el EF6809E

COMPONENTS
# BIT MICROPROCESSOR UNIT (MPU)

- 0‘__

The EF6809E is a revolutionary high performance 8-bit microprocessor )

which supports modern programming techniques such as position independ HMO
ence, reentrancy. and modular programming
. . . o . N . {HIGH-DENSITY N- { -

This third-generation addition to the 6800 Family has major architecturat GH-DE N-CHANNEL, SILICON-GATE)
improvements which include additional registers, instructions, and addressing 8-BIT s
modes - =

The basic instructions of any computer are greatly enhanced by the MICROPROCESSING

presence of powerful addressing modes. The EF6809E has the most com- UNIT

plete set of ‘addressing modes available on any 8-bit microprocessor today
The EF6809E has hardware and software features which make it an ideal

processor for higher level language execution or standard controller applica

tions External clock inputs are provided to allow synchronmization with

pernpherals, systems, or other MPUs

E F6800 COMPATIBLE

® Hardware — Interfaces with All 6800 Peripherals

® Software - Upward Source Code Compatible Instruction Set 4nd
Addressing Modes

ARCHITECTURAL FEATURES

® Two 16-Bit index Registers ALSO AVAILABLE
® Two 16-Bit Indexable Stack Pointers JSUFFIX C SUFFIX
® Two 8-Bit Accumulators can be Concatenated to Form One 16 Bit CERDIP PACKAGE CERAMIC PACKAGE

Accumulator
® Direct Page Register Aliows Direct Addressing Throughout Memory
HARDWARE FEATURES CB-521
® External Ciock Inputs, E and Q, Allow Synchronization

TSC Input Controis Internal Bus Buffers

L]
® LIC Indicates Opcode Fetch FELSC%F:‘;X
® AVMA Allows Efficient Use of Common Resources in a Multiprocessor -
System -
® BUSY 1s a Status Line for Multiprocessing
® Fast interrupt Request Input Stacks Only Condition Code Register and
Program Counter PIN ASSIGNMENT
® (nterrupt Acknowledge Output Allows Vectoring By Devices B
® Sync Acknowledge Output Allows for Synchromization to External Event vssl' @ ‘“’bm N
® Single Bus-Cycie RESET NMif 2 0fTsC
® Smgle 5-Volt Supply Operation w3 sfiuc
® NMI Inhibited After RESET Until After First Load of Stack Pointer -
® Early Address Valid Allows Use With Slower Memories FRags 37 pRESE =
® Early Write Data for Dynamic Memories BsQ> B flAVMA
SOFTWARE FEATURES BA[s »pha .
® 10 Addressing Modes veel 7 3afe
® 6800 Upward Compatible Addressing Modes aoll s HhsUSY
¢ Direct Addressing Anywhere in Memory Map
* Long Relative Branches Ao 2pew :
¢ Program Counter Relative A2[}i0 3 foo .
* True Indirect Addressing A3y 30{ID} -
® Expanded Indexed Addressing a4fli2 20 [j02 -
0-, 6-, 8-, or 16-Bit Constant Offsets N
8- or 16-Bit Accumulator Offsets A5 203 -
Auto-Increment/Decrement by 1 or 2 AsQ1a 27[1D4
® Improved Stack Manipuiation A7{s 26 [J05
® 1464 Instruction with Unique Addressing Modes A6 »[po06
® 8 x 8 Unsigned Multiply 5
» 16 8it Anthmetic a7 o7
® Transter/Exchange All Registers At0Qs zpars
® Push/Pull Any Registers or Any Set of Registers Aty 22[]A14
® Load Effective Address A12Q20 211A13 -

.
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage vee -03tw0 +70 \Y
Input Voltage Vin -0310+70 v
Operating Temperature Range TLto Th
EF6809E, EF68A09E, EFG8BOSE Ta Cto +70 °C
EFBB0QE, EFBBA09E. EFEBBOYE. V suffix -40to +85
EF6809€E, EFE6BA09E - M suffix —55 10 + 25
Storage Temperature Range Tslg -55 10 + 90 “C
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Thermal Resistance
Cerarmic 80
Cerdip AT 60 °C/W
Plastic 100
PLCC 100

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from
Ty=TA+(Pped A}
Where:
Ta= Ambient Temperature, °C
0 A= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=P\NT+PPORT
PINT=iCcC x VCC. Watts — Chip Internal Power
PPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < PINT and can be neglected. PPORT may become significant if the device is configured to

drive Darlington bases or sink LED loads
An approximate relationship between Pp and T (if PPORT is neglected) s
PD =K+ (Tj+273°C)
Solving equations 1 and 2 for K gives:
K =Ppe(Ta +273°C) + 8 a*PD2

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

value of Ta

This device contains circuitry 1o protect the
inputs against damage due to high statc
voltages or electric fields; however, 1t is ad-
vised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high im-
pedance circunt

Reliability of operation is enhanced if unus-
ed nputs are tied to an appropnate logic
voltage level le.g., either Vgg or V()

(1

(2)

(3)

DC ELECTRICAL CHARACTERISTICS (Vce=50V £5%, V§s=0Vdc, TA=T| to Ty unless otherwise noted!

Characteristic Symbol Min Typ Max Unit
Logic, Q Vi Vgg + 20 vce
i High Vol
nput High Voltage ViR vas « 40| - vee v
E VIHC Vee-075 | ~ Vee+03
Input Low Voltage Logic, RESET Vi Vgg-03 - Vgs+08 \
E ViLe Vgg~03 - Vgg+04 Vv
Q ViLg Vgg—03 - Vgs+0.6 \
Input Leakage Current Logic. Q, RESET \ - - 25 A
(Vin = 0105.25 V, Vcc = max) £ in - B 10 u
dc Output High Voltage
(Loag = —2054A. VcC = min} D0-D7 v Vss + 24| — - v
(ILoag = — 145 kA, VCC = min) AO-A15. R/W OH Vgs + 24| — -
(lioad = - 100 #A, Ve = min) BA, BS. LIC, AVMA_ BUSY vVss + 24| — -
dc Output Low Voltage
llLoag = 2.0 mA, Ve = min) Vot - - fVss+ 05}V
internal Power Dissipation {Measured at T =0°C in Steady State Operation} PINT - - 1.0 W
Capacitance Cin
Vin =0, Ta = 25°C, t = 1.0 MH2) DO-D7. Ltogic inputs, Q. RESET - 10 15
pF
_ E - 30 50
AD-A15. R/W, BA BS
LC. AVMA. Busy | Cout - 10 1 pF
Frequency of Operation EF6809E 01 - 10
(E and Q inputs) EF68A09E f 0.1 - 1.5 MHz
EF68B09E 0.1 - 20
Hi-Z (Off Statel Input Current DO D7 | - 20 10 A
Vs = 041024 V. VGC = max) A0A15 R[S - - 100 “

* Capacitances are periodically tested rather than 100% tested
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BUS TIMING CHARACTERISTICS iSee Notes 1, 2. 3, and 4: -

Ident. . EFBB09E | EFGBA09E | E
Number Characteristics Symbol Min | Max ]| Min | Max | Min | Max] YNt =
1 Cycle Time Toye 10| 10 |[0667] 10 {05 10 | ss :
2 Pulse Width. E Low PWeg 1450 19500] 295 | 9500 | 210 | 9500] ns -
3 Pulse Width_ E High PWey | 450 [ 9500 280 | 9500 | 220 | 9500 ns -
4 Clock Rise and Fall Time [T - 25 25 - 20 ns )
5 Pulse Width. Q High PWQH | 450 [ 9500 280 | 9500 | 220 [ 9500 | ns
7 Delay T'me. E 10 Q Rise Q1 200 - 130 - 100 - ns .
7A Delay Time, Q High 10 £ Rise Q2 | 200 | - 130 | - 00| - ns -
78 Delay Time. E High 10 Q all EQ3 | 200 30| - J00] - s
7C Delay Time, Q High to E Fall EQ4 200 130 - 100 - ns
9 Address Hold Time TAH 20 - 20 - 20 - ns =
" Address Oelay Time from E Low (BA BS, R Wi TAD 200 - 140 E 10| ns -
17 Read Data Setup Time DSR 80 60 - 40 - as -
18 Read Data Hoid Time 'DHR 10 10 - 10 - ns
20 Data Delay Time trom Q [fs]ale} 200 - 140 10 ns b
21 Wate Data Hold Time IDHW 30 30 - 30 - ns -
29 Usable Access Time TACC 635 440 - 330 ns =
30 Control Delay Time 'co 300 - 250 - 200 ns
Interrupts, HALT, RESET. and TSC Setup Time PCS 200 140 - 110 - ns
(Figures 6, 7, 8, 9, 12, and 13)
TSC Dnive to Valid Logic Level (Figure 131 TSV 210 - 150 - 120 | ns
TSC Release MOS Butfers to High impedance (Figure 13} TSR - 200 - 140 10 ns
TSC Hi-Z Delay Time (Rigure 13) TS0 120 - 85 - 80 ns
Processor Control Rise and Fall Time (Figure 7) (‘pp((::" 100 100 100 ns

FIGURE 1 — READ/WRITE DATA TO MEMORY OR PERIPHERALS TIMING DIAGRAM

[ 0D
O
E VIHN v ¢ ViLe va

f_@_@_”,' ‘_@' O

R/W, Address,

BA, BS R
< @— }
- 18 )

Read Data N

Non-Muxed ______ ¥

—_— -
Write Data /7 :
‘21; -

BUSY, LIC,
AVMA )

NOTES

1 Voltage levels shown are V{ <04 V, Viy22 4 V, unless otherwise specihied
2 Measurement points shown are 0 8 V and 2 0 V, unless otherwise specified
3 Hold time ¢ (@ ) for BA and BS 15 not specified

4 Usable access time 1s computed by 1 -4~ 11 max - 17
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FIGURE 2 — EXPANDED BLOCK DIAGRAM

T DO-D7

A0-A15
- - -« VCC
-«— Vgg
y
1
6 8
- PC fnstruction
Register
u
> s RESET
r——— NMI
- Y o
Interrupt FiR
» Control  fe—— TRQ
B X —LIC
——» AVMA
A R/W
l«——— 0 TSC
s —
< op ce Bus pe—— HAL
Control  }——p BA
b1 L85
. BUSY
y Y
ALU Timing

-
Internal Three-State Control

FIGURE 3 — BUS TIMING TEST LOAD

50V

1naras S RL=22K8
or Equiv.
Test Point
c 1N916 .
or equiv.

C=30 pF for BA, BS, LIC, AVMA, BUSY
130 pF for DO-D7
90 pF for AG-A15, R/W
R = 11.7 k@ for DO-D7 _
16.6 k@2 for AO-A15, R/W
24 kQ for BA, 8S, LIC, AVMA, BUSY

A=

PROGRAMMING MODEL

As shown in Figure 4, the EF6809E adds three registers
to the set available in the EFB6800. The added registers in-
ciude a direct page register, 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 singie 16-bit accumulator. This is referred to as the D
register, and is formed with the A register as the most signifi-
cant byte.

DIRECT PAGE REGISTER (DP)

The direct page register of the EF6809E serves toenhan-
ce the direct addressing mode. The content of this register
appears at the higher address outputs {AB-A15} during direct
addressing instruction execution. This allows the direct
mode to be used at any place in memory, under program
control. To ensure 6800 compatibility, all bits of this
register are cleared during processor reset.
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FIGURE 4 -

PROGRAMMING MODEL OF THE MICROPROCESSING UNIT

X — index Register

Y - Index Register

U — User Stack Pointer

Pointer Registers

S — Hardware Stack Pointer

PC

Program Counter

A | B

Accumutators

D

7

0

[ oP

Direct Page Register

aEnnnanG

CC - Condition Code Register

INDEX REGISTERS (X, Y)

The index registers are used in indexed mode of address-
ing. The 16-bit address in this register takes part in the cal-
culation of effective addresses. This address may be used to
point to data directly or may be modified by an optional con-
stant or register offset. During some indexed modes, the
contents of the index register are incremented and decre-
mented to point to the next item of tabular type data. All four
pointer registers (X, Y, U, S) may be used as index registers.

STACK POINTER (U, S)

The hardware stack pointer {S) is used automatically by
the processor during subroutine calls and interrupts. The
user stack pointer (U} is controlled exclusively by the pro-
grammer. This allows arguments to be passed to and from
subroutines with ease. The U register is frequently used as a
stack marker. Both stack pointers have the same indexed
mode addressing capabilities as the X and Y registers, but
also support Push and Pull instructions. This allows the
EF6809E to be used efficiently as astack processor, greatly
enhancing its ability to support higher level languages and
modular programming.

NOTE
The stack pointers of the EF6809E point to the top of
the stack in contrast to the EF6800 stack pointer,
which pointed to the next free iocation on stack.

PROGRAM COUNTER

The program counter is used by the processor to point to
the address of the next instruction to be executed by the pro-
cessor. Relative addressing is provided allowing the program
counter to be used like an index register in some situations.

CONDITION CODE REGISTER

The condition code register defines the state of the pro-
cessor at any given time. See Figure 4.

FIGURE 6 — CONDITION CODE REGISTER FORMAT

e[ e [n] 1 ]n]2]v]c]
{ I 1 Carry
Overfiow
Zero
Negative
IRQ Mask
Halt Carry
FIRQ Mask
Enure Flag

CONDITION CODE REGISTER
DESCRIPTION

BIT 0 (C)

8it 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.

BIT 1 (V)

Bit 1 is the overflow flag and is set 10 a one by an operation
which causes a signed twos complement arithmetic over-
flow. This overflow is detected in an operation in which the
carry from the MSB in the ALU does not match the carry
from the MSB-1.

8IT2(2)

Bit 2 is the zero flag and is set to a one if the result of the
previous operation was identicaily zero.
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BIT 3 (N}

Bit 3 1s the negative flag. which contains exactly the value
of the MSB of the result of the preceding operation Thus, &
negative twos complement result will leave N set to a one

BIT 4 (1)

81t 4 is the TRQ mask bit The processor will not recognize
interrupts from the TRQ line if this it is set to a one. NMI,
FIRQ, TRQ, RESET, and SWI ali set | to a one. SWI2 and
SWI3 do not affect |

BIT 5 (H)

Bit 5 is the half-carry bit, and s used to indicate a carry
from bit 3 1in the ALU as a 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 undefined in all subtract-like instructions

BIT 6 (F)

Bit 6 i1s the FIRQ mask bit. The processor will not
recognize interrupts from the FIRQ Iine if this bit is a one
NMT, FIRQ, SWI, and RESET all set F to a one. TRQ, SWI2,
and SWI3 do not affect F

BIT 7 (E}

Bit 7 1s 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 return from interrupt (RTI} to deter
mine the extent of the unstacking. Therefore, the current E
left In the condition code register represents past action

PIN DESCRIPTIONS

POWER (Vss, V¢!
Two pins are used to supply power to the part. VSS is
ground or 0 volts, while Vccis +5.0V +5%

ADDRESS BUS (A0-A15)

Sixteen pins are used to output address information from
the MPU onto the address bus. When the processor does
not require the bus for a data transfer, it will output address
FFFF1g, R/W=1, and BS=0; this is a “dummy access"’ or
VMA cycle. All address bus drivers are made high-
impedance when output bus available (BA) is high or when
TSC is asserted. Each pin will drive one Schottky TTL load or
four LSTTL loads and 90 pF

DATA BUS (D0-D7)

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

READ/WRITE (R/W)

This signal indicates the direction of data transfer on the
data bus. A low indicates that the MPU is writing data onto
the data bus R/W is made high impedance when BA is high
or when TSC is asserted

RESET

A low level on this Schmitt-trigger input for greater than
one bus cycle will reset the MPU. as shown in Figure 6. The

reset vectors are fetched from locations FFFE g and FFFF1g
:Table 1) when interrupt acknowledge 1s true, (BA®BS = 1)
During initial power on, the reset fine should be held low until
the clock input signals are fully operational

Because the EF6809E 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
penpherals are out of the reset state before the processor

HALT

A low level on this input pin will cause the MPU to stop
running at the end of the present instruction and remain
halted indefinitely without loss of data. When halted, the BA
output is driven high indicating the buses are high 1im
pedance. BS is also high which indicates the processor is in
the halt state. While halted, the MPU will not respond to ex-
ternal real-time requests (FIRQ, 1RQ) although NMI or
RESET will be latched for later response During the halt
state, Q and E should continue to run-normally. A halted
state (BA®BS=1) can be achieved by puliing HALT low
while RESET 1s stil low. See Figure 7

BUS AVAILABLE, BUS STATUS (BA, BS)

The bus available output is an indication of an internal
control signal which makes the MOS buses of the MPU high
impedance. When BA goes low, a dead cycle will elapse
before the MPU acquires the bus. BA will not be asserted
when TSC is active, thus allowing dead cycle consistency

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

MPU State MPU State Definition
BA BS

o] 0 Normal (Runming)

v 1 Interrupt or Reset Acknowledge
1 0 Sync Acknowledge

1 1 Halt Acknowledge

Interrupt Acknowledge is indicated during both cycles of a
hardware vector fetch (RESET, NMI, FIRQ. IRQ, 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 atfow vectoring by
device. See Table 1.

TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS

Memory Map For

Vector Locations In(errup? Yector
MS S Description
FFFE FFFF RESET
FFFC FFFD NMI
FFFA FFFB SWi
FFF8 FFFQ RQ
FFF6 FFF7 FIRQ
FFFa4 FFFS SwWi2
FFF2 FFF3 swi3
FFFO FFF1 Reserved

(RN

I

o

|
|
|
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Sync Acknowledge i1s indicated while the MPU 1s waiting
for external synchronization on an nterrupt hne

Halt Acknowledge is indicated when the E F6809E isin a
halt condition

NON MASKABLE INTERRUPT (NMI)*

A negative transition on this input requests that a non-
maskable interrupt sequence be generated. A non-maskable
interrupt cannot be nhibited by the program and also has a
higher prionty than FIRQ, IRQ, or software interrupts. Dur-
ing recognition of an NMI, the entire machine state is saved
on the hardware stack. After reset, an NMI will not be recog-
nized until the first program 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
with respect to Q, the interrupt will not be recognized untif
the next cycle See Figure 8

FAST-INTERRUPT REQUEST (Fﬁ)'

A low ievel on this input pin will initiate a fast interrupt se-
quence, provided its mask bit (F) in the CC is ciear. This se-
quence has priority over the standard interrupt request {iIRQ}
and 1s fast in the sense that it stacks only the contents of the
condition code register and the program counter. The inter-
rupt service routine should clear the source of the interrupt
before doing an RTi See Figure 9

INTERRUPT REQUEST (IRQ)"

A Jow level input on this pin will initiate an interrupt re-
quest sequence provided the mask bit {1} in the CC is clear
Since [RQ stacks the entire machine state, it provides a
slower response to interrupts than FIRQ. IRQ also has a
Jower priority than FIRQ. Again, the interrupt service routine
should clear the source of the interrupt before doing an RTI
See Figure 8

CLOCK INPUTS E, Q

E and Q are the clock signals required by the EF6809E. Q
must lead E; that is, a transition on Q must be followed by a
similar transition on E after a minimum delay. Addresses will
be valid from the MPU, taop after the falling edge of E. and
data will be latched from the bus by the faling edge of E
While the Q input is fully TTL compatible, the E input directly
drives internal MOS circuitry and, thus, requires a high leve!
above normal TTL levels. This approach minimizes clock
skew inherent with an internal buffer. Refer 1o BUS TIMING
CHARACTERISTICS for € and Q and to Figure 10 which
shows a simple clock generator for the E FG8CIE.

BUSY

BUSY will be high for the read and modify cycles of a
read-modify-write instruction and during the access of the
first byte of a double-byte operation (e.g., LDX, STD,
ADDD}. BUSY is also high during the first byte of any in-
direct or other vector fetch (e.g., jump extended, SW! in-
direct, etc.}.

In a multiprocessor system, BUSY indicates the need to

defer the rearbitration of the next bus cycle to insure the in-
tegrity of the above operations This difference provides the
indivisible memory access required for a ''test-and-set”
primitive, using any one of several read-modify-write instruc-
tions.

BUSY does not become active during PSH or PUL opera-
tons. A typical read-modity-write instruction (ASL) is shown
in Figure 11. Timing information is given in Figure 12. BUSY
1s vald 1cp after the rising edge of Q

AVMA

AVMA is the advanced VMA signal and indicates that the
MPU will use the bus in the foliowing bus cycle. The predic-
tive nature of the AVMA signal aliows efficient shared-bus
multiprocessor systems. AVMA s iow when the MPU is in
either a HALT or SYNC state. AVMA s valid tcp after the
rsing edge of Q

LIc

LIC (last instruction cycle} is high during the last cycle of
every instruction, and its transition from high to low will indi-
cate that the first byte of an opcode will be latched at the end
of the present bus cycle. LIC will be high when the MPU 1s
halted at the end of an instruction {i.e., not in CWAI or
RESET), in sync state, or while stacking during interrupts
LIC 1s valid tcp after the rising edge of Q

TSC

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

While E is low, TSC controls the address buffers and R/W
directly. The data bus buffers during a write operation are in
a high-impedance state until Q rises at which time, if TSC is
true, they will remain in a high-impedance state. If TSC is
held beyond the rising edge of E, then it will be internally
latched, keeping the bus drivers in a high-impedance state
for the remainder of the bus cycle. See Figure 13

MPU OPERATION

During normal operation, the MPU fetches an instruction
from memory and then executes the requested function
This sequence begins after RESET and is repeated indefinite-
ly unless altered by a special instruction or hardware occur-
rence. Software instructions that alter normal MPU opera-
ton are: SWI, SWI2, SWI3, CWAI, RTI, and SYNC. An
nterrupt or HALT input can also alter the normal execution
of instructions. Figure 14 is the flowchart for the EF6809E .

* NMI, FTIRQ. and TRQ requests are sampled on the falling edge of Q. One cycie 1s required for synchronization before these interrupts are recog-
nized The gendmg interrupt(s) will not be serviced until completion of the current instruction unless 8 SYNC or CWAI condition 1s present. H
1

IRQ and

do not remain low unti completion of the current instruction. they may not be recognized. However, NMI is latched and need

and the rising edge of 8S indicating

ONE remain low for one cycle. No interrupts are recognized or latched between the falling edge of
R acknowledge See RESET sequence in the MPU flowchart in Figure 14
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FIGURE 10 — CLOCK GENERATOR

___________________ _
|
|
|
|
STRETCH |
S Optional

o= MRDY'ercuﬂ

{>Q to System and Processor

=
gz
83
I
|
S
|
3

PREC] 14 K c1r? 3.3ka

MRDY

STRETCH

2N2222A

CDE to System
1500

NOTE: If optional circuit is not included the CLR and PRE
inputs of U2 and U3 must be tied high.

FIGURE 11 — READ-MODIFY-WRITE INSTRUCTION EXAMPLE (ASL EXTENDED INDIRECT)

Memory Memory
Location Contents Contants Description
PC — $0200 $68 ASL Indexed Opcode
$0201 $9F Extended indirect Postbyte
$0202 $63 Indirect Address Hi-Byte
$0203 $00 Indirect Address Lo-Byte
$0204 Next Main instruction
/—\‘

$6300 $E3 Effective Address Hi-Byte
$6301 $D8 Effective Address Lo-Byte
$E306 $5C Target Data

1-162
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ADDRESSING MODES

The basic instructions of any computer are greatly en-
hanced by the presence of powerful addressing modes. The
EFBB09E has the most complete set of addressing modes
ravailable on any microcomputer today. For example, the
EFBB0YE has 59 Basic instructions; however, it recognizes
1464 different varnations of instructions and addressing
modes. The addressing modes support modern program-
ming techniques. The following addressing modes are avail-
able on the EFG6809E :

Inherent {Includes Accumulator)

immediate

Extended

Extended Indirect

Direct

Register

Indexed

Zero-Offset
Constant Offset
Accumutator Offset
Auto Increment/Decrement
Indexed Indirect
Relative
Short/Long Relative Branching
Program Counter Relative Addressing

INHERENT ({INCLUDES ACCUMULATOR)

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

IMMEDIATE ADDRESSING

In immediate addressing, the effective address of the data
1s the location immediately following the opcode fi.e., the
data 1o be used in the instruction immediately following the
opcode of the instruction). The EFB809E uses both 8- and
16-bit immediate values depending on the size of argument
specified by the opcode. Examples of instructions with im-
mediate addressing are

LDA  #$20
LDX  #$FO00
LDY #CAT

NOTE
# signifies immediate addressing; $ signifies hexadeci-
mal value to the EFB809 assembier.

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
LOD  $2000

EXTENDED INDIRECT

As a special case of indexed addressing (discussed
below), one level of indirection may be added to extended
addressing. In extended indirect, the two bytes foliowing the
postbyte of an indexed instruction contain the address of the
data

LDA  [CAT]
LOX  [$FFFE]
STU  {DOG)

DIRECT ADDRESSING
Direct addressing is similar to extended addressing except

that only one byte of address follows the opcode. This byte
specifies the lower eight bits of the address to be used The
upper eight bits of the address are supplied by the direct
page register. Since only one byte of address is required in
direct addressing. this mode requires less memory and exe-
cutes faster than extended addressing. Of course, only 256
locations {one page) can be accessed without redefining the
contents of the DP register. Since the DP register 1s set to
$00 on reset, direct addressing on the E F6809E is upward
compatible with direct addressing on the 6800. Indirection
is not allowed in direct addressing. Some examples of direct
addressing are

LDA  where DP = $00

LOB  where DP=$10

LDD < CAT

NOTE

< s an assembler directive which forces direct
addressing

REGISTER ADDRESSING

Some opcodes are followed by a byte that defines a
register or set of registers to be used by the instruction This
1s called a postbyte. Some examples of register addressing
are

TFR X, Y Transfers X into Y

EXG A B Exchanges A with B

PSHS A, B, X, Y PushY, X, Band Aonto S
stack

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

INDEXED ADDRESSING

in ail indexed addressing, one of the pointer registers (X,
Y. U, S, and sometimes PC} is used in a calcutation of the ef-
fective 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 pointer register to be used. Figure 15 lists the fegal for-
mats for the postbyte. Table 2 gives the assembiler form and
the number of cycles and bytes added to the basic values for
indexed addressing for each variation
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FIGURE 15 — INDEXED ADDRESSING POSTBYTE
REGISTER 8IT ASSIGNMENTS

ZERO-OFFSET INDEXED — !n 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.

Post-Byte Register B A:z:::n Examples are:
Fle[s[a]3]2]1]¢0 Mode DD O, X
0f{ R!|R|d] d] o |d] d]|EA=_R+5BitOffset LDA S
1 RIR[O] O 0]o] o0 R+
y[R|R[iJ]Oo[]oOo]O] 1 R+ + CONSTANT OFFSET INDEXED - In this mode, twos
T TRIRIlO|O]O]| 1{ 0 -R complement offset and the contents of one of the pointer
v RIR] & ol o1 1 _-R registers are added to form the effective address of the
1T RIR] :]oli1]o]lo EA = .R +0 Offset operand. The pointer register’s initial content is unchanged
" RIR] ] 0] 1]0] 1 |€EA=,R+ ACCB Offset by the addition. )
3 R - o T 7 0 TEA = R + ACCA Offset Three §ozes of oftset are available:
"I R{ R ] 1|0 0] 0] €A = R +8BnOffset 5-bit {16 to +15)
"I R]A| i]| 1] 0] 0] 1 |EA=_R+16BitOffset 8-bit (~128 to +127)
3 R| R B 1 0 1 ) EA = .R +D Offset 16-bit (— 32768 to + 32767)
1 x | x i 1 1 0| O | EA = .PC +8 Bit Offset The twos complement 5-bit offset is included in the post-
T x1 x1 i 1 T 10] 1 EA=_.PC +16 Bit Offset byte and, therefore, is most efficient in use of bytes and
B ERERERE EA = [ Address] cycles. The twos complement 8-bit offset is contained in a
e — single byte following the postbyte. The twos complement
I ;Addressing Mode Field 16-bit offset is in the two bytes following the postbyte. {n
most cases the programmer need not be concerned with the
Indirect Field size of this offset since the assembler will select the optimal
{Sign Bit when b7 = 0} size automatically.
Examples of constant-offset indexing are:
g Field: RR LDA  23.x
00 = X LDX -28
x = Don't Care 01 =Y LDY  300,X
d = Offset Bit 10=U
i=0=Nm Indirect 1(1) =5 LU CATY
1= Indirect
TABLE 2 — INDEXED ADL MODE
Non indirect Indirect
Type Forms Assembler Postbyte +|+ Assembler Postbyte + |+
Form Opcode | ~| # Form Opcode | ~ ¢
Constant Offset From R No Offset R 1RR0O0100 olo LR] JRR10100 3
(2s Complement Offsets) 5-Bit Offset n R ORRnnnNN 110 defaults to 8-bit
8-Bit Offset n, R 1RR01000 11 (n, R) tRR11000 411
16-Bit Offset n, R 1RR0O1001 412 {n, Rl 1RR11001 712
Accumulator Offset From R A Register Offset A, R 1RR00110 110 {A, Rl 1RR10110 40
(2s Compliement Offsets} B Register Offset B,R 1RR00101 110 (B, R) 1RR10101 410
D Register Offset D.R 1RR01011 410 (D, R} 1RR11011 710
Auto Increment/Decrement R Increment By 1 AR+ 1RRO0000 210 not allowed
increment By 2 R+ + TRR0000T | 3]0 | LA++) ]| 1RR1000t | 8]0
Decrement By 1 ,—R 1RRO0010 2{0 not allowed
Decrement By 2 ,~—-R 1RRO0011 3]0 {.— —Rl] 1RR10011 610
Constant Offset From PC 8-Bit Offsat n, PCR 1xx01100 11 [n, PCR] 1xx11100 411
{2s Complement Offsets) 16-Bit Offset n, PCR 1xx01101 5|2 [n, PCR] 1xx11101 8|2
Extended Indirect 16-Bit Address - — o {n} 10011111 52
R=X,Y UorS RR:
x = Don't Care 00=X
01=Y
10=U
Mn=s

+
-~ [

1-166

and * indicate the number of additional cycles and bytes respectively for the particular indexing variation.
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