HD6809,HD68A09,HD68B09—
MPU (Micro Processing Unit)

The HD680? is a revolutionary high performance 8-bit
microprocessor which supports modem programming tech-
niques such as potition independence, reentrancy, and modular

programming.

This third-geaeration addition to the HMCS6800 family has
major architectural mpre ts which include additional
registers, instructions and addressing modes.

The basic instructions of any computer are greatly enhanced
by the presence of powerful addressing modes. The HD6809 has
the most complete set of addressing modes available on any
8-bit microprocessor today.

The HD6809 has hardware and software features which make
it an ideal processor for higher level language execution or
standard controiler applications.

HD8800 COMPATIBLE
® Hardware - interfaces with All HMCS6800 Peripherals

® Software — Upward Source Code Compatible instruc-
tion Set and Addressing Modes

ARCHITECTURAL FEATURES

Two 16-bit Index Registers

Two 16-bit Indexahje Stack Pointers

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

Direct Page Register Allows Direct Addressing Through-
out Memory

HARDWARE FEATURES

On Chip Oscillator

DMA/BREQ Allows DMA Operation or Memory Refresh

Fast Interrupt Request Input Stacks Only Condition

Code Register and Program Counter

MRDY input Extends Data Access Times for Use With

Slow Memory

® Interrupt Acknowledge Output Allows Vectoring By
Devices

® SYNC Acknowledge Output Atlows for Synchronization
to External Event

® Single Bus-Cycle RESET

® Single 5Volt Supply Operation

® NMI! Blocked After RESET Until After First Load of
Stack Pointer

® Early Address Vaiid Allows Use With Slower Memories

Early Write-Data for Dynamic Memories

Compatible with MC6809, MCBBA09 and MC68B0S

a SOFTWARE FEATURES

10 Addressing Modes

» HMCS6800 Upward Compatible Addressing Modes
- Direct Addressing Anywhere in Memory Map

Long Retative Branches

- Program Counter Relative

True Indirect Addressing

*+ Expanded Indexed Addressing:

HD6809P, HD68A09P, HD68BOSP

{DP-40)

= PIN ARRANGEMENT

HD6809

{Top View)
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HD680Y,HDBBAOY, HDESBOY

0. 5, 8, or 16:bit Constant Offsets
8, or 16-bit Accumulator Offsets

Auto-lncrement/Decregﬂent bytor2

tmproved Stack Manipulation
1464 Instructions with Unique Addressing Modes

8 x 8 Unsigned Multiply

16-bit Arithmetic

TransferfExchange All Registers
Push/Pull Any Registers or Any Set of Registers

Load Effective Address

BLOCK DIAGRAM
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® ABSOLUTE MAXIMUM RATINGS

item Symbol Value Unit
Supply Voitage Vec© -0.3~+7.0 \'
Input Voltage Vin© 0.3~ +7.0 V'
Operating Temperature Topr -20 ~+75 °c
Storage Temperature Tag -56 ~ +150 °c

* With respect to Vgg [SYSTEM GND}

{NOTE} Permanent LS} damage may cccur if maximum ratings are exceeded. Normat operation should be under
d If

r ded operating di dit fed,

these s are it could affect reliabitity of LSI.

= RECOMMENDED OPERATING CONDITIONS

HD6809,HD68A09,HD68B09

item Symbol min typ max Unit
Supply Voltage Vee" 4.75 5.0 525 v
Vi * ~0.3 - 0.8 \'4
Logic _ v
(Ta=0~+75°C) 20 ce
{nput Voltage Logic
V' | ra=-20~07c)| 22 | - Vee v
RES 4.0 - Voo
Operating Temperature Taor -20 25 75 °c
* With respect to Vgg [SYSTEM GND)
m ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Voo=BVib%, Vgg =0V, Ta= -20~+75°C, unless otherwise noted.)
ftem Symbol Test Condition - HD6805 - HDE8A09 HDE8509 Unit
min | typ*| max | min ] typ* max | min | typ*} max
Ta=0~+75°C | 20| — | Vee 1 28] — Ve | 20| — | Voo
tnput "High” Voltage ExceptRES |\ I T 0~0°C |22 | = | Voo | 22| = |Veo| 22| = | Veo | v
RES 40} — |[Vec ] 40| — [Veo!| 40| — | Ve
input "“Low" Voltage Vi 03| - 0.8 |-03] '— 08 | 03} —~ 0.8 v
Input Leakags Current Except EXTAL | yin S;‘:f;ffs"' 25] - | 25 |25] — [ 25|-258] —| 25 { »A
Three State {OFf State] D,~0, ' Vin=04~24V, 10 - 10 | -10 - 10 | ~10 - 10 A
Input Current Bo~Byg R | TS | vgommax 700] — | 100 |-100] = | 100 |-100] — | 100 | *
D,~D, {}-0““7'?03"‘“' 28| -] - Ja2s) - - |24 -] -
gc'mlﬂ .
it o A,~A, ., RIW, ILoaD™-145uA, )
Output “High” Voltage ’° ! Vou Veg=min 24 - - 2.4 —_ - 24 - - v
BA,BS lLoap=1008A, | 5 1 1 _ da4i _ | - |24} - -
Veg=min
Output “Low™ Voltage - B VoL | lLoap=2mA - - { 05§ — — 05| — ~ 1 05 v
Power Dissipation Po - - 1.0 | — ~ 1.0 - - 1.0 w
B,~D — 10 16 - 10 18 - 10 15
Input Cap s 7 : 0= Fhadiin Sih-1 SO
ned ExeeptB,~0, | O | ViR T 7l -l7lwi-T73 %"
Output Capacitance Bobasr RV, | coue | ToiMHz N B T I U RIS RN R GEPTIN J
*Ta=25°C, Voo=5V
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HD6809,HD68A09, HDESBOI

® AC CHARACTERISTICS (Vco=5V15%, Vgg = OV, Ta = -20~+75°C, unless otherwise noted.)

1. CLOCK TIMING

HDE80Y HDBBA0S HDE8BCY
ttemn Symbol Test C Unit
min | typ { max | min | typ | max | min | typ | max
Frequency of Operation . _ -
{Crystal or External Input} fxraL 0.4 4 ] 04 6 |04 8 MHz
Cycle Time teye 1000| — [10000} 667 | — {10000] 500 | — [10000} ns
Total Up Tims tur 975 | — — [ 640 — — 480 — - ns
Progessor Clock “High' tPwEH 450 { — [15500| 280} — }15700| 220 | — 115700{ ns
Procsssor Clock “'Low* towe L 430 | — |6000| 280| — | 5000} 20| — | 5000} ns
E Rise and Fall Time tge tgg | Ti9.2,Fig.3 -t =125 -1 =1 25| — ~ | 20 ns
Epow 10 Qpgn Time tavs 200f — | 250130 ; — | 165| go | — | 126 »e
Q Clock “High'" trwan 450 | — !s5000{ 280 — {5000} 220) — |spog| ms
Q Clock “Low™ N trwar 450 | — [15500{ 286 | — |15700{ 220 | — {15700] ns
Q Rise and Fall Time tar taf - - 2 - - 25 ( - - 20 s
Qy ow to E Faiting tae 200 | - - 183} -~ - 100 — - ns
2. BUS TIMING
Item Symbol |  Test Conditi HD6809 HD58A05 HDE8B0Y Unit
min | typ | max | min | typ | max | min typ § max
Addrass Delay tap - - L2200 — - 140 | — — { 310 n3
Address Valid to Qiign taq 50 | — - 25 | — - 15 | — - ns
Peripheral Read Access Time . .
{tyT—tap—tpsp=tacc! tacc | Fig.2,Fig.3 695 — | ~ ladof - — jasof ~ | — ns
Data Set Up Time {Read} tnsr 80 = - 60 - - 40 — - ns
Input Data Hold Time toHR 10 - — i0 - - 10 — — ns
Flg.2,Fig.3 20~ -2} -] -]20-] | n
Address Hold Time | A,~A ,, RiT tay  O78°C
Fig.2, Fig.3 120 I R S (R R I R A
Ta=-20~0°C
Data Delay Time {Writs) DDW Fig. 3 - - } 200 - - 140 - - 110 ns
Fig.3 30| - | ~J3| -] -Ja|-]|-|n
o
Output Hold Time tonw l’?;";”s c
Ta=-20~0"C Wi-j -2 -] ~-120]| -] - ns
3. PROCESSOR CONTROL TIMING
Yom Symbo! | Test Conditi : HDE809 : HDEBAD9 HDBBBOS Unit
. min | typ | mex | min | typ | max | min | typ | rmax
MRDY SstUpTime -1 tpoom 126 ~ | - J125] —| — 110 = | = ns
interrupts Set Up Time teeg 200 — - 40| — - 110§ - - ns
HALT Set Up'Tyma tposH 200 — — | 46| — — {110 - - ns
RES Set Up Time i _tecgr! Fig. 6~Fig. 10 200 — — | 140 | - ~ Lo} - - ns
DMA/BREQ Set Up Time tpcsp | Fig. 14, Fig. 15 125 - - 125 - - 10| - - ns
Processor Control Rise and Fall Time ::cr, - - {100 — -1 10| — — | 100 ne
Ccf
Crystal Osciliator Start Time tac - - 80 | - - 30 ] — — 30 ms
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Ry = 18ka

Test Point

-C= 30pF l?A, Bs} .
130pF {D, ~ D, E
S0pF (A, ™~ A, R

<R = 11ka (D), ~ Dy}
16k& {A, ~ A, E,Q, R
24ka {BA, 85

All diodes are 1520743 or equivalent,
C includes Stray Capacitanca.

Figure 1 Bus Timing Test Load
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Figure 2 Read Data from Memory or Peripherals
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Figure 3 Write Data to Memory or Peripherals

= PROGRAMMING MODEL

As shown in Figure 4, the HD6809 adds three registers to the
set available in the HD6800. The added registers include a
Direct Page Register, the User Stack pointer and a second Index
Register.

o 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 fo
form a single 16-bit accumulator. This is referred to as the D

O HITACHI

register, and is formed with the A register as the most significant
byte.

& Direct Page Register {DP}

The Direct Page Register of the HD6809 serves to enhance
the Direct Addressing Mode. The content of this register appears
at the higher address outputs {As~A, s} during Direct Address-
ing Instruction execution. This allows the direct mode to be
used at any place in memory, under program control. To ensure
HD6800 compatibility, all bits of this register are cleared during
Processor Reset.
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HD8809,HD68A0S, HDE8BOY

® index Registers {X, Y}
The Index Registers are used in indexed mode of add

offset. During some indexed modes, the contents of the index
§ i d or decr d to point to the next

The 16-bit addressin this register takes part in the calculation of
effective addresses. This address may be used to point to data
directly or may be modified by an optional constant or register

15

gister are
item of tabular type data. Al four peinter registers (X, Y, U, S)
may be used as index registers.

X — index Register

Y — Index Registar

U — User Stack Pointer

Pointer Registers

§ — Hardware Stack Pointer

PC

Pragram Counter

Accumulators

v
D

7

o

L

t Direct Page Register

BEnnnAnG

CC — Condition Code Register

Figure 4 Programming Model of The Microprocessing Unit

® Stack Pointer {U, S}

The Hardware Stack Pointer (S) is used automatically by the
processor during subroutine calls and interrupts, The stack
pointers of the HD680Y point to the top of the stack, in
contrast to the HD680O stack pointer, which pointed to the
next free location on the stack. The User Stack Pointer (U) is
controlled exclusively by the programmer thus allowing argu-
ments to be passed to and from subroutines with ease. Both
Stack Pointers have the same indexed mode addressing capabil-
ities as the X and Y registers, but also support Push and Pull
instructions. This allows the HD6809 to be used efficiently as a
stack processor, greatly enhancing its ability to support higher
level languages and modular programming.

® Program Counter

The Program Counter is used by the processor to paint to the
address of the next instruction to be executed by the processor.
Relative Addressing is provided allowing the Program Counter
to be used like an index register in some sitvations,

® Condition Code Register
The Condition Code Register defines the State of the
Processor at any given time. See Fig. 5.

Lele]ul InJ2[v]c]

Carry
Qverflow
Zero
Negative
IRQ Mask
==e—=— Half Carry
FIRQ Mask
== Entire Flag

Figure 5 Condition Code Register Format
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= CONDITION CODE REGISTER DESCRIPTION

® Bit0 (C}

Bit 0 is the carry flag, and is usually the carry from the
binary ALU. C is also used to represent a *borrow” from subtract
like instructions (CMP, NEG, SUB, SBC) and is the complement
of the carry from the binary ALU,

® Bit1{V)

Bit 1 is the overflow flag, and is set to a one by an operation
which causes a signed two's complement arithmetic overflow.
This overflow is detected in an operation in which the carry
;rlgrg the MSB in the ALU does not match the carry from the

-1,

® Bit2{2)
Bit 2 is the zero flag, and is set to a one if the result of the
previous operation was identically zero.

e Bit3 (N}

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

® Bit4 (1) . .

Bit 4 is the TRQ mask bit. The processor will not recognize
interrupts from the TRQ line if this bit is set to a one. ’%}
FIRG, %R_G, RES, and SW1 all are set I to a one; SWI2 and SWI3
do not affect I.

® Bit5 (H)

Bit § is the half-carry bit, and is used to indicate a carry-from
bit 3 in the ALU as 2 result of an 8-bit addition only {(ADC or
ADD). This bit is used by the DAA instruction to perform a
BCD decimal add adjust operation. The state of this flag is

@ HITACHI




undefined in all subtract-like instructions.

o Bit6 {F)

Bit 6 is the FIRQ mask bit. The processor will not recognize
interrupts from the FIRQ line if this bit is a one. F&Iﬁﬁ
SWI, and RES all set F to a one, IRQ, SWI2 and SWI3 do not
affect F.

e Bit7 (E}

Bit 7 is the entire flag, and when set to a 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 retum from interrupt (RTY) to
determine the extent of the unstacking. Therefore, the current
E left in the Condition Code Register represents past action,

a SIGNAL DESCRIPTION

e Power {Vgg, Voe!)
Two pins are used to supply power to the part: Vgg is
ground or 0 voits, while V¢ is +5.0V £5%.

® Address Bus {A;~Ass)
Sixieen 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 .

FFFF,;s, R/W = “High”, and BS = “Low" this is a “dummy
access” or VMA cycle. Addresses are valid on the rising edge of

Q (see Figs. 2 and 3). All address bus drivers are made high
impedance when output Bus Availalbe (BA) is “High”. Each pin
will drive one Schottiky TTL load or four LS TTL loads, and
typically 90 pF.

® Data Bus {Dy~D}

These eight pins provide communication with the system
bi-directional data bus. Each pin will drive one Schottky TTL
load or four LS TTL loads, and typicaily 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 is “High™. R/W
is valid on the rising edge of Q. Refer to Figs. 2 and 3.

® Reset (FES)

A “Low" level on this Schmitt-trigger input for greater than
one bus cycle will reset the MPU, as shown in Fig. 6. The Reset
vectors are fetched from locations FFFE;,_and FFFF, ¢ (Table
1) when Interrupt Acknowledge is true, {BA - BS=1). During
initial power-on, the Reset line should be held *Low™ until the
clock oscillator is fully operational. See Fig. 7.

Because the HDG809 Reset pin has a Schmitt-trigger input
with a threshold voltage higher than that of standard peripherals,
a simple R/C network may be used to reset the entire system.
This higher threshold voltage ensures that all peripherals are out
of the reset state before the Processor.

O HITACHI

HD8803,HDB8ACY9,HD68BOS

Table 1 Memory Map for Interrupt Vectors

Memory Map For
Vector Locations lng"upf :{ector
MS s escription
FFFE FFFF RES
FFFC FFFD NMi
FFFA FFFB SWi
FFF8 FFF9 TRQ
FFF6 FFF? ERG
FFF4 FFF5 SWi2
FFF2 FFF3 SWI3
FFFO FFF1 Reserved
e HALT

A “Low” level on this input pin will cause the MPU to stop
running at the end of the present instruction and remain halted
mdeﬁmtely without loss of data. When halted, the BA output is
driven “High” indicating the buses are hxgh nnpzda.nee BS is
also “High”™ which indicates the processor is in the Halt or Bus
Grant state, While halted, the MPU will not respond to extemal
real-time requests (FIRQ, TRQ) although %pmﬁﬁfﬁ
always be accepted, and will be latched for Iater
response, During the Halt state Q and E continue to run
normally, If the MPU is not running , DMAJBREQ). 2
halted state (BA>BS=1) can be achieved by pulling HALT
“Low” while RES is still “Low”. If DAM/BREQ and HALT are
both pulled “Low”, the processor will reach the last cycle of the
instruction (by reverse cycle stealing) where the machine will
then become halted. See Figs. 8 and 16.

© Bus Available, Bus Status (BA, BS)

The BA 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 “Low”, an additional dead cycle
will elapse before the MPU acquires the bus.

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

Table 2 MPU State Definition

BA BS MPU State

0 o] Normal {Running)

0 1 Interrupt or RESET Acknowledge
1 [+ SYNC Acknowledge

1 1 HALT or Bus Gfant

Interrupt Acknowledge is indicated during both cycles of 2
hardware-vectos-fetch (%FS, NMI, FIRG, , 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 1,

Sync Acknowledge is indicated while the MPU is waiting for
external synchronization on an interrupt liae.

Halt/Bus Grant is true when the HD6809 is in a Halt or Bus
Grant condition.
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HD6809,HD68BA0S, HDE8BO9

® Non Maskable Interrupt (NM1)* ’ hardware stack. After reset, an NMI will not be recognized untif

A negative edge on this input requests that a non-maskable the first program load of the Hardware Stack Pointer (S). The
interrupt sequence be generated. A non-maskable interrupt gﬁg{e width of NMI “Low™ must be at least one E cycle. If the
cannot be inhibited by the program, and also has a higher input does not meet the minimum set up with respect to
priority than FIRQ,TE(% or software interrupts. During recogni- Q, the interrupt will not be recognized until the next cycle. See
tion of an NMJ, the entire machine state is saved on the Fig. 9.

2nd To Last Last Cycle - T N
e OF Of - _—
C&E,,'.m Current . Oead Dead !nsxmcnuTmu:ﬁon Cead

Inst, Inst, Cyct Halted |_ Cvele | Fetch | Execute [ Cvcle Hatted
[a
l ’ l N R
a l ] ! j l l l 1 L_I U L.J LJ u u L_l L-J l—-l LJ L—

E
pesss tPCSH

1 3.—!
tper PCe: PCt

BALT L7 Vin Vin
RALT " a8V . 0.8V b

s X D——
w / * N 2 —
as / “ ~___ /7

Instruction

Fezch Exacute

Opcode
Figure 8 HALT and Single Instruction Execution for System Debug

Laut Cycle
of Currsnt

instruction
lnnmcﬁc.m
fi

— pt Stacking and Vector Fetch Seq 3
Jr-2. m-1, m |m*'l“"?»'“'r’u'"“:“"sx"‘*s:'"”u""!-'“’s M0 MmN M2 M3 M4 m+ 18 m+1Em+ 17 m+ 18
T T T T

e

Address
Bus
{ -7 SP-B SP-9SP-10SP-TISP - 12FFFF FFEC FEFQ FFFF Naw New
trct - - m t;"g PC PFC#1
VHA PCL  PCH UL UH YL YH XL XH oP [ A = Naw  New
PCH  PCL
AW 7
o T
8 2O =

Figure 9 TRG and NMI Interrupt Timing
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HD680Y,HD68A09,HD68BO9

Insseuetion
jnstruetion Fatch
¢ 4 Intarrupt Stacking and Vactor Fatch Saque : -
- N 1
(m=2  m=1, m M1 M2 meS  mrd  meS ) meS  me7 | meg , meS | n ntt
I -t t } +- -+ + t -+ ot B s it

>3 ”© FEFF LB sr~2 P~ FFFF FFFE FFFT FFFF NewPC NewPCHE

Figure 10 FIRQ Interrupt Tim'inq

® Fast-Interrupt Roquest {FIRG)*

A “Low” level on this input pin will initiate a fast interrupt
sequence provided its mask bit (F) in the CC is clear. This
sequence 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 interrupt
before doing an RTI. See Fig, 10.

e Interrupt Request {IRQ)*

A “Low” level input on this pin will initiate an interrupt
Request sequence provided the mask bit (I} in the CC is clear.
Since TRQ stacks the entire machine state it provides a slower
response to interrupts than FIRQ. IRQ also has 2 lower priority
than FIRQ. Again, the interrupt service routine should clear the
source of the interrupt before doing an RTIL. See Fig. 9.

* NMI, FIRQ, and TRQ requests are sampled on the falling
edge of Q. One cycle is required for synchronization befors
these interrupts are recognized. The pending interrupt(s)
will niot be serviced until completion of the current instruc-
tion unless a SYNC or CWAI condition is present. If TRQ and
FIRQ do not remain “Low” until completion of the current
instruction they may not be recognized. However, NMI is
latched and need only remain “Low” for one cycle.

® 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 a2 TTL level input for external timing by
grounding XTAL. The crystal or external frequency is four
times the bus frequency. See Fig. 7. Proper RF layout
techniques should be observed in the layout of printed circuit
boards.

<NOTE FOR BOARD DESIGN OF THE OSCILLATION
CIRCUIT >

In designing the board, the following notes should be taken
when the crystal oscillafor is used.

1) Crystal oscillator and load capacity Cin, Cout must be placed
304

hear the LSI a; ﬁuch as possible.

Normal oscillation may be disturbed when external noise is
induced to pin 38 and 39.

2) Pin 38 and 39 signal line should be wired apart from other
signal line as much as possible. Don’t wire them in paraile].

[Normal oscillation may be disturbed when E or Q signal is ]
feedbacked to pin 38 and 39.

[s]
40
XTAL Cout
% g:%:"—;,
38 Jerar b—y
Cin
3 —
I
HD6809 MRDY
3335

34:,5—]

Figure 11 Board Design of the Oscillation Circuit.

<THE FOLLOWING DESIGN MUST BE AVOIDED >

A signal line or a power sdurce line must not cross or go near
the oscillation circuit line as shown in Fig. 12 to prevent the
induction from these lines and perform the correct oscillation.
The resistance among XTAL, EXTAL and other pins shouid be
over 10MRQ,
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Must be avoided.
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HD6808,HDBBAOS, HD68BO9

e E Q

E is similar to the HD6800 bus timing signal ¢,; Q is a
quadrature clock signal which leads E. Q has no parallel on the
HD6800. Addresses from the MPU will be valid with the lead-
ing edge of Q. Data is latched on the falling edge of E. Timing
for E and Q is shown in Fig. 13.

+ MRDY

This input control signal allows stretching of E and Q to
extend data-access time. E and Q operate normally while MRDY
is “High”. When MRDY is “Low”, E and Q may be stretched in
integral multiples of quarter (1/4) bus cycles, thus allowing
interface to slow memories, as shown in Fig. 14. A maximum

Figure 12 Example of Normal Oscillation may be Disturbed.

Start ofl Cycle

E |
§k 0.5V

End of Cycie fLatch Data)

:—— tavs ——l

e |

2.4v

f Address Valid i

Figure 13 E/Q Relationship

2.w'1“‘\ \ /
| PR,

MRDY

tpct l-tecsm toer
\\‘\\\\ Vik ! Vin
0.8V . o8V
{

Figure 14 MRDY Timing
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HD6809,HDBBAOS, HDE8BOS

stretch is 10 microseconds. During nonvalid memory access
(VMA cycles) MRDY has no effect on stretching E and Q; this,
inhibits slowing the processor during “don’t care™ bus accesses.
MRDY may also be used to stretch clocks (for slow memory)
when bus control has been transferred to an external device
(through the use of HALT and DMAJBREQ).

Also MRDY has effect on stretching E and Q during Dead Cycle.

¢ DMA/BREQ

The DMAJBREQ input provides a method of suspending
execution and acquiring the MPU bus for another use, as shown
in Fig. 15. Typical uses include DMA and dynamic memory
refresh.

Transition of DMA/BREQ should occur during Q. A “Low”
tevel on this pin will stop instruction execution at the end of the
current cycle, The MPU will acknowledge DMA/BREQ by
setting BA and BS Yo *High™ level. 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 lead-

v
DMA/BREG R\ Sk-lgsv

ing and trailing dead cycle. See Fig. 16.

Typically, the DMA controller will request to use the bus by
asserting Dyﬂmﬁﬂﬁ pin “Low” on the leading edge of E.
When the MPU replies by setting BA and BS to a one, that cycle
will be a dead cycle used to transfer bus mastership to the DMA
controller.

False memory accesses may be prevented during and dead
cycles by developing a systemﬁﬂﬁ%ﬂsignal which is “Low™
in any cycle when BA has changed.

When BA goes “Low” (either as a result of DMA/BREG =
“High” or MPU self-refresh), the DMA device should be taken

off the bus. Another dead cycle will elapse before the MPU
accesses memory, to allow transfer of bus mastership without
contention.

= MPU OPERATION

Durng normal operation, the MPU feiches an instruction
from memory and then executes the requested function. This

DEAD MPU

/ Srosv

VAR VAR VAR VANV

<

L[/ oy

™ tecsp
L

tpcr ——i
pCsp

P
84, 85 e
BMAVMA* —/—_\

ADDR N\
MPU) /
ADDR
{DMAC) <

N
/L
C
>—

*DMAVNA is a signal which is developed externally, but is a system requirement for DMA.
Figure 15 Typical DMA Timing (<14 Cycles)
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DEADF‘— ——14 DMA Cych

|
DMA/BREG  \J

——I'DEAD' MPL tDEAJ—»——-DMA-—»

BA, BS Iy

DMAVMA* _V—I\ -

*DMAVMA isa sggnal ;vh]c;rwg developed externally, but is a system requirement for DMA.

Figure 16 Auto — Refresh DMA Timing
{Reverse Cycle Stealing)

sequence begins at RES and is repeated indefinitely unless
altered by a special instruction or hardware occurrence. Soft-
ware instructions that alter nonnal MPU operation are: SWI,
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt, HALT or
DMA/BREQ can also alter the normal execution of instructions,
Fig. 17 illustrates the flow chart for the HD680G9.

s ADDRESSING MODES
The basic instructions of any computer are greatly enhanced
by the presence of powerful addressing modes. The HD6809 has
the most complete set of addressing modes available on any
microcomputer today. For example, the HD6809 has.59 basic
instructions; however, it recognizes 1464 different variations of
instructions and addressing modes. The addressing modes
support modern programming techniques. The following ad-
dressing modes are available on the HD6809:
(1) Implied (Includes Accumulator)
(2) Immediate
(3) Extended . -
(4) Extended Indirect
(5) Direct
(6) Register
(7) Indexed
Zero-Offset
Constant Offset
Accumulator Offset
Auto Increment/Decrement
(8) Indexed Indirect
(9) Relative
(10) Program Counter Relative

® Implied (Includes A lator)
In this addressing mode, the opcode of the instruction

confains all the address information necessary. Examples of

Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB,

¢ lmmediate Addressing
In Immediate Addressing, the effective address of the data is

the location immediately following the opcode (i.e., the data to
be used in the instruction immediately follows the opcode of
the instruction). The HD6809 uses both 8 and 16-bit immedicte
values depending on the size of argument specified by the
opcode. Examples of instructions with Immediate Addressing
are:

LDA #3520

LDX #3F000

LDY #CAT
INOTE) # signifies Immediate addressing, S signifies hexa-

decimal value.

® Extended Addressing

In Extended Addressing, the contents of the two bytes
immediately following the opcode fully specify the 16-bit
effective 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 Extended

Addressing include:

LDA CAT
STX  MOUSE
LDD  $2000

@ Extended Indirect

As a special case of indexed addressing (discussed below),
“1" level 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  [DOG]

o Direct Addressing

Direct addressing is similar to extended addressing except
that only one byte of address follows the opcode. This byte
specifies the tower 8-bit of the address to be used. The upper
8-bit 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 locations {one page) can be
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accessed without redefining the contents of the DP register. " 3 Indexed
Since the DP register is set ti $00 on Reset, direct addressiig on 7 T8 Po:'sw: Re;'mr:" T T o - Addressing
the HD6809 is compatible with direct addressing on the Mode
HD6800. Indirection is not allowed in direct addressing. Some OfRIRIxIXIX}I*|X EA = R +5 Bit Offset
examples of direct addressing are: ijRjRiojolojlolo R+
LDA $30 t fR|{RARICMN|D10[0]1 R+
SETDP 310 (Assembler directive) tJR|{AIGIO {01110 il
LDB $1030 1 jRlRONjO O] 11 ,--R
LDD <CAT i ielAionjo|1|o) 0 EA = R +0 Offset
. L . tir{mjonfo] 1ol EA = R + ACCB Offset
(NOTE) < is an assembler directive which forces direct ad- 1 m|RrioAfo ] 1110 EA = R * ACCA Offset |
dressing. 1 jajrlonfi{ofolo EA =, R +8Bit Offset
e Register Addressing tim|Rjonji oo} EA = ,R + 16 Bit Offser
Some opcodes are followed by a byte that defines a 1 R{ROALT | OF 111 EA-At D, Offset
or set of registers to be used by the instruction. This is called a L1l g2 o b1 10 0 EAZPCHEBit Offset
postbyte. Some examples of register addressing are: Tyxgxjonit 110} 1 EA = PG+ 16 Bit Offser
TFR XY Transfers X into Y t{R|R} 11 INENE! EA = {,Address]
EXG A, B Exchanges A with B
PSHS A B,X,Y PushY,X,BandA ontoS L Addressing Mode Field
PULU X Y,D Pull D, X, and Y from U . )
indirect Field
{Sigh bit when b7 = 0}
® Indexed Addressing o Non Indirect
In all indexed addressing, one of the pointer registers (X, Y, } o, Indirect

U, 8, and sometimes PC) is used in a calculation of the effective
address of the operand to be used by the instruction. Five basic
types of indexing are available and are discussed below. The
postbyte of an indexed instruction specifies the basic type and
variation of the addressing mode as well as the puinter register
to be used. Fig. 18 lists the legal formats for the postbyte. Table
3 gives the assembler form and the number of cycles and bytes

Regster Field : RR
o0=X

g1=Y

0=V

11=8
% = Don't Cars

Figure 18 Index Addressing Postbyte Register Bit Assignments

Table 3 Indexed Addressing Mode

Non Indirect indirect
Type Forms At | Opceds |~lal “Form | OpcCode |~|%
Constant Offset From R No Offset R 1RRO01CO0 |00 {,R] 1RR10100 | 3|0
{2's Complement Offsets} § Bit Offset n, R ORRnoann 100 | defaults to 8-bit
8 Bit Offset n R 1RRO1000 |11} [n R) TRR11000 |41
16 Bit Offset n, R 1RRO1001 412 [n, R} 1RR11001 7 >2 B
Accumulator Offset From R A Register Offset AR 1RRO0110 |10 {A, BRI tRR10110 {4(0
{2's Complement Offsets) B Register Offset | B, R 1RRO0101 [1]0] [B, R 1RR10101 | 4|0
D Register Offset D, R 1RRO1011 (4|0 (D, R] 1RR11011 |70
Auto Increment/Decrement R | Increment By 1 R+ 1RRO0000 |20 | T T hot allowed
Increment By 2 R++ 1RR0O0001 3|0 8+l I 1RR10001 810
Decrement By 1 .-R 1RROO010 | 2|0 not allowed
Decrement By 2 ,-~R 1RR0O0011 [3[0 [,--R] 1RR10011 | 6|0
Constant Offset From PC 8 Bit Offset n, PCR 1xx01100 111 [n,*PCR} 1xx11100 411
(2's Complement Offsets) 16 Biz Offset n, PCR 1xx01101_ 5|2 | [, PCRl | txxil101 | 8|2
Extended Indirect 16 Bit Address - - e B in] 10011111 512
R=X,Y,UorS RR:
X = Don't Care 00=X
qt=Y
10=U
11=8
: and 1;;indicate the number of additional cycles and bytes for the particular variation.
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added to the basic values for indexed addressing for each
variation,

Zero-Offset [ndexed
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 are:
e 0X
DA™ 8

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 of the operand. The pointer register’s initial content is
unchanged by the addition. o o

Three sizes of offsets are available:

5-bit (—16 to +15)
8-bit (~128 to +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 complement 8-bit offset is contained in a
single byte following the postbyte. The two’s complement
16-bit offset is in the two bytes following the postbyte. In most
casés the programmer need not be concerned with the size of
this offset since the assembler will select the optimal size
automatically.

Examples of constant-offset indexing are:

LDA 23X
LDX -28
LDY 300X
LDU  CATY

A tator-Offset indexed

This mode is simifar to constant offset indexed except that
the two's-complement value in one of the accumulators (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 aceumulator to use as an
uffset and no additional bytes are required. The advantage of an
accumulator offset is that the value of the offset can be
caleulated by a program at run-time.

Some examples are:

LDA BY
LDX DY
LEAX BJX

Auto increment/Decrement indexed

In the auto increment addressing mode, the pointer register
contains the address of the operand. Then, after the pointer
register is used it is incremented by one or two. This addressing
mode is pseful 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 1o be
accessed and is selectable by the programmer, The pre-
decrement, post-increment nature of these modes allow them to
be used to create additional software stacks that behave
identically to the U and S stacks.
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Some examples of the auto increment/decrement addressing
modes are:

LDA X+
STD Y+ o+
DB  -Y
LDX ,--8

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 0}
The desired result is to store a 0 in locations $0000 and $0001
then increment X to point to $0002. In reality, the following
occurs: . . B

0+ temp calculate the EA; temp is 2 holding register

X+2+X perform autoincrement

X -+ (temp) do store operation

o Indexed Indirect
All of the indexing modes with the exception of auto

increment/decrement by one, or a 34-bit offset may have an
additional level of indirection specified. In indirect addressing,
the effective address is contained at the location specified by
the contents of the Index register plus any offset. In the
example below, the A accumulator is loaded indisectly using an
effective address calculated from the Index register and an
offset. .

Before Execution

A = XX (don’t care)

X =8F000
§0100 LDA {$10,X] EA is now $F010
$F010 $F1 $F150 is now the
SFO11 350 new EA
SF150 SAA

After Execution
A = $SAA Actual Data Loaded
X =§F000
All medes of indexed indirect are included except those
which are meaningless (e.g., auto increment/decrement by |
indirect). Some examples of indexed indirect are;

LDA  [X]
LDD  [{108]
LDA  [BY]
LPD  [[X++]

e Relative Addressing

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

BEQ CAT {short}

BGT DOG {short)
CAT LBEQ RAT {long)
DGG LBGT RABBIT (long)
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.
RAT NOP
RABBIT NOP
e Program C Relati

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 curment 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 wiiting
position independent programs. Tables related to a particular
routine will maintain the same relationship after the routine is
moved, if 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]

u HD680I INSTRUCTION SET

The instruction set of the HD6809 is similar to that of the
HD6800 and is upward compatible at the source code level,
The number of opcodes has been reduced from 72 to 59, but
because of the expanded architecture and additional addressing
modes, the number of available opcodes {with different ad-
dressing modes) has risen from 197 to 1464.

Some of the new instructions and addressing modes are
described in detail below:

o PSHU/PSHS

The push instructions have the capability of pushing onto
either the hardware stack (8) or user stack (U) any single
register, or set of registers with a single instruction.

e PULU/PULS

The puil 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 puiled. The actual PUSH/PULL sequence is
fixed; each bit defines a unique register to push or pull, as
shown in below.

PUSH/PULL POST BYTE

| ! cc
=

8

| L——or
X

-y
S/
- pe

< Pull Order Push Order ~
PC 13} Y X DP B A CcC
FFFF...+ increasing memory address .....0000
PC s Y X DP B A CC

HD6809,HD68A0S HDE8BBO9

®TFR/EXG

Within the HD6809, any register may be transferred to 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. Three are denoted as
foltows:

0000 - D 0101 - PC
0001 — X 1000 - A"
0010 - Y 1001 - B
0011 - U i010 — CC
0100 — § 1041 — DP

{NOTE} All other combinations are undefined and INVALID.
TRANSFER/EXCHANGE POST BYTE

[ Fooke_oebiarion

e LEAX/LEAY/LEAU/LEAS

The LEA {Load 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 2 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 4.

The LEA instruction also allows the user to access data in 2
position independent manner, For example:

LEAX MSG1, PCR
LBSR PDATA {Print message rodtine)
.
.
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 MSG] into 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 autoincrement and autodecrement
addressing modes due to the sequence of internal operations.
The LEA internal sequence is outlined as follows:

LEAa, b+ (any of the 16-bit pointer registers X, Y, U
or S may be substituted for aand b.)

1. b~temp {calculate the EA)

2.b+1-b (modify b, postincrement}

3. temp—+a (load a)

LEAa, - b

1. b —1-temp {calculate EA with predecrement)
2.b-1-+b (modify b, predecrement}

3. temp—+a (load 2)

Autoincrement-by-two and autodecrement-by-two instruc-
tions work similarly. Note that LEAX, X+ does not change X,
however LEAX, —X does decrement X. LEAX 1, X should be
used to increment X by one.
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Table 4 LEA Examples

instruction Operation Comment
LEAX 10, X | X +10 -~ X | Adds 5-bit constant 10 to X
LEAX 500, X X +500~>X | Adds 16-bit constant 500 to X
LEAY A Y Y +A =Y {Adds 8-bit accumulator to Y
LEAY D,Y Y +D —+Y | Adds 16-bit D accumulator to Y
LEAU-10,U | U—-10 - U | Subtracts 10 from U
LEAS ~10,S | S - 10 =8 | Used 1o reserve area on stack
LEAS 10,5 | S+ 10 +S | Used to ‘clean up’ stack
LEAX 5,8.| S+5 — X | Transfers as well as adds
o MUL

Multiplies the unsigned binary numbers in the A and B
accumulator and places the unsigned result into the 16-bit D
accumulator. This unsigned muitiply also allows mubtiple-
precision multiplications.

Long And Short Relative Branches

The HD6809 has the capability of program counter relative
branching throughout the entire memory map. In this made, 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 gene-
rated through the use of relative branching. Both short (8-bit)
and long {16-bit) branches are available,

& SYNC

After encountering a 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, TRQ) with its mask bit (F or I} clear, the
processor will clear the Syne state and perform the normal
interrupt stacking and service routine. Since FIRQ and IRQ are
not edge-triggered, a “Low” level with a minimum duration of
three bus cycles is required to assure that the interrupt wiil be
taken. If the pending interrupt is maskable (FIRQ, TRQ) with its
mask bit (F or [} set, the processor will clear the Sync state and
continue processing by executing the next inline instruction.
Fig. 19 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 debug-
ging, trace operations, memory mapping, and sgftware deve}~
opment systems. Three levels of SWI are available on this
HD6809, and are ptioritized in the following order: SWI, SW12,
SWi3.
16-Bit Operation

The HD6809 has the capability of processing 16-bit data.
These instructions include loads, stores, compares, adds, sub-
tracts, transfers, exchanges, pushes and puils.

m CYCLE-BY-CYCLE OPERATION

The address bus cycle-by-cycle performance chart illustrates
the memory-access sequence corresponding to each possible
instruction and addressing made in the HD680S. Each instruc-
tion begins with an opcode fetch. While that upcode is being
internally decoded, the next program byte is always fetched.
(Most instructions will use the next byte. su this technique
considerably speeds throughput.) Next, the operation of each
opcode will follow the flow chart. VMA is an indication of
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FFFF,s on the address bus, R/W="High" and BS=“Low”.
The following examples illustrate the use of the chart; see Fig.
20.

Example I: LBSR (Branch Taken)

Before Execution SP = FO00
$8000 IBSR CAT
$A000 CAT .
CYCLE-BY-CYCLE FLOW
Cycle # Address Data R/W Description
1 8000 17 1 Opcode Fetch
2 8001 1F 1 Offset High Byte
3 8002 FD 1 Offset Low Byts
4 FFFF * 1 VMA Cycle
s FFFF * i VMA Cycle
6 A0GO * i Computed Branch
Address
7 FFFF * 1 VHA Cycle
8 EFFF 03 o Stack Low Order
Byte of Retumn
Address
9 EFFE 80 0 Stack High Order
Byte of Return
Address
Example 2: DEC (Extended)
$8000 DEC $A000
$A000 FCB 580
- CYCLE-BY-CYCLE FLOW
Cycle #  Address Data R/W Description
1 8000 TA 1 Opcode Fetch
2 8001 AD 1 Operand Address,
High Byte
3 8002 oo 1 Operand Address,
Low Byte
4 FFFF * 1 VMA Cycle
5 A00O 80 1 Read the Data
6 FFFF * 1 VMA Cycie
7 ACQO 7F 0 Store the Decre-

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

= HD6809 INSTRUCTION SET TABLES
The instructions of the HD6809 have been broken down into
five different categories. They are as follows:
8-Bit operation (Table 5}
16-Bit operation {Table 6}
Index register/stack pointer instructions {Table 7)
Relative branches {long or short) {Table 8)
Miscellaneous instructions (Table 9)
HD6809 instruction set tables and Hexadecimal Values of
instructions are shown in Table 10 and Table 1.
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ol;nt cvd- Sync Last Cycle
Inwuctloﬁ_ Fetch | Ewecuts Syne Acknowtsdie nstrsction
i - 1 \ 1 1

]

\~
Y il
i A
0.8V

i
FIRG v ] [,_,m

{NOTES) » if the asscciated mask bit is set when the interrupt is raguested, this cycle will be an instruction fetch from address location PC + 1.
However, if the mterrupt is {NMforan FifG or ) interrupt processing continues with this cycle as {m) on Figure g
and 10 Ilntlrrupt Timin

++ If mask bits are clear, I'R%nnd FIRG must be held Low’" for three cycies to guarantee that interrupt will be taken, aithough only ons
cycle is pacessary 10 bring the processor out of SYNC,

Figure 19 Sync Timing

Opcode {Fetch]
Opeode +
2 Byws Y.
Opeods
H
¥ _
tong | Staet | immedate | Oyrecr Exunded fndexed=
Branch; Branch
trherant Opeodt +
A Oprade + . o .
Opogse® v‘—m ACCA Offsar]  Auto Auto TR+ |s 8| R+D} pe s+ |Extended] Ho Offsay]
vﬁx ACCE Offser lnclﬂx Im:m-e 16-8ir| Indirect

R+581
I R+8Bit

PC +8Ba

Cpcode + Opcode + Opcode + Opcoda +
Take ), Opcode + Opeade + Opcode + Opcode +
Branch
e z wE vx wx W
L3 TIA VME V#I W!!I V‘&T
N (NOTE} l l l l %\4
X ADDR ¥
BSR Y
LBSR
N ACDR Operation
tadirect [H)
VIE Indurect (L]
Vil
Stack [Wrete}
Stack Wrecs)
2 2
3

{(NOTE} Write operation during store instruction.
Figure 20 Address Bus Cycle-by-Cycle Performance
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Implied Page
44,
ASLA ABX aTs wa|  exef mue]  eswu)  eutu wif  oval AT
asty PSHS |  PULS siwi2
ASRA swid
CLRA
Sonea i
73 B STACK
£omB YRX i
YRE v
DECA vy VR VR
ity g STAcK 26TACK
12STACK  1Z6TA
nes % iDummy Read) W) fAned
LSLA VIRK sTACK 2 !
heiny ViIA e L ! €
Lsna STAK VA VHA o
STA VHA VA
NEGA VIR » {V’“}"
NEGH wi R
vIx ME  VECTOR VECTOR
RO ik VECTOR VECTOR
RORA VR VEA
RB
SEX DSTACK
TSTA 11XSTACK
TSTB
{sTAcK }’,’
tweite) £
4
STACK" STACK”
Dameny
Resd)
F r y v y ¥ y

{NOTE) STACK’: Addressstored in stack pointer before execution.
- STACK": Address set to stack pointer as the result of the execution.

Figure 20 Address Bus Cycle-by-Cycie Performance {Continued}

Non-Implisd
5% END
LDD AsL TsT|  AboD ISR 570
ADCB| LDS ASR CMPD sTS
ADDA| LDU CLR cMPs sT0
ApoB| LDX coM CMPU sTX
ANDAL LDY DEC CMPX STY
NG cMPY
BITA | ANDCC LSL SUBD
BITe cc Lsa
iy NEG
CMPB ROL
EORA ROA
EORB.
LDA
Log
ORA
oRB
SBCA
SBCB
A
B
SUBA
suUsB
TMA
Wosas
rite
VMA  VMA  ADDR+ STACK ADDR+
ADDR+  ADDR VRE UMK Write Writel
v

Figure 20 Address Bus Cycle-by-Cycle Performance (Continued)
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Table 5 8-Bit Accumulator and Memory Instructions

HD8809,HDB8AOY, HDEBBOS

Mnemonicls} Operation

ADCA, ADCB Add memory to accumulator with carry

ADDA, ADDB Add memory to accumulator o
ANDA, ANDB And memory with accumulator - B

ASL, ASLA, ASLE

Arithmetic shift of accumulator or memory left

ASR, ASRA, ASRB

Arithmetic shift of accumulator or memory right

BITA, BITB Bit test memory with accumulator

CLR,CLRA, CLRB Clear accumulator or memory location

CMPA, CMPB Compare memory from accumulator

COM, COMA, COMB Complement accumultor or memory location

DAA Decimal adjust A accumulator

DEC, DECA, DECB Decrement accumulator or memory location Il
EORA, EORB Exclusive or memory with accumulator

EXG R1,R2 Exchange R1 with R2 {R1, R2 =A, B, CC, DP}

INC, INCA, INCB Increment accumulator or memory location

LOA, LDB Load accumulator fram memory )

LSL, LSLA, LSLB

Logical shift left accumulator or memory location

LSR, LSRA, LSRB

Logical shift right accumulator or memory location

MUL

tUnsigned multiply {A x B> D)

NEG, NEGA, NEGB

Negate accumuiator or memory

ORA,ORB

Or memory with accumulator

ROL, ROLA, ROLB

Rotate accumulator or memory left

ROR, RORA, RORB

Rotate accumuiator or memory right

SBCA, SBCB Subtract memor\/ from accumulator with borrow

STA, STB Store accumulator to memory o S -
SUBA, SUBB Subtract memory from accumulator o S
TST,TSTA, TSTB - Test accumulator or memory location -

TFR R1, R2 Transfer RT to R2 {R1, R2= A, B, CC, DP} )

{NOTE} A, B, CC or DP may be pushed to {pulled from} either stack with PSHS, PSHU

{PULS, PULL) instructions.

Table 6 18-Bit Accumulator and Memory Instructions

Mnemonicls} Operation

ADDD Add memory to D accumulator

CMPD Compare memory from D accumulator

EXG D, R Exchange D with X, Y, S, Uor PC

LDD Load D accurnutator from memory

SEX Sign Extend B accumulator into A accumulator

STD Store D accumulator t0 memory

SUBD Subtract memory from D accumulator -
TER D, R Transfer D to X, Y, S,Uor PC o

TFR R,D Transfer X, Y,S,Uor PCto D T

(NOTE) D may be pushed {puiled} to either stack with PSHS, PSHU (PULS, PULL}

instructions.
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HD6809,HD68A09,HD88B0Y

Table 7 Index Register/Stack Pointer Instructions

Mnemonicis) Operation

CMPS, CMPU Compare memory from stack pointer

CMPX, CMPY Compare memory from index register

EXG R1,R2 Exchange D, X, Y, S, Uor PCwithD, X, Y, S, U or PC
LEAS, LEAU Load effective address into stack pointer

LEAX, LEAY Load effective address into index register

LDS, LDU Load stack pointer from memory

LDX, LDY Load index register from memory

PSHS Push A, B, CC,DP, D, X, Y, U, or PConto hardware stack
PSHU Push A, B, CC,DP, D, X, Y, S, or PConto ser stack
PULS Pull A, B, CC,DP, D, X, Y, Uor PC from hardware stack
PULY Pull A, B, CC,DP,D, X, Y, S or PC from user stack
STS, STU Store stack pointer to memory

STX, STY Store index register to memory

TFR R1,R2 ) Transfer D, X, Y,S,UorPCtoD, X, Y, S, Uor PC
ABX Add B accumulator to X {unsigned)

Table 8 Branch Instructions

Mnemo nic(s) i Operation
) SIMPLE BRANCHES .
BEQ,LBEQ Branch if equal
BNE, LBMNE Branch if not equal
8MI, LBMI Branch if minus
BPL,LBPL Branch if plus
BCS, LBCS Branch if carry set B
BCC, LBCC Branch if carry clear
BVS, LBVS Branch if overflow set
BVC, LBVC Branch if overflow clear .
SIGNED BRANCHES
BGT, LBGT Branch if greater {signed)
BGE, LBGE Branch if greater ihan or equal {signed}
BEQ, LBEG Branch i equal ] ~
BLE,LBLE ) Branch if less than or equal {signed}
BLT, LBLT Branch if less than (Vsiigned‘)
UNSIGNED BRANCHES N
BHE LBHI Branch if higher {unsigned)
BHS, LBHS Branch if higher or same {unsigned)
BEQ, LBEQ Branch ¥ equal T
BLS, LBLS Branch if lower or same {unsignad)
BLO, LBLO Branch if lower {unsigned)
OTHER BRANCHES
BSR, LBSR Branch to subroutine
BRA,LBRA Branch always
BRN, LBRN Branch never
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Table @ Miscellanecus Instructions

HD6809,HD68BA0S, HDESBOY

Mnemonic(s) Operation

ANDCC AND condition code register

CWAL AND condition code register, then wait for interrupt
NOP No operation

ORCC OR condition code register

IMP Jump -
JSR Jump to subroutine

RTI Return from interrupt

RTS Return from subroutine

SWI, SWIZ, SWI3 Software interrupt {absolute indirect)

SYNC Synchronize with interrupt line

O HITACH!
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HD6802,HD68ADY, HDBBBOS

Table 10 HD8809 instruction Set Table

INSTRUCTION/ HD6803 ADDRESSING MODES L
FORMS IMPLIED DIRECT EXTENDED | IMMEDIATE | INDEXED® | RELATIVE DESCRIPTION si3|21110
OF|~ (# |[OF |~ 1% |OP|~ |# |07~ {# |or|{~ % lor|~-®]a HI{N|Z{ViC
ABX 3A13 |1 iu-hx-é XED) eielsisjs
ADC  ADCA 99 | 412 1B3 5[ 3(83] 22 |A9]4+ 2+ +ﬂ+ = A IRERER RN B
ADCB D942 |F9/5 | 3iC9; 2|2 |E9)4+ |2+ 8+M+C-B IEEREREN
ADD  ADDA SBl4 ]2 |BBj5 | 318B| 2 ]2 [AB|4+ |2+ AtM- A IEERER RN K
ADDB DB{ 412 [FB[5 | 3 |CB| 2|2 |EB|4+ |2+ 8+M-~B IR R ERE
ADDD D3|8 2 |F3|7 |3 |C3| 4|3 [E3|[6+]2¢ DEMM+1-D |ejt bt}
AND  ANDA 94 14 12 |B&| 5 3 {84 212 [A4| 4+ |2+ AAM—- A siiiti0]e
ANDB D4j 412 |F4 5 {3 |C4| 212 [E4|4+ |2+ B AM—~B AEREE LIRS
ANDCC icl3jz2 CCA MM~ CC | {4+
ASL ASLA (4812 | 1 A (IR BRE RSk
ASLB (5812 } 1 B SLASEEREAE]
ASL 08 |62 |718(7 3 68| 6+ | 2+ My hd (IR RERERE
ASR ASRA (4712 |1 A T Sititielt
ASRB 572 | 1 B &1 |tielt
ASR 07 {612 {77}7 {3 67 [ 8+ | 2+ M5 R 2R RERT RE
BCC BCC 2413 |2 Branch C=0 sisisjole
LBCC 10 |5{6){ 4 Long Branch sisisjols
24 C=0
BCS BCS 25 {3 2 Branch C=1 sis(eiele
LBCS 10 |5{(6}| 4 Long Branch sielafele
25 c=1
BEQ BEQ 2713 |2 Branch Z=1 sisjelnin
LBEQ 1e |si6l 4 Long Branch sisiajeig
27 Z=1
BGE BGE 2C13 |2 Branch Nuwiv=0 [e e jejsle
LBGE 10 |56} 4 Long Branch sjsjsjsie
2¢ N@& V=0
BGT BGT 2E {3 2 BranchZyiNSV)=0l e (e |e (s | o
LBGT 10 |56} 4 Long Branch sislein|e
2E ZVIN #:V)=0
BHi BHI 2213 |2 Branch CVZ=0 sisjsieis
LBHI 10 |5(6}| 4 Long Branch (e iejais
22 CvZ=0
BHS BHS 24 13 |2 Branch s(sisiele
c=0
LBHS 10 {5i6}] 4 Long Branch eisisjs|e
24 =
BIT BITA 95 1412 |B5/6 |3185)2 12 |A5|4+ |2+ Bit Test AIMAA)[o i} [t [O]e
BITB D5 | 412 [FoiS 31C5] 2 |2 JE5{4+ |2+ Bit Test B(M ABli{® |t |t [O]e
BLE  BLE 213 12 BranchZVINvi=ife je e s e
LBLE 10 |516}{ 4 Long Branch slslolale
2F ZVIN @ Vi=1
BLO BLO 25 (3 j2 Branch C=1 “leieinln
LBLO 10 |5(61} 4 Long Branch aieisiele
25 C=1
BLS BLS 2313 12 Branch ejsisisle
cvz=1
LBLS 10 [5(6} 4 Long Branch oo sfaie
23 CVZ=1
BLT BLT 2013 2 Branch N tVe1 ele|sleile
LBLT 10 5(6}} 4 Long Branch siejslain
2D N+V=1
BM! BMi 28| 3 12 Branch N=1 LEERE BE B S
LBMI 10 |5(61} 4 Long Branch eisieiole
2B N=1
BNE BNE 212 2 Branch Z =0 sisie ele
LBNE i0 |5i8)} 4 Long Branch sieaislole
25 Z=9
BPL  BPL 2A{3 12 Branch N=0 sisie]aje
LerL 10 {56)} 4 Long Branch sleinlaie
24 N=0
BRA BRA 213 |2 Branch Ahways LELELEE BK]
LBRA |5 |3 Lorg Branch/ sisisis e
Always
BAN BRN 2113 12 Branch Never sisieinle
LBRN 10 15 4 tong Branch Nevesje (e (e (o {0
21

{to be continued)
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HDE809 ADDRESSING MODES

N o/ | IMPLIED | DIREGT | EXTENDED| IMMEDIATE | INDEXEDT | RELATIVE oescripTion  |51212]1]0
OP|~ |# |OF|~ 1% |OP|~ |2 |OP[~ [# JOP]~ | # |OP|~®] # H{N[Z]Vv]C
BSR  BSR 8D i 7 |2 Branch to sisjeisje
Subroutine
LBSR 17 |9 |3 | LongBranchto |e|eielsle
Subroutine
BVC BVC 28 (3 |2 Branch V=0 sjein|ae
Lsve 10 |5i6)} 4 Long Branch eie aiee
28 V=0
BVS BVS 2913 |2 Branch V=1 sisjeale
LBVS 10 (56} 4 Long Branch s(sisiein
29 vt )
CLR CirRA l4Fl2 11 oA sloj1{0jo
CLRB BF| 2 | 1 0-B sioi1lo}o
CLR OF | 8 |2 {7F{ 7 [ 3 6F {6+ | 2+ 0+ M ejoitjofo
CMP  CMPA 911 4{2iB1|65|3|81[22 [A1]a+]|2+ Compare MiromA[® |+ [+ 1513
CMPB Dl 412 tF1 5 | 3[CI|[2]|2 [Ei{4+ ]2+ Compare MfromB{@i1 [t (¢(¢
CMPD 10§ 713 (1018 |4[30([5 |4 [10]7+]3+ Compare M: M+ 1 (e it ]3¢
g3 B3 83 A3 from D
CMPS M 703 (1178 ]4l11]s |4 117 ]3¢ CompareM: M+1[e |t |8 ]|t ]t
9C 8C 8C AC from §
CMPU 1|7 (3 (1118 1411|5854 [11]7+]3+ CompareM: M +1{e [ 18]t ]2
a3 B3 83 A3 from U
CMP% 9C| 6|2 {BC{7 |3{8C|4 |3 ac|et |z CompareM: M+1le |Lit]tis
from X
cMPY Wl 7 i3l10[8[4)1015 |4 |10]7+]3+ CompareM: M+ 1{e [t ittt
gCc B8C 8c AC fromy
COM COMA (432 |1 B+ A st fsfol1
COMB [B3| 2 |1 B8 sitlzfo
COM 36272373 63 |6+ | 2+ MM st fs|o]1
CWAI 3C{20 2 ?c AlMM = CC | {d—t® =1
exce?tTl—*E]
it for Interrupt
DAA 192 1 Rait i Adjust A (e |11t @]t
DEC DECA [4A[ 2 |3 A-1-A eiritlt|e
DECB (B5A; 2 | 1 B—1-8 eftftitle
DEC oale |2 [7al7 )3 6A 16+ |2+ M-—1-M eliftitie
EOR EORA 9814 (2 (B3|5 | 388|212 [ag|a+|2+ ApM~A eititloie
EORB D8 412 |F8]5 | 3(|C8|2 |2 |E8]4at]| 2t BHM-B et itf|o]e
EXG Rt,R2 |1E| 7 {2 R1+~ R2? ~—@—)
INC INCA J4cj 2 |1 A+1-A sitftitfe
INCB  {sC|2 [1 B+1-8 eitlift]|e
INC ocisl2i7ci7}3 8C |6+ | 2+ M+ 1M eitit|t]e
JMP OE| 3 |2 |7E(4 |3 6E | 3+ | 2+ EAY - pC sieieiole
JSR gDt 712 (BD| 8 | 3 ADp7+ [ 2+ Jump to Subroutineje [¢ (& e |@
LD LDA @412 1B615 |38 |22 jaslde]2+ M A eft|t|0]e
LDB DB 4 |2 1F6!5 ! 3)/c6| 2,2 [E6|4as |2+ M—B efrit]o]e
LoD BC| 5 2 iFCl6 [ 3]cc|3 |3 |Ec|se |2+ MMt1-D [ AERER LI
Los 11613 107 14{10]4|4 tio]|es]3s MM+i—S et |t]o]e
DE FE CE €E
LDU DE| 5|2 {FE{B | 3|CE{3 (3 [EE|5+ |2+ M:M+1-U sitltiole
LDX SE|{ 5|2 |BE{6 | 3|8E]3 |3 |AE|5+ ] 2+ M:M+1~X s{iitjols
LOY 10183 ;107 [4{10!/4 |4 |10!6+]3+ M:M+1-Y sititfofe
SE BE BE AE
LEA LEAS 32 {4+ | 2+ Ea® g slejelele
LEAU 33 |4+ | 2+ EAY -~ U elelefele
LEAX 30 |4+ | 2+ EAY - X sisft|efe
LEAY 3t [ 4+ | 2+ EA® .Y eleft|e]|s
LSL LSLA (48| 2 |1 A —_— et fris s
LSt8 58 |2 |1 B}U-DEI[D-- ot |t]e]2
LSL 08|86 |2 (7|7 |3 68 [6+ | 2+ M LAERERERE:
LSR LSRA |42 |1 A — efo|t|e|t
LSRB {84 |2 |1 Bt |0 (tie|t
LSR 04|62 {74]7 |3 64 |6+ | 2+ M) L e jo|t|e]s
MUL ;i1 AXB-D sle il ie D
tUnsigned)
NEG NEGA (4072 |1 At1-A LIERERERE
NEGB |50} 2 [1 B+1-8B AR RN
NEG |6tz {73 60 [ 6+ | 2+ Hetam &1t 13 it 1t
NOP 1272 1 No Operation LELELEEET ]

O HITACHI
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HD6809,HDE8BA0S, HDBBBOY

INSTRUCTION/ HD$809 ADDRESSING MODES B
FORMS IMPLIED DIRECT |EXTENDED IMMEDIATE | INDEXED® | RELATIVE DESCRIPTION §i31i2]1}j0
op|~ |# jop|~ [#] opl~ [#lorl~1{4 toP[~ |4 [OP|~® & Hinlzlvic
OR ORA SA] 41 21 BA[ 5| 3 [8BA{ 21 2 |AA[{4+ |2+ AVM-A il |110]e
ORs8 DA} 4| 2] FA| 5| 3| CA] 2| 2 (EA|4+ |2+ ByM-—+B LSRR L AR
ORCC 1A 3| 2 CCv IMM=CC | (Hd— @)
PSH PSHS 34549 2 Push Registerson (e (s |aisie
§ Stack
PSHY |36]5+®] 2 Push Registerson |» (s (e (e s
U Stack
PUL  PULS 35| 5+® 2 Pullsﬁegisters from| ( @ b)
tack
PULU |37 (5+% 2 Pull Registers from| (——1®+— )
U Stack
ROL ROLA j49] 2 {1 A LSRR AR EE]
ROLB {589} 2 |1 B LEERERERR
ROL a@f6i{2{ 7|73 69 |6+ | 2¥ [ LERRERREE
ROR ROBA 4612 [ 1 A I EEREALAE;
RORB 5612 [1 B et it|e}t
ROR 06| 612} 78|73 66 | 6+ | 2+ M et it et
RT! 3B {6/15] 1 Return From o)
Interrupt
RTS 3916 |1 Return From esisjsieje
Subroutine
SBC  SBCA 92 4 B2 31821 21 2 |A2|4+ 2% A-M-C—~A [®|titlt]|t
s8CB D2 4723 F2|6 | 3|C2} 2| 2 |E2{4+ 2+ B~M~-C-8 (AR SRR E R
SEX 1D} 2 1 Sign Extend B LA .
into A
sT STA 97! 4)2) B7|{5 |3 A7 |4+ | 2+ A—-M i1 iti0|e
sTB D7| 41 2} F715 1| 3 E7 |4+ | 2+ B-M el1iliG|e
570 0D| 5 2) FD{6 | 3 ED| 5+ | 2+ D—M:M+1 eilili0e
STS 10/ 613} 1071 4 10 {6+ [ 3+ S-MM+1 el itiT}e
DF FF EF
sTU DF| 5| 2| FF{ 6 3 EF |5+ | 2+ UM M+1 el il i0}e
STX 9F | 51 2] BF| 6] 3 AF{5B+ | 2+ X-=M M+ .il Oie
STY 10] 613] 10177 4 10 16+ | 3+ ¥Y-MMt1 il j1i0|e
9F BF AF
suB SUBA 90| 412y BO|S i 3]80 AD |4+ | 2+ A-M-A it itjLgs
SUBB 00| 4 {2{ FO[ 5] 3|{CO[ 2| 2 |EO|4+ ]2+ B-M-B ait jii1t
sUeD 93 6]2] B3|7] 3|83 4| 3 [A3|6+]2t D-MM+i-Djeftf1itls
SWit SWI®  i3Ff1g | 1 Software Interruptii e (e (e sl
swi2® 110)20 | 2 Software Interrupt2 | @ {@ je (e | @
3F
swiz® {11120 | 2 Software Interrupt3 | & (e (e e j®
3F
SYNC i3{22 |1 Synchrenize to sisisinin
Intersupt
TFR  R1,R2 J1F| 8 |2 R1-R2% )
TST  TSTA j4D] 2 i1 Test A eiiti0|=
TSTB 5D 2 11 Test B *i1iti0|e
TST eD| 62| 7D[7 ] 3 8D |6+ | 2+ Test M eil|iiC]e
(NOTES)

@ This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table.
@ R1 and R2 may be any pair of 8 bit or any peir of 16 bit registers.
The 8 bit registers are: A, B, CC, DP
The 18 bit registers are: X, Y, U, 5,0, PC
@ EA is the effective address,
g The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pullad.
{8} means: 5 cycles if branch not taken, 8 cyclesif takan,
® SWIi sets 1 and F bits. SWI2 and SWI3 do not affect | and F.
@ Conditlons Codes set as a direct result of the instruction.
@ Value of half-carry flag is undefined,
@ Special Case — Carry set if b7 is SET.
@ Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise.
LEGEND:
oP Op Code {Hexadecimal} Z Zero {byts)
~ Number of MPU Cycles v QOverflow, s complement
# Number of Program Bytes [+ Carry from bit 7
+ Arithmetlc Flus S Test and set if true, clearsd otherwise
- Arithmatic Minus . Not Affected
X Muftiply cC Condition Code Registar
B Complementot M : Concatenation
- Transfer into v Logical or
H Half-carry (from bit 3} A Logical and
N Negative (sign bit} @ Logical Exclusive or
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Table 11 Hexadecimal Values of Machine Codes

OP  Mnem Mode ~ # OP  Mnem Mode
00 NEG Direct 6 2 30 LEAX Indexed
01 * L4 31 LEAY

02 . 32 LEAS

03 <Com & 2 33 LEAU indexed
04 LSR 8 z 34 PSHS impiied
[ 35 PULS 4
06 ROR 6 2 36  PSHU

07 ASR 6 2 37  PULU

08  ASL, LSL 6 2 3B "

09 ROL 8 2 3% ATS

OA DEC -3 2 JA ABX

0B . 3B AT

ac INC 6 2 3C CWAI

0D TSY 6 2 3D MUL

o133 JMP ¥ 3 2 3E * r
OF CLR Direct B 2 3F  swi Implied
10 } See - - -~ 40 NEGA tmplied
1" Next Page - - - a1 * F

12 NOP Implisd 2 1 42 *

13 SYNC imptied 2 1 43 COMA

14 * 44 LSRA

% " 45 e

16 LBRA Relative 5 3 46  RORA

17 LBsR Relative g 3 47 ASRA

18 * 48 ASLA, LSLA

18  DAA fmplied 2 1 49  ROLA

1A ORCC Immed 3 2 4A  DECA

B * a8

1C  ANDCC tomed 3 2 4C  INCA

10 SEX tmplied 2 1 4D TSTA

1€ EXG 8 2 4E . k 4
1F  TFR Implied 8 2 4F CLRA Iimplied
20 BRA Relative 3 2 50 NEGB implied
21 BRN 4 3 2 51 ¢ 4
22 BHI 3 2 52 *

23 BLS 3 2 53 COMB

24 BHS, BCC 3 2 54 LSRB

25 BLO,BCS 3 2 55 *

26 BNE 3 2 56 RORB

27 8EQ 3 2 57 ASRB

28 BVC 3 2 58  ASLB, LSLB

29 BVS 3 2 58 ROLB

2A BPL 3 2 5A  DECB

28 BMI 3 2 6B -

2C BGE 3 2 5C INCB

2D BLT 3 2 5D  TSTB

2E  BGT ¥ 3 2 5E . 2
2F BLE Relative 3 2 &F CLRB implied
LEGEND:

~ Number of MPU cycles {less possible push pull or indexed-mode cycles)
# Number of program bytes
* Denotes unused opcode

QHITACHI

NN R N

LSS

N RN nNw

NN

PN P

- .

-

ap

81

82
83
64
65
66
67
88
69
5A
&8
6C
6D
6E
6F

Mnem
NEG

COM
LSR
»
ROR
ASR

ASL, LSL

ROL
DEC
iNC
T8T
JMAP
CLR

NEG

comM

LsR

ROR
ASR

ASL, LSt

ROL
DEC

INC

SMP
CLR

SUBA
CMPA
SBCA
SUBD
ANDA
BITA
LDaA

EORA
ADCA
ORA
ADDA
CMPX
BSR
LDX

Mode -~
indexed 6+
+
6+
B+
&+
6+
33
&+
B+
6+
B+
9 3+
Indexed 6+
Extended 7
]
7
7
7
7
7
7
7
7
7
\j 4
Extended 7
tmmed 2
2
2
4
2
2
2
2
2
2
M 2
immed 4
Relative 7
Immed 3

HDB809,HD68AD9,HDBSBOY

i
24

2
2%
2+
24+
2+

2
24
2+

(X

WoW W W Wt W

MR R W N NN

WRWRNRKN D

{to be continued)
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opP

90
91

92
93
94
95
96
97

98
98
SA
9B
sc
9D
SE
9F

AC
At
A2
A3
A4
A5
AS
A7
AB
A9

ce
c
c2
c3
c4
Cs

INOTE}
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Mnem Mode

14

SUBA Direct
CMPA F 3
88CA
SUBD
ANDA
BITA
LDA
STA
EORA
ADCA
ORA
ADDA
cMPX
JSR
LOX B
STX Direct

LA R N AN R W Y

SUBA {ndexed 4+
CMPA 4+
$8CA 4+
SUBD
ANDA
BITA

LDA

STA 4+
EORA 4+
ADCA | 4+
ORA - 44
ADDA : 4+
CMPX : &+
JSR f 7+
LDX 5+

e s e
N
*

STX Indexed S5+

sSuBA Extended
CMPA

SBCA |
SUBD :
ANDA

BITA

LDA

STA

EQORA

ADCA

ORA&

abDA

CMPX

JSR . I
“Dx

STX Extended

L R N I N T O RO R g

SUBE tmmag
cupR 4
Sace

ADDD

ANDE 4
BITB (e |

SRS RN NN

AlF urnen Lpesdt 5ot

NRONRMMNNNNORNNRDMBRON 3%

LI o Wt 00 b W W b o

KA GO NN R

(s
o3

28849

cB
cc
co
CE
CF

B

D2
D3
D4
D5
‘D6
D7
D8
D9
DA

oe
DD
DE
DF

EQ
£1

E2
£3
Eg
ES
E&
£7
EB
Eg
EA
EB
EC
ED

EF

Mnem

LDB

EORB
ADCB
ORB
ADDB
LoD

LOU

suBs
CMmPB
SBCB
ADDD
ANDB
BITB
Los
STB
EORB
ADCB
ORB
ADDB
Lbp
STD
LouU
STu

SuBB
cmPB
SBCB
ADDD
ANDB
BITB
LDB
STB
£ORB
ADCB
ORB
ADDB
LOD
STD
LDy
STU

SuUeB
CMPB
SBCB
ADDD
ANDB
BITB
Lo8
ST8
EORB
ADCB
aRs
ADDB

e T RULL-E1)

@ HITACHI

Mode

Immed

Immed

Drrect

[ 3

Direct

lndexiedﬁr .

Indexed

Extended

|

Extended

MO L LA DLIDEDL

W R N

[*]

MGOLOTO M U] o

MRNMMNMRNMNMOMOONDNNRNRORNNR

WNMNNN

W

B W W W W W W W W W

1023

1022

1023
1024
1025
1026
1027
1028
1028
102A
1028
102C
102D
102E
102F
103F
1083
108C
108E
1083
108C
109E
1089F
10A3
10AC
10AE
10AF
1083
108C
108E
108F
10CE
10DE
10DF
JQEE
10EF
10FE
16FF
113F
1183
113C
1183
118C
11A3
11AC
1i83
1scC

Mnem

LoD
STD
Lbu
sSTU

Mode
Extended
4

H

Extended

2 Bytes Opcode

LBRN  Ralative
LBHI

LBLS

LBHS, LBCC
LBCS, LBLO
LBNE

LBEQ

LBVC

L8vs

LBPL

LBMI

LBGE

LBLT

LBGT

LBLE Relative
SWI2 Implied
CMPD  tmmed
CMPY

LDY  immed
CMPD  Direct
cMPY

LDy

STY Direct
CMPD  Indexed
CMPY

LY .

STY Indexed
CMPD Extended
TMPY

LDY ¥
STY Extended
LDS Immed
Los Direct
8TS Direct
LDS Indexed
STS tndexed
LOS Extended
8TS Extended
SWI3 Implied
CMPy Immed
CMPS immed
CMPU Direct
CMPS Durect
CMPU Indexed
CMPS Indexed
CMPU  Extended
CMPS Extended

HaOD

5{6)
5{6)
5i6)
5(6)
5{6}
5{6}
5{6}
516}
56}
5(6]
5(6)
58]

+ ¥

o

*

mmjuuumwqummmmavwmm

0w W

o

-

bhlﬁuwwhh“&hwuuwhb&
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a NOTE FOR USE
[1] Exceptional Operation of HD6809
(a) Exceptional Operations of DMA/BREQ, BA signals
(#1}

HD6809 acknowledges the input signal level of
DMA/BREQ at the end of each cycle, then determines
whether the next sequence is MPU or DMA. When
“Low™ level is detected, HD6809 executes DMA

HD6809,HDBBACY, HD68B0S

sequence by setting BA, BS to “High" level. However,
in the conditions shown below the assertion of BA, BS
delays one clock cyele.

< Conditions for the exception > )
n DMAEBRE% : *“Low” for 6~13 cycles
{2) DMA/BREQ : “High” for 3 cycles

MPL | Dead | DMA cycle | Dead | MPU cycle | Dead | DMA cycie
cycle | cycle I cycle l h cycle I
E
v v
' '
' .
' '
DMA/BREG , ) /
L] ¥ 1 0
.
A L ?
1 < H
BA,BS | ’ v !
Ty 1
1 " 1 t
1 H 4
! ~ ! |
I -~ j Assertion of
) 6~13 cycles H 3 cycles : BA detays
one clock
cycle
Figure 21 Exception of BA, BS Output
" verce cycle steal. And it is only cleared if DMATBREQ is

(b) Exceptional Operations of DMA/BREQ, BA signals
(#2)

HD6809 includes a self refresh counter for the re-

1 cycle "High”

inactive (*High™) for 3 or more MPU cycles. So 1 or 2
inactive cycle(s} doesn't affect the self refresh counter.

H v -
! !
' i ®
' '
; .
; . :
< v
H '
DWABREG ! ; ‘
2% 31 ! :
i N 1 H ¢ H
: 2 1 & . ]
BA. 55 : | ] S A
: H . : " ! H ;
MPU i Dead i D“MA Dead | Dead l DM‘F!\ { Dead ! MPU | Dead I DMA
1 + % + ? t
Self Refresh ! \ ' : U B S
countsr r - L i Rever: ie steal
l ! effective {15 cyclest | ve .” eve el e
' \ : ! i I 1 '
f \ .
2 cycles “High' : 1 ,2 cycles ! ‘ : E H
i 3
- 0 0 : | ! H
DMABREQ U ; ! ; :
! : e
! ‘ ' 5 i
1 i H

L

)
1

« ;

MFUIDeadl DMA |

Dead

.
. : ‘
l Dead i DlﬁA l MPUI Dead l BMA

Self Refrash

counter

fon—

[ S —

f affective {15 cyclas)

-]
™1 Reverse cycls steal

Figure 22 Exception of DMA/BREQ
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{c) How to avoid these exceptional operations
It is necessary to provide 4 or more cycles for in-

TMABREG |

active DMAJBREQ level as shown in Fig. 23.

/ .~

4 or more cycles

BA, BS___/

| A

Figure 23 How to Avoid Exceptional Operations

[2] Restriction for DMA Transfer
There is a restriciion for the DMA transfer in the HD6809
(MPU), HD6844 (DMAC) system. Please take care of fol.
lowing.

(a) An Example of the System Configuration
This restriction is applied to the following system.

(1) DMAJBREQ is used for DMA request.
{2) “Halt Burst Mode™ is used for DMA transfer

DMATBREG Q D BROH
OMA transfer
request C{——— Eclock
HD6809 HD6844
7474
{MPU} {DMAC)
84 DGRNT
DMA acknowfedge

Figure 24 An Example of HD6809, HD6844 System

The restriction is also applied to the system which doesn’t
use 7474 Fiip-Flop. Fig. 24, Fig. 25 shows an example which

uses 7474 for synchronizing

{b) Restriction
“The number of transfer Byte per one DMA Burst
transfer must be less than or equal to 14.”

Halt burst DMA transfer should be less than or
equal to 14 cycles. In another word, the number
stored into DMA Byte count register should be 0~14.

% Please than care of the section [I}(b) if 2 or more
DMA channels are used for the DMA transfer,

incorrect operation of HD6809, HDE8A4 system
“Incorrect Operation” will occur if the nomber of

DMA transfer Byte is more than 14 bytes, If DMA]

BREQ is kept in “Low” level HD6809 performs

(c}

324
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DMA request with E,

)

reverse cycle steals once in 14 DMA cycles by taking
back the bus control, In this case, however, the action
taken by MPU is a hittle bit different from the DMAC,

As shown in Fig. 25, DMA controller can’t stop
DMA transfer (B) by BA falling edge and excutes !
an extra DMA cycle during HD6809 dead cycle. So |
MPU cycle is excuted right after DMA cycle, the Bus
confliction occurs at the beginning of MPU cycle,
(d) How to impliment Hait Bust DMA transfer
{> 14 cycies)
Please use HALT input of HD6809 for the DMA
request instead of m
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14 cycies
s Uiy i U
HDBBCY side
1{DE809 reverse
SWAGRED \ / cycle steal
- /l )
HD6803 77 7 7
cycle SJ'IPU cycle /Bu/a/; DMA cycles f}; 4 )MPU év}a/d DMA cycles
™~ MPU cycle is
\ excuted right
after DMA,
HD6844 side 7 Bus confliction
occurs.
DROH \
DGRNT 71 R f i
{BA!) \%/ \ \
HDEB44 DMA cycles ( ) DMA cyctes
cycles G
®
MPU sets BA to inactive “Low”
for reverse cycle steal, But
DMAC couldn’t acknowledge
the request and performs
extra DMA during Dead cycle,
Figure 256 Comparison of HD8809, HD§844 DMA cycles
[3] Note for CLR Instruction Example: CLR (Extended)
Cycle-by-cycle flow of CLR instruction (Direct, Ex- 8000
tended, Indexed Addressing Mode) is shown below. In this 2 AGOD g}ég ;ggﬁ 0
sequence the content of the memory location specified by
the operand is read before writing “00” into it. Note that Cycle # Address Data R/W Description
status Flags, such as IRQ Flag, will be cleared by this extra 1 8000 7F 1 Opcode Fetch
data read operation when accessing the controlfstatus 2 8001 AD 1 Operand Address,
register (sharing the same address between read and write) High Byte
of peripheral devices. 3 8002 00 1 Operand Address,
Low Byte
4 FFFF * 1 VYMA Cycle
S A000 80 1 Read the Data
6 FFFF * 1 VMA Cycle
7 A000 00 0 Store Fixed “00”
into Specified
Location

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

O HITACHI
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[4] Note for MRDY

HD6809 require synchronization of the MRDY input with
the 4F clock. The synchronization necessitates an external oscil-
lator as shown in Figure 26. The negative transition of the

MRDY signal, normally derived from the chip select decoding,

must meet the tpcs timing. MRDY’s positive transition must
occur with the rising edge of 41,

4 xf
Oscillator
39 74L8504
XTAL
EXTAL 38
Part of
HDE&808 i
36 MRDY Stretch CLR
Q «
MReY MRDY
% Synchronization
1474
- 2] o
5V PR
Active Low ?
Chip Salect 1k
For Stow VWA
Memery or 14
Peripheral ] é/:lues
fd 4 A2 RIC 11 osen
4 Req’d
74121 el &l
2 A 10 I
Cc
1Sig ap

”L7
MRDY Stretch
Stretch = 0.7 RC

To Memory

Figure 26 MRDY Synchronization
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HD63B09, HD63C09
CMOS MPU (Micro Processing Unit)

Description Pin Arrangement
The HD&309 is the highest 8-bit micro-
processor of HMCSE800 family, which is -
: ) . Vs [C]10 40 [_JRALT
compatible with the conventional HDGE809. I 2 38 EIXTAL
The HD6309 has hardware and software fea- 'F:% Ez g? %%;AL
tures which make it an ideal processor for 8s 15 36 L IMRADY
higher level language execution or standard BA 16 s Ja
controller applicdtions. Vee T17 34 e
As s 33 ] DMA/BREQ
The HD6309 is complete CMOS device and its A, Te 2[R
power dissipation is extremeiy low. More- Az 10 31[1Dg
over, the SYNC and CWAI instruction makes Ag 11 30[1D;
low power application possibie. Ay %12 28110,
As 13 28[ )Ds
As [Tiia 27304
Ay 15 26 Ds
ia Clie 25 1Ds
s [ 117 2410,
Features im e - 23FAn
1 22 A
® Hardware ) ) Arz E;g 21 %A:;
—Interfaces with all HMCS6800 periph-
erals
—DMA transfer with nc auto-refresh {Top view}
cycle
e Software: object code compatible with
the HDB209 ’ o I
e Low power consumption mode (Sleep
mode}

—SYNC state of SYNC Instruction
—WAIT state of CWAI Instruction

® On chip oscillator

® Wide operation range: {=0.5 to 3 MHz
{(Vep=5 V10%)

Type of Products

Type No. Bus Timing
HD&3BOSP 2.0 MHz
HD63CO3P 3.0 MHz
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Block Diagram

Ag—Ays

F N

<+ Vee
— Vgg
L8 -
1 iR
oC > r Y
u P -9 POST
s o ———— RES
r— WM
Y +—> 3
interrupt (& FIRQ
- Control ¢ =761
X < y
PR DMA/BREG

opP

cc

ALU

] "_..mw

re——— HALT
F— BA

BS

) r'_ XTAL

Timing

[ EXTAL
¢ MRDY

(—:
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Programming Model

As shown in figure 1, the HDE309 adds three
registers to the set available in the HD880G.
The added registers are a direct page regis-
ter, the user stack pointer and a second index
register.

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 form a single 16-bit accumulator.
This is referrad to as the D register. It is for-
med with the A register as the most signifi-
cant byte.

Direct Page Register (DP)

The direct page register of the HD6309 serves
to enhance the direct addressing mode. The
contents of this register appears at the higher
address outputs {As—Ajs) during direct ad-
dressing instruction execution. This allows
the direct mode to be used at any place in

. memory, under program control. To ensure
HD6800 compatibility, all bits of this register
are cleared during processor reset.

Index Registers (X, Y}

The index registers are used in indexed mode
addressing. The 16-bit address in this register
takes part in the calculation of effective ad-
dresses. This address may be used {o point to
data directly or may be modified by an
optional constant or register offset. In some
indexed modes, the contents of the index
register are incremented or decremented to
point to the next item of tabular data, All four
pointer registers (X, ¥, U, S) may be used as
index registers.

Stack Pointer (U, S)

The hardware stack pointer (S) is used
automatically by the processor during su-
broutine calls and interrupts. The stack
pointers of the HDE309 point to the top of the
stack, in contrast to the HDE800 stack
pointer, which pointed to the next free loca-
tion on the stack. The user stack pointer {U) is
controlled exclusively by the programmer
thus allowing arguments to be passed to and
from subroutines with ease. Both stack
pointers have the same indexed mode ad-
draessing capabilities as the X and Y registers,
but alsc support push and pull instructions.
This allows the HD6309 to be used efficiently
as a stack processor, greatly enhancing its
ability to support higher level languages and

15 Q
X — Index Register
¥ — Index Register
Pointer Registers
U — User Stack Pointer
S — Hardware Stack Pointer
PC Program Counter
A Accumulators
L —
~
3]
7 [

l

l Direct Page Register

Q

AEnnoanG

CC — Condition Code Register

Figure 1. Programming Model of The Microprocessing Unit
B HITACHI
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modular programming.

Note:The stack pointers of the HD6309 point
to the top of the stack, in contrast to the
HD6800 stack pointer, which pointed to
the next free location on stack.

Program Counter {(PC)

The program counter is used by the processor
to point to the address of the next instruction

to be executed by the processor. Relative
addressing is provided allowing the program
counter to be used like an index register in
some situations.

Condition Code Register {CC)
The condition code register defines the state

of the processor at any given time. See figure
2.

Condition Code Register Descrip-
tion

Bit 0 (C)

Bit 0 is the carry flag. It is usually the carry
from the kinary ALU. C is also used to repre-
sent a 'borrow) from subtract-like instructions
{CMP, NEG, SUB, SBC). Then, it is the com-
plement of the carry from the binary ALU,

Bit1 (V)

Bit 1 is the overflow flag. It is set to a one by
an operation which causes a signed two's
complement arithmetic overflow, This over-
flow is detected in an operation in which the
carry from the MSB in the ALU does not
match the carry from the MSB minus 1.

Bit 2 (2)

Bit 2 is the zero flag. It is set to one if the
result of the previous operation was identi-
cally zero.

Bit 3 (N)

Bit 3 is the negative flag. It contains exactly

the value of the MSB of the result of the
preceding operation. Thus, a negative two's-
complement result will jeave N set to one.

Bit 4 (I}

Bit 4 is the IRQ mask bit. The processor will
not recognize interrupts from the IRQ line &
this bit is set to one. NMI, FIRQ, IRQ, RES, and
SWI all set I to one; SWI2 and SWI3 do not
affect L

Bit 5 (H)

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

Bit 6 (F)

Bit 6 is the FIRQ mask bit, The processor will
not recognize interrupts from the FIRG line if

Lele]nfifnfziv]c]

Carry
Qverflow
Zero
Negative
iRQ Mask
Halt Carry
FIRQ Mask
Entire Flag

Figure 2.

Condition Code Register Format
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this bit is a one. NMI, FIRQ, SWI, and RES all
set F to one. IRQ, SWI2 and SWI3 do not affect
F.

Bit 7 (E)

Bit 7 is the entire flag. Set to one, it indicates

that the complete machine state (all the reg-
isters) 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 {RTI) to
determine the extent of the unstacking.
Therefore, the current E left in the condition
code register represents past action.

Signal Description
Power {Vss, Vgc)

Two pins suppily power to the part: Vss is
ground or O volts, while Vee is +5.0 V £10%.

Address Bus (A,—Ays)

Sixteen pins output address information from
the MPU onto the address bus. When the
processor doeas not require the bus for a data
transfer, it will output address FFFFg, RrW=

high, and BS=low. This is a “dummy access”
or VMA cycle. All address bus drivers are
made high impedance when the bus avail-
able output (BA} is high. Each pin will drive
one Schottky TTL load or four LS TTL loads,
and typically 90 pF.

Data Busg (D,—D5)

These eight pins provide communication
with the system bi-directional data bus. Each

Table 1. Pin Description

Symbol Pin No. /0 Function

Vss 1 Ground

Nl i 2 i Non maskable interrupt
RQ 3 1 Interrupt request

FIRG 4 1 Fast interrupt request
BS, BA 5.6 8] Bus status, Bus available
Vee 7 +5V power supply
Ag—A;s 8-23 o Address bus, bits 0-15
D5 -Dg 24~31 /0 Data bus, bits 0-7

RAN ’ 32 o) Read / Write output
DMA/BREQ o33 | DMA Bus request

E, Q - 7344 35 o] Clock signal V
MRDY 36 f Memory ready

RES 37 1 Reset input

EXTAL, XTAL 38, 29 { Oscillator connection
HALT ’ a0 Halt input .

@ HITACHI
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pin will drive one Schottky TTL load or four
LS TTL loads, and typically 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 is high.
Refer to figures 27 and 28.

Reset {(RES)

A low level on this Schmitt-trigger input for
greater than one bus cycle will reset the
MPU, as shown in figure 3. During the reset
operation internal transaction, the address
bus outputs FFFFis to enter VMA state. The
reset vectors are fetched from locations
FFFE:;s and FFFFe {table 2) when interrupt
acknowledge is true, {BA - BS=1). During ini-
tial power-on, the reset line should be held
low until the clock oscillator is fully opera-
tional. See figure 4.

Because the HDB309 reset pin has a Schmitt-
trigger input with a threshold voltage higher
than that of standard peripherals, a simple R/
C network may be used to reset the entire
system. This higher threshold voltage ensures
that all peripherals are cut of the reset state
befors the processor.

Halt (FALT)

A Jow level held on this input pin will cause
the MPU to stop running at the end of the
present instruction and remain halted indef-
initely without loss of data. When halted, the
BA output is driven high indicating the buses
are high impedance. BS is also high which

indicates the processor is in the halt or bus
grant state (figure 5). While halted, the MPU
will not respond to external interrupt
requests (FIRQ, IRQ) although DMA/BREQ
will always be accepted, and NMI or RES will
be latched for later response. During the halt
state, Q and E continue to run normally. Even
if the MPU is running reset or is in the wait
state for the CWAI and SYNC instructions,
the MPU is placed in a halt state (BA and BS
=High) by pulling HALT to low.

Bus Available, Bus Status {BA, BS)

The BA 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 low, an
additional dead cycle will elapse before the
MPU acquires the bus.

The BS output signal, when decoded with BA,
represents the MPU state. See table 3.

Interrupt Acknowledge is indicated during
both cycles_of a hardware vector fetch (RES,
NMI, FIRQ, IRQ, SWT1, 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 2.

Sync Acknowledge is indicated while the
MPU is waiting for external synchronization
on an interrupt line.

Halt/Bus Grant is true when the HD6309 is in
a halt or bus grant condition.

Table 2. Memory Map for Interrupt
Vectors

Memory Map for
Vector Locations
_— Interrupt Vector

mSs LS Description
FFFE FEFF RES

FFFC FFFD NMmI

FEFA FFFB swi

FFF8 FFF3 [N

FFFB FFF7 FIRQ

FFFa FFFS SWi2

FFF2 FFF3 sSwi3

FFFO FFF1 Reserved

Table 3. MPU State Definition
BA BS MPU State
0 el Normal {Running}
o 1 Interrupt or RESET Acknowledge
1 3] SYNC Acknowledge
1 1 HALT or Bus Grant
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(< 4.5V —3F
Vee -

tac

Figure 4. Crystal Connections and Oscillator Start Up

2nd To Last 425t Cycle
Cycle of of

Curent  CUrent peaq Dead "™SEUTOR iruction Dead

ginst._ y ISty Cyore g Haited .Cycle 4 |Executey Cvele ;  iiaited
{ 1 | . { i 1 i i

Y S O oy S Y O O 0 o

E
E tecsu tresH L—
—=t b—tecr ree _'.1 i "bcv
HALT Vis a.av R 0.8V Vor 0.8V

{F I
tecsH
s XX CO— —
Bus
Fetch  Exescute
s _ XXX g

BA / 7

8s / if \ )
Bus B
iInstruction
Opcoede

Figure 5. HALT and Single Instruction Execution for System Debug
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Last Cycis.

of Cument Instruction

Instriction - - Fatch

¥ 1 21 Stacking and Vecter Fetch Seq + d
m«!;m—l' m mtllmvl_mf»ﬂ‘m-fi m+sm+s‘mu.m.Uumuo,mnwn_zzor:mvnmossm-t@n_?';gnn: Roantl

Figure 6. IRQ and NMI Interrupt Timing

Last Cycle
of Current Instruction
instruction Fatch
k £ ing and Vector Fetch t d
m=-2 m=-1 m m+l m+2 m+3 m+4 m+5 m+8 m+7 m+8 m+9 n n+t
I § e + atad i > o e el —— J —=
N N S N N s Y O U O Y s Y e Oy O
Q
Address
Bus XXX
08 PC FFFF SP-1 SP-2 SP—3 FFFF FFF8 FFF7 FFFF  New PC New
TPCf-my e tpcs PCH+ 1

FiRG VeNo.8v
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i 7 |
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C3 U T T O Y Y O T Y O

Figure 7. FIRQ Interrupt Timing
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Non Maskable Interrupt (WWMIE)

A negative edge on NMI requests that a non-
maskable interrupt sequence be generated.
A non-maskable interrupt cannot be inhib-
ited by the program, and aiso has a higher
priority than FIRQ, IRQ or software inter-
rupts. During recognition of an NMI, the
entire machine state is saved on the hard-
ware stack. After reset, an NMI will not be
recognized until the first program load of the
hardware stack pointer {S). The pulse width
of NMI low must be at least one E cycle. If the
NMI input does not meet the minimum set up
{tecs) with respect to Q, the interrupt will not
be recognized until the next cycle. See figure
6.

Fast Interrupt Request (FIRQ)

A low level on FIRQ input will initiate a fast
interrupt sequence provided its mask bit (F)
in the CC is clear. This sequence has priority
over the standard interrupt request (IRQ). It
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 7.

Interrupt Request {IRQ)

A low level input on IRQ will initiate an
interrupt request sequence provided the
mask bit (I} in the CC is clear. Since IRQ
stacks the entire machine state it provides a
slower response to interrupts than FIRQ. IRQ
also has a lowser priority than FIRQ. Again,
the interrupt service routine should clear the
source of the interrupt before doing an RTL
See figure 8.

Note: NMI, FIRQ, and TRQ requests are sam-
pled on the falling edge of Q. One cycle
is required for synchronization before
these interrupts are recognized. The
pending interrupt{s) will not be ser-
viced until completion of the current
instruction unless a SYNC or CWAI
condition is present. If IRQ and FIRQ do
not remain low until completion of the
current instruction they may not be
recognized. However, NMI is latched
and need only remain low for one cycle.

XTAL, EXTAL

These two pins are connected with parailel
resonant fundamental crystal, AT cut {figure
8). Alternately, the pin EXTAL may be used
as an input for extemal timing with XTAL
floating. The crystal or external frequency is
four times the bus frequency. Proper RF lay-
out techniques should be cobserved in the
layout of printed circuit boards,

Note for Board Design of the Oscillation
Circuit: In designing the board, the following
notes should be taken when the crystal oscil-
lator is used. See figure 9.

1. Crystal oscillator and load capacity Cin,
Cout must be placed near the LSI as
much as possible. (Normal oscillation may
be disturbed when extemal noise is in-
duced to pin 38 and 39.)

2. Pin 38 and 39 signal line should be wired
apart from other signal line as much as
possible. Don't wire them in parallel with
other lines. (Normal oscillation may be
disturbed when E or Q signal feeds back
to pin 38 and 39.)
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HD8309 L

EXTAL {38 38| XTAL

Lo i

in : ’:T[-_; Cout

G

AT Cut Parallel Resonance Crystal

Y Cin=Conr 8MHz 12 MHz
BMHz | 10~20pF £20% Co 7 pF max 7 pF max
12MHz | 10-20pF £ 20% R 60 Q@ max 80 2 max

Figure 8. Crystal Connections
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XTAL Cout
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38 ezt
EXTAL c.,'n___,},.

3
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&

HDE308 MRDY
s[5

34:ﬂ

Figure 8. Board Design of the Oscillation Circuit
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Designs to be Avoided: A signal line or a
power source line must not cross or go near
the oscillation circuit line as shown in figure
10 to prevent induction from these lines. The
resistance between XTAL, EXTAL and other
pins should be over 10 MQ.

E, Q

E is similar to the HD6800 bus timing signal
$2: Q is a quadrature clock signal which leads
E. Q has no parallel on the HD8BR0O. Data is
latched on the falling edge of E. Timing for E
and Q is shown in figure 11.

Memory Ready (MRDY)

This input control signal allows stretching of
E and Q to extend data-access time. E and Q
operate normally while MRDY is high. When
MRDY is low, E and Q may be stretched in
integral multiples of half (1'2) bus cycles, thus
allowing interface to slow memories, as
shownmn in figure 12. MRDY may alsc be used to
stretch clocks {for slow memory} when bus
control has been transferred to an external
device (through the use of HALT and DMA

“BREQ).

MRDY also stretches E and Q during dead
cycles (see DMA,BREQ, HALT). The maxi-
mum stretch is 5 microseconds.

During nonvalid memory access {No valid
address on the address bus, with address bus
=FFFFis, R, W=high and BS=low, hereafter
called VMA) MRDY has no effect on stretch-
ing E and Q: this inhibits slowing the proces-
sor during “don't care” bus accesses. During
the reset operation internal transaction {see
figure 3} as well, VMA is entered to prevent E
and Q stretching.

DMA Bus Request {(DMA/BREQ)

The DMA/BREQ input provides a method of
suspending execution and acquiring the MPU
bus for 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 to
release the bus. DMA,'BREQ input must be

|-~ Signal A

Must be avoided.

Signal B

3
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Figure 10. Example of Normal Oscillation Disturbed
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stable before set up time tpesp, synchronized
with E and Q; DMA. BREQ logic levels must
be switched while Q is high {figure 13). The
MPU will acknowledge DMA.BREQ by set-
ting BA and BS high. DMA cycle is continued
by holding DMA,BREQ low (figure 14). The
HD6309 dees not perform the auto-refresh
executed in the HDB680S.

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

False memory accesses may be prevented
during dead cycles by developing a system
DMAVMA signal which is low in any cycle

HD63B09, HD63C09

when BA has changed.

When BA goes low (a result of DMA BREQ=
high), ancther dead cycle will elapse before
the MPU accesses memory, to allow transfer
of bus mastership without contention.

Puring a DMA cycle {also during dead cycle),
external interrupt requests IRQ and FIRQ are
not accepted. However, an interrupt on NMI
having an internal latch can be executed on
completion of the current instruction execu-
tion by releasing DMA. BREQ.

The DMA. BREQ input should be tied high
during the reset operation internal transac-
tion (in VMA state in which the address bus
outputs FFFFg). See figure 21,

Start ofi Cycle End of Cycle fLm:h Data}

{ I

€ | !

0.8V - 08V

] |

1—-—— lavs i

a | Voe-2.0V \ i
]

| i

Figure 11. E/Q Relationship

MRDY

Ve — 2.0V

tecsm

Vin
0.8V

T

*"—tl’cf

Figure 12. MRDY Clock Stretching
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MPU Operation

During normal operation, the MPU fetches an
instruction from memory and then executes
the requested function. This sequence begins
at RES and is repeated indefinitely unless
altered by a special instruction or hardware
ocourrence. Software instructions that alter

normal MPU operation are: SWI, SWI2, SWI3,

CWAI RTI and SYNC. An interrupt, HALT or

DMA/BREQ can also alter the normal execu-
tion of instructions. Figurs 15 illustrates the
flow chart for the HDE303,

MPU DEAD

€ / X 0.8V

OMA DEAD

I

AN 7
ooy e Trcr ~=
——{ [+ trcso
[

[=— trcsD

Voo-2.0v
BA, BS — o

0.8V

ADDR .
{DMAC}H

P

&
) S—

* DMAVMA is developed externally, but it is a system requirement for DMA.

Figure 13.

Typical DMA Timing

|
OWATEREN A\

i
BA, BS V2

k
BRAVEA* _ Y\

*DMAVMA is developed externally, but it is a system requirement for DMA.
The HDE308 doss not perform the auto-refresh exacuted in the HD680S.

Figure i4. DMA Timing
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Addressing Modes

The basic instructions of any computer are
greatly enhanced by the presence of power-
ful addressing modes. The HD6309 has the
most complete set of addressing modes
available on any microcomputer today, For
example, the HD63092 has 59 basic instruc-
tions, however, it recognizes 1464 different
variations of instructions and addressing
modes. The addressing modes support mod-
ern programming technigues. The following
addressing modes are available on the
HDE30S: .

Implied (includes accumulator})
Immediate

Extended

Extended indirect

Direct

Register

Indexsd

—Zero-offset

—Constant offset

— Accumulator offset

— Auto increment, 'decrement
® Indexed indirect

Relative

& Program counter relative

Implied {Includes Accumulator)

In this addressing mode, the opcode of the
instruction contains all the address informa-
tion necessary. Examples of implied address-
ing are: ABX, DAA, SWI, ASRA, and CLRB.

Immediate Addressing

In immediate addressing, the -effective
address of the data is the location immedi-
ately foilowing the opcode (Le., the data to be
used in the instruction immediately follows
the opcode of the instruction). The HDB309
uses both 8-and 16-bit immediate values
depending on the size of the argument spec-
ified by the opcode. Examples of instructions
with immediate addressing are:

LDA =320
LDX #3F000
LDY =CAT

Note:= signifies immediate addressing, $ sig-
nifies hexadecimal vaiue.

Extended Addressing

In extended addressing, the contents of the
two bytes immediately following the opcode
fully specify the 16-bit effective address used
by the instruction. Note that the address

generated by an extended instruction defines
an absolute address and is not position in-
dependent, Examples of extended address-
ing include:

LDA CAT
STX MOUSE
LDD $2000

Extended Indirect

As a special case of indexed addressing {dis-
cussed below), one level of indirection may
be added to extended addressing. In
extended indirect, the two bytes following
the postbyte of an indexed instruction con-
tain the address of the data.

1LDA  [CAT]
IDX  [$FFFE]
STU  [DOG]

Direct Addressing

Direct addressing is similar to extended ad-
dressing except that only one byte of address
follows the opcode. This byte specifies the
lower 8 bits of the address to be used. The
upper 8 bits of the address are supplied by
the direct page register. Since only one byte
of address is required in direct addressing,
this mode requires less memory and executes
faster than extended addressing. Of course,
only 2586 locations {one page) can be accessed
without redefining the contents of the DP
register. Since the DP ragister is set to $00 on
reset, direct addressing on the HDB309 is
compatible with direct addressing on the
HDB8800. Indirection is not allowed in direct
addressing. Some exampies of direct addres-
sing are:

LDA $30

SETDP $10 {Assembler directive)
LDB $1030

LDD <CAT

Note: < is an assembler directive which for-
ces direct addressing.

Register Addressing

Some opcodes are followed by a hyte 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 ¥
EXG A.B Exchanges A with B
'PSHS A, B, X, Y Push ¥, X B and Aontc S
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PULU X, Y, D PullD, X, and Y from U

Indexed Addressing

In all indexed addressing, one of the pointer
registers (X, ¥, U, S, and sometimes PC) is
used in a calculation of the effective address
of the operand to be used by the instruction.
Five basic types of indexing are available and
are discussed below. The postbyte of an in-
dexed 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 formats for the postbyte. Table 4
gives the assembler form and the number of
;:ycles and bytes added to the basic values for
indexed addressing for each variation.

Zero-Offset Indexed: In this mode, the
selected pointer register contains the effec-
tive address of the data to be used by the
instruction. This {s the fastest indexing mode.

indexed
Addressing
Mode

EA = ,R +5 Bit Offset

R+

R+ +

~R

,—-R

EA = ,R + O Offset

EA = ,R + B Offset

EA = ,R + A Offset 7
EA = ,R + B8 Bit Offset

EA = R + 16 Bit Offset

EA = ,R + D Offset

EA = ,PC + 8 Bit Offset

EA = PC + 16 Bit Offset

Post-byte Register Bit
7|6(5/4|3t2]1i{0
C|R|R|did|d|d|d
T{RIR Q000 |0
1imiriAlo]oiof1
1/R|RIDJO]0Oj1|O
TIRIRVHOIO T
1IRIRIO/110!1|C|0
1TIR|RIG 011101
1IRIROMDI1]10
1|RIR/1|0]0C|0
1TIRIRG/M 1001
TIRIRGA 1|01 (1
Tixix0/11]1|0|0
TIxXixoM1]1 0101
tojol 1)1

EA = [, Address]

l b — Addressing Mode Field
Indirect Field

{Sign bit when b7 = 0)

d =0Offset Bit
X =Don't Care

[ RS Non Indirect
Teoriennns indirect
Register Field | RR
00 =X

01 =Y

10=U

11 =S

Figure 18.

Indexed Addressing Postbyte Register Bit Assignments
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Examples are:

LDD 0. X
LDA S

Constant Offset Indexed: In this mode, a
two's-complement oifset and the contents of
one of the pointer registers are added to form
the effective address of the operand. The
pointer register's initial content is unchanged
by the addition.

Three sizes of offsets are available:

5-bit (—16 to +15)
8-bit {—128 to+127)
16-bit (—32768 to+32767)

The two's complement 5-bit offset is included
in the postbyte and, therefore, is most effi-
cient in use of bytes and cycles. The twa's
complement 8-bit offset is contained in a
single byte following the postbyte. The two's
complement 16-bit offset is in the two bytes
following the postbyte. In most cases the
programmer need not be concerned with the
size of this offset since the assembier will
select the optimal size automatically.

Table 4. Indexed Addressing Mode
Non Indirect fndirect
Assembler Postbyte + + Assembler Postbyta ++
Type Forms Form OP Code ~ # Form OP Code ~ ¢
Constant Offset From R No Offset R 1RRO010000 [.R] 1RR10100 30
{2's Complement Offsets)
5 Bit Offset R ORRnnnnn 1 O defaults to 8-bit
8 Bit Offset n,R 1RRO1000 1 1 [n, R} 1RR1100C 41
16 Bit Offset nR 1RRO1001 42 [n, R] 1RR11001 72
Accumulator Offset From R A Register Offset AR 1RR00110 10 [A, R} 1RR10110 40
{2's Complement Offsets}
B Register Offset B.R 1RROO101 1 O [B, R} 1RR10101 40
D Register Offset D.R 1RR0O1011 4 0 [D, R} TRR11011 70

Auto Increment/Decrement B Increment By 1 R+ TRROO000 2 C not allowed

Increment By 2 R++ 1RRO0001 30 [,R ++] iRR10001 60

Decrement By t -R 1RRO0010 2 O not allowed

Decrement By 2 ,~~R 1RR00011 30 {,--R} 1RR10011 60
Constant Offset From PC 8 Bit Offset a, PCR 1xx01100 11 [n, PCR] 1xx11100 41
{2's Complement Cifsets}

16 Bit Offset n, PCR 1xx01101 52 [n, PCR} 1xx11101 82
Extended Indirect 16 Bit Address [n} 10011111 52

R=X Y UorS RR:

x = Don’t Care Q0=X
O1=Y
10=y
11=8

iand}'indicate the number of additional cycles and bytes for the particular variation.
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Examples of constant-offset indexing are:

LDA 23, X
LDX -2, 8
LDY 300, X
LDU CAT, Y

Accumulator Offset Indexed: This mode
is similar to constant offset indexed
except that the two's~complement value
in one of the accumulators {A, B or D} and
the contents of one of the pointer regis-
ters 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 accu-
mulator offset is that the value of the
offset can be calculated by a program at
run-time,

Some examples are:

LDA B Y
LDX b Y
LEAX B X

Auto Increment/Decrement Indexed: In
the auto increment addressing mode, the
pointer register contains the address of the
operand. Then, after the pointer register is
used it is incremented by one or two. This
addressing mode is useful in stepping
through tables, moving data, or for the crea-
tion 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 incre-
ment; but the tables, etc, are scanned from
high to low addresses. The size of the incre-
ment/decrement can be either one or two to
allow for tables of either 8-or 16-bit data to
be accessed, selectable by the programmer.
The pre-decrement, post-increment nature of
these modes allow them to be used to create
additional software stacks that behave iden-
ticaily to the U and S stacks.

Some examples of the autc increment.de-
crement addressing modes are:

LDA K-
STD Y+
LDB ~Y
LDX ~—8

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

HD63B09, HD63C08

Consider the following instruction:
STX 0, X+ + (X initialized to 0)
The desired result is to store a 0 in locations

$0000 and $0001 then increment X to point to
$0002. In reality, the following occurs:

O—temp calculate the EA; temp is a
holding register

X+2-X perform autoincrement

X~{temp} do store operation

Indexed Indirect

All of the indexing mecdes with the exception
of auto increment;/decrement by one, ora +4
-bit offset may have an additional level of
indirection specified. In indirect addressing,
the effective address is contained at the
location specified by the contents of the in-
dex register plus any offset. In the example.
below, the A accumulator is loaded indirectly
using an effective address calculated from
the index register and an offset.

Before Execution:

A= XX {(don't care)
X=8F000
$0100 LDA[$10, X} EA is now $F010
$F010 $F1
$FO11 $50

$F150 is now the
new EA

$F150 $AA
After Execution:

A=$AA (Actual Data Loaded)
X=8F000

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

LDA [X]
LDD {10.8]
LDA [B,Y]
LDD [X~++]

Relative Addressing

The byte{s) following the branch opcode is
{are) treated as a signed offset which may he
added to the program counter. If the branch
condition is true then the calculated address
{PC + signed offset) is loaded into the pro-
gram counter. Program execution continues
at the new lccation as indicated by the PC.
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Short {1 byte offset) and long (2 bytes offset)
relative addressing modes are available. Ail
of memory can be reached in long relative
addressing as an effective address is inter-
preted modulo 2'°. Some exampies of relative
addressing are:

BEQ CAT (shert)
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 coffset is added to the current
PC to create the effective address. The effec-
tive address is then used as the address of the
operand or data. Program counter relative
addressing is used for writing position in-
dependent programs. Tables related to a
particular routine will maintain the same
relationship after the routine is moved, if
referenced relative to the program counter,
Exampies are:

LDA
LEAX

CAT. PCR
TABLE. PCR

Since program counter relative is a type of
indexing, an additional level of indirection is
available.

LDA
LDU

[CAT, PCR]
[DOG, PCR]

HDB309 Instruction Set

The instruction set of the HD6309 is similar to
that of the HD6800 and is upward compatible
at the source code level. The number of op-
codes has been reduced from 72 to 53, but
because of the expanded architecture and
additional addressing modes, the number of
available opcodes (with different addressing
modes} has risen from 197 to 1464.

Some of the instructions and addressing
modes are described in detail below:

PSHU/PSHS

The push instructions can push onto either
the hardware stack (S) or user stack (U) any
single register, or set of registers with a single
instruction.

Push/Pull Postbyte

«—Pull Order Push Order —~
PC U ¥ X BP B A CC
FFFF---+~increasing memory address---C000

PC S Y XDP B A CC

Figure 17. Push and Pull Order
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PULU/PULS

The pull instructions have the same capabil-
ity 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 pulled. The
actual PUSH PULL sequence is fixed: each bit
defines a unique register to push or pull, as
shown in figute 17.

TFR/EXG

Within the HDS30S, any register may be
transferred to or exchanged with ancther of
like-size: i.e., B-bit to 8-bit or 16-bit to 16-bit.
Bits 4-7 of the postbyte define the source
register, while bits 0-3 represent the desti-
nation register {figure 18). They are denoted
as follows:

0000 -D 0101-PC
0001-X 1000~ A
0010-Y 1001-B
c011-U 1010-CC
0100-S 1011-DP

Note: All other combinations are undefined
and invalid.

LEAX/LEAY/LEAU/LEAS

The LEA (lcad effective address} works by
calculating the sffective address used in an
indexed instruction and steres that address
value, rather than the data at that address, in
a pointer register. This makes all the features
of the internal addressing hardware available
to the programrmer, Some of the implications
of this instruction are illustrated in table 5.

HD63B09, HDG3CO9

The LEA instruction also allows the user to
access data in a position independent man-
ner. For example:

LEAX MSGL PCR
LBSR PDATA(Print message
routine}

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 in-
dexed from the PC value at the time of exe-
cution. No matter where the code is located,
when it is executed, the computed offset
from the PC will put the absclute address of
MSG1 into 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 autoincrement and
autodecrement addressing modes due to the
sequence of internal operations. The LEA
internal sequence is outlined as follows:

Transfer/Exchange Postbyte

— T
I Source r Destination f
L i, 3 L 1 13

Figure 18. TFR/EXG Format

LEAa b+ {any of the 186-hit pointer
registers X, ¥, U, or 8
may be substituted for a
and b)

1. b—temp {calculate the EA)

2.b + 1-b {modify b, postincre-
ment)

3. temp—a (load a}

Table 5. LEA Examples

Instruction Opsration Comment

LEAX 10, X X+ 10—X Adds 5-bit constant 10

to X

LEAX 500, X X¥500—+X Adds 16-bit ceonstant
500 to X

LEAY A, Y Y+A-Y Adds 8-bit A accumula-
torto Y

LEAYD, Y Y+D-Y Adds 16-bit D accumu-
fater to Y

LEAU-10, U U-10-U  Subtracts 10 from U

LEAS-10, S S-10-S Used to reserve area on
stack

LEAS 10, 8 S+10—-+S Used to ‘clean up’ stack

LEAX 5,85 S+5-X Transfers as well as adds
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LEAa ,—b

1. b —1-temp {calculate EA with
predecrement)

2.b—-1-b {modify b, predecre-
ment)

3. temp—a {load a)

Autoincrement-by-two and autodecrement-
by-two instructions work similarly, Note that
LEAX, X+ does not change X, however
LEAX,—X does decrement X. LEAX 1, X
should be used to increment X by one.

MUL

Multiplies the unsigned binary numbers in
the A and B accumulator and places the
unsigned result into the 16-bit D accumula-
tor. This unsigned multiply also allows mul-
tiple-precision multiplications.

Long And Short Relative Branches

The HDE30S 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 indepen-
dent code can be easily generated through
the use of relative branching. Both short (8-
bit) and long {16-bit) branches are availabls.

SYNC

After encountering a 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 (F or I)
clear, the processor will clear the sync state
and perform the normal interrupt stacking
and service routine. Since FIRQ and IRQ are
not edge-triggered, a low level with a mini-
murn duration of three bus cycles is required
to assure that the interrupt will be taken. If
the pending interrupt is maskable (FIRQ,
IRQ) with its mask bit (F or Ij set, the proces-
sor will clear the sync state and continue
processing by executing the next inline
instruction. Figure 19 depicts sync timing.

Software Interrupt

A software interrupt instruction will cause an
interrupt, and its associated wvector fetch.

tast Cycle
of Préviqus oigg,
Instrucmnl Fetch_, Exacute

8ync Acknowlsdge {Sleep made)
N

Last Cycle
of Sync
Instruction

T L3

1

BA )3 / ¥
BS ) N
-“ trcr
e Iy
lﬁt%% ¥ '\éu{, R Note 2
FRG — }—— ey

Notes: 1.If the associated mask bit is set when the interrupt is requested, this cycle will be an msxrucnon ion fetch from
address location PC — t.However if the interrupt is accepted {NMI or an unmasked FIRQ or RQ) interrupt
processing contmues with vith this cycle as {m) on figures 6 and 7 (interrupt timing).

2.1f mask bits are clear, IRQ and FIRQ must be held low for three cycles to guarantee that interrupt will be
taken, although only one cycie is necessary to bring the processor out of SYNC.

ﬁ

Figure 19. Sync Timing
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These software interrupts are useful in oper-
ating system calls, software debugging, trace
operations, memory mapping, and software
development systems. Three levels of SWI are
available on this HD6309, and are prioritized
in the following order: SWI, SWI2, SWI3.

16-Bit Operation

The HD6309 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 illustrates the memory-access
sequence corresponding to each possible
instruction and addressing mode in the
HDB8303. Each instruction begins with an
opcode fetch. While that opcode is being
intermally decoded, the next program byte is
always fetched. (Most instructions will use
the next byte, so this technique considerably
speeds throughput.} Next, the operation of
each opcode will follow the flow chart.VMA is
an indication of FFFFe on the address bus, R/
W = high and BS = low. The following
examples iilustrate the use of the chart : see
figure 20.

Example 1. LBSR {Branch Taken}

Before Execution SP = FQ00

$8000 LBSR CAT

$A000 CAT

Cycle-by-Cycle Flow

Cyclez Address Data R/W Description

1 8000 17 1 Cpecode Fetch

2 8001 1F 1 Offset High Byte
3 8002 FD 1 Offset Low Byte
4 FFFF * 1 VMA Cycle

5 FFFF * 1 VMA Cycle

8 FFFF * 1 VMA Cycle

7 FFFF * 1 VMA Cycle

8 EFFF (03 © Stack Low Crder

Byte of Retum
Address

Stack High Order
Byte of Return
Address

g EFFE 80 O

Exampile 2: DEC (Extended)

$8000
$A000

DEC
FCB

$A000
$80

Cycle-by-~Cycle Flow

Cyclez Address Data R‘W Description

1 8000 7A 1 Opcode Fetch

2 8001 A0 1 Operand Address,
High Byte

3 8002 oo 1 Operand Address,
Low Byte

4 FFFF * 1 VMA Cycle

5 A000 80 1 Read the Data

6 FFFF *® 1 VMA Cycle

7 AQ00 7F O Store the De-

cremented Data

* The data bus has the data at that particu-
lar address.
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NNNN+

Retatve Dirser Extended Immediate
A
[ I ®
it 3
LBcG, ASE :gg:g: Except g:ggc ANDCC CWAL
5| X ORCC
GT, LAaHI ! BGY.BHI CWAI 1
g{‘g‘ uugﬁ, :fg‘gg Adcdress Low Address H Dats, €T Mask BT
LBLT, aBMi BLT.BMi NNNN 121 ) | NNNN 1) NNNN T
LENE, LBPLI BNE.BPL
ﬁg‘: ﬂ"}g :2:;:32 Oon't Care Address Law Oon'tCare | { DontCare |
RVS) BVS FFFF NNNN +2(3) NNNN +2 { NNNNe2
_ - H
Oftset (" Dont Care_} Don't Care
FFEF FFEE
i
PC Lowiw)
[ Stck |
PC righiv)
#

FEEE

* %

Notes: 1. Each stats shows
Data Bus Offsat High
Address Bus b
. Address NNNWN is location of opcode.
If opcode is two byte opcode subsequent addresses are in parenthesis { ).
Twa-byte opcodes are highiighted.
, Address bus contents indicated by % * are different from

HDE809 s and the same as HDEB09E s and HDS3039E 5.

Figure 20. Cycle-by-Cycle Performance
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ASLAB
ABX /7S Ashare MuL SwV:.":z AT SYNC
Comase swe .
[Cont€are| [ DontCare | pan [DontCare | | DomtCare] [ Don'tCare | [ oon't Care |
[ NNNN+1 ] | NNNN+1 | DECA/S [TnNANFT]  [NNNN+121] ) NNNNHT | [RENN+T ]
! I Sive i 1
Don't Care: PC High LSRA/S [ Oon'tCare | [ DontCare | | cc |
l FFFF l i Stack l NEGA/B [ #FFF__ | [ _FFrr__ | | Stk |
NP
RORA/B | Don't Care | J_L_j No
| Srack ] SEX EFFF  [PClowiWt
TSTA/B l Stack
Don't Care Dan't Care Don't Care Yos
de NNNNT l FFEF ! PC mgmwyl l A ‘
Stack Stack
[ Don'tCars | 1 i
L_FFFF ] {Oieww] [ & 1
7 { Saex | [ Swek |
Con't Care $ i
I FFFE f [Uhgew] [ DP ]
Stack j Stack i
FFFF [Yowiwi | [ XHigh 1}
[ Stack | [ Stack |
[ e« Gare | I I
FFFF I Y High{W] l X Low 1
Stack Stack
Don't Care i }
l FFFF l MXtowiwt | [ vHgh |
1 T swex | [ Swex |
Oon't Care { l
l FFEF l [ xrgnwi ] [ Yiow |
i Stack | [ Stacx |
i 1
DP (W} 1 U High
Stack Stack
1 i
2w | [Tdlw ]
{ Swck | | Stek |
[T awm 1}
{ Stack | PC High |
[ Sack |
{ CC (W) l
Stack I'Tlmw_}
i [ sax |
Don't Care
FFFF I Don't Care
i { Stack |
Vector High
®

Figure 20. Cycle-by-Cycle Performance (Cont.)
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Ragister
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Sleep Mode

During the interrupt wait period in the SYNC
instruction (the sync state) and in the CWAI
instruction {the wait state}, MPU operation is
halted and goes to the sleep mode, However,
the state of I.'O pins is the same as that of the
HDS6809 in this mode.

HD6309 Instruction set Tables

The instructions of the HD6303 have been
broken down into five different categories.
They are as follows:

« 8-Bit operation (table 6)
- 16-Bit cperation (table 7}

- Index register;stack pointer instructions
{table 8)

- Relative branches (long or short} {table 9}

- Miscellaneous instructions {table 10}

HDB309 instruction set tables and Hex-
adecimal Values of instructions are shown in
table 11 and table 12.

Table 6.

Mnemonic{s}

8-Bit Accumulator and Memory Instructions

Operation

ADCA, ADCB. Add memory to accumulator with carry
ADDA, ADDB Add memory to accumulator B
ANDA, ANDB AND memory with accumulator

ASL, ASLA, ASLB

Arithmetic shift of accumulator or memory left

ASR, ASRA, ASRB

Arithmetic shift of accumulator or memory right

BITA, BITB 8it test memory with accumulator
CLR, CLRA, CLRB Clear accumuiator or memary location
CMPA, CMIPB Compare memory from accumulator

COM, COMA, COMB

Complement accumulator or memary location

DAA

Decimal adjust A accumulator

DEC, DECA, DECB

Decrement accumulator or memery location

EQRA, ECRB Exciusive OR memory with accumulator )

EXG R1, R2 Exchange R1 with R2 {R1, R2=A, B, CC, DP)

INC, INCA, INCB Increment accumulator or memory location B
LDA, LDB Load accumulator from memory

LSL, LSLA, LSLB

Logical shift left accumulator or memory location

LSA, LSRA, LSRB

Logical shift right accumulator or memory location

MUL

Unsigned muitiply {(AxB8—D}

NEG, NEGA. NEGB

Negate accumulator or memory

ORA, ORB

OR memory with accumulator

ROL, ROLA, ROLB

Rotate accumulator or memory left

ROR, RORA, RORB

Rotate accumulator or memory right

SBCA, SBCB - Subtract memory from accumutator with borrow

STA, STB Store accumulator to memory

SUBA, SUBB - Subtract memory from accumulator

TST, TSTA, TSTB Test accumulater or memory location o
TFR R1, R2 Transfer R1 or R2 {R1, R2=A, B, CC, OGP}

' Note: A, B, CC or DP may be pushed to {pulled from) either stack with PSHS, PSHU {PULS, PULY) instructions.
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Table 7. 16-Bit Accumulator and Memory Instructions

Mnemonic{s} Operation

ADDD Add memory to D accumulator

CMPD Compare memory from D accumulator

EXG D.R Exchange D with X, Y, S, U or PC

LoD Load D accumulator from memory

SEX Sign Extend B accumulator inte A accumutator

STD Store D accumulator to memory

SUBD Subtract memory from D accumulator _
TFR D, R Transfer Dto X, ¥, S. U or PC

TFR R, D Transfer X, Y, S, Uor PCto D

Note: D may be pushed {pulied} to either stack with PSHS, PSHU {PULS, PULU) instructions.

Table 8. Index Register/Stack Pointer Instructions

Mnemonicis} Operation

CMPS, CMPU Compare memory from stack pointer

CMPX, CMPY Compare memory from index register

EXG R1, R2 Exchange D, X, Y, S, UorPCwith D, X, Y, S, U or PC
LEAS, LEAU Load effective address into stack pointer

LEAX, LEAY Load effective address into index register

LGS, LU Load stack pointer from memory

LBX, LDY Load index register from memory

PSHS Push A, B, CC, DP, D, X, Y, U or PC onto hardware stack
PSHU Push A, B, CC, DP, D, X, ¥, S or PC onto user stack
PULS Pult A, B, CC, DP, D, X, Y, U or PC from hardware stack
PULU Pull A, 8, CC, DP, D, X, Y, S or PC from user stack
STS, STU Store stack pointer to memory

STX, STY Store index register to memary

TFR R1, R2 Transfer D, X, ¥, S, UorPCto D, X, ¥, S, Uor PC
ABX Add B accumuiator to X (unsigned)
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Table 8. Branch Instructions
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Mnemonic(s) Operation
Simple Branches
BEQ, LBEQ Branch if equal
BNE, LBENE Branch if not equal
BMi, LBMI Branch if minus -
8PL, LBPL Branch if plus
8CS, LBCS Branch if carry set
BCC, LBCC Branch if carry clear
8VS, LBVS ~ Branch if overflow set
BVC, LBVC Branch if overflow clear
Signed Branches
BGT, LBGT Branch if greater {signed}
BGE, LBGE Branch if greater than or equal (signred}
BEQ, LBEQ Branch if equal
BLE, LBLE Branch if less than or equal {signed}
BLT, LBLT Branch if less than (signed}
Unsigneé Branches
BHI, LBHI Branch if higher lunsigned) -
BHS, LBHS ) Branch if higher or same {unsigned)
BEQ, LBEQ Branch if equal
8LS, LBLS Branch if lower or same {unsigned}
BLO, LBLO Branch if lower {unsigned) -
Other Branches
BSR, LBSR Branch to subroutine
BRA, LBRA 8ranch always S -
BRN, LBRN Branch never

Table 10. Miscellanecus Instructions

Mnemonic(s) Operation

ANDCC AND condition code register

CWA| AND condition code register, then wait for interrupt
NOP No operation

ORCC OR condition code régistes: S

JMP ] Jump ) - -
JSR Jump to subroutine

RTI Return from interrupt o -
RTS Return from subroutine

SWi, SwWi2, SwWiI3 Software interrupt {absclute indirect}

SYNC Synchronize with interrupt line )
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Table 11. HD#6309 Instruction Set

HDE309 Addressing Modes
Instruction; | Implied Direct | Extended | i Indexed® | Relati 53210
Forms OP ~ ${0P ~ f|OP ~ } !OP ~ }IOP ~ ¢ iopP ~% 2 Dascription HNZIVC
ABX i3a 3 1! { B+X~X s s 800
i [Unsigned]
i

ADC ADCA i99 4 2'B3 5 3(89 2 2 A8 4+ 2+ A+M+C=A Dot
ADCB DS 4 2[F9 5 3{C9 2 2]E3 4+ 2+ B+M+C-B Do

ADD ADDA 98 4 2i8B 5 3|88 2 2|AB 4+ 2+ A+M=A
ADDB DB 4 2(FB 5 3{CB 2 2 lEB 4+ 2+ B+M—B
ADDD D3 6 2iF3 7 3iCc3 4 3E3 8+ 2+ DEMM+I=D @

AND ANDA 94 4 2184 5 384 2 2lAd 4+ 2+ AtM~A [ S O |
ANDB D4 4 2|F4 5 3[C4 2 2[E4 4+ 2+ B'M~-8 ®: 0@
ANDCC ; 1 3 2 CC IMM-CC t——T—i

ASL  ASLA a8 2 1 A oo
ASLB s8¢ 2 1| B CHNEE
ASL o8 6 2178 7 3 68 6+ 2+ Mlcer o P

ASR ASRA 47 2 1 A = [ 1 oe
ASRE 57 2 1 B L. 1 e
ASR o7 8 2177 7 3 67 B+ 2+ M) o7 soc % I

BCC BCC ! 24 3 2 |BanchC=0 I X XN
LBCC. 10 56 4 [ Long Branch LI R N BN J

24 €=0

BCS BCS 25 3 2 | Branch C=1 [N W

LBCS 10 56 4 | Long Branch s s 00 s
25 Cc=1
BEQ BEQ M 27 3 2 |BranchZ=1 ee s e
LBEQ 10 &86* 4 i Long Branch L BN N
27 Z=1
BGE BGE 2C 3 2[BanchNSvV=0 o ¢ ¢ @ ®
. LBGE 10 5.6 4 | Long Branch * e 909
2C Nev=0

BGT BGT 1 2E 3 2 iBanchZ.NSVI=0 @ 9 ® & @&

LBGT i 10 5i6: 4 | Long Branch LI N N
R 2E Z.{Navi=0
BHE  BHI ! 22 3 2|BranchC.Z=0 ® & @ @ 8
LBHI 10 56 4 [ Long Branch *ee s e
22 C.2=0
BHS BHS ! 24 3 2 |Branch s 8000
C=Q
LBHS 10 58 4 | Long Branch [} s e
! 24 1r:=3

BIT BITA 95 4 21B5 5 385 2 2|A5 4+ 2+ |BiTestaiM -4) @ i o0
BITE D5 4 21{F6 5§ 3iC5 2 2 {E5 4+ 2+ Fanrestamm . t o e

BLE BLE 2F 3 2 (BanchZ.(NSVi=1 & & @ @ @
LBLE 10 &5 4 | Long Branch s e 0 e

2F Z. NV =)

BLO BLD 25 3 2 |Branch C=1 s 00 e e
LELO ! 10 56. 4 | long Branch 9090

; 25 C=1
SLS BLS 23 3 2 {Buanch s e s 00
! C.Z=1
LBLS ; 10 55 24 Long Branch [ ) L]
t {23 C.Z=1

BLT BLT i ! : {20 3 2 | Beanch NBV=1 s e

LBLT H ] i 10 88 4 i Long Branch LI N ]
i : ' 20 N@V=1

BMI BMI i ) 28 3 2 iBranchN=1 [ I ]
LBMI H 10 56 4 | Llong Branch L 20 28 3 B

| ! 28 N=
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Table 11, HD®6309 Instruction Set {(Cont.)}

HD6302 Addressing Modes
Instruction. impliad Direct E dad di ind dt Ral: 5 3210
Forms oP ~ flOP ~ §|0OP ~ ¢t IOP ~ # 0P ~  |OP~% } Dascription H N ZVC
BNE BNE 26 3 2 |BranchZ=D L 2N B AN
LBNE 10 56 4 | Long Branch L IR K B 2N J
! 26 7=0
BPL BPL ; 2A 3 2 [Branch N=0 L I N
LBPL 1¢ 56 4 | Long Branch [ N BN Y )
2A N=0
BRA BRA : 20 3 2 | Branch Always L2 20 N BN
LBRA 18 5 3§ | Long Branch [ 3% 3 3 BN J
: | Always
8RN BRN ‘ ! 121 3 2 |BranchNever @ @ ® @ @
LBRN i {10 5 4 |[tongBranchNever & & ® ® @
| 121
|
BSR B8SR : 80 7 2 |Brnchito s e
: Subroutine
L8SR i 17 9 3 | tong Branch to * e
Subroutine
BVC BWC 28 3 2 {BanchV=0 L2 R B BN J
LsvC 10 56 4 ! Long Branch [ 3 X BN AN ]
28 V=0
BVS BVS i t 29 3 2 |Branch V=1 [ 2% 2 BN N J
18VS : : 10 56! 4 ; Long Branch L R B NN AN J
: i 29 Fv=i
{ i H
CLR CLRA 4F 2 1 { 0-A 01 00
CLRB 5F 2 1 i 0-8 €0 1 00
CLR OF 8 2,;7F 7 3 8F B+ 2+ 04— 201 00
CMP CMPA 9t 4 2181 5 3 {81 2 2 A1 4+ 23 Compars Mirom A 3 :
CMPB D1 4 2 Ft & 31C1T 2 2 iEl 4+ 2+ Compare M fromB & | N
CMPD 1 7 3110 8 4110 6 410 7+ 3+ Compare M:M+1 @& @
93 iB3 83 A3 . from D
CcMPS 11 7 3:11 8 411 & 411 7+ 3+k Compare M.M+1 @
ac :10 8C AC from S
CMPU 17 3011 8 4111 5 4,11 7+ 3+ Compare M.M~1 @
33 iB3 83 1A3 ; { from U
CMPX 8C 6 2 BC 7 3[8C 4 3 jAC 6+ 2{-{ i Compare M:M~1 @
H i from X
cMPY 10 7 34{1C 8 410 5 4 |i0 7+ 3+ | Compare M.M+1 @
3C gc 8C AC from ¥
COM COMA 43 2 1 i A s . .0
CoMB 53 2 1 b B—B ® . 0@
COoM 03 6§ 2173 7 3 63 6+ 2+ M- ® . 1D
Cwal 3C z20 2 cC mM~CC i——i—
{except 1—~E]
DAA 19 2 1 Wast for Interrupt @ 1 1 @
Decimal Adjust A
DEC DECA 48 2 1 A-t=h [ ] [ ]
DECB 54 Z 1 4 8-1-8B [ ] N
DEC oA 6 2;7A 7 3 8A 6+ 2+ M—1-M [ IR
EOR EORA g8 4 2:B8 5 3188 2 21A8 4+ 2+, A M—-A [} [ ]
£0RB D8 4 2(F8 5 31!CB 2 2 B8 4+ I+ B3 M-8 » 0
: i !
EXG R1,R2 {1 7 21 ‘ | R1-R2* ——
INC  INCA tac 2 1 | § Arl—A U ]
INCB tsC 2 1 ] ' B+1-B [ O |
INC oc 8 2|7C 7 3 6C 6+ 2+| M+1-M e e
JMP o 3 2'7E 4 31 6E 3+ 2+: . jEATPC (RN
H . . ' '
JSR i 90 7 2,80 8 3 ‘ ;AD 7+ 2+ %Jump woSubroutine & & @ & @
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Table 11. HD6309 Instruction Set (Cont.)

HD6309 Addressing Modes B
Instruction; | implied | Diroct | Extended |Immediate) Indoxed® | Rel §3210
Forms OP ~ jioP ~ 1} |jOP ~ ¢ iOP ~ plOP ~ § jOP~3F § Description H Z v e
WD LDA ! 96 4 2186 5 385 2 2 A6 4+ 2+, i m—a ° o e
D8 D§ 4 21F6 § 3!C6 2 2 |E6 4+ 2+! M—B . o e
(DD DC 5 2;FC 6 3|CC 3 3|EC 5+ 2+ MM+ 1D » o e
oS 10 6 3{10 7 4[i0 4 4|10 6+ 3+ MiM+1-8 . o e
DE FE CE EE
LoU DE 5 2{FE 6 B3ICE 3 3 EE 5+ 2+ MM+ 1y e . :o0e
LOX 8E 5 2iBE 6 3|8 3 3 |AE B+ 2+ MM+ X e o0 e
oY 0 6 310 7 4110 4 410 6+ 3+ MM+ 1Y e . ce
3 BE 8E AE
LEA LEAS 32 4+ 2+ EAl-S ss 00
LEAU 33 4+ 2+, EAL U sos0es
LEAX 30 4+ 2+] Al -x e ive
LEAY 31 4+ 2+i ealoy s 000
(SL LSLA 48 2 1 A . :
LSLB 58 2 1 g ([HilllFe e :
LSt 08 8 2{78 7 3 68 6+ 2+ Mlcw w e
1SR LSRA as 2 1 A}y /= _ e3¢ :
SRe  la4 2 1 a}o-m]]]m{; 00 e
LSR 04 6 274 7 3 84 6+ 2+ M) & wc ® o0 :
MuL 30 11 1 AXB-D s $
{Unsigned}
NEG NEGA 40 2 1 i . A+1—-A i
NEGB 50 2 1 i H g+1-8 i:
NEG 00 6 2i{70 7 3 80 6+ 2+ M+ 1M i
NOP iz 2 1 ! NoOperaion  ® ® @ ® ®
OR OBRA 84 4 2 .,BA 5 3iBA 2 2{AA 4+ 241 AL M~A . 0@
ORB DA 4 2/FA 5 3iCA 2 2 |EA 4+ 24 8. M-8 s : io0e
ORCC 1A 3 2 i CC . IM#M-CC ey
PSH PSHS 34 5.1 é PushRegsterson 8 @ & & @
R 8 Stack
RSHU 35 5+ : PusnRegsterson @ @ 8 @ @
: U Stack
i :
PUL PULS i35 5+1 2 : | Puli Registers fram  t———3——
f S-Stack
PULU 37 5+ 2 H Pull Registers from  |———3——)
% U Stack
i S
ROL ROLA 43 2 1 ! A TR
ROLB §8 2 1 i a}m ® ;.
ROL 08 6 2179 7 3 69 6+ 2+j M) et o @ 1
ROR RORA {46 2 1 ; A e .
RORS 56 2 1 8 . .
AOR 06 6§ 2(76 7 3 66 6+ 2+] Ml cor w0 @ .
ATl 3B 615 1 Return from f—f—
H Interrupt
;
RTS 38 5 1 N Return fram *9 B89
g Subrouting
SBC SBCA 92 4 282 5 382 2 2{A2 4+ 2+! A-M-C—A [ :
SBCE D2 4 2)F2 5 €2 2 21E2 4+ 2+ B-M-C—8 ' :
SEX 102 1 ! | SignExtend 8 ® )
i i P : into A
i 1 .
ST STA a7 4 2187 5 3 A7 4+ 2+ A=M *: 0
S78 D7 4 2'F7 5 3 £7 4+ 2+ Bt e o e
STD DD 5 2|FD 6 3] €D 5+ 241 D-MM+1 . o e
STS 106 3110 7 4 {10 6+ 3+ S—M:M+1 Y o
' oF { FF § { EF 1
STU i DF 5 2 FF 6 3. JEF 5+ 2+ UMM+ 1 . o
STX : 9F 5 21BF 6 3| TAF B+ 244 X=MM+1 . e
STY | 06 31107 a4 110 B+ 3+; ¥-MM e . o e
; oF I ; LaF :
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Table 11. HD6309 Instruction Set {Cont.}

D6309 Addressing Modas

Instruction/ implled Direct E ded {1l di; Ind a’ | Rab $3210
Forms oP ~ § OP ~ }|OP ~ {f|0OP ~ f|OP ~ § |OP~F ¥ Description HNZ VC
SuB SUBA 90 4 2 BO 5 3:80 2 2 ;A0 4+ 2+ A-M--A F
sSuUBB BD 4 2iFQD 5 3 ,C0 2 2 EO 4+ 2+ B-i—8 [
SUBD 83 6 2,;B3 7 3|83 4 3 A3 8+ 2+ D-M:M+1-D L IS SR
SWi SWIg-, SF 18 1 Softwarginterrupt 1 @ @ ® @ &
swiz? 10 20 2 Software Interrupt2 @ ® @ & &

3F

swizé (11 20 2 Software Interupt3 @ @ @

3F

SYNC 13 24 1 Synchronize to * o 000
Intersupt

TFR A1, A2 |iF 6 2 Ri-R2? ——
TST TSTA 40 2 1 Test A *! I 0 ®
TSTB 50 2 1 Test B @11 0@
TST oD 6 21(7D 7 3 6D 6+ 2+ Tast M 1 1 0@

Legend: OP  Operation Code {Hexadecimai}

Zero {byte}

Mumber of MPU Cycles Overflow, 2's complement

Z
\Y
3 Number of Program Bytes C Carry from bit 7
-+ Arithmetic Plus I Test and set if true, cleared otherwise
- Arithmetic Minus . Not Affected
X Multiply _ ~ CC Condition Code Register
M Compiement of M : Concatenation
—  Transfer Into WV Logical or
H Half-carry (from bit 3} B Logical and
N Negative {sign bit} o Logical Exclusive or

Notes: I This column gives a base cycle and byte count. To obtain total count, and the values obtained

from the indexed Addressing Modes table.
ZR1 and R2 may be any pair of 8-bit or any pair of 16-bit registers.
The 8-bit registers are: A, B, CC, BDP
The 16~bit registers are: X, Y, U, 8, D, PC
3 EA is the effective address.
DThe PSH and PUL instructions require 5 cycie plus 1 cycle for each byte pushed or pulled.
§ 58y means: 5 cycles if branch not taken, 6 cycles if taken.
B:SW! sets | and F bits. SW12 and SWI3 do not affect | and F.
7 Conditions Codes set as a direct result of the instruction.
§ Value of half-carry flag is undefined.
B:Special Case—Carry set if b7 is SET.
@ Condition Codes set as a direct result of the instruction if CC is specified, and not affected
otherwise.
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Table 12. Hexadecimal Values of Machine Codes

OP Mnem Moda -~ ¥ OPF Mnpem Mode -~ # OP Mnem Mods

Q0 NEG Direct 3] 2 30 LEAX Indexed 4+ 2+ |80 NEG Indexed

L2 I : ; 31 LEAY 4v 2+ 81 * L

02 * 32 LEAS 4+ 2+ (B2

02 com 1 2 33 LEAU Indexed 4+ 2+ {83 COM

04 LSR -] 2 34 PSHS Implied 5+ 2 64 LSR

05 * 35 PULS 5+ 2 85 %

06 ROR 8 2 36 PSHU R 5+ 2 68 ROR

07 ASR 8 2 37 PULU 5+ 2 67 ASR

08 ASL, 1SL [:] 2 138 = §8 ASL, LSL

08 ROL 5] 2 ;39 RTS 3 5 1 6% ROL

OA DEC 51 2 3A  ABX 4 3 1 8A DEC

o8 @ 38 RT Implied 6.15 1 fo- T

oC INC B 2 3C cwaAl lrnmed 220 2 8C  INC

oD TST -] 2 3B MUL imptied R 6D TST

OE  JMmpP y 3 2 3E % 6E  JMP ¥

OF CLR Direct 8. 2 3F  swi Implied 18 1 6F CLR Indexed

10 See - - — (40 NEGA Iimplied 2 1 70 NEG Extended

11  Next Page - - - 41 = 1 71 * ¥ 3

12 NOP Imphed 2 3 42 72 x

i3 SYNC Implied 4 1 43  COMA 2 ] 73 COMm

14 ok 44 LSRA 2 1 74 LSR 7 3
18 = 45 * 78 *

16 LBRA Relauve 5 3 46 RORA 2 1 76 ROR 7 3
17 LBSR Refative g 3 47  ASRA 2 1 77 ASR 7 3
18 48  ASLA, LSLA 2 1 78 ASL, LSL 7 3
19 DAA Imphed 2 1 49  ROLA 2 1 79 ROL B 7 3
tA ORCC framed 3 2 44 DECA 2 1 7A  DEC 7 3
1B # 4B * 7B *

1C  ANDCC Immed 3 2 [4C  INCA 2 1 7C  INC 7 3
1D SEX implied 2 1 40  TSTA 2 1 70 TST 7 3
1E EXG 8 2 48 % FE  JMP 4 3
1F TFR Implied 6 2 4F CLRA implied 2 1 7F CLR Extended 7 3
20 BRA Relative 3 2 50 NEGB implied 2 1 80 susa Immed 2 2
21 BAN L 3 2 51 * A 81 CMPA 4 2 2
22 8Hl 3 2 62 * 82 SBCA 2 2
23 BLS 2 2 53 COMB 2 1 83 SUBD 4 3
24 B8HS, BCC 3 2 54 LSRB 2 1 84 ANDA 2 2
25 BLO, BCS 3 2 !55 % 85 BITA 2 2
26 BNE 3 2 §6 ROARB 2 1 86 LDA 4 2
27 BEQ 3 2 57 ASR8 ra 1 87 %

28 BVC 3 2 58 ASLB, LSLB 2 1 88 EORA 2 2
28 BVYS 3 2 58 ROLB 2 1 83 ADCA 2 2
2A BPL 3 2 5A DECB 2 1 18A ORA 2 2
28 BMI 3 2 58 ‘se  ADDA y 2 2
2C BGE 3 2 5C INCB 2 1 BC CMPX immed 4 3
20 BLT 3 2 5D TSTB 2 1 8D BSR Relative 7 2
28 BGT ¥ 3 2 58 % BE DX Immed 3 3
2F BLE Refauve 3 2 [5F CiRB Implied 2 1 8F &

Legend: ~ Number of MPU cycles {less possible push pull or indexed-mode cycles)
¥ Number of program bytes
* Denotes unused opcode
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Table 12, Hexadecimal Values of Machine Codes {Cont.)
OP Mnem Mode ¥ QP Mnem Mode ~ 4 CGP Mnem Mads ~ #
30 SUBA Direct 4 2 [C6 LPB mmed 2 2 {FCT DD Extended 6 3
91 CMPA b 4 2 .CT * FD STD 5 3
$2 SBCA 4 2 |ce e€omB 2 2 |FE iou 5 3
93 SUBD § 2 |C3 ABCB 2 2 |FE sTY Extended & 3
94 ANDA 4 2 |ca oRB 2 2
S5 SBITa 4 2 |ecB8 aADDB 2 2
86 LPbA 4 2 CC  LbD 3 3 2 Bytes Opcoda
197 STA 4 2 |ep =
98 EORA 4 2 CE BU immed 3 3 [1021 LBRN felatice 5§ 4
99 ADCA 4 2 CF  w 1022 LBH! 4 5t 4
9A ORA 4 2 1023 LBLS 55 &
98 ADDA 4 2 !po susa Direct 4 2 [1024 LBHS, LBCC 56 4
9C CMPX § 2 |Di CMPB 3 4 2 {1025 LBCS, LBLO 56 4
90 JSR 7 2 D2 sBCB 4 2 | 1025 LBNE 56 4
9 LDX 5 2 {03 ADDD 8 2 |1027 LBEQ 56 4
9F STX Direct 5 2 |D4 ANDB 4 2 [1028 LBVC 56 4
05 BITS 4 2 1029 LBVS 56 4
A0 SUBA Indexed 4+ 2+ [D6 LDB 4 2 |1024 BPL 56 4
Al CMPA 4+ 2+ [D7 ST8 4 2 [102B LBMI 56 4
AZ SBCA 4+ 2+ |pB EORB 4 2 |102C LBGE 56 4
A3 SUBD 6+ 2+ |D9 ADCB 4 2 |102D LBLT 56 4
A4 ANDA 4+ 2+ |DA ORB 4 2 102E LBGT 56 4
A5 BITA 4+ 2+ |pe abDB 4 2 [i02F BLE Relative 56 4
A6 LDA 4+ 2+ |DC DD 5 2 | 103F swiz Implied 0 2
A7 STA 4+ 2+ |DD STD § 2 1083 CMPD Immed s 4
A8 EORA 4+ 2+ IDE DY y s 2 [i08C cmpy 5 4
AS ADCA 4+ 2+ |DF  STU Direct 5 2 |108E DY tmmed 4 4
AA ORA 4+ 2+ 1093 CMPD Direct 703
AB  ADDA 4+ 2+ (EO SUEBB Indexed 4+ 2+ |109C CMPY 7 3
AC CMPX 6+ 2+ [E1 CMPB § 4+ 2+ {109E LDY z 8 3
AD JSR 7+ 2+ [E2 SBCB 4+ 2+ {109F STY Direct 6§ 3
AE LDX 3 5+ 2- [E3 ADDD 6+ 2+ |[10A3 CMPD Indexed 7+ 3+
AF  STX indexed 5+ 2+ IE4 ANDB 4+ 2+ |10AC CMPY 7+ 3+
+ES  BITB 4+ 2+ |10AE LDY 6+ 3+
BO SUBA Extended 5 3 !E6 LDB 4+ 2+ |10AF STY Indexed 6+ 3+
81 CMPA A 5 3 (g7 STB 4+ 2+ |10B3 CMPD Exended 8 4
82 SBCA 5 3 LEB ECRB 4+ 2+ {10BC CMPY 8 3
83 SUBD 7 3 lEs apce 4+ Z+ |10BE iDY 74
B4 ANDA 5 3 'EA ORB 4+ 2+ |10BF STY Extended 7 4
B5 BITA 5 3 ;ea ADDB 4+ 2+ {10CE LDS Tmmed 4 4
B§ LDA 5 3 ,EC (DD 5+ 2+ {10DE LDS Disect 6§ 3
B7 STA 5 3 |ED STD 5+ 2+ |10DF STS Direct g 3
B8 ECRA 5 3 I(EE W y §+ 2+ |10EE LDS Indexed B+ 3+
BS ADCA 5 3 (EF 8TV Indexed 5+ 2+ |10EF STS Indexed 6+ 3+
BA ORA 5 3 10FE LDS Extended 7 4
B8 ADDA § 3 [FO SUBB Extended 5 3 |10FF STS Extended 7 4
BC CMPX 7 3 {F1 CMPB § 3 |1313F swi3 Imgtied a0 2
BD JSR 8 3 |F2 sBce §' 3 |1183 CMPU Immed 5 4
8E LDX ¥ 6 3 |F3 ADDD 7 3 |118C cMPS Immed 5 4
BF STX Extended & 3 |F4 ANDB 5 3 |1193 CMPU Direct 73
{F§  BITB 5 3 |118C CMPS Direct 7 3
CO SUBB Immed 2 2 F§ LDB 5§ 3 |11A3 CMPU Indexed ¥~ 3+
Ct CMPB 2 2 iF7T STB 5 3 |[11AC CMPS Indexed 7+ 3+
c2 sacs 2 2 |F8 eoms 5 3 [11B3 CMPU Extended 8 4
C3 ADDD 4 3 iFS ADCB 5 3 |11BC CMPS Extended 8 4
C4 ANDE 2 2 |FA ORB y 5 3
Cc5 BITB Imme¢ 2 2 FB ADDB Extended 5 3

Note: All unused opcodes are both undefined and illegal. The operation is not guaranteed.
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Note for Use
Compatibility with NMOS MPU (HD6809)

The differences between HD6309 (CMOS)
and HD6809 {NMOS} is shown in table 13.

Execution Sequence of CLR Instruction

Cycle-by-cycle flow of CLR instruction
{direct, extended, indexed addressing mods)
is shown below. In this sequence the con-
tents of the memory location specified by the
operand is read before writing 00 into it. Note
that status flags, such as IRQ Flag, will be
cleared by this extra data read operation
when accessing the control/status register
(sharing the same address between read and
write} of peripheral devices.

Example: CLR (Extended)

$8000
$A000

CLR $AQ00
FCB $80

Cycle: Address Data R/W Description |

i 8000 7F 1 Opcode Feich

2 8001 A0 1 Operand Address,
High Byte

3 8002 (070 Operand Address,
Low Byte

4 FFEF * 1 VMA Cycle

5 AQ00 80 1 Read the Data

6 FFFEF * 1 VMA Cycle

7 A0QO oc © Store Fixed 00 into

Specified Location
* The data bus has the data at that particu-
lar address.
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Table 13. Differences between HD6309 and HD6309

ftem

HDB309 {CMOS}

=——=—— HDE3B0Y, HDE3C08

HDE80S (NMOS)

Address bus during
reset operation inter-
nal transaction

Outputs FFFFg VMA state
{figure 6}

QOutputs FFFEs

{Note}
Memory Stretch Unit Integral multiples of half {1/2} Integral multiples of quarter {1/
ready bus cycles 4) bus cycles
{MRDY}
172 cycle 174 cycle
—{lrcsm tresm
MRDY MRDY U
Stretch Time 5 us max 10 gs max
Reset operation VMA state ) E and Q are stretched
internal transaction E and Q are not stretched
periad {Notej
DMA/bus Auto-refresh None Executed
request . =

{DMA/BREQ) External interrupt

requests during DMA
cycle {IRQ, FIRQY)

Not accepted
{Also during dead cycie}

With auto-refresh, TRQ and
FIRQ requests issued during
MPU cycle are latched.

Reset operation
internal transaction
period {Note}

Set DMA/BREQ to high
(figure 21}

tow level DMA/BRECQ allows
the MPU to be placed in bus
grant state {BA-BS =high}.

External clock input
XTAL Pin

Floating

Grounded

Unused opcode

Unused

Post byte code -
{Indexed addressing.

EXG and TFR instructions}

Operation is not guaranteed when unused opcode and unused

post byte code are specified.

Operations are different between the two devices.

Note: Reset operation internal transaction period is a VMA period during which the address bus

outputs FFFFsg.
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Application Note for System Design

At the trailing edge of the address bus, the
noise pulses may appeare on the output sig-
nals in HDB8308. : :

Note the noise pulses and the following
measures against them.

Noise Occurrence Condition: As shown in
figure 22, the noise pulses which are 0.8 V or
over may appear on E and Q clocks when the
address bus changes from high to low.

If the address buses {Ag-As;s, and R/W)
change from high to low, the transient cur-

to the current and to the impedance state of
the GND wirings.

Figure 23 shows the noise voltage depen-
dency on the each parameter.

Figure 25 shows the noise voltage depen-
dency on the load capacitance of the address
bus.

Note:The noise level shouid be carefully
checked because it depends on the
each parameter of actual application
system.

rent flows through the GND. The noise pulses
are generated on the LSI's Vss pins according

m m+1lm+2=mfilm-!-#i‘m+5'm+8rm+7|m+{lm+%m+lol

| S i
I ¥ T 3 ¥ ¥ I T T ' |
tresn
f'Vm
b tPCSOD
[ = S—
DMATBREQ /\ / / Vig
New New
Address . PC PC+1
Bus ﬁ\’ * XFFFFx FFFF x FFFF A FFFF A FFFE X FFFF X FFFF
VMA VMA VMA VMA|New PC New PC VMA First
Hi Byte Lo Byte Instruction

Reset operation internal transaction

* QOutputis undefined.
i ] While DMA/BREQ is low, the address bus is high impedance,

When a low level RES is input, DMA/BREQ must be negatéﬁ high before m+3.

Figure 21. DMA/BREQ during reset operation internal transaction
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Noise Reduction:

. Control each parameter such as Cd, Veg, 2g
in figure 23, and the noise level is reduced
to be allowable.

. Insert a bypass capacitor between the
Vee and the GND of the HD6303,

. Connect the CMOS buffer with noise mar-
gin to E and Q clocks.

. Insert the damping registors to the address

bus. That is effective for the noise level to
reduce less than 0.8 V. The damping resis-
tor is ebout 40-500 on the higher byte of
the address bus {Ais—As) and about 130-
140 () on the lower byte of the address bus
{A7— Ap), and R'W as shown in figure 24.
Electrical specifications are not changed
by inserting the damping resistors.

o
aQ A/ \

Ac—Ass \

Noise peek {worst case}
1 about 1.0V

R/W

Test condition
T, =-20C
Vec = 5.5V

Nuimber of address bus lines switching
" from High to Low = 17
(Adg_ress bus $FFFF-$OOOO)
R/W High—Low

Figure 22. Noise at Address Bus Output Changing

v,[ V|
.l I
Veo Cd
Va © Noise Volitage
Zg * GND Impedance
Cq - Address hus joad capacitance
N 7 Number of address bus fines

switching fromH to L

Vo V..!
Zg N

—_— —B5ns

Figure 23. Dependency of the Noise Voltage on Each Parameter
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Damping Resistors
. ho _ 130—1400
! R/W—AAS—
130—1409 :
'
t
—ANN A,
W 1As
—VW{Ag
40—5004 —A\\V—App Agsl-AN—
—WV 1A A A— 40500
—W\—{As2 AW

{Top view)

Figure 24. Connecting Damping Resistors to Address Busg

Maximum Capaci-
. Cg = S0 pF }1ance of HDB30Y
Conditions ! Specification
T. =25C v
z, =0 ;
N =17 |
1
) |
1.0+ : Vee=6.5V
| Vee=5.0V
[
< 08f- /://vw-4.5v
1
g
£ E .- Connscting
> =t Damping
3 — Resistors {Voc=5 V)
z° /’/ t
0.5~ .
° ~ 1[
- |
|
!
{
i
I
[
|
|
!
o 50 00 R

Address Bus Load Capacitance Cq

Figure 25. Dependency of the Noise Voltage on the Load Capacitance of the Address
Bus
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Absolute Maximum Ratings

item Symbol Value Unit
Supply Voltage Veg! -0.3t0 +7.0 v
Input Voltage V! -0.3t0 +7.0 Y
Maximum Output Current 1,12 5 mA
Maximum Total Output Current 12t 13 100 mA
Operating Temperature Topr -2010 +7% 7‘C
Storage Temperature ) Totg —-B5to0 +150 C

Notes: 1. With respect to Vss {system GND)}

2. Maximum output current is the maximum currents which can flow out from one output

terminal and /O common terminal {A o-Ass, R/W, Do-D7, BA, BS, Q, E).

3. Maximum total output current is the total sum of output currents which can flow out simulta-
neously from output terminals and 1/0 common terminals {As-Ais, R/W, Do-D7, BA, BS, Q,
E

4. Permanent LS| damage may occur if maximum ratings are exceeded. Normal operation should
be under recommended operating conditions. If these conditions are exceeded, it could affect

reliability of LSL.

Recommended Operating Conditions

item Symbol Typ Max Unit
Supply Voltage Vee! 5.0 5.5 \'
Input Voltage EXTAL Vit -0.3 0.6 \
Cther Inputs -0.3 c.8 v
RES Visy Vee—0.5 Vee v
EXTAL ”vrccxo.7 Vee v
Other Inputs 20 " Vee v
Operating Temperature Toor -20 25 75 kv

Note: 1.

With respect to Vss {system GND}
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Electrical Characteristics

DC Characteristics {Vee=5.0 V % 10%, Vss=0 V, Ta=-—20 to +75 C, unless otherwise

noted.}
HDE3BO9 HD63C09
hem Symbol Min Typ WMax Min Typ Max Unit Test Condition
Input High Voltage  RES Vin Vec—0.5 Voo Vee—0.5 Veo V
EXTAL Veex0.7 Vee VeeX0.7 Vg
Other Inputs 2.0 Vee 2.0 o Veoo
Input Low Voltage EXTAL Vi -0.3 0.6 -0.3 0.6 V
Other Inputs -0.3 0.8 -0.3 0.8 . -
Input Leakage Current Except EXTAL, i, -2.5 25 -2.5 2.5 pA V=010 Ve,
XTAL Vee=max
Three State {Off Staté) Dg -D brsy -10 10 -10 10 pA V,=0.4 10 Vee,
laput Current Ag-Ays. RAW =16 10 =10 10 Ve=max
Qutput High Voltage Dy -Dy Vo 4.1 4.1 vV LMD=-4OO;;A
Vee=0.1 Vee—0.1 . 1oap S ~ 10xA
Ao -Ars. RV, 4.1 4.1 " iono= ~4004A
Q, E Vee=0.1 Vee—-0.1 7 hoaps ~ 10xA
BA, BS i 41 a1 Loan = ~400xA
Vee=0.1 _ Vge-01  LoapS —104A
Output Low Voltage Voo 0.5 0.5 Vv loap=2mA
input Capacitance Do -0y Cn i5 15 pF V,,,=VOVV, - ]
— - T, =25,
Except Dg -D3y 10 10 f=1MHz
Output Capacitance  Ag-Ays, R,-'W,ﬁ bom - ] 12 12 pF
BA, BS o B S
Current Dissipation iec 24 38 mA Operating )
15 18  Sleeping
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AC Characteristics (Vce=5.0 V * 10%, Vss=0 V, Ta=—20 to +75 'C, unless otherwise

noted.)

Clock Timing

HD63B09 HDE3C08
Item Symbol Min Typ Max Min Typ Max Unit Test Condition
Frequency of Operation fxraL 2 8 2 12 MHz Figs, 27, 28
{Crystal External Input} i -
Cycle Time : foye 500 2000 333 2000 ns )
Total Up Time N tyr 480 310 s
Processor Clock High tPWEH 220 5000 140 5000 ns
Processor Clock Low B tewiL 210 1000 140 1000 ns
E Rise and Fali Time ter, tef ] 20 20 ns
ELow 10 Crugn Time  tavs 100 140 70 100 ns
Q Clock High tewan 220 1000 140 1000 ns. :
Q Clock Low ) twa 220 5000 140 5000 ns
Q Rise and Fali Time tor, taf 20 20 »ns
Qow 10 ELow Time tae 100 70 ns
Bus Timing
HD63B09 HD63C09

item Symbol Min Typ Max Min Typ Max Unit Tast Condition
Address Delay B o tao 110 : 110 ns Figs. 27, 28
Address Valid t© Qingn _taq 15 =30 s
Peripheral Read T tacc 3307 B 160 ns
Access Time -
{tyr-tap-tose =tacc) o R
Data Set Up Time tosa 40 40 ns
{Read) } _ . _
input Data Hold Time  tour 10 10 ns
Address Hold Time  Ta=0to +75C  tay 20 20 ns

Ta=-20 to OC ' 10 10 -
Data Delay Time T toow 110 70 ns
{Write) B . _
Cutput Hold Time Ta=b to +75'¢ ﬁ,aw 30 30 s

Ta=-20 to 0C 20 20

Note: When the address bus is Jatched at the rising edge of Q, Q should be delayed to assure address

set-up time.
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Processor Control Timing

HD63B09 HD63C09

Item Symbol Min Typ Max Min Typ Max Unit Test Condition
MRDY Set Up Time tocsm 110 70 ns Figs. 3-7
MRDY Set Up Time 2 trcsM2 240 160 ns  Figs. 12, 13
Interrupts Set Up Time tpcs 110 70 ns
HALT Set Up Time "~ tcsw 110 70 ns
RES Set Up Time tocsn T 110 110 ns
DMA/BREQ Set Up Time  thcsp 110 70 ns
Processor Control Rise and Falt Timetec:, 100 100 ns

trct
Crystal Oscillator Start Time tac 20 20 ms

5.0V

- C=30pF (BA, BS}
Ry =1.8ke 130pF {Dg-D5, E, Q)
90 pF (Ag-Ass. RAN]
- R= 10k (Dg-D7) _
10k@ {Ag-Ass, E, Q, R/W)
10k (BA, BS)

All diodes are 1S2074% or equivalent.
C includes stray capacitance.

Test Point

Figure 26. Bus Timing Test Load
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i * o)
>

g Vec—2.0VK 1 tewe > X Vee — 2.0V Ve - 2.0V ;
0.8V 0.8V,lz<__tmﬁ———> 51;0~3V

R Voo = 2.0V W '\W

——
i e I —

ADDR v, — 2.0V
BA,BS 0.8V

tace > ol ftt,
Tan - tpgn -

Vi
Dats @ Data Valid
0.8V
m Not Valid

Figure 27. Read Data from Memory or Peripherals

| toe >l
£ tes rett— gy
Vee — 2.0V Vec 2.0V Vec - 2.0V
{_ 0.8V 0.8V 0.8V
- Tavs > trwan S T———
[ tor oty
U\ee — 2.0V Vo —2.0V Vee — 2.0V
a 0.8V L 0.8V 0.8y
a thwar !
R (§<<
0.8V SNV
[ tan —1
—] ta— Taq ] et
ADDR Ve — 2.0V
BA, BS 0.8V
——topw———— —> la—tpuw
e Vee — 2.0V
P S ——— =T 0.8V

m Not Valid

Figure 28. Write Data to Memory or Peripherals
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Package Dimensions
Unittmm (inch)

DP-40
52.8i2079)
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e o
10047}
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EE x2 .
2 Eg -
cle 58
=~ jee

2.5450,25 ) o
€0.10820.010] (5.019:+5.006}
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{0.100msn )
e
o
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