1 VYin -0310 +70} V . voltages or elecinc fields, however, it 1s ad-
Operating Temperature Range = TLtwo T . : wised that normal precaulions be taken to
£F68009, EF68A09, EF68B09 . Ta Qo +70 | °C avoid apphcation of any voltage higher than
EF6809. EF68A09, EFG8B09 : V suffix CE o ~40 10 +85 maximum fated voltages to this high im-
EF6800. EF68A09 M suffix I -551t0 +126 ‘pedance circuit Relability of operation 15
~ ° enhanced if unused npuls are tied 1o an ap-
Storage Temperature Range Ts(g 55 10 +150 ¢ propnate logic voltage levels te.g . enther
THERMAL CHARACTERISTICS : ) Vss or Vo)
C istic Symbol Value Unit
Thermal Resistancé
Ceramme 50 .
Cerdip AL 60 °CIW
Plastic ’ 100
PLCC - - © 100
POWER CONSIDERATIONS
The average chip-junction temperature, TJ. in °C can be obtained from:
T =TAa+I(Ppedga) . m
Where:
Ta=Ambient Temperature, °C -
8 ya = Package Therma! Resistance, Junction-to-Ambient, °C/W
Pp=P|NT + PPORT
PINT=lcC X Vee. Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < PINT and can be neglected. PPQRT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T {if PPORT is neglected} is:

Pp=K~I(Tj+273°C) (2}

Solving equatians 1 and 2 for K gives:

K =Ppe(Ta + 273°C) +8JA*PD2 {3)

Where K 15 a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp {at equilibrium}
for a known T A. Using this value of K the values of Pp and T can be obtained by solving equations { 1) and (2J iteratively for any
value of T, .

ELECTRICAL CHARACTERISTICS
(Vee=50V £5%, Vgs=0, Tao=TLto Ty unless otherwise noted}
Char isti Symbol Min Typ | ~ Max Unit
Logic, EXTAL VIH Vgg+20 | — vce

loput High Voltage ESET ViHR Veg+4.0 _ Ve v

nput Low Valtage Logic, EXTAL, RESET ViL | Vss-03| — | Vss+08; V

\nput Leakage Current . _

(V=010 5.25 V, Vce=max) togc|  hn - 25 KA
dc Output High Voltage
liLpad = — 205 A, Voo =min} 00-07 v Vgg+24 | — - v
load = — 145 pA, Ve =minl AO-AY5, RIW, Q, £ OH | ygg+24 | — -
U gad= ~ 100 gA, Vo =raun} BA, BS Vgg+24 | — -
de Qutput Low Voltage _ _
tl gag =20 mA, Vcg=mnl Vou Vss+05 | V
Internal Power Dissipation {Measured at Tp=0°C in Steady State Operation} PINT - - 1.0
Capaciance * ]
WVjn=0, TA=26°C, f=1.0 MHz] Do-D7, RESET | Gin - 10 15, | oF
Logic Inputs, EXTAL, XTAL - 10 5
A0-A15, R/W, BA, BS | Cout = - 15 pf
Frequency of Operation EF6808 04 - 4
N {Crystal or External Input) EF68A09 | fxTAL 04 - - 6 MHz
EF68809 04 - 8
Hi-Z (Off Statel Input Current. DO-D7 \ - 20 10 A
(Vin=04 102 4V, Vg =max! AQ-A15, R/IW TSl _ ~ 100 #
* Capacitances are periodically tested rather than 100% tested. _ -
1-112
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FIGURE 1 ~ BUS TIMING
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2!

. A EF6809 EF68A09 EFG8B09 .
N|gemnl:er Characteristia Symbol | Max | Min | Max | Min ] Max [
1 Cycle Time (See Note 5) teye 1.0 10 |0667] 10 | 05 10 s
Puise Width, £ Low PWg | 430 [ 5000 280 5000 { 210 | 5000 | ns
3 Pulse Width, £ High PWen | 450 [15500] 280 15700 220 [ 15700 | ns
4 Clack Rise and Fall Time Iy - %5 - 25 - 2G { ns
5 Pulse Widlh, Q High PWQH | 430 5000 280 | 5000 | 210 | 5000 | ns
6 Pulse Widih, Q Low PWqL [ 450 |16500] 280 15700} 220 [15700 | ns
7 Delay Time, E to Q Rise 1Ays | 200 | 250 | 130 | 165 |. 80 | 1256 | ns
S Address Hold Time” (See Note 4} WH | 0 - 12} -T2 ~ |ns
10 BA, BS, R/W, and Address Valid Time to Q Rise tAQ 50 - 25 = 15 - ns
1 17 Read Data Setup Time tDSR 80 - 60 - 40 - ns
F 18 Read Data Hold Time" pHR | W ] — 0] —J10] -"Ins
P 20 Data Delay Time from Q tppa | - ] 200f — |40} - [ 110 | ns
21 White Data Hold Time " WDHW [0 | - 1 30| - ]3] - |ns
29 Usable Access Time (See Note 3} tacc {695 —~ [ 440 ~ 330 - ns
" WESET e 80 810 ey | s (@0 | — || - [wo| ~ |
Crystat Oscillator Start Time (Figures 6 and 7} tRC - 100 - 100 | — [ 100 | ms
E Processor Control Rise and Fali Time (Figures 6 and 8! PCetpgrf — (100 — |00} — | 100 | ns
'{ 'Address and data hold times are penodically tested rather than 100% tested. °
3 NOTES:

1. Voliage fevels shown are V| <0.4 V, V= 2.4 V, unless otherwise specified.

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified.

3. Usable access time is computed by: 1~4—7 max + 10— 17.

4. Hold time (@ ) tor BA and BS is not specified. :
5. Maximum tgyc dunng MRDY or DMA¢BREQ is 16 ps. - H

=113
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FIGURE 2 — EF6809 EXPANDED BLOCK DIAGRAM
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FIGURE 3 — BUS TIMING TEST LOAD ‘ PROGRAMMING MODEL

As shown in Figurs 4, the EF6809 adds three registers to

the set available in the EF6800. The added registers include

50V a direct page register, the user stack pointer, and a second
index register. .

Ry = 2.2k ACCUMULATORS (A, B, D}
The A and B registers are general purpose accumulators
which are used for arithmetic calculations and manipulation
of data. .
Certain instructions concatenate the A and B registers to
1NO16 form a single 16-bit accumulator. This is referred to as the D
or Equiv. register, and is formed with the A register as the most signifi-
cant byte.

1N4148
or Equiv.
Test Point

DIRECT PAGE REGISTER (DP)
The direct page register of the EF6809 serves to enhan-

C = 30 pF for BA, BS = 11.7 k2 for DO-D? ce the direct addressing mode. The content of this register
130 pF for DO-D7, E, Q 16.5 k for AG-A1S, E, Q, R/W appears at the h.xgher address outputs {A8-A15) during di-
90 pF for AG-A15, R/IW 24 kN for BA, 8S rect addressing instruction execution. This allows the di-

rect mode to be used at any place in memory, under pro-
gram control. To ensure 6800 compatiblity, all bits of
this register are cleared during processor reset.

L T
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FIGURE 4 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT
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INDEX REGISTERS (X, Y)

The index registers are used in indexed mode ot address
ing. The 16-bit address i this register takes part in the:
calculation of etlective addrusses. This addrass may b used
to powit to data directly or may he modilied by an optiotial
constant or register offset. During some indexed modes, the
contents of the index register are incremented or decrement
ed to point to the: next item of tabular type: dinta All tour
pointer registars tX, Y, U, STmay bizused as index registers

STACK POINTER {U,S)

The hardware stack ponter (S) is used automatically by
the processor during subrouting calls and intarrupts. The:
stack pointers of the EF6808 point to the top of the stack, in
contrast to the EF6800 stack ponter, which pointed 1o the
next free location on the stack. The user stack pointer (U) s
controlled exclusively by the programmer. This allows
arguments to be passed to and {rom subroutines with e
Both stack pointers have the same: indexed modiz addressing
capabilities as the X and Y registers, but also support Push
and Pull instructions. This allows the EF6803 to Bt used efh
ciently as a stack processor, greatly enhancing s ability to
support higher level languages and modular programnming

PROGRAM COUNTER

The program counter is used by the processor to poirt 10
the address of the next instruction to he executed by the pro-
cessor. Relative addressing is provided aliowing the program
counter to be used like an index register 1n some Situations

CONDITION CODE REGISTER
The condition code register defines the state of the pro
cessor at any given ume. See Figure 5.

1-115

FIGURES CONDITION CODE REGISTER FORMAT

(Telnlidn]2dv]c]
l—_l— Carry
Overflow
Zero
Negative
1RQ Mask
L Hall Carty
FIRQ Mask.
Entire Flag

CONDITION CODE REGISTER
DESCRIPTION
BIT 0 (C}

Bit 0 1 the carry Hag, and s usially the: carry from the
inary ALU € 15 also used 1o epesent i ‘borow’ from
subtrat Ike: nstructions (CMP, NEG, SUB, SBCHand s the
romplement of the carry from the inary ALV

8IT 1 {V)

Bit 115 the overflow flag, and s st 10 8 one: by an opisn
tion which causes a signed two's complerment arithimetic
overilow. This overflow 15 detected n an opeation in which
the carry from the MS B in the ALU dorss not misteh thee carry
from the MSB 1.

BIT 2(2)
Bit 215 the: 210 flag, and 15 56010 4 One ol the: st of the
previous operstion wils dentically 2600

* e e ir———s ) 3 CTERSR i

D P
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BIT 3 (N}

Bit 31s the negative flag, which containg 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}

81 415 the TRQ mask bit. The processor will not recognize
nterrupts from the 1RQ line it this bit 1s set to a one. NMJ,
FIRQ, 1RO, RESET, and SWI all set | to a one. SWI2 and
SWI3 do not affect |

BIT 5 (H)

Bst 515 the hali-carry bit, and is used to indicate a carry
from bit 3 1n the ALU as a result of an 8-bit addition only
LADC ot ADD). This bit 1s used by the DAA instruction to
perform a BCD decimal add adjust operation. The state of
this flag 1s undefined in all subtract-like instructions.

BIT 6 (F}

Bit 6 i1s the FIRQ mask bit. The processor will not
recognize interrupts from the FIRQ line if this bit is a one.
NMI, FIRQ, SWI, and RESET all set F to a one. IRQ, Swi2,
and SWi3 do not affect F.

BIT 7 (E)

Bit 7 1s the entire flag, and when set to 3 one indicates that
the complete machine state (all 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 E
teft in the condition code register represents past action.

PIN DESCRIPTIONS

POWER (Vss, Vce)
Two pins are used to supply power to the part: Vs is
ground or 0 volts, while Vg is +5.0 V +£56%.

ADDRESS BUS (A0-A15)

Sixteen pins are used to output address information from
the MPU onto the address bus. When the processor does
not require the bus for a data transfer, it will output address
FEFF16, R/W = 1, and BS = 0; this is a “dummy access” or
UMA cycle. Addresses are valid on the rising edge of Q. All
address bus drivers are made high impedance when output
bus available {BAJ is high. Each pin will drive one Schottky
TTL load or four LSTTL loads, and 90 pF.

DATA BUS (DO-D7)

These eight pins provide communication with the system
bidirectional data bus. Each pin will drive one Schottky TTL
load or four LSTTL Joads, and 130 pF.

87D 09343
READ/WRITE R/W)  T-4q-]7-0&

This signal indicates the direcuion of data transfer on the
data bus. A low indicates that the MPU 1s wrnung data onto
\he data bus. R/W is made high impedance when BA s
high. R/W is valid on the iising edge of Q.

RESET -

A low level on this Schmitt-tngger input for greater than
one bus cycle will reset the MPU, as shown in Figure 6. The
reset vectors are fetched from locations FFFE(g and FFEF1g
(Table 1) when interrupt acknowledge 1s true, {BAeBS=1)
During initial power on, the RESET tine should be held low
until the clock osciltator is fully operational. See Figure 7

Because the EF6809 RESET pin has a Schmitt-tngger in-
put with a threshold voltage higher than that of standard
penpherals, a ssmple R/C network may be used to resel the
entire system This higher threshold voltage ensures that all
peripherals are out of the reset state before the pracessor

HALT

A low fevel on this input pin will cause the MPU to stop
running at the end of the present instruction. and remain
halted indefinitely without loss of data. When halted, the BA
output is driven high indicating the buses are high im-
pedance. BS is also high which indicates the processor is in
the halt or bus grant state. While haited, the MPU will not
respond to external real-time requests {FIRQ, IRA! although
DMA/BREQ will always be accepted, and NMT or RESET will
be latched for later response. During the halt state, Q and E
continue to run normally. If the MPU is not running {RESET,
DMA/BREQ), a halted state (BA*BS = 1) can be achieved by
pulling HALT low while RESET is stilt low. 1f DMA/BREQ
and HALT are both pulled low, the processor will reach the
fast cycle of the instruction {by reverse cycle stealing) where
the machine will the become halted. See Figure 8.

BUS AVAILABLE, BUS STATUS (BA, BS)

The bus available output is an indication of an internal
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 fow, a
dead cycle will elapse before the MPU acquires the bus.

The bus status output signal, when decoded with BA,
represents the MPU state (valid with leading edge of Q).

MPU State MPU State Dafinition
BA BS

0 0 Normal {Running}

0 1 interrupt or Reset Acknowiedge
1 0 Sync Acknowledge

1 1 Halt or Bus Grant Acknowledge

D
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FIGURE 7 — CRYSTAL CONNECTIONS AND OSCILLATOR START P
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NOTE: Waveform measurements for all inputs and outputs are spegified at logic high 2.0 V and logic low 0.8 V unless otherwise specified.

EF6809

Y1 Cn | Cow |
8 MHz 18 pF 18 pF
6MHz | 20pF 20 pF
4MHz | 24 pf 24 pF

i

s 1 D| " Nominat Crystal P
' ¥ 3.68 MHz 4.00 MHz 6.0 MHz 8,0 MHz
. ~ Rs 0o - 600 0500 20400
M E—’\MT c 36 pF 6.5 pF 46 pF 46 pF
» ct fig 30 cl - 0.016 pF 0.025 pF 0.01-0.02 pF | 0.01-0,02 pF
r Q >40k >30k >20k >20k
JI( All parameters are 10% .
NOTE: Thesa are representative AT-cut crystal parameters only. Crystals of other
types of cut may also be used.

<
Typical PC Board Layout
for Crystal Area
20 mm max. _

IR,

L)
T

Other Signals
Not Wired In
This Area.

1-118
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FIGURE 8 — HALT AND SINGLE INSTRUCTION
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NOTE. Waveform measurements for all inputs and outputs are specified al

INTERRUPT ACKNOWLEDGE is indicated during both
cycles of a hardware-vectot-fetch (RESET, NMi, FIRQ, [RQ,
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 vectoring by
device. See Table t.

SYNC ACKNOWLEDGE is indicated while the MPU is
waiting for external synchronization on an interrupt line.

HALT/BUS GRANT is true when the MCB809 is in a halt
or bus grant condition.

TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS

Memory Map For
Vector Locations Interrupt Vector
Description
MS LS
FFFE EFFF RESET
FFFC FFFD KM
FFFA FFFB SWi1
i FFF8 FEF9 iRQ

FFF6 FEF7 FIRQ
FEF4 EFFS SWi2
FFF2 FFF3 SWi3
FEFO FFF1 Reserved

NON MASKABLE INTERRUPT (NMT}*
A negative transition on this input requests that a non-
maskable interrupt sequence be generated. A non-maskabie

fnstruction
Opcode

t logic high 2.0 V and logic low 0.8 V unless otherwise specified.

interrupt cannot be inhibited by the program, and also has a
higher priority than FIRQ, 1RQ, or software interrupts. Dur-
ing recognition of an NMI, the entire machine state is saved
on the hardware stack. After reset, an NMI will not be recog-
nized until the first program foad of the hardware stack
pointer (§). The pulse width of NMI low must be at least one
E cycle. If the NMI input does not meet the minimum set up
with respect to Q, the interrupt will not be recognized until
the next cycle. See Figure 9.

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-
quence has priority over the standard interrupt request
(iRQ), 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 RTL 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 TRQ stacks the entwe machine state it provides a
slower response to nterrupts than FIRQ. IRQ also has a
lower priority than FIRQ Again, the interrupt service routine
should clear the source of the interrupt before doing an RTI. l
See Figure 9. ¢

*NM1, FIRQ, and TRQ requests are sampled on the falling edge of Q. One cycle is required for synchromzation befote these interrupts are recog-
nized. The panding interruptist will not be serviced until completion of the current instruction unless a SYNC or CWAI condition 1s present If iRQ
and FIRQ do not remain fow untd completon of the current instruction they may not be recagmized However, M1 15 laiched and need only re-
main low for one cycle. No interrupts are recognized or latched between the falling edge of RESET and the nsing edge of BS indicating

RESET acknowledge.

=
'
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XTAL, EXTAL

These inputs are used to connect the on-chip oscillator to
an external parallel-resonant crystal Alternately, the pin
EXTAL may be used as a TTL level input for external timing
by grounding XTAL. The crystal or external frequency is four
umes the bus trequency. See Figure 7. Proper RF lfayout
\echrigues should be observed in the layoul of printed circuit
boards

E, Q

E 1s sirmilar to the EF6800bus timing signal phase 2; Qs a
quadrature clock signat which leads E Q has no parsallel on
the EF6800. Addresses from the MPU will be vahd with the
leading edge of Q. Data is latched on the (alling edge of E.
Timing for E and Q is shown in Figure 11.

MRDY*

This input control signal allows stretching of E and Qto
extend data-access time. E and Q operate normally while
MRDY is high. When MRDY is low. E and Q may be stretch-
ed in integral muftiples of quarter (%) bus cycles, thus allow-
ing interface to slow memories, as shown in Figure 12{a).
During non-valid memory access (VMA cycles), MRDY has
no effect on stretching € and Q; this inhibits slowing the pro-
cessor duning “'don’t care’” bus eccesses. MRDY may also be

T=19-17-06&
used to stretch clacks {for slow memory} when bus control
has been transferred to an external device (through the use
of HALT and DMA/BREQ).

OMA/BREG" 87D 09348 D

The DMATBREQ input provides a method of suspending
execution and acquining the MPU bus lfor another use, as
shown in Figure 13. Typical uses include DMA and dynamic
memory refresh.

A low level on this pin will stop instruction execution at the
end of the current cycle unless pre-empted by self-refresh.
The MPU will acknowledge DMA7BREQ 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 self-refresh.
Self-refresh requires one bus cycle with a leading and trailing
dead cycle. See Figure 14. The self-refresh counter is only
cleared if DMA7BREQ is inactive for two or more MPU
cycles.

Typrcally, the DMA controfler will request to use the bus
by asserting DMA/BREQ pin low on the leading edge of E.
When the MPU replies by setling BA and 8S 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 deaa
cycles by developing a system DMAVMA signal which is
LOW in any cycle when BA has changed.

FIGURE 11 — E/Q RELATIONSHIP

Start of Cycle
1
I

£ l—l 05V

€nd of Cycle {Latch Data)

f

|
je—tavs

| Address Valid

NOTE: Waveform measurements for all inputs and outpuis are specified at logic high 2.0 V and logic fow 0 8 V unless otherwise specified.

* The on-board clock generator furnishes £ and Q 1o both the system and the MPU. When MRDY is pulled low, both the system clocks and tne
internal MPU ¢lacks are stretched. Assertion of DMA/BREQ input stops the internal MPU clocks while allowing the external system clocks to
RUN (i.e , release the bus to a DMA controfler}. The internal MPU clocks resume operation after DMA/BREQ s refeased of after 16 bus cycles
{14 DMA. two dead), whichever accurs first. While DMA/BREQ is asserted it is sometimes necessary to pull MRDY low to aliow DMA
to/from slow memory/peripherals As both MRDY and DMA/BREQ control the internal MPU clocks, care must be exercised not to violate
the maximum teye specification for MRDY or DMA/BREQ. (Maximum teyc during MRDY or DMA/BREQ 15 16 ps.)
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accesses memory to allow transfer of bus mastership
without confention. oo

MPU OPERATION

During normal operétion. the MPU fetches an instrucuon
from memory and then executes the requested function.

{a) Timing

, S T E : ~

S - 1

When BA goes low leither as a result of DMA/BREQ = This sequence begins after RESET and is repeated indefinite- E,
HIGH or MPU self-refresh), the DMA device should be taken ly unless altered by a special instruction or hardware occur- i
off the bus. Another dead cycle will elapse before the MPU rence. Software instructions that alter normal MPU opera- i‘

“‘tion are: SWI, SWI2, SWI3, CWAI, RTI, and SYNC. An in-

87D 09350

terrupt, AALT, or DMATBREQ can also alter the normat ex-
ecution of instructions. Figure 15 illustrates the flowchart for

the EF6809,
DT-49-17-0©

. FIGURE 12 — MRDY TIMING AND SYNCHRONIZATION -

i 3

ANTCC \ /

g

(b} Synchronization
4.0 MHz
Oscillator
i
i .
R Part of
: EF6809 MRDY Stretch a CLR P
: " MROY
H AN
; 7474 Synchronization
E’ ‘_:", . - - +5 PR oM .- -
§ - Active Low K Y - - . -
B .. Chip Select oy
H - for Slow 14
] Memory ot Values
:2‘ - Petipheral f Aja2 /G Chosen
.- - 74121 cf as Read -
3 - 3
het - - 1
g cle
I 5 =l
B e - . . 8. 0 - -
¢ 7
¥ MRDY Stretch
K Stretch = 0.7 RC To Memary
i ’
i
133
i
i
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FIGURE 13 — TYPICAL DMA TIMING {< 14 CYCLES)

. 87D 09351 Da’l‘-‘f?-lfz-oé:

MPU ——»1—— Dead Dead MPU

/T 1/ / S I
AN\ (7777

—>| [—tpcs e—1PCS
i
BA, BS : ] 4 —a \
—_
OMAVNA® _ﬁ / \
, —
N

\_
ADDR /
{MPU)

ADDR _/
{DMAC! \

FIGURE 14 — AUTO-REFRESH DMA TIMING (>14 CYCLES)
(REVERSE CYCLE STEALING}

lDead!: 14 DMA Cycles :!Dead‘MPU‘DeadL——DMA——-)
' |

|
OWATBREG M
i
BA, BS |/
DMAVMA" _V_‘ll y \__Y \'
| [

| * DMAVMA is a signal which is developed externally, but is a system requirement for DMA..

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

. Gl o MR S
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ADDRESSING MODES
87D 093

The basic instructions of any computer are greatly ennanc-
ed by the presence of powerful addressing modes. The
EF6809 has the most complete set of addressing modes
available on any microcomputer today. For example, the
EF6809 has 89 basic instructions; however, it recognizes
1464 ditferent variations of instructions and addressing

modes. The addressing modes support modern program-~"

ming techniques. The following addressing modes are avail-
able on the EF6809 : .
Inherent {includes accumulator)
Immediate
Extended
Extended Indirect :
Direct
Register
Indexed
Zero-Offset
Constant Offset
Accumulator Offset
Auto Increment/Decrement - -
Indexed Indirect
Relative
Short/Long Relative Branching
Pragram Counter Relative Addressing

INHERENT (INCLUDES ACCUMULATOR)

In this addressing mode, the opcode of the instruction
contains afl the address information necessary. Examples of
inherent addressing are: ABX, DAA, SWI, ASRA, and
CLRB. EEPE

IMMEDIATE ADDRESSING
In immediate addressing, the effective address of the data
is the location immediately following the opcode li.e., the
data to be used in the instruction immediately following the
opcode of the instruction]. The EF6809 uses both 8- and
16-bit immediate values depending on the size of argument
specified by the opcode. Exarnples of instructions with im-
mediate addressing are:
LDA #520
LDX #$F000
LDY FCAT
NOTE
# signifies Immediate addressing; $ signifies hexa-
decimal value.

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
address and is not position independent. Examples of ex-
tended addressing include: .

LDA  CAT
8TX  MOUSE
LDD  $2000

EXTENDED INDIRECT — As in the special case of indexed
addressing (discussed belowl}, one leve! of indirection may
be added to 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  (DOGI
DIF;IECT ADDRESSING

Direct addressing is similar to extended addressing except
that only one byte of address follows the opcade. This byte
specifies the lower eight bits of the address to be used. The
upper eight 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 [ocations (one page) can be accessed without redefining
the contents of the DP register. Since the DP register is set
to $00 on reset, direct addressing on the EF6803is compati-
ble with direct addressing on the 6800. Indirection is not
alfowed in direct addressing. Some examples of direct
addressing 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: .

Transfers X into Y

TFR XY

EXG A B Exchanges A with B

PSHS A, B, X,Y PushY, X, BandA 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, 8, 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 available and sre 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 16 lists the legal for-
mats for the postbyte. Table 2 gives the assembler form and
the number of cycles and bytes added 1o the basic values for
indexed addressing for each variation.

53 6 T-49-171-06
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FIGURE 16 — INDEXED ADDRESSING POSTBYTE ZERO-OFFSET INDEXED — In this mode, the selected
REGISTER BIT ASSIGNMENTS pointer register contains the effective address of the data to
Postbyte Register Bit indexed beEused by the i?struction. This is the fastest indexing mode.
TTETET AT 3 TZTIT0 dd g xamples are:
Mode LD  O,X
Oj RIR|d| d|djd]|d]EA=_.R+5B8itOfiset LDA S
i{RIRIO]J]O{O]OfO R+
ifrRiIR[]Jofofof R+ + CONSTANT OFFSET INDEXED— In thismode,a two's
ilrRI{RrRlofo]lo]1lo -R complement offset and the contents of one of the pointer
ilrlal s Vtolol1f - -R registers are added to form the effective address of the
Al RIRl1ol 1100 EA = ,R +0 Offset operand. T_h_e pointer register's initial content is unchanged
"] R{R|[ v ] 0] 1[0 1]EA=.R+ACCE Ofiset by the addition. )
TTRTRI [ ol 117110 EA= R+ ACCA Offset Three §»zes of offsets are available:
"JRIR| ] 1]0]0] 0] EA= R +6Bnoikal 5 bit {16 to +16)
T R{R] 1| 1] 0] 0] 1]EA=.R+16Bit Otiset 8 bit (-128 10 +127)
TTRIR[ v 1 V[0 ] 7] 1] EA=.R+DoOfisat 16 bit [-32768 to + 32767)
T T <1 71701 0 cA=_PC +88n Oifsst The two's complern_ent 5-bit offgetlsincludedin the post-
T T 1T T To T T T EA = .PC <16 B1 Ot byte and, there'fore, is most efflC[ent in use of by(es §nd
. cydles. The two's complement 8-bit offsetis contained in a
VYRIA p 1l EA = LAddress) single byte following the postbyte. The twos complement
N N 16-bit offset is in the two bytes following the postbyte. In
I—'Add'essmg Mode Field most cases the programmer xeed not be cgoncen?ed w\i,th the
Indirect Eteld size of this offset since the assembler will select the optimal
{Sign bit when by = 0} size automatically.
Examples of constant-offset indexing are:
LDA 23X
Register Field: RR LDX -2,8
. 0= DY 800X
= Don't Care - )
% 2 Oitset 81 oy DU CATY
i = 0=Not Indirect M=8
1=1ndirect
TABLE 2 — INDEXED ADDRESSING MODE .
Non Indirect Indirect.
Typs Forms Assembler Postbyte +l+ Assembler Postbyte +|+
Form Opcode ~| & Form Opcode ~
Constant Offset From R No Offset R 1RA00100 0] 0 (R} 1RR10100 3]0
{28 Complement Offsets) 5-Bit Offset n, R ORRannnn 110 defaults to 8-bit
8-Bit Offset n, R 1RR01000 111 [n, R} 1RR11000 411
16-8it Offset n, R 1RR01001 4]2 [n. R} 1RR11001 742
Accumulator Offset From R A Register Offset A R 1RR0O0110 110 [A, R} 1RR10110 410
{2s Complement Offsets) B Register Offset B.R 1RRO0IOL | 110 | (B, Al 1RR10101 | 4]0
D Register Offset D, R 1RRO1011 4{0 [D, R] 1RR11011 710
Auto Increment/Decrement R | Increment By 1 R+ TRR00000 2{0 not allowed
Increment By 2 A+ + 1RR0000T | 3J0 [ LR++] | 1RR10001 [ 6]0
Decrement By 1 —~R 1RR00C010 20 not allowed
Dectement By 2 ,~=-R 1RRO0011 3j0 (.- -R) 1RR10011 610
Constant Offset From PC 8-Bit Offset n, PCR 1xx01100 11 {n, PCRI] 1xx11100 411
{2s Complement Offsets) 16-Bit Offset n, PCR 1xx01101 | 5|2 | in, PCRI ixx11101 | 82
Extended indirgot 16-Bit Address — - o B [n} 10011111 512
R=X,Y, U, or$ RR:
x = Don't Care W=X
0i=Y
10=U
t=§
+,_,and *, indicate the number of additional cycles and byies for the particular variation.

1-127

Powered by ICminer.com Electronic-Library Service CopyRight 2003



S G S-THOMSON

R i

57D 1>’1

79249237 0009355 ll_

ACCUMULATOR-OFFSET INDEXED This mode Is
similar to constant offset indexed except that the two's
complement value in one of the accumnulators (A, B, or D)
and the contents of one of the pointer registers are added to
form the effective address of the operand. The contents of
both the accumulator and the pointer register are unchanged
by the addition. The postbyte specifies which accumulator
to use as an offset and no additional bytes are required. The
advantage of an accumulator offset is that the value of the
offsel can be calculated by a program at run-time.

Some examples are:

LDA B.Y
LDX DY
LEAX B.,X

AUTO INCREMENT/DECREMENT INDEXED - In the
auto increment addressing mode, the pointer register con-
tains the address of the operand. Then, after the pointer
register is used it is incremented by one or two. This address-
ing 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
increment; 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 either 8- or 16-bit data
to be accessed and is selectable by the programmer. The
pre-decrement, post-increment nature of these modes
allows them to be used to create additional software stacks
that behave identically to the U and S stacks.

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

LbA X+
STD YA+
LDB ~Y
LDX —~$

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

Consider the following instruction:

STX 0,X+ + (X initialized to O}
The desired result is to store zero in locations $0000 and
$0001 then increment X to point to $0002. In reality, the
following occurs:
0—+~temp calculate the EA; temp is a holding register
X+2-+X perform auto increment
X-=(temp) do store operation

INDEXED INDIRECT — All of the indexing modes, with
the exception of auto increment/decrement by one or a
+4-bit offset, may have an additional level of indirection
specified. In indirect addressing, the effective address is con-
tained at the location specified by the contents of the index
register plus any offset. in the example below, the A ac-
cumulator is loaded indirectly using an effective address
calculated from the index register and an offset.

Powered by ICminer.com Electronic-Library Service CopyRight 2003

= 87D 09355 D
Before Execution

A= XX idon’t care} T— L{‘? -1 ‘7— 06

X=$F000
$0100 LDA [$10,X]  EAis now $F010

$FO10 $F1 $F150 is now the
$FON $60 new EA
$F150 $AA

After Execution
A=$AA Actual Data Loaded
X=$F000
All modes of indexed indirect are included except those
which are meaningless {e.g., auto increment/decrement by
one indirect). Some examples of indexed indirect are:

LbA  [X]

LDD  [10,8]

LDA  [B.Y]

LDD  [X+ +]
RELATIVE ADDRESSING

The bytels) following the branch opcode is {arel 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 loaded into the program counter.
Program execution continues at the new location as in-
dicated by the PC; short (one byte offset] and long {two
bytes offset) relative addressing modes are available. All of
memory can be reached in long relative addressing as an ef-
fective address is interpreted modulo 216, Some examples of
relative addressing are:

BEQ CAT {short}
BGT DOG {short}
CAT LBEQ RAT {long}
DOG LBGT RABBIT  {long}
.
[ ]
[ ]
RAT NOP
RABBIT  NOP

PROGRAM COUNTER RELATIVE — 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 effective address is then
used as the address of the operand or data. Program counter
relative addressing is used for writing position independent
programs. Tables related to a particular routine will maintain
the same relationship after the routine is moved, it
referenced relative to 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, PCR]
LDU [DOG, PCR}




S G S-THOMSON

g

87D D] 2929237 0009356 3 r

87D 09356 D

INSTRUCTION SET . T_— L{ q - l '7 ~06

The instruction set of the EFGB09E is similar to that of
the 6800 and is upward compatible at the source code level,
The number of opcodes has been reduced from 72 1059, but
because of the expanded architecture and additional ad-
dressing modes, the number of available opcodes {with dif-
ferent addressing modes) has nisen from 197 to 1464.

Some of the new instructions are descnbed in detail
below.

PSHU/PSHS

The push instructions have the capability of pushing onto
either the hardware stack (S) or user stack (U} any single
register or set of registers with 3 single instruction.

PULU/PULS

The pull instructions have the same capability of the push
instruction, in reverse order. The byte immediately following
the push or pull opcode determines which register or
registers are to be pushed or pulted. The actual push/pull se-
quence is fixed; each bit defines a unique register to push or
pull, as shown below.

Push/Puli Postbyte Stacking Order

EEENEEEE

T ccn cc
=
B
DPR DP
X X Hi
Y X Lq
/v YH
PC Yio
U/S Hi
U/S Lo
PC Hi
PC Lo
Push Order
Increasing
Memoty

TFR/EXG

Within the EF6809E, any register may be transferred
1o or exchanged with another of like size, i.e., 8 bit to 8 bit
or 16 bit to 16 bit. Bits 4-7 of postbyte define the source
register, while bits 0-3 represent the destination register.
These are denoted as follows :

TABLE 3 — LEA EXAMPLES

Tiansfer/Exchange Postbyte
I :Sou:rce : | D:ESIII’:!&HO:U
Register Field
0000=0 {A:8) 1000=A

0001=X 1001=8
0ot0=Y 1010=CCR
0011=U 1011=DPR
0100=S

0101=PC

0
All other combinations are undefined and INVALID.

LEAX/LEAY/LEAU/LEAS

The LEA lioad effective address) works by calculating the
effective address used in an indexed instruction and stores
that address value, rather than the data at that address, in 8
pointer register. This makes all the features of the internal
addressing hardware available to the programmer. Some of
the implications of this instruction are illustrated in Table 3.

The LEA instruction also aliows the user to access data
and tables in a position independent manner. For example:

LEAX MSG1, PCR
LBSR PDATA (print message routinel
L]
L]
MSG1 FCC ‘MESSAGE’

This sample program prints: 'MESSAGE'. By writing
MSG1, PCR, the assembler computes the distance between
the present address and MSG1. This result is placed as a
constant into the LEAX instruction which will be indexed
from the PC value at the time of execution. No matter where
the code is located when it is executed, the computed offset
from the PC will put the absolute address of MSG1into the X
pointer register. This code is totally position independent.

The LEA instructions are very powerful and use an internal
holding register (temp}. Care must be exercised when using
the LEA instructions with the auto increment and auto
decrement addressing modes due 1o the sequence of internal

operations. The LEA internal spquence is outlined as follows: i

LEAa ,b+ {any of the 16-bit pointer registers X, Y, i
U, or S may be substituted for a and b}

1. b—~temp {calculate the EA)

2. b+1—+b {modify b, postincrement)

3. temp—3a Hoad a}

LEAs ,—b

1. b-1—+temp (calculate EA with predecrement)

2. b~1—+Db (modify b, predecrement}

3. temp—-a {load a}

Instruction Oparation

Commant

LEAX 10X | X+10 —X
LEAX 500,X | X + 500 — X
LEAY A Y |Y+A ==Y
LEAY D,YjY+D —Y
LEAU-10,U | U=-10 —~U
LEAS ~10,S | S-10 —§
LEAS 10,8 | S+10 —S
LEAX 5,S|S+86 —X,

Adds 5-Bit Constant 10 fo X
Adds 16-Bit Constant 500 to X
Adds 8-Bit A Accumulator to Y
Adds 16-8it D Accumulator to Y/
Substracts 10 from U

Used to Reserve Area on Stack
Used to "Clean Up’ Stack
Transfers As Well As Adds

1-129
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Auto increment-by-two and auto decrement-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 increment X by one.

MUL

Multiplies the unsigned binary numbers in the A and B ac-
cumulator and places the unsigned result into the 16-bit D
accumulator. The unsigned multiply afso allows multiple-
precision multiplications.

LONG AND SHORT RELATIVE BRANCHES

The EF6809 has the capability of program counter relative
branching throughout the entire 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 used as the
effective address. This allows the program to branch
anywhere in the 64K memory map. Position-independent
code can be easily generated through the use of relative
branching. Both short {8-bit} and long (16-bit) branches are
svailable.

SYNC

After encountering & sync instruction, the MPU enters a
sync state, stops processing instructions, and waits for an
interrupt. If the pending interrupt is non-maskable (NMI) or
maskable (FIRQ, IRQ) with its mask bit IF or I} 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 minimum duration of
three bus cycles is required 10 assure that the interrupt will
be taken. If the pending interrupt is maskable (FIRQ, 1RQ)
with its mask bit {F or I] set, the processor will clear the sync
state and continue processing by executing the next in:lin
instruction. Figure 17 depicts sync timing. .

SOFTWARE INTERRUPTS

A software interrupt is an instruction which will cause an
interrupt and its associated vector fetch. These software in-
terrupts are useful in operating system calls, software
debugging, trace operations, memory mapping, and soft-
ware development systems. Three levels of SWI are available
on the EFB809, and are prioritized in the following order:
SWI, SWI2, SWI3,

16-BIT OPERATION

The EF6809, has the capabifity 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 (Figure
18) illustrates the memory-access sequence corresponding
to each possible instruction and addressing mode in the
EF6809. 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 technique considerably speeds through-
put.) Next, the operation of each opcode will foliow the
flowchart. VMA is an indication of FFFF1g on the address
bus, RZW=1 and BS=0. The following examples illustrate
the use of the chart.
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. .
$8000 LBSR CAT

$A000 CAT

CYCLE-BY-CYCLE FLOW

Cycle # | Address [ Data |R/W|Description

1 8000 17 1 |Opcode Felch

2 8001 20 1 {Ofiset High Byte

3 8002 [0.0] 1 [Offset Low Byte

4 FFFF . 1 [VMA Cycle

5 FFFF * t |VMA Cycie

6 AQCO * 1 |Computed Branch Address

7 FEFF . 1 |VMA Cycle

8 EFFF 80 0 [Stack High Otder Byte of
Return Address

g EFFE 03 0 {Stack Low Order Byte of
Return Address

Example 2: DEC (Extended)
$8000 DEC $A000

L]

.

L]

$AB000 $80

CYCLE-BY-CYCLE FLOW

Cycle # | Address| Data |R/W|Description
1 8000 7A 1 |Opcode Fetch
2 8001 A0 1 [Operand Addrgss, High Byte
3 8002 00 1 |Operand Address, Low Byte
4 FEFF * 1 |VMA Cycle
5 A000 80 1 |Read the Data
6 FFFE | * 1 |VMA Cycle
7 AQ00 7F 0 {Store the Decremented Data

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

INSTRUCTION SET TABLES

The instructions of the EF6809 have been broken down
into five different categories. They are as follows:

8-bit operation (Table 4}

16-bit operation {Table 5

Index register/stack pointer instructions {Table 6)

Relative branches {fong or short} {Table 7)

Miscellaneous instructions (Table 8}

Hexadecimal values for the instructions are given in

Table 9. - ‘

PROGRAMMING AID

Figure 19 contains a compilation of data that will assist in
programming the EF6809,

ST — B P pENGAERAE ==
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Shii.t 109}

87D 09359 DT-49-(71-0&

Opcode Fetch

-
. eaz

NNNN

Opcode, 2nd 8yte
NNNN + 1

2nd Byte=
10 or 112

Relative Addressing

Mode r @

4 BCC, BCS, BEQ, BGE, BGT, BHI,
Y . BHS, BLE, BLD, BLS, BLT, BMI,
- BNE, BPL, BRA, BRN, "
e Offset High BSR, BVC, BVS Offset
1 NNNN + 1{2) NNNN + 1
Offset Low '"
NNNN +2(3} Don’t Care
Y FFFE
Don't Care
FFFF

Take
Branch?

Don’t Care
- Sub. Dest Addr.

y

. Don’t Care
NOTES: ) - FFFF
1. Each state shows: : *
Data Bus Offset High ’ Return Addr. Low
Address Bus NNNN +1{2) Stack
2. Address NNNN is location of opcode. +

Return Addr. High

3. If opcode is a two byte opcode subseguent Stack
addresses are in parenthesis (—1).

V , !

4. Two-byte opcodes are highlighted.
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 2 of 9}

87D 09360 DT-4Y4-17-0&

@ Inherent Addressing Mode I @

ABXI RTS ASLA/B MUL swi l 3
: . A ASRA/B 5 3
H Don't Care Don't Care CLRA/B Don't Care Don't Care Direct Page 3
H COMA/B Register 3
f NNNN + 1 NNNN+1 DAA NNNN+ T NNNN + 1{2} Stack -
; T T DECA/B ) ) : tac %
: INCA/B ¥
. Don't Cate PC High LSLA/B Don't Care Don't Care
: LSRA/B B Register
B FEFF Stack FEFF FFEF
E NEGA/B Stack
5 N ! Y 7
LA/ .
PC Low Don't Care PC Low
RORA/B A Register
Stack SEX FFFF Stack
T TSTA/B T 7 Stack
. 3 : L !
Don‘t Care Don't Care Don't Care PC High Condion
FEFF NNNN + 1 FFFF Stack Code Regrster
‘ ’ Stack
Don't Cate User Stack Low ¥
FFFF Stack Don’'t Care
v R’ FFEF
Don't Care User Stack High ¥
FFFF Stack Interrupt
i ‘ ‘ Vector High
i FFFX
i Don‘t Care Y Register Low ‘
n
3 FFFF : Stack
# Interrupt
o { { . Vector Low
- Don't Care Y Register High FFEX+ 1
L FFFF Stack -y
: ‘ { Don’t Care
Don't Care -] X Register Low FFFF
FFFF Stack
Don't Care X Register High
FFEF Stack
4

——
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 3 0f 9)

g _ Inherent Addressing Mode 87D 0936 1 - D ’T-" q®? -I 7- e é

RTlr smc} cwm‘ ———-‘
Don't Care Don't Cate Tl cCMask Condition
Code Register
- NNNN+1 | NNNN+ 1 NNNN+1
‘ ‘ i Stack
CCR Don’t Care :
Don’t Cate
Stack NNNN + 2 Don’t Care «
3-State
} 3-State -
- Don't Care ..
i Interrupt FFFF
Present? ‘ Interrupt
Present?
) PC Low .-
A Begister Stack
Don't Care
. Stack 3 —— ' Interrupt
3-State Vector High
. 1 PC High s
- FFFX
B Register - Stack }
Stack ‘ Interrupt !
¥ User Stack Low Vector Low
Direct Page Stack FFEX+1
Register .
Stack } - J
' User Stack High Don't Care N
- . Stack FFFF i
X Register High - '
Stack
‘ - Y Register Low
Stack
X Register Low ‘
Stack e .
‘ Y Register High
Stack
Y Register High ‘
Stack "
- ‘ - X Register Low
" - - Stack
Y Register Low i ‘
Stack T -
‘ X Regtster High
" Stack
User Stack High ‘ X
Stack Direct Page
{ Register
User Stack Low Stack
Stack . ‘
b—-—‘ B Register '
T PC High Stack .
Stack ‘ :
[ ] A Register
PC Low Stack
Stack l——.
y
A Don't Care
Stack
Y
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheat 4 of 8}
@ Immediate Addressing Moda \ 87D 09362
- y
PULYU PSHU
< PULS ¥ PSHS ¥
o Post Byte Post Byte
! NNNN + t NNNN+ §
1 ! ¥
E Don't Cate Don'1 Care
FFFF X Register High FFFF X Register Low
‘ Stack ‘ Stack
Dont Care ; Don’t Care ‘
3 FFFF X Register Low FFFF X Register High
Stack * Stack
Don't Care
Stack
3
i Condition
. Code Register
¥ Stack Y Regsster High Direct Page
3 Register
Stack
‘ PC Low Stack
Stack
Y Register Low *
Stack
PC High
Stack
A Register
Stack
B Register
Stack

8 Register

Stack
|

U/S Stack
Pointer High
Stack U/S Stack
‘ Pointer Low
Stack
U/S§ Stack
Pointer Low ‘
Stack U’fS Stack
Pointer High
Stack

A Register
Stack

Drect Page
Register PC High
Stack Stack Condition
; Y Register Low Code Register
PClLow ‘

Stack -
T Y Register High
r Stack

Stack
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE {Sheet 5 of 8)
87D 09363 DT-4Yq-[(1- 06
Immediate Addressing vioce urect TXienuey
* Addressing Addressing
TFR EXG All Instructions Made Y M
/ Except Address Low Address High
Post Byte Post Byte ﬁéﬁg' NNNN + 12} NNNN+ H21
NNNN+ 1 NNNN+ 1 PULS. ¥ v
‘ ‘ TF:, Don't Care Address Low
an
Don't Care Don't Care EXG FFFF NNNN + 2(3)
FFEF FFFF ¥
‘ ‘ Don't Cace
Don't Care Don't Care FFFF
FFEF FFFF
Don't Care Don't Care
EFFF FFFF
Don't Care Don't Care
FEFF FFEF
Don’t Care
FEFF
Don’t Care
FFFF
:
§
H v
H
1-136
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. FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheat6 of 9) i
87D 09364 D T-49-(7-0& :
| 5 Indexed Addressing Mode ‘ i
Post Byte "
NNNN £ (2} :
0 Offset 5-Bit Offset 8-Bit Ofiset 16-81t Ofiset AlB Offset D Offset
From R From R From R From R From R From R
Don't Care Don’t Care Oftset Otiset High Don't Care Don’t Care ;
NNNN +2(3) NNNN +2(3} NNNN +2(3} NNNN+23) NNNN + 23 NNNN + 203)
Don't Care Don’t Care Offset Low Don‘t Care Don’t Care
FFFF FFFF NNNN +314) FFFE NNNN + 341
Don‘t Care Don't Care
NNNN +4(5) NNNN + 4151
Don‘t Care Don't Care
FFFE FFFF
Don’t Care Don't Care
FEFF FFFF
4 y
4
Indirect? -
!
No ndirect High
XXXX
v XXXX.
Indirect Low Constant Offset from R
No Ofiset Index Register
XX 1
XX+ 8-Bit Offset Index Register + Oifset Byte
‘ 16-Bit Offset Index Register + Offset High Byte. Offset
Don't Care Low Byte
Accumulator Offset from R
FFFF A Register Offset Index Register + A Register
8 Register Offset Index Register + B Register
4___.__-—] D Regrster Ottset Index Register + D Register
. Auto Increment/Decrement B .
Increrment by 2 fridex Register
Decrement by 2 Index Register ~2
! UD Constant Olfset from PC
i 8-Bit Offset Pragram Counter + Offset Byte
! 16-bit Offset Program Counter + Oflsel High Byte Offset
Low Byte )
Extended {ndirect ;
16-B1l Address Address High Byte Addres Low Byte
* The index tegister 1s incremented
tollowing the indexed access
E
14137 %
= : o i ST ’ o -
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Shest 7 of a)
87D 09365 D T-¢9-/7-06
é— Indexed Addressing Mode } 7 q I 7
Post Byte
NNNN + 12
- . ’
InciDec Inc/Dec PC+ 16-Bu Extended PC+8-B1t
Rby! Rby2 Offset [nduect Offset
Don’t Cate Don't Care Offset High Address High Offset
NNNN -+ 2(31 NNNN + 203 NNNN + 2(3) NNNN +2(3) NNNN + 23
Don’t Care Don‘t Care * Oftset Low Address Low Don't Care
FFFF FFFF NNNN + 341 NNNN + 314} FFFF
Don’t Care : Don't Care Don't Care Don’t Care
FFFF FFFF NNNN + 4(5} NNNN + 4(65)
Don’t Care Don't Care
FFFF FEFF
+Don't Care
FEFF
Don't Care
FFFF
y ‘ Y
Yes
Indirect?
No indirect High
XXXX
‘ XXXX
Constant Offset from R
Indirect L oSt e e
pdrect Loy No Offset index Register
XXXX+1 8-Bit Offset Index Register + Offset Byte
‘ 16-Bnt Offset index Register + Offset High Byte. Oifset
Low Byte
Don't Care Accumulatot Offset from R
FFFE A Register Offset Index Register + A Register
8 Register Offset index Register + B Register
l D Register Ofiset Index Register + D Register
Auto Increment/Decrement R .
y increment by 2 Index Register
Decrement by 2 index Register -2
(DJ Constant Offset {rom PC
8-Bit Offset Program Counter + Ofiset Byte
16-bit Offset Program Counter + Olfset High Byte Oliset
Low Byte
Extended Indirect
16-81t Address Address High Byte Addres Low Byte
h ¢ The index register 1s inctemented

following the indexed access
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 8 of 9}
87D 08366 D T-Y9-)7-06
Effective Address i
ANDCC, JMP ADCA/B, STA/B
ORCC {All Except ADDA/B, (All Except
{Immediate Immediate} ANDA/8B, Immediate}
Only} BITA/B, Except
CMPA/B, 1 Immediate)
EDRA/B,
LDA/B, Regrster {(Wnite)
ORA/8, EA
SBCA/B, .
3 SUBA/B ) 4 y
Data Register High Register High
(Write}
NNNN+t EA
‘ . - ‘ EA
: — 1 I
Don’t Care egister Low Rogier Low
NNNN+2 EA+1 {Write)
. y EA+1
Data
EA

Effective Address (EA}

Constant Offset trom R

No Offset Index Register
5-Bit Offset Index Register
8-Bit Offset index Register + Post Byte

16-Bit Offset Index Register + Post Byte High: Post Byte Low
Accumulator Ofiset trom R
A Register Offset
B Register Offset
D Register Offset

Index Register + A Register
Index Register + B Register
Index Register + D Register

Auto Increment/Decrement R
Increment by 1
Increment by 2
Decrement by t
Decrement by 2

Index Regls(er:
Index Register
Index Register -1
Index Register —2

Constant Offset from PC
8-Bit Offset
16-Bit Offset

Program Counter + Qffset Byte
Program Counter + Offset High Byte Offset Low Byte

Direct Orrect Page Register. Address Low
Exiended Address High Address Low
Immediate NNNN+1

-
The index register 1s incremented
lollowing the indexed access
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet9 of 9) i
: 87D 09367 DT-49-(7-06
OD F
i Effectve Address 2
! ASt, ASR, 187 JSR LEAS,
CLR, COM, {All Except {All Except LEAV,
DEC, INC, immediate) Immediate) LEAX,
LSt LSH, LEAY
NEG, ROL, k  tindexed Only)
RDR {All .
Except Don’t Care
immediate) Sub. Address
i : Y { i
1 Data Data Data High Don't Care Don't Care
4 EA EA EA FFFF FEFF
- Don't Care Don’t Care Data Low PC Low (Write)
FFFF FFFF EA+1 Stack
Data (Wnite} Don't Care Don’t Care PC High {Write)
EA FFFF FFFF Stack

©

Effective Address {EA}

Constant Offset from R

No Offset Index Register
5-Bit Offset Index Register .
8-Bit Offset Index Register + Post Byte

16-Bit Offset

Accumulator Offset from R

A Register Offset
B Register Offset
D Register Offset

Auto Increment/Decrement R

Increment by 1
Increment by 2
Decrement by 1
Decrement by 2

Constant Offset from PC
8-Bit Offset
16-81t Oftset

Direct

Extended

Immediate

® The index register 15 incremented
following the indexed access

Index Register + Post Byte High: Post 8yte Low

Index Register + A Register
. Index Register + B Register
Index Register + D Register

index Reglsler:
Index Register
Index Register — 1
Index Register -2

Program Counter + Offset Byte

Program Counter + Offset High Byte: Offset Low Byte
Durect Page Register Address Low

Address High Address Low

NNNN+1
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TABLE 4 — 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS T_“ '1‘ ?- I 7 -0 6 -
Mnemonicls) Operation ¥
ADCA, ADCB Add memory 10 accumulator with carry
ADDA, ADDB Add memory 1o accumulator
ANDA, ANDB And memory with accumutator ¢
ASL, ASLA, ASLB Arithmetic shift of accumulator or memory left 1
ASR, ASRA, ASRB Arithmetic shift of accumulator or memory tight
BITA, BIT8 Bit test memory with accumulator
CLR, CLRA, CLRB Clear accumulator or memary location
CMPA, CMPB Compare memory from accumulator
COM, COMA, COMB Complement accymulalor or memary location
DAA Decimal adjust A accumulator
DEC, DECA, DECB Decrement accumutator or memory location
EORA, EOR8B Exclusive or memory with accumulator
|Q(G A1, A2 Exchange R with R2 (R1, R2 = A, B, CC, DP)
INC, INCA, INCB Inctement accumulator or memory locaton
LOA1DB Load accumulator {from memory
LSL, LSLA, LSLB Logucal shift left accumulator or memory location
LSR, LSRA, LSRB Logicaf shift right accumulator or memory location
MUL Unsigned multiply (A x B — D}
NEG, NEGA, NEGB Negate accumulator or memory
ORA, ORB Or memory with accumulator
ROL, ROLA, ROLB Rotate accumulator or memory left
@R, RORA, RORB Rotate accumulator or memory right
SBCA, SBCB Subtract memory from accumulator with borrow
l§fTA, STB Store accumulator 10 memory
SUBA, SUBB Subtract memory from accumulator
ITST, TSTA, TST8 Test accurnulator or memory focation
TFA R1, R2 Transfer R1to R2 (R1, B2 = A, B, CC, DP}
NOTE: A, B, CC, or DP may be pushed to {pulled from} stack with either PSHS, PSHU
(PULS, PULV) instructions.
E-
TABLE 6 — 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS
Mnemonicls) Qperation .
ADDD Add memory to D accumulator .
CMPD Compare memory from D accumulator
EXGD, R Exchange D with X, Y, S, U, or PC L
LDD Load D accumulaiar from memaory 2
SEX Sign Extend B accumulator into A accumulator
STD Store D accumulator 10 memary "
susD Subtract memory from D accumulator
TFR D. R Transfer Dto X, Y, S, U, or PC
TER R, D Transfer X, ¥, 8, U, or PCto D
NOTE: D may be pushed {pulled) to stack with either PSHS, PSHU [PULS, 3
PULU)} Instructions. ) g
- F
. 3
. E
1
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TABLE 6 — INDEX REGISTER/STACK POINTER INSTRUCTIONS

insteuction Description T:' l( 7 h 1 '7 h 06
CMPS, CMPU Compate memory {rom stack pointer
CMPX, CMPY Compare memorty fiom index register
EXG R1, R2 Exchange: D, X. Y, X, U, or PCwth D, X Y, S.U. ot PC
LEAS, LEAU Load effective address inlo stack pointer
LEAX, LEAY Load effecuve address into index register
LDS. LDU Load stack ponter from memary
LDX, LDY Load index register from memory {
PSHS Push A, B, CC. DP, D, X, Y, U, or PC gnto hardware stack
PSHU Push A, B, CC, DP, D_X, Y, S. or PC onto uset stack 3
PULS Fall A, B, CC, DP. D, X, ¥, U. ot PC fom hardwate stack {
PULU Pull A, B, CC, DP, D, X. Y. S, or PC lrom hardware stack
STS, STU Stare stack pomnter to memory -
STX, STY Stote index register to memory .
TFR A1, A2 Transler D, X, Y. S.VorPC10 D, X, ¥, S, U, or PC k
ABX Add 8 accumufator 1o X {unsignedi
TABLE 7 — BRANCH INSTRUCTIONS 2
I Descripth P
R SIMPLE BRANCHES
i BEQ, LBEQ Branch il equal
BNE, LBNE Branch if nol equat
BMi, LBMF Branch f minus |
BPL, LBPL Branch of plus - K]
BCS, LBCS Branch il cany set 3
’ BCC, LBCC Branch if carry clear 5
BVS, LBVS Branch if overflow set *
BVC, LBVC Branch if overflow clear
SIGNED BRANCHES
BGT, LBGT Branch if greatet (signed]
BVS, LBVS Branch if invalid 25 result b
BGE, LBGE Branch if greater than or equal Isigned) L
BEQ. LBEQ Branch if equal
BNE, LBNE Branch if not equal 3
BLE, LBLE Branch if less than or equal Isigned} 3
BVC, L8VC Branch if valid 2s result b
BLT, LBLT Branch if fess than [s:gnedi ’
UNSIGNED BRANCHES
BHI, LBHI Branch f higher d) R
BCC. LBCC Branch if fugher or same [unsigned)
BHS, LBHS Branch Il higher or same {unsigned} b
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
@8LS, LBLS Branch if lower or 5ame {unsigned}
BCS. L8CS Branch if lower funsigned)
BLO, LBLO Branch if lower d 4
OTHER BRANCHES.
BSR, LBSR Branch to subroutine
8RA, LBRA Branch always
BAN, LBRN Branch never 4
H TABLE 8 — MISCELLANEOUS INSTRUCTIONS ]
; Instruction Description
H ANDCC AND conditon cade registef
N CWAI AND condition code register, then wait for intertupt
i NOP No
H ORCC OR condition code register
JMP Jump
° JSR Jump 1o subrauting
AT1 Return fram intercupt
RTS Return from
- SWI, SWI2, SWI3 Software mterrupt (absolute indirect)
SYNC Synchianize with interrupt hing
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TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES 1‘_ ‘/7. / 7_ a 6
OP | Mnam Mode | ~ ] OP | Mnem Mode |~ ¢ OP | Mnem Mode |~ [
oo NEG Direct | 6 2 30 LEAX Indexed {4+ |2+ 60 NEG indexed |6+ [ 2+
o | A 31 | LEAY A fas |2+ & | o A
02 * 32 LEAS ¥ 4+ | 2+ 62 *
03 COM [ 2 33 LEAU indexed {4+ | 2+ 63 COoM 6+ | 2+
04 LSR 6 2 34 PSHS Immed |6+ |2 64 LSR 6+ | 2+
B | 3 | PULS Immed |5+ |2 65 |+
06 ROR 6 2 36 PSHU immed 5+ |2 66 ROR 6+ | 2+
07 ASR [ 2 37 PULU Immed 5+ |2 67 ASR 6+ | 2+
3 08 ASL, LSL [ 2 38 * - 68 ASL, LSL 6+ | 2+
03 ROL 6 2 39 A/TS Inherent | 5 1 69 ROL 6+ | 2+
0A | DEC 6 2 3A | ABX 3 1 6A | DEC 6+ | 2+
08 * 38 RTI 6/16] 1 68 b
oc INC 6 2 3C CWAI 2202 6C INC 6+ | 2+
% oD | TST 6 2 30 | MUL inhetent{ 11 1 6D | TST 6+ | 2+
| 0E | JMmP v |3 ]2 3 | * - 6E | JMP ¥ 3+ ] 2+
OF CLR Direct | 6 2 3F | swi Inherent| 18 1 6F | CLR Indexed |6+ | 2+
3 10 Page 2 - - - 40 NEGA Inherent | 2 1 70 NEG Extended| 7 3
& 11 | Page3 - - - a1 | * ni- h
12 | NOP Inherent| 2 1 a2 1] 72 | * H
- 13 SYNC Inherent| 24} 1 43 COMA 2 1 73 oM 7 3 :
3 LI I 44 | LSRA 2 |1 74 | LSR 7 |3 P
g 15 » 45 * 75 * !
L 16 LBRA Relative | 5 3 46 RORA 2 1 76 ROR 7 3
- 17 LBSR Relative | 3 47 ASRA 2 1 77 ASR 7 3
9 18 » 48 ASLA, LSLA 2 1 78 ASL, LSL 7 3
: 19 DAA Inherent | 2 1 43 ROLA 2 1 79 ROL 7 3
r‘ 1A | ORCC Immed {3 2 4A | DECA 2 1 7A | DEC 7 3
3 18 * - 48 * 7B *
- iC ANDCC fmmed | 3 2 4C INCA 2 1 7€ INC 7 3
5 1D SEX Inherent{ 2 1 4D | TSTA 2 1 70 1 TST 7 3
;! 1E EXG Immed | 8 2 4E * Y 7t JMP Y 4 3
E‘ 1F TFR Immed | 6 2 4F CLRA Inherent| 2 1 7F CLR Extended|? 3
i 20 BRA Relauve | 3 2 60 NEGS Inherent | 2 1 80 SusA Immed |2 2
4 21 | BRAN 3 |2 5 | * A 81 | CMPA A 2 |2
22 BHI 3 2 62 * 82 SBCA 2 2
E: 23 BLS 3 2 63 comMs 2 1 83 SUBD . 4 3
. 24 BHS, BCC 3 2 54 LSRB 2 1 84 ANDA 2 2
3 25 BLO, BCS 3 2 55 * 85 BITA 2 2
3 26 BNE 3 2 66 RORB 2 1 86 LDA 2 2
27 BEQ 3 2 57 |- ASRB 2 t 87 *
28 | 8vVC 3 2 68 | ASLB, LSLB 2 1 88 | EORA 2 2
29 | 8vVS 3 2 §9 | ROLB 2 1 89 | ADCA 2 2
2A § BPL 3 2 5A | DECB 2 1 8A | ORA 2 2
- 28 | emi 3|2 58 | * 88 | ADDA \ 2 2
- iy BGE 3 2 6C | INCB 2 1 8c CMPX Immed |4 3
2D BLT 3 2 6D | TSTB 2 1 8D | BSR Refative |7 2
2% | BGT y [3 ]2 5E | * Y 8t | LDX Immed {3 |3
3 2F | BLE Relative | 3 2 5F CLRB Inherent | 2 1 8F *
LEGEND.
3 ~ Number of MPU cycles (less possible push pull or indexed-mode cycles}
# Number of pragram bytes
* Denotes unused opcode
L
i
3
H
13
i
i
: i
i
1-143
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87D 09371 D
TABLE @ — HEXADECIMAL VALUES OF MACHINE CODES (CONTINUED) .r_ ?_ 17' o6
OP  Mnem Mode | ~ ’ OP | Mnem Mode | ~ 1 oP anem T Mode [~ | #
0 SUBA Duect {4 2 co | sues Immed {2 2
91 CMPA A e |2 ct | cmes 21 2 Page 2 and 3 Machine
92  SBCA 4 2 c2 | sscB 2| 2 Codes
93 SUBD 6 2 c3 | ADDD 41 3
94 ANDA 4 2 ca | ANDSB 2 2 1021 { LBRN Relauve |5 4
g5  BITA 4 2 cs | Bite Immed |2 2 1022 | LBHI 4 561 ] 4
% LDA 4 |2 6 | LbB | immea {2 | 2 | w23 fieLs 56) | 4 i
97 STA 4 12 YA A 1024 | LBHS. LBCC 561 | 4 :
98  EORA 4 2 c8 | EORB 2| 2 1025. | LBCS, LBLO si6| 4
9  ADCA 4 12 co | ADCB 2| 2 1026 | LBNE 56| 4
94  ORA 4 2 ca| ors 2] 2 1027 | LBEQ 5(6) | 4
98  ADDA 4 2 cB | ADDB 2 2 1028 | LBVC 561 ] 4 :
9C  CMPX 6 | 2 cc| oo 3| 3 J029|Lavs 5! | 4 ;
9D JSR 7 2 col + \ 1024 ] LBPL 561} 4 ;
9 LDX vy |5 ]2 Ce | Lou immed |3 | 3 1028 | LBMr sie! | 4 ;
9F  STX Direct |5 2 CE |« 102C | LBGE 5161 4 !
AD . SUBA Indexed | 4+ [ 2+ 0o | SusB Drect 14 | 2 :ggg tggr 7 §§§§ : :
Al CMPA A a2+ D1 | cwvPB b4 2T oz |cee R
02 SBCB 4 2 elative {561 | 4
A2  SBCA 4+ | 2+ 03 | ADDD 6 ” 103F | SWi2 Inherent | 20 2
A3  SUBD 6+ | 2+ - 1083 | CMPD tmmed {5 4
A4 ANDA 4s | 2+ D4 | ANDB 41 2 ) 10ac|cMpy 4
A5 BITA 4v | 24 gg Eg: : g 108€ | Lov immea |4 | 4
A6 LDA 4+ ] 2+ 1093 | cMPD Duect |7 | 3
A7 STA 4+ | 2+ 07| S18 41 2 1 ioac|omey 7 |3 :
A8 EORA 4+ | 2+ b8 | EORB 412 1 yoee floy 6 |3 k
A9  ADCA 4+ | 2+ gi SECB 2 % 100F | STY prect |6 | 3
AA  ORA ax | 2+ 8 a1 3 [ 10a3jcueo Indexed |7+ | 3+ :
AB  ADDA 4+ | 2+ DB | ADDB 10ac| cMpY 7+ | 34
AC  CMPX 6+ | 2+ e 51 2 | 10ae| oy 6+ | 3+
AD JSR 7+ | 2+ oD STD 512 1 oar|sty I
oe | Lou \ 5 2 ndexed |6+ | 3+
AE  LDX ¥ |5+ 2+ 1083 | CMPD Extended|8 | 4
AF  STX Indexed |5+ | 2+ DF | STV Drect |5 | 2 I i0pc|cmpy 8 |4
E0 | suss tndexed [ 44| 2+ |} 10BE|LOY 7 |4
B0 SUBA Extended| 5 3 E1 | cmes [ a+| 2+ J 108F|STY Extended]? 4
Bl CMPA 5 3 €2 | secs 4+| 2+ ] 1oce|Lbs Immed |4 4
82 SBCA .= 5 3 E3 | ADDD 6+ 2+ | 10DE|LDS Duect |6 3 !
83  j5UBD 7 3 e4 | ANDB 4+ 2+ § 10DF|STS Direct |6 3
84 ANDA 5 3 Es | e 4+ 2+ | 10ee |LDS * Indexed |6+ | 3+
85 BITA 5 3 E6 | LDB 4+l 2+ | 10€F |8TS Indexed {6+ | 3+
B6 LDA 5 3 g7 | s18 4+ 2+ | 10FE|LDS Extended|7 4
87 STA ] 3 E8 | EORB 4+ 2+ ] 10FF|STS Extended|? 4
B8 EORA 5 3 E9 | aocs a+l 2+ | 113F |swi3 Inherent |20 | 2
B9  ADCA ] 3 EA | ORB 4+l 2+ | 1183 |cMPU Immed |5 4
BA ORA 5 3 E8 | ADDB 4+ 2+ § nsc|cmps Immed |5 4
BB  ADDA 5 3 EC | LoD 6+ 2+ [ 1193 {cMPU Diect |7 3
BC CMPX 7 3 ED | STD 5+ 2+ | 119c|cmPs Dwect |7 3
8D JSR - 8 3 EE | LDU A 5+ 2+ § 11A3|CMPU Indexed |7+ | 3+
BE LDX y |6 3 EF | STU indexed |5+| 2+ ]| 11AC|CMPS Indexed |7+ | 3+
BF  STX Extended|6 | 3 o | suss Exengedls | 3 1183 | cMPU Extended|8 | 4
B cMPB y 5 3 11BC|{ CMPS Extended|8 4
F2 | secs 5| 3
F3 | ADDD 7{ 3
F4 | ANDB 5 3
F5 | 818 5| 3
F6 | LDB 51 3
F7 | sT8 s 3
NOTE- ANl unused opcodes are both undetined F8 EOR8 5 3 }
and itlegal Fo ADCB ’ 5 3 H H
FA | ORB v [51 3 ! i
FB | ADDB Extended|5 | 3
EC | LOD Extended]{ 6 3 i
FD { STD 6) 3 ;
FE | LDU 6| 3
FF STU Extended] 6 3
1-144
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FIGURE 19 - PROGRAMMING AID

87D 09372 D
T-49-{1-06

Addressing Modas
Immediate Direct Indexed Extended Inherent 5]aj2)1]o0
Instruction| Forms [Op | ~ Cp|[~{ #]Op| ~| 7]Op| ~]| #}Op] ~} # Description H|N]Z{V]C
ABX 3A} 3| 1|B+X—X {Unsigned) efolejo]e
ADC ADCA B9 | 2| 2f 9|4 | 2] A9ja+|2+}B9] 5| 3 A+M+C—-A tprjelepd
ADCB C9|2{ 2] D3[4 ] 2] €9]4+j2+fJFO]1 6| 3 B+M+C—-B [AEREARIE}
ADD ADDA 88|21 2| 9Bf4a| 2] AB|4+}2+|BB]| 5] 3 A+M—A IRRERERIA
ADDB CBlz2| 2]DBjda|2]|€EBj4+]2+{FB| 6| 3 8+M~8 et
ADDOD C3|{4} 3| D36 2| E3]6+|2+|F3| 7] 3 D+MM+1-D CARRRN LA
AND ANDA BA 2] 2] 944 2] AdJa+|2+[B4| 5| 3 AAM=A eftfr]ofe
ANDB Caf2] 2f{o4a]a]| 2] E4|a+|2+LFA} S| 3 BAM-B el1j1|0fe
ANDCC |1IC 3| 2 CCAIMM=CC 7
ASL ASLA al2]1] A el sirft|t]
ASLB |21 B }[}4{]]]]]]]]1—0 glo|1]1]s
ASL w]e|2]esler|2¢}78| 7|23 M'T By Bg L ERE
ASR ASRA 471 21 1 A > glr{tjef1
ASRB s7| 2] 1] 8 } E@IDI[Q—»Q sli]{t]eft
ASR 07 |6 | 2} e7le+l2+| 2] 7| 3 M 7 gli]tsf
BIT BITA 8512 2] 954 | 2] A5fd4+]2+|B5[( 6] 3 Bit Test A {M A A) elt{1]ofs=
BITB c5]2| 2| 05}4] 2| e6|4+|2+}F5[ 5] 3 Bu Test B (M A Br ejrft]jole
CLA CLRA 4F | 2 1]0-A ej0O|1]0]0
CLAB SF| 2 110-8 sj0Cj1]0]0
CLR OF | 6] 2| 6F|6«|2¢«}7F| 7| 3 0—-M «{0j1}{0] 0
CMP CMPA |81 [ 2| 2] 91 [4 ] 2| aiJa+[2+]BY]| 6] 3 Compare M from A BRDRE
CMPB ctl2] 2]o01}ja]|2)]€et|d+f2¢4fF1] 6] 3 Compare M from B EIRREA R R
CMPD w6 4| 1wfj7] 3] 10j7+j3+| 101814 Compare M M+ 1 from D LARR R
83 93 A3 B3
CMPS nmi{s] 4 17|31 11)|7+]3+f 11|81 4 Compare MM+ 1 from § elijrjtl
8C 1o AC BC
CMPU M |s]af |7 3| nw|7+f3+fj 11} 8| 4 Compare M:M € 1 from U LARERR RN
83 23 A3 B3
CMPX BCj4] 3]9C |6} 2| AC|6+]2+]|BC| 7] 3 Compate M M +1 from X slpe]eft
CMPY 1016 4|10 |7 3;10[7+§3+|10]| 8] 4 Compare M M+ 1 frem Y sfut]tite
8C ac AC BC
oM COMA 3] 2] 1[A-A slefrjof
CcoMB 83} 2 18-~ eft]rfoyt
COM 03 |6} 2f 63|6+)2+| 73] 7 3 M~M ot |10}
CWAI ac =z 2 CC A IMM—CC Want fot Inmtercupt 7
DAA 191 2 1 [Decimal Adjust A wffh1]0}1
DEC DECA 4A1 2 1JA-1=A sli]uft]e
DECB 5At 2| t}|B-1-8B LERRRERE R
DEC OA |6 | 2| 6A|6+]2+|7A) 71 3 M-1-M . ef{1jiji]e
EOR EORA 88| 2| 2] 98 |4 2] AB[4+}2+|BB| 5| 3 A¥M~A efs]tjole
ECRB C8j2] 2| 08|44 2| EB|4+j2+|FB} B | 3 B¥ M-8 slt1]|1]0]
EXG RI,R2 | 1E[8] 2 n1-R2Z elofe]ele
INC INCA 4C| 2| 1jA+1-A sltftftye
INCB 5C| 2 1{8+1~-8 LR RIS
INC QC |6 ]| 2] 6C|[6+f2+]2C| 7| 3 M+1-M ofi]tfi]e
JMP OE |3 2|6e|3+][2+]|7E] ] 3 £A3LPC ela]o|o]e
JSR 9D | 7] 2| ADj7+12+}|BD[ 8} 3 Jump to Subfoutine sjej|sjefe
LD LDA 86 |2 2] 9% |4 | 2| A6|d+|2+|B6| 5] I M—~A eftf1f{ofe
LD8 c6|2) 2f{o6|4] 21 E6|d4+|2+]F6[ 6| 3 M-—-B el1fEi0fe
LDD CCl3| 3 DC|5] 2| ECiG+j2+|FC| 6| 3 MiM+1-D ej1]t]|0Ofe
Lbs W0W}j4] 4] 1016 | 3| H0O§6+|3+[10] 7} 4 MM+ 1=S sf1fr][O]e
CE DE EE fE
LDu CEl3| 3| DE|6| 2| EEj6+j2+|FEyJ 6] 3 M:M+1=-U el1f1f0Q]e
LDX ge{a) a|oe|s]| 2| at|s¢]2+]BE| 6] MiM+1=X ol ol o
LDY Ww{4] 4| 10|6}| 3] W0|6+[3+}10] 7| 4 MiM+1=Y LR R} Qf e
8E 9E AE BE
LEA LEAS 32]4+| 2+ EA3-S ola]e]e]e
LEAU 3af4+f 2+ EAd-u e|efs]e]e
LEAX W0fa+f 2+ EA3-X eleft]efe
LEAY 3|4+ 2+ £A3-y aje|rfele
LEGEND: M Complement of M t  Test and setif true, cleared otherwise
OP Op Code {Hexad! i} —  Transfer Into *  Not Affected
~  Number of MPU Cycles H  Half-carey tirom bit 3} CC Condition Code Register
#  Number of Program Byles N Negative (sign bit} ¢ Concatenation
+  Arithmetic Plus Z  Zero result V  Logical or
- Arithmetic Minus V  Overflow, 2’s complement A Logical and
*  Muitiply C  Carry from ALU ¥  Logical Exclusive or

1-145
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FIGURE 19 — P-ROGRAMMING AID {CONTINUED) 7 - t{q - ' q - é E
Addressing Modes g
Direct Indexed1 Extended 513121140 }
insttuction] Forms [ Op[ ~ J#7] Opf ~[ #] Op} ~} 2§ Op| ~] #]Op| ~ ] ¢/ Description HIN]Z[ViC H
LSt LSLA gl 2| ] A el el i
LSt o8| 6| 2] e8|6+|o+] 78| 7] 3 M 5 ) N
LSR LSRA YR ‘3 sfofr]e|t
LSRB sl 2 [1| &0 IO |<]of: |+ |s i
LSR 04| 6| 2| 6a|6-]2+] 74 7| 3 by bp ¢ ejO 1 fe]t i
MUL DG 1 1 {AxB—D tUnsigned: eje 1 fe]9
NEG NEGA 401 2| T{A«1=A LERRARERA
NEGB 50 2| 1{8+1-8 glrftirit
NEG 0] 6! 2] 60j6+]2+] 70| 7] 3 M+1--M gltlrjigl
NOP 12] 2 1 {No Operaton AERTEENK]
OR ORA BA| 2 | 2] %A} 4 2] AA|d4+| 2+ BAl 5| 3 AVM=A slt|r|C]|e
ORB CAl 2 |21 DA| 4| 2| EAJd«] 2+1 FA} 5| 3 BVM-B ol (LiO]e
_ ORCC 1At 3 |12 CCVIMM=CC 7
PSH PSHS Ui5+9 2 Push Registers o S Stack sfajefele
PSHU 36i5+9] 2 Push Regsstets on U Stack sjejefeis
PUL PULS 35{6+4] 2 Pull Regsters from § Stack ofefefe]e
puLL [ 375+4 2 Pull Regssters fram U Stack afefofefe
ROL ROLA 493 2 tjA LR RN IR RN E]
AOLB g9z |1 B}m RIRTARAE
ROL 09f6f 2] 69]6+|2+l ]| 2] 3 M T oy ) il o
ROR RORA 46| 2 1 % slrfr]e 1
RORB - 5| 2 1 M sl
ROR 06| 6| 266 |6+ 2+| 76} 7| 3 ¢ by bo A LN RN R B
/Tl 3B {6 15 1 [Return From Interrupt 7
RTS - 39| 5 1 {Relute from Subrout:re sfofofefe
SBC SBCA 821 2 | 2] 92 2] A2j4~[2+]1 82| 5] 3 A-M-C=A gyt
s8ce C2j 2 |2] 02| 4| 2| E2]4+}2+| F2] 5| 3 B-M-C-8 AN ARAEL
SEX 10 2 1 [S.gr Eatend B into A altirioge
ST STA 97| 41 2| A7j4+32+| B7| 5| 3 A-M o1 i1]0]e
ST8 D7} 4] 2] E?id4+}2+} F71 6| 3 B—-M |5 {1 |O]e
STOD DD| 5| 2| ED[5+«{2+iFD) 6] 3 D—MiM+1 elyir|O]e
STS, 10]6] 3] 10f6+;3+] 1077} 4 S—MiM+1 sf1|t]O]e
OF EF FF
STV DF| 6| 2} EF|b+] 2+| FF| 6| 3 U~-Mi +1 efr|tiofe
§TX OF | 5| 2| AF|6+]2+| BF| 6} 3 X=M:M=+ 1 it j1iote
STY 0|6 10 0|7 Y=MM+1 s 11 |O]e
9F AF |6+| 3+ | BF
sus SUBA B0} 2 [2]90|4a[2|AD|4a+]|2+[BO| B 3 A-M-A atrftfr|t
suBB Coj{ 2 [2[DOfj4 2|EO|4+|2+fFO}L 6] 3 B-M-8 sl
SUBD 83{ 4 1319316 )2]|A3|6+j2+iB3} 7] 3 0-MiM+1-D LA iNEEE
swI swib 3F [ 19| 1 [Software Interrupt 1 afede]e]e
swi2b 10| 20 | 2 {Software Interrupt 2 oo e fe]e
3F
swisb 11120 | 1 {Soltware Interrupt 3 s]e fotefs
3F
SYNC 13 | 24] T [Synchranize 10 Intetrupt o je |o |e e
TER RT,R2 J1F| 6 |2 R1=—R2Z w o [o]0]e
T8T TSTA i 4D 2 | 1 |TestA el k1 |O]s
1578 5D| 2 | 1 {TestB st qt(O]e
18T 0D] 6] 216D|6+|2+] D} 7] 3 Test M {1 ]r]o]e
NOTES:
1. This column gives a base cycle and byte count. To obtair total count, adtl the values obtained from the INDEXED ADDRESSING MODE table,
Table 2.
2. R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers.
The 8 bit registers are: A, B, CC, DP
The 18 bit registers are: X, Y, U, 8, D, PC
3. EA s the effective address.
4. The PSH and PUL instructions require 6 cycles plus 1 cycle for each byte pushed or pulled.
6. 6(6) means: b cycles if branch not taken, 6 cycles if taken (Branch instructions).
6. SWIi sets | and F bits. SWI2 and SW13 do not atfect } and F.
. 7. Condutions Codes set as a direct result of the instruction.
8. Vaue of half-carry flag.is undefined.
9. Special Case — Carry set if b7 is SET.
%3
1-146 i
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FIGURE 19 ~ PROGRAMMING AID {CONTINUED)
Branch Instructions
87D 09374 DT-49-(7-0@
Addressing Addiessing
Mode | Mode -
Relative 6[3f2{1]0 | Relatiy 51312110
Insiruction] Forms | OP] ~ 5[ # D HiN|ZIV|C [[ -Forms [OP -Sh_ D HIN]Z|V]C
BCC BCC 241 3 | 2 |Branch C=0 Sjefelele BLs BLS 23| 3 | 2 [Branch Lower slejejate
_jLecc 10156} 4 [Long Branch slejste|a . or Same
4 = LBLS 10 | 5{6}| 4 [Long Branch Lower s [s|e|a{e
BCS 8cs 25| 3| 2 |BranchC=1 elefofe 23 o Same
LBCS 10 | 6(6}] 4 [tong Branch slefe]e BLT BLT 2D} 3 | 2 [Branch<Zero slefelale
2% - C=1 LBLT 10 |5i61 4 |Long Branch<Zeto [ofe|afefe
BEQ BEQ 271 3 | 2 [Branch2=1 sfefea|e]e 2D
LBEQ 10 6(6)| 4 |Long Branch elelelate BMI aMI 28] 3 | 2 [Branch Minus ejofeiefs
27 2=0 LBMI 101616)| 4 fLong Branch Munus {s[e|e[e e
BGE BGE 2C| 3 | 2 {BranchzZero olelolefe 28
LBGE 10 |616){ 4 [Long Branchz2ero [e[afale]s BNE BNE 26| 3 | 2 {8ranchZ=0 elefefole
2C LBNE 10 [6(61{ 4 |Long Branch slefofele
BGT BGT 2| 3 | 2 [Branch>Zero efsfefele 2% Z#0
LBGT 10 [ 5(6)| 4 |Long Branch>Zero | o] o] o] afe BPL arL 2A} 3 | 2 {Branch Plus elejefetfs
2E : LBPL 10 [5(61| 4 [Long Branch Pius Slojelaje
BHI BHI 221 3 [ 2 [Branch Higner eofele]e]e 2A
LBHI 10| 561] 4 [Long Branch Higher fo[ofaf e s BRA BRA 20| 3 | 2 [Branch Atways slejafale
22 LBRA 16§ 6 | 3 jlong Branch Always [s [e[e]e]a
BHS BHS 24| 3 | 2 [Branch Righer o(eafofa]e BRAN BRN 21| 3 ] 2 |Branch Never efejolele
or Seme LBRN 10] 5 | 4 [Long Branch Never [e[efefe e
LBHS 10{56)( 4 [Long Branch Higher | o | ofefefe pil
24 or Same BSR 8SR 8D] 7 | 2 {Branch to Subroutcnefe |e|e|e |
BLE BLE 2F| 3 | 2 {BranchsZero ofalsjefe LBSR 171 8 | 3 lLong Branch to elefosjofe
LBLE 10| 6161 4 |Long BranchsZero |e| oo ] e Subroutine
2 BVC BVC |23 3 [ 2 [Branch V=0 aooon
aLo BLo 25| 3 { 2 [Branch [ower ololele]s LBvVC 10 |5(6)| 4 |Long Branch slojela]e
LsLo .10 |56} 4 lLong Branch Lower | je] e ef o 28 =
5 BVS BVS 2|3 [ 2 [Branchv=1 gRgan
LBVS 10 |6(6)] 4 [Long Branch elefelefe
2 =
SIMPLE BRANCHES

op -~ i
BRA 20 3 2
LBRA 16 5 3
BAN 21 3 2
LBRN 1021 5 4
BSR 8D 7 2
LBSR 17 9 3

SIGNED CONDITIONAL BRANCHES (Notes 1-4)

Test Trug opP False op

r>m BGT 2€ BLE 2F

rzm BGE 2C - BLT 20

r=m 8EQ 27 BNE %

rsm BLE 2F 8GT 2E

r<m BLT 20 BGE 2C
NOTES: o N .

1. All conditional branches have both short and long variations.
2, All short branches are two byles and require three cycles. -
3. All conditional long branches are formed by pretixing the short branc
4. All conditional long branches require four bytes and six cycles if the

1-147

branch is taken er five cycles if the branch is not taken.

SIMPLE CONDITIONAL BRANCHES (Notes 1-4

Test True oP False op
N=1 BMI 28 BPL 2A
Z=1 BEQ 27 BNE 26
V=1 BvVS 29 BvVC 8
C=1 BCS 25 BCC 24

UNSIGNED CONDITIONAL BRANCHES (Notes 1-4)

Test True oP False OP
t>m BHL 22 BLS 23
ram BHS 24 BLO 25
r=m BEQ 27 BNE 26
rsm BLS 23 BHI 2
r<m BLO 5 BHS 24

h opcode with $10 and using a 16-bit destination offset.
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PHYSICAL DIMENSIONS

87D 09375 D T-49~(7-66

R R G R v——

oL o cB182

P SUFFIX
PLASTIC PACKAGE

{1} Nominal simansion

o'z v ; ° 12) True grometricel position
S A
: //lﬁuuuuuuuulii _ ALSO AVAILABLE
$3wox. "‘) JSUFFiIX C SUFFIX
40 pins CERDIP PACKAGE CERAMIC PACKAGE :
o Y H
A5V F119 CB-182

cal DATA. FEDEC SITELESC

ORDERING INFORMATION

| EFE8A09 | C M) BB |
De\llice l ‘ L screening level
Package Oper. temp.
The table below lly shows ol avaliable suffix tions for p peratl P and iy
levs!. Other poasibllities on request.
DEVICE PACKAGE OPER. TEMP SCREENING LEVEL
[ J P E FN L v M Std b G/8 | BB
[ ] [ ] L [ J [} L ]
L] L] [ ] [ [
EF8309 (1.0 MHz} Y o . * . °
® * ® [ ]
[ ] L] [ ] [ ] [ ]
® e L [ ] °
EFSBA03 (1.6 MHz)
[ [ L] e [ ] [ ]
[ ] [ ] ® [}
EFS8B03 20 MH2) LA Al bt
[} ® L [ ] L}
Examples : EF6809C, EF6809CV, EF6S09CM

Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC.
Oper. temp.: L*: 0°Cto +70°C, Vi —40°C to +85°C, M: _B5°C to +126°C, *: may be omitted.
Screening level: Std : (no-end suffix), D: NFC 96883 level D, .

R GIB : NFC 96883 level G, BIB : NFC 86883 level B and MIL-STD-883C level B.

1-148
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PHYSICAL DIMENSIONS !

87D 09376 D T-49-17-06

cB-521
Pun ) fentilication
. 1,510
14510 16,662
15682 H
R L]
FN SUFFIX
PLCC 44
Jd= s
o= nfi 2 EM B
" sgffglE aEEEE:
i I I G N
w127 '.'e'-'{-'-He elele max 17,40 -
Tre- 3 T7es veel7 @) 39fla
Aof]s 3sPe
1 e e
1 asiz o s 37 JoMA/EREG
o ‘ 44 pins azo 2[R
om min. 4533 Y NC[j1t 35 {INC
S Nefl12 oo
MO-047-AC CB-521 A3f1a 3ot
cer OATA. JEoEC SiTELESC Adflia 32[)02
ASQis 31{)p3
As[]1s 30[j04 H
Al 29[j0s :
| megasngangse :
L' ) UR Ry I iy 30 gy W D Ry I [ Uy O e i
tEEEEN R :
< € <> a4
2.09 max.
F
—
= cB-708
=
b
fs
—
bl
tal
! (-
1 -
} 3
i
: 1833
i 1681
] : E SUFFIX
1
44 pins LCCC 44
BIN Y ¢
CB-708 H
cel DATA. JEOEC SITELESC :
i
1-149 :
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