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MEDICAL APPLICATIONS

Hitachi’s products are not authorized for use in MEDICAL APPLICA-
TIONS, including, but not limited to, use in life support devices without the
written consent of the appropriate officer of Hitachi’s sales company. Buyers
of Hitachi’s products are requested to notify Hitachi’s sales offices when
planning to use the products in MEDICAL APPLICATIONS.

When using this manual, the reader should keep the following in mind:

1. This manual may, wholly or partially, be subject to change without
notice.

2. All rights reserved: No one is permitted to reproduce or duplicate, in
any form, the whole or part of this manual without Hitachi’s permission.

3. Hitachi will not be responsible for any damage to the user that may result
from accidents or any other reasons during operation of his unit accord-
ing to this manual.

4. This manual neither ensures the enforcement of any industrial proper-
ties or other rights, nor sanctions the enforcement right thereof.

5. Circuitry and other examples described herein are meant merely to
indicate characteristics and performance of Hitachi semiconductor-
applied products. Hitachi assumes no responsibility for any patent in-
fringements or other problems resulting from applications based on the
examples described herein.

6. No license is granted by implication or otherwise under any patents or
other rights of any third party or Hitachi, Ltd.

August 1987 ©Copyright 1987, Hitachi America Ltd. Printed in U.S.A.
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QUICK REFERENCE GUIDE

= NMOS 8-BIT MICROPROCESSOR

HD6803 HD6809 HD6809E
Type No. HD6802 HD6802W HD6803-1 HD68A09 HD68AO9E
HD68B09 HD68BO9E
1.0 (HD6803) | 1.0 (HD6809) | 1.0 (HD6B0O9E)
Clock Frequency (MHz) 1.0 1.0 1.25(HD68031) | 1.5 (HD68A09)| 15 (HD6BAOIE)
2.0 (HD68B0Y) | 20 (HDEBBOYE)
Supply Voltage (V) 5.0 5.0 5.0 5.0 5.0
. *
Operatingqy e e —20m47s ~20~+75 0~+70 ~20~+75 —20~+75
RAM (byte) 128 256 128 - -
Oscillator Yes Yes Yes Yes -
Package DP-40 DP-40 DP-40 DP-40 DP-40
eInternal oscillator and RAM eUpward instruc-|e The highest | e Full software
added to the HD6800 tion compatibil-| version of the | compatibility
32 byte RAM Battery backed ity with the HMCS6800 with the
up possible HD6800 family HD6809
Feat eOn-chip SCI ePowerful ad- | ®Bus employ-
eatures and timer dressing modes| ment on time
eEasy relocat- sharing basis
able/reentrant | eExternal clock
programming
MC6809 MC6809E
Compatibility MC6802 - MC6803 MC68A09 MC6BA09E
MC6803-1 MC68B09 MC68B0SE
Reference Page 30 43 56 83 115
* Wide Temperature Range (—40~+85°C) version is available.
G HITACHI
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QUICK REFERENCE GUIDE

a CMOS 8-BIT MICROPROCESSOR

HD6303R HD6303X by
Type No. HD63A03R HD63A03X HD63BO3Y
HD63BO3R HD63B03X HDB3C03Y
1.0 (HDB303R) 1.0 (HD6303X) 1.0 (HD6303Y)
Clock Frequency (MHz) 1.5 (HD63A03R) 1.5 (HD63A03X) . g,'jggggggzg
2.0 (HD63BO3R) 2.0 (HD63BO3X) 3.0 (HD63C03Y)
Supply Voltage (V) 5.0 5.0 5.0
Operating Temperature® (°C) 0~ +70 0~ +70 0~ +70
RAM (byte) 128 192 256
External Memory Expansion (byte) 65k 65k 65k
DP-40, FP-54, DP-64S, FP-80, DP-64S, FP-64,
Package CG-40, CP-52 CP-68 CcP-68
©® On-chip timer and synchronous/asynchronous SCI
Features @® Upward instruction compatibility with the HD6800
® Low power consumption modes (sleep and standby)
Reference Page 151 185 224

*Wide_Temperature Range (—40~+85°C) version is available.
CP/M%Tis the registered trade mark of Digital Research Inc.
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QUICK REFERENCE GUIDE

HD6305X2 HD6305Y2 HD63B09/E
HD63A05X2 HD63A05Y2 HD63CO9/E HD64180R HD64180R
HD63B05X2 HD63B05Y2 .
12 E:ng?\gﬁ)z) 12 gngggg%g)z) 2.0 (HD63BOY/E) 6.0 (HD64180RP-6) | 6.0 (HD64180RCP-6X)
20 (HD83B0AX?) 2.0 (HD63B05Y2) 3.0 (HD63CO09/E) 8.0 (HD64180RP-8) | 8.0 (HD64180RCP-8X)
5.0 5.0 5.0 5.0 5.0
0~ +70 0~ +70 -20~ +75 0~ +70 0~ +70
128 256 — — —
16k 16k 65k 512k ™
DP-64S, FP-64 DP-64S, FP-64 DP-40 DP-64S CP-68
* On-chip timer and synchronous SCI * Software compatibility
with the HD6809/E * On-chip MMU, DMAC, synchronous/
e Powerful bit manipulation instruction ¢ Easy relocatable/ asynchronous SCI and timer
: reentrant programming
* Low power consumption modes ® Flexible system e Software compatibility with Z80/8080
(wait, stop and standby) expansion capabilities
268 268 302/348 385 r 385
@ HITACHI
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QUICK REFERENCE GUIDE

= NMOS 16-BIT MICROPROCESSOR

Tvpe No HD68000-8 HD68000Y8 HD68000P8 HD68000PS8 HD68000CP8
ype No. HD68000-10 HD68000Y 10
HD68000-12 HD68000Y12
Clock Frequency (MHz) 8.0(HD68000-8) | 8.0(HD68000YS8) | 8.0(HD68000ORS) |8.0(HD6800OPS8) | 8.0(HD68OOOCRS)
10.0(HD68000-10)| 10.0(HD68000Y-10
12.5(HD68000-12) | 12.5(HD68000Y-12
Supply Voltage (V) 5.0
Operating Temperature °c) 0~ +70
Power Dissipation (W) 1.5 (f = 6MHz, 8MHz, 10MHz), 0.9 (f = 8MHz)
1.75 (f = 12.5 MHz)
Package DC-64 PGA-68 DP-64 DP-64S CP-68
Feature High performance MPU featuring 32-bit data processing function
Compatibility MC68000L6 MC68000R6 MC68000P6 MC68000FN6
MC68000L8 MC68000R8 MC68000P8 MC68000FN8
MC68000L10 MC68000R 10
MC68000L12 MC68000R12
Reference Page 519 519 519 519 519
® CMOS 16-BIT MICROPROCESSOR
HD68HCO000-8 HD68HCO000Y-8 HD68HCO00P8 HD68HCO000PS8 HD68HCO00CRS
Type No.| HD68HC000-10 HD68HCO000¥10 HD68HCO00P10 HD68HCO00PS10 HD68HCO0OCR10
HD68HC000-12 HD68HC000Y-12 HD68HCOO00R12 HD68HC000PS12 HD68HCO00CR12
Clock 8.0(HD68HC000-8 )| 8.0(HD68HCO00¥8 )| 8.0(HD68HCOOORS ) | 8.0(HD68HCOOOPS8 ) | 8.0(HD68HCOOOCRS )
Frequency |{10.0(HD68HC000-10)|10.0(HD68HCO00Y 10) {10.0(HD68HCO00R10) |10.0(HD68HCO00PS40) {10.0(HD68HCOOOCR10)
(MHz) |12.5(HD68HC000-12)(12.5(HD6BHCO00Y12) 12.5(HD68HCO00R12) {12.5(HD68HCO00PS12) [12.5(HD68HCO00CR12)
Supply
Voltage 5.0
(\%]
Operating
Tempera- 0~+70
ture (°C)
Current 25(f= 8 MHz)
Dissipa- 30 (f=10 MHz)
tion (mA) 35 (f= 12.5 MHz)
Package DC-64 ] PGA-68 DP-64 L DP-64S CP-68
Feature High performance MPU featuring 32-bit data processing function
Compati- MC68HCO000L8 MC68HCO00R8 MC68HC000G8 MC68HCOO0FNS8
bility MC68HCO00L 10 MC68HCO00R10 MC68HC000G10 MC68HCO00FN10
MC68HCO00L 12 MC68HCO00R12 MC68HC000G12 MC68HCO00FN12
E:J:’ence 519 519 519 519 519
@ HITACHI
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INTRODUCTION OF PACKAGES

Hitachi microcomputer devices include various types of
package which meet a lot of requirements such as ever smaller,
thinner and more versatile electric appliances. When selecting a
package suitable for the customers’ use, please refer to the
following for Hitachi microcomputer packages.

1. Package Classification
There are pin insertion types, surface mounting types and

multi-function types, applicable to each kind of mounting
method. Also, plastic and ceramic materials are offered ac-
cording to use.

Fig. 1 shows the package classification according to the
mounting types on the Printed Circuit Board (PCB) and the
materials.

Package Classification |—

Standard Outline I———-{ DIP Plastic DIP I

J_—[‘{ Ceramic DIP ]
Shrink Outline S-DIP Shrink Type Plastic_ DIP ]

PGA Shrink Type Ceramic DH:I

Flat Package FLAT- DIPI-——{ SOP (Piastic) |

Surface Mounting Type| FLAJ]P |"_—I FPP (Plastic) —I
Chip Carrier H PLCC (Piastic) l

: (Glass Sealed Ceramic)

EPROM on the Package
Type

___[ Multi-function Type

DIP; DUAL IN LINE PACKAGE

S-DIP; SHRINK DUAL IN LINE PACKAGE
PGA:PIN GRID ARRAY .
FLAT-DIP; FLAT DUAL IN LINE PACKAGE
FLAT-QUIP; FLAT QUAD IN LINE PACKAGE
CC: CHIP CARRIER

SOP; SMALL OUTLINE PACKAGE

FPP; FLAT PLASTIC PACKAGE

PLCC; PLASTIC LEADED CHIP CARRIER
LCC ; LEADLESS CHIP CARRIER

Fig. 1 Package Classification according to the Mounting Type on the Printed Circuit Board and the Materials.

@ HITACHI
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INTRODUCTION OF PACKAGES

2. Type No. and Package Code Indication trated in the data sheet of each device. )
Type No. of Hitachi microprocessor is followed by package When ordering, please write the package code beside the type
material and outline specifications, as shown below. The package number.

type used for each device is identified by code as follows, illus-

[Tvpe No. ndication |
HDXXXX?

(Note) The HD68000 with shrink type plastic DIP (DP-64S) has a dif-

ferent type No. from other devices. Package Classification
No indication : Ceramic DIP

we: HD680OOPSS T

cp ; PLCC
CG ; LCC

Package designation Y ; PGA (16-bit microcomputer device)

| Package Code Indication |

DP—64S
P T

Outline Materials lNumber of Pins|| Additional Qutline
D ; DIP P ;Plastic S; S-DIP
c:cc G ;Glass Sealed
F ; FLAT ceramic
C ;Ceramic
(Note) PGA k of 16-bit micr p devices have a different indication.

Package Code Indication; P GA.. 6 8
A A

|

[ Package Classification] | Numbgr of Pins ]

@ HITACHI
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INTRODUCTION OF PACKAGES

3. Package Dimensional Outline Table 1 according to the mounting method on the PCB.
Hitachi microprocessor employs the packages shown in

Table 1 Package List

Method of Mounting Package Classification Package Material Package Code
. DP-40
Plastic DP-64
Standard Outline (DIP)
Ceramic DC-64
Pin Insertion Type
S-DIP Plastic DP-64S
Shrink Outline
PGA Glass Sealed Ceramic PGA-68
FP-54
Flat Package FLAT-QUIP (FPP) Plastic FP-64
FP-80
. . CP-52
Surface Mounting Type PLCC Plastic CP-68
Chip Carrier LCC Glass Sealed Ceramic CG-40

Unit : mm(inch)

® DP-40
52.8(2.079)
20 54.0max.(2.126max.) 21
nonoanoAanooanooOononnaoannn
et
3 o
o|82E
2lesh
2 =g
= e R e A R-R-2-a-a-pmp-peg-g.
M IRE: 2
(0.047)
.2 =2
-
ES %2
a8 TES
tﬁ ol |8%
= jeS

2542025 g £
(0.100£0.010) (0.019+0.004) ¥ 8
s
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INTRODUCTION OF PACKAGES

Unit : mm(inch)

e DP-64 82.04 (3.230)

83.22max.(3.276max.)
64 33
winininininininininisizinininininininisluinininininisinininin]

21.00(0.827)
21.6max.
(0.850max.)

Uuiugoouauoooououogooogouoaooog
[RERE) 32
(0.051)

o~ | (0.900) I
o £ %8 H
EEEE '
8188
olg|vws
=
£e
'°_°uE7
-
2.54+0.25 0.48+0.1 s

(0.100:£0.010)

(0.019+0.004)

0°~5° [}
5 e\“a.%@
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Ceramic DIP

INTRODUCTION OF PACKAGES

Unit : mm(inch)

81.28

eDC-64

(3.200)
64 33
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
{ N\
22
PN Bt
Sl
@ mm—u—u—cf—-———“
! 1.02 % 22.86
(0.040) "(0.900)
L =
£E %
£
w o
o ~
s
e
E
e |
2.5410.25 0.48+0.1 S 0.25:3:44
(0.100£0.010) (0.019+0.004) (0.010+3:88%)

Shrink Type Plastic DIP ]

Unit: mm(inch)

eDP-64S

57.6(2.268)

58.6max.(2.30Tmax.)

33
futalalalalulalalalululalalalalolalalalalalatutalaYolulalnlalnln]

0.48+0.10
(0.019+0.004)

vov
1.778 +0.25
(0.070+0.010)

3
g2l
2l8E=
“es=

-e
(o]
|S]S|S|Sujaja|u ujuia|ajspus)u|a)a e ejujepu)uiE|s e E|uju0]e)
| 1.0 32
(0.039)

0.5 min.
(0.020min.)
5.08max

- "fﬁf &Hﬁﬁim

19.05

(0.750)

(0.200max.)

0'~15

2.54min.
(0.100min.)
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INTRODUCTION OF PACKAGES

Pin Grid Array
Unit : mm(inch)

e PGA-68 22.8640.45
(0.900£0.0187)
5.08max.  2.54min.
(0.200max.) (0.100min.) 254+0.25 2.54max.
2642 T (0.100£0.010) ot '00m2x)
(1.040) 33 ["‘
f 2 @@@@@@@8&
e 000000000
00 000] |s
NME B [©] Q0| %5
s|2 g © 00| 5|$
N= H (] Q0|8 g
8 o 00|82
" |$880000883| I
° J 666668066
aal T2
82 53
=S 38

Unit : mm(inch)

oFP-54 256404

(1.008+0.016) 2.9max.
.114max.
(02397) A
49 : 33
50 32
@
e IR 1
2l =
54 2 S5
| gl 3R
=17
5 23 L
6 22 !
1£0.15 0.35+0.1
(0.039 + 0.006) (0.014.+0.004) 0.15+0.05
. (0.006+0.002)
W)\ =_:}2
:
1.7£03 °
(0.067+0.0! 2)
®FP-64 X 25.6:+0.4(1.008:£0.016)
) 20.0(0.787) 1 2.9max.

8

14.0(0.551)
196404
(0.772+0.016)

g (0.114max.)
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INTRODUCTION OF PACKAGES

Unit : mm(inch)

o FP-80

\ 25.6+0.4(1.008 +0.016) 2.9max.
(0.114max.)

19604
(0.772 £ 0.016)

I

08+0.15 035+0.1 015005
(0.031 +0.006) (0.014:+0.008) (0",05»;0_002)

0~15

A

\ax 0.3(0.067 £0.012)

l Plastic Leaded Chip CarrierJ

Unit : mm(inch)

® CP-52
20074012 )
(0.790+0.005)
..... A2 naadl
8 46 ‘al - ]
9 (@) b ] ]
: : k=2 s (T
@ n > H S
= || EsE
a =
HE ¢ b ol | BEr=Ele
SI2 3 b S5 | EC3Z|E
Nl d h = zbi =
S =
: ‘:b
204 34 He
adaaaaoe y—+
21 33
19.12
— (0.753)
~8
S5 A
<o (CAACCIAA UL |
= .27 (0.050} w ,g
18.04+05 g2
(0.710+0.020) aH
<8
s
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INTRODUCTION OF PACKAGES

Unit : mm(inch)

® CP-68
25.1540.12
(0.990:+0.005)
9 1 68 61
oS 5 bo | (ks |
w L
d ] BS|EES
: . HE!
= FiEE 5 s
~[8 g P = _f_ B=E S LS
5|3 d b 2 L & S|3
A5 d b < == o HlH
22 d 3 g =T H Ye
NEX b s =L ¥, g[2
S d h ~ =L o e
q b -
d b =1
h =L
1 1==
26 D44 = {

N
=

43

2420 2 g
~ (0.953) g
«©
g3 5
b 1
e ' 3
s l 27(0.050
23.12405
(0.910:+0.020)
Leadless Chip Carrier
Unit : mm(inch)
e CG-40 12.19:+0.3
(0.480+0.012)
& B
«©
o
+H
[
o
\_ /
0.75max.
(CG-40) (0.030max.)

(0.093max.)
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4. Mounting Method on Board

Lead pins of the package have surface treatment, such as
solder coating or solder plating, to make them easy to mount
on the PCB. The lead pins are connected to the package by
eutectic solder. The following explains the common connecting
method of leads and precautions.

4.1 Mounting Method of Pin Insertion Type Package

Insert lead_pins of the package into through-holes (usually
about ¢0.8mm) on the PCB. Soak the lead part of the package
in a wave solder tub.

Lead pins of the package are held by the through-holes.
Therefore, it is easy to handle the package through the process
up to soldering, and easy to automate the soldering process.
When soldering the lead part of the package in the wave solder
tub , be careful not to get the solder on the package, because
the wave solder will damage it.

4.2 Mounting Method of Surface Mounting Type Package

Apply the specified quantity of solder paste to the pattern
on any printed board by the screen printing method, and put a
package on it. The package is now temporarily fixed to the
printed board by the surface tension of the paste. The solder
paste melts when heated in a reflowing furnace, and the leads
of the package and the pattern of the printed board are fixed
together by the surface tension of the melted solder and the
self alignment.

The size of the pattern where the leads are attached, partly
depending on paste material or furnace adjustment, should be
1.1 to 1.3 times the leads’ width.

The temperature of the reflowing furnace depends on pack-
age material and also package types. Fig. 2 lists the ad]ustment
of the reflowing furnace for FPP. Pre-heat the furnace to 150°C.
The surface temperature of the resin should be kept at 235°C
max. for 10 minutes or less.

The temperature of the leads should be kept at 260°C

for 10 minutes or less.

(2) The temperature of the resin should be kept at 235°C
for 10 minutes or less.

(3) Below is shown the temperature profile when soldering a

package by the reflowing method.

(1

-

10 sec max

235°C max
140 ~ 160"0\

1~ 4°Clsec

Temperature —

1~ 5°Clsec

Time———

Figure 2 Reflowing Furnace Adjustment for FPP

INTRODUCTION OF PACKAGES

Ensure good heater or temperature controls because the
material of a plastic package is black epoxy-resin which damages
easily. When an infrared heater is used, if the temperature is
hngher than the glass transition point of epoxy-resin (about
150°C), for a long time, the package may be damaged and the
reliability lowered. Equalize the temperature inside and outside
the packages by lessening the heat of the upper surface of the
packages.

Leads of FPP may be easily bent under shipment or during
handling and cannot be soldered onto the printed board. If
they are, heat the bent leads again with a soldering iron to re-
shape them.

Use a rosin flux when soldering. Don’t use a chloric flux
because the chlorine in the flux tends to remain on the leads
and lower the reliability of the product.

Even if you use a rosin flux, remaining flux can cause the
leads to deteriorate. Wash away flux from packages with
alcohol, chlorothene or freon. But don’t leave these solvents
on the packages for a long time because the marking may
disappear.

5. Marking

Hitachi trademark, product type No., etc. are printed on
packages. Case I and Case II give examples of marks and Nos.
Case I applies to products which have only a standard type No.
Case II applies to products which have an old type No. and a
standard type No.

@ HITACHI
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INTRODUCTION OF PACKAGES

Case |; Includes a standard type No.

(b)

@ 103
6809PF
o JAPAN

Case 11; Includes an old type No. and a standard type No.

(a) (b)
) 1 { 1

1C06

y 7N 7N N 7S
A4B80C
J AN

Meaning of Each Mark

(o) U@ B@N (a) | Hitachi Trademark

(b) Lot Code

ral el ala (c) |standard Type No.
(c) A b.l . ' (d) Japan Mark
k.a .., /) 4 (e) Old Type No.

@ HITACHI
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RELIABILITY AND QUALITY ASSURANCE

1. VIEWS ON QUALITY AND RELIABILITY

Basic views on quality in Hitachi are to meet individual
user’s purchase: purpose and quality required, and to be at the
satisfied quality level considering general marketability. Quality
required by users is specifically clear if the contract specifica-
tion is provided. If not, quality required is not always definite.
In both cases, efforts are made to assure the reliability so that
semiconductor devices delivered can perform their ability in
actual operating circumstances. To realize such quality in
manufacturing process, the key points should be to establish
quality control system in the process and to enhance morale
for quality.

In addition, quality required by users on semiconductor
devices is going toward higher level as performance of elec-
tronic system in the market is going toward higher one and is
expanding size and application fields. To cover the situation,
actual bases Hitachi is performing is as follows;

(1) Build the reliability in design at the stage of new product
development.

(2) Build the quality at the sources of manufacturing process.

(3) Execute the harder inspection and reliability confirmation
of final products. :

(4) Make quality level higher with field data feed back.

(5) Cooperate with research laboratories for higher quality
and reliability.

With the views and methods mentioned above, utmost efforts
are made for users’ requirements.

2. RELIABILITY DESIGN OF SEMICONDUCTOR

DEVICES
2.1 Reliability Targets

Reliability target is the important factor in manufacture
and sales as well as performance and price. It is not practical to
rate reliability target with failure rate at the certain common
test condition. The reliability target is determined correspond-
ing to character of equipments taking design, manufacture,
inner process quality control, screening and test method, etc.
into consideration, and considering operating circumstances
of equipments the semiconductor device used in, reliability
target of system, derating applied in design, operating condition,
maintenance, etc.

2.2 Reliability Design

To achieve the reliability required based on reliability targets,
timely sude and execution of design standardization, device
design (including process design, structure design), design
review, reliability test are essential.
(1) Design Standardization

Establishment of design rule, and standardization of parts,
material and process are necessary. As for design rule, critical
items on quality and reliability are always studied at circuit
design, device design, layout design, etc. Therefore, as long as
standardized process, material, etc. are used, reliability risk is
extremely small even in new development devices, only except
for in the case special requirements in function needed.
(2) Device Design

It is important for device design to consider total balance
of process design, structure design, circuit and layout design.
Especially in the case new process, and new material are em-
ployed, technical study is deeply executed prior to device

development.
(3) Reliability Evaluation by Test Site
Test site is sometimes called Test Pattern. It is useful method
for design and process reliability evaluation of IC and LSI which
have complicated functions.
1. Purposes of Test Site are as follows;
® Making clear about fundamental failure mode
® Analysis of relation between failure mode and manufac-
turing process condition
@ Search for failure mechanism analysis
® Establishment of QC point in manufacturing
2. Effectiveness of evaluation by Test Site are as follows;
® Common fundamental failure mode and failure mecha-
nism in devices can be evaluated.
® Factors dominating failure mode can be picked up, and
comparison can be made with process having been experi-
enced in field.
® Able to analyze relation between failure causes and manu-
facturing factors.
® Easy to rin tests.
etc.

2.3 Design Review

Design review is organized method to confirm that design
satisfies the performance required including users’ and design
work follows the specified ways, and whether or not technical
improved items accumulated in test data of individual major
fields and field data are effectively built in. In addition, from
the standpoint of enhancement of competitive power of prod-
ucts, the major purpose of design review is to ensure quality
and reliability of the products. In Hitachi, design review is
performed from the planning stage for new products and even
for design changed products. Items discussed and determined
at design review are as follows;

(1) Description of the products based on specified design
documents.

(2) From the standpoint of specialty of individual participants,
design documents are studied, and if unclear matter is
found, sub-program of calculation, experiments, investiga-
tion, etc. will be carried out.

(3) Determine contents of relizbility and methods, etc. based
on design document and drawing.

(4) Check process ability of manufacturing line to achieve
design goal.

(5) Discussion about preparation for production.

(6) Planning and execution of sub-programs for design change
proposed by individual specialist, and for tests, experiments
and calculation to confirm the design change.

(7) Reference of past failure experiences with similar devices,
confirmation of method to prevent them, and planning
and execution of test program for confirmation of them.
These studies and decisions are made using check lists
made individually depending on the objects.

3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR
DEVICES
3.1 Activity of Quality Assurance
General views of overall quality assurance in Hitachi are as
follows;
(1) Problems in individual process should be solved in the

@ HITACHI
Hitachi America Ltd. » 2210 O’Toole Avenue ® San Jose, CA 95131 ¢ (408) 435-8300 11



RELIABILITY AND QUALITY ASSURANCE

process. Therefore, at final product stage, the_potential
failure factors have been already removed.
(2) Feedback of information should be made to ensure satisfied
level of process ability.
(3) To assure reliability required as an result of the things
mentioned above is the purpose of quality assurance.
The followings are regarding device design, quality approval
at mass production, inner process quality control, product
inspection and reliability tests.

3.2 Quality Approval
To ensure quality and reliability required, quality approval
is carried out at trial production stage of device design and
mass production stage based on reliability design described at
section 2.
The views on quality approval are as follows;
(1) The third party performs approval objectively from the
standpoint of customers.
(2) Fully consider past failure experiences and information
from field.
(3) Approval is needed for design change and work change.
(4) Intensive approval is executed on parts material and pro-
cess.
(5) Study process ability and fluctuation factor, and set up
control points at mass production stage.
Considering the views mentioned above, quality approval
shown in Fig. 1 is performed.

3.3 Quality and Reliability Control at Mass Production

For quality assurance of products in mass production,
quality control is executed with organic division of functions

Step

in manufacturing department, quality assurance department,
which are major, and other departments related. The total
function flow is shown in Fig. 2. The main points are described
below.

3.3.1 Quality Control of Parts and Material

As the performance and the reliability of semiconductor
devices are getting higher, importance is increasing in quality
control of material and parts, which are crystal, lead frame,
fine wire for wire bonding, package, to build products, and
materials needed in manufacturing process, which are mask
pattern and chemicals. Besides quality approval on parts and
materials stated in section 3.2, the incoming inspection is,
also, key in quality control of parts and materials. The in-
coming inspection is performed based on incoming inspection
specification following purchase specification and drawing,
and sampling inspection is executed based on MIL-STD-105D
mainly.

The other activities of quality assurance are as follows:
(1) Outside Vendor Technical Information Meeting
(2) Approval on outside vendors, and guidance of outside

vendors

(3) Physical chemical analysis and test

The typical check points of parts and materials are shown in
Table 1.

3.3.2 Inner Process Quality Control

Inner process quality control is performing very important
function in quality assurance of semiconductor devices. The
following is description about control of semi-final products,
final products, manufacturing facilities, measuring equipments,

Contents Purpose

JI Design Review I

Target
Specification

Design = Characteristics of Material and Confirmation of
Trial Materials, Parts Parts Characteristics and
Prodi Approval Appearance Reliability of Materials
Dimension and Parts
Heat Resistance
Mechanical
Electrical
Others
Characteristics Approval |I Electrical Confir of Target
Characteristics Spec. Mainly about
Function Electrical Characteristics
Voltage
Current
Temperature
Others

Appearance, Dimension

X
Quality Approval (1) Reliability Test
Life Test

Mass
Production

12

Approval (2) |

Figure 1 Flow Chart of Quality Approval

Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Reliability Test
Process Check same as
Quality Approval (1)

{ Confirmation of Quality
Iand Reliability in Design
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circumstances and sub-materials. The quality control in the
manufacturing process is shown in Fig. 3 comesponding to
the manufacturing process.
(1) Quality Control of Semi-final Products and Final Products
Potential failure factors of semiconductor devices should be
removed preventively in manufacturing process. To achieve it,
check points are set-up in each process, and products which
have potential failure factor are not transfer to the next process.
Especially, for high reliability semiconductor devices, manu-
facturing line is rigidly selected, and the quality control in the
manufacturing process is tightly executed — rigid check in
each process and each lot, 100% inspection in appropriate ways
to remove failure factor caused by manufacturing fluctuation,
and execution of screening needed, such as high temperature
aging and temperature cycling. Contents of inner process
quality control are as follows;
® Condition control on individual equipments and workers,
and sampling check of semifinal products.
Proposal and carrying-out improvement of work
Education of workers
Maintenance and improvement of yield
Picking-up of quality problems, and execution of counter-

Process

Material, Parts

Material,

RELIABILITY AND QUALITY ASSURANCE

measures

® Transmission of information about quality

(2) Quality Control of Manufacturing Facilities and Measuring
Equipment

Equipments for manufacturing semiconductor devices have
been developing extraordinarily with necessary high perform-
ance devices and improvement of production, and are important
factors to determine quality and reliability. In Hitachi, auto-
matization of manufacturing equipments are promoted to im-
prove manufacturing fluctuation, and controls are made to
maintain proper operation of high performance equipments
and perform the proper function. As for maintenance inspection
for quality control, there are daily inspection which is perform-
ed daily based on specification related, and periodical inspection
which is performed periodically. At the inspection, inspection
points listed in the specification are checked one by one not to
make any omission. As for adjustment and maintenance of
measuring equipments, maintenance number, specification are
checked one by one to maintain and improve quality.
(3) Quality Control of Manufacturing Circumstances and Sub-

materials
Quality and reliability of semiconductor device is highly

Parts

Quality Control Method
Inspection on Material and [ = —— == Lot Sampling,
Parts for Semiconductor Confirmation of
Devices . Quality Level

1 ] Manufacturing Equipment, L _J1__ ] Confirmation of
I | Manufacturing | &~ —{ Environment, Sub-material, Quality Level
] : Worker Control
I
| l |
! X = Inner Process F~=q--- Lot Sampling,
: Screening ~~=1 Quality Control g°":.i"“:‘i°’: of
1 ] uality Level
\ [}
|

| \ © .

100% Inspection on R PE— )
J
1 | 100% Insp L——~—~1 Appearance and Electrical ﬁ :l’estmg:
| ! Characteristics P
-

Sampling Inspectionon L. _4_.

Appearance and Electrical Lot Sampling

Characteristics

Reliability Test

Confirmation of
Quality Level, Lot

Feedback of

............... A Information
: Quality Information 1
{ Claim '

: Field Experience [u—

1 General Quality :
Information 1
-

Figure 2 Flow Chart of Quality Control in Manufacturing Process
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affected by manufacturing process. Therefore, the controls of Table 1 Quality Control Check Points of Material and Parts

manufacturing circumstances — temperature, humidity, dust — (Example)
and the control of submaterials — gas, pure water — used in Niatarial " p—
manufacturing process are intensively executed. Dust control aterial, mportan Point for Check
is described in more detail below. Parts Control items
Dust control is essential to realize higher integration and Appearance Damage and Contamina-
higher reliability of devices. In Hitachi, maintenance and im- . 5 tion on Surface
provement of cleanness in manufacturing site are executed Wafer Dimension Flatness
with paying intensive attention on buildings, facilities, air- SDhie‘ Reslstfmce gei'e“a"'\fe
conditioning systems, materials delivered-in, clothes, work, etc., Cre :f:l E/J\er!:nty efect Numbers
and periodical inspection on floating dust in room, falling dusts y X!
and dirtiness of floor. Appearance Defect Numbers, Scratch
Mask gimension Dimension Level
- . P esistoration
?33}7;;? ‘;:rz:i:t::eltnls’;::f;;?“ and Reliability Assurance Gradation Uniformity of Gradation
Lot inspection is done by quality assurance department for Fine Appearance Contamination, Scratch,
products which were judged as good products in 100% test, Wire for . . Bend, Twist
which is final process in manufacturing department. Though Wire PD imension Purit
100% of good products is expected, sampling inspection is Bonding Elljor:gation Ratio Migh!nl}:ﬁlstmngm
executed to prevent mixture of failed products by mistake of —
work, etc. The inspection is executed not only to confirm that Appearance Contamination, Scratch
the products meet users’ requirement, but to consider potential Dimension Dimension Level
factors. Lot inspection s executed based on MIL-STD-105D. . Processing
iy rame Accuracy
(2) Reliability Assurance Tests Plati - -
PO . A . ating Bondability, Solderability
To assure reliability of semiconductor devices, periodical Mounting Heat Resistance
reliabilit.y tests and reliability tests on individual manufacturing Characteristics
lot required by user are performed. Appearance Contamination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
Characteristics
. Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics
G HITACHI
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Process

Y Purchase of Material

—Wafer j\
) Surface Oxidation

Inspection on Surface
Oxidation

Photo Resist

Inspection on Photo Resist
¢ PQC Level Check
Diffusion

Inspection on Diffusion
© PQC Level Check

Evaporation

Inspection on Evaporation
© PQC Level Check
Wafer Inspection

Inspection on Chip
Electrical Characteristics
Chip Scribe
Inspection on Chip
Appearance

© PQC Lot Judgement
—Frame
Assembling

¢ PQC Level Check
Inspection after

Assembling
¢ PQC Lot Judgement

— Package
Sealing

© PQC Level Check
Final Electrical Inspection
© Failure Analysis

Appearance Inspection
Sampling Inspection on
Products
Receiving

Shipment

Figure 3 Example of Inner Process Quality Control

Control Point

Wafer Characteristics, Appearance
Oxidation
Appearance, Thickness of
Oxide Film
Photo
Resist
Dimension, Appearance
Diffusion Diffusion Depth, Sheet
Resistance
‘Gate Width
Characteristics of Oxide Film
Breakdown Voltage
Evapora- Thickness of Vapor Film,
tion Scratch, Contamination
Wafer Thickness, VTH Characteris-
tics
Chip Electrical Characteristics
Appearance of Chip
Assembling | Appearance after Chip
Bonding
Appearance after Wire
Bonding
Pull Strength, Compression
Width, Shear Strength
App after A hii
Sealing Appearance after Sealing
Outline, Dimension
Marking Marking Strength
Analysis of Failures, Failure
Mode, Mechanism
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Purpose of Control

Scratch, Removal of Crystal
Defect Wafer

Assurance of Resistance
Pinhole, Scratch

Dimension Level
Check of Photo Resist
Diffusion Status

Control of Basic Parameters
(VTH, etc.) Cleanness of surface,
Prior Check of Vi

Breakdown Voltage Check
Assurance of Standard

Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip
Bonding

Quality Check of Wire
Bonding

Prevention of Open and
Short

Guarantee of Appearance
and Dimension

Feedback of Analysis Infar-
mation
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Customer

Claim
(Failures, Information)

Sales Dept.
Sales Engineering Dept.

{_ __________________________________
Failure Analysis

| Quality Assurance Dept. alyst

|

| |

! a )

l Countermeasure

| Manufacturing Dept. Design Dept. Execution of

| Countermeasure

| L ]

: Report

|

|

| .

I Quality Assurance Dept. Follow-up and Confirmation

I of Countermeasure Execution

|

| Report

e e ] e e ————

Sales Engineering Dept.

Reply

Customer

Figure 4 Process Flow Chart of Field Failure
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RELIABILITY TEST DATA OF MICROCOMPUTER

1. INTRODUCTION

Microcomputer is required to provide higher reliability and
quality with increasing function, enlarging scale and widening
application. To meet this demand, Hitachi is improving the
quality by evaluating reliability, building up quality in process,
strengthening inspection and analyzing field data etc..

This chapter describes reliability and quality assurance data
for Hitachi 8-bit and 16-bit multi-chip microcomputer based on
test and failure analysis results. More detail data and new infor-
mation will be reported in another reliability data sheet.

2. PACKAGE AND CHIP STRUCTURE
2.1 Package

The reliability of plastic molded type has been greatly im-
proved, recently their applications have been expanded to auto-
mobiles measuring and control systems, and computer terminal
equipment operated under relatively severe conditions and
production output and application of plastic molded type will
continue to increase.

To meet such requirements, Hitachi has considerably im-
proved moisture resistance, operation stability, and chip and
plastic manufacturing process.

Plastic and ceramic package type structure are shown in
Figure 1 and Table 1.

(1) Ceramic DIP

(2) Plastic DIP

(3) Plastic Flat Package

Plastic

Bonding wire

Figure 1 Package Structure

Table 1 Package Material and Properties

Item Ceramic DIP Plastic DIP Plastic Flat Package
Package Alumina Epoxy Epoxy
Lead Tin plating Brazed Alloy 42 Solder dipping Alloy 42 or Cu| Solder plating Alloy 42
Seal Au-Sn Alloy N.A N.A )
Die bond Au-Si Au-Si or Ag paste Au-Si or Ag paste
Wire bond Ultrasonic Thermo compression Thermo compression
Wire Al Au Au
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2.2 Chip Structure
Hitachi microcomputers are produced in NMOS E/D tech-
nology or low power CMOS technology. Si-gate process is used

in both types because of high reliability and high density.
Chip structure and basic circuit are shown in Figure 2.

Si-Gate N-channel E/D Si-Gate CMOS

PSG
PQ- :0 P
P-Well
\
N
Drain  Source Source Si0, Source Drain
FET1 FET2 FET2
S
N-channel G P-channel
DMOS FET1 EMOS
D
D
N-channel
N-channel FET2 G EMOS
EMOS

Figure 2 Chip Structure and Basic Circuit

3. QUALITY QUALIFICATION AND EVALUATION

3.1 Reliability Test Methods

Reliability test methods shown in Table 2 are used to qualify and evaluate the new products and new process.

Table 2 Reliability Test Methods

Test Items Test Condition MIL-STD-883B Method No.
Operating Life Test 125°C, 1000hr 1005,2
High Temp, Storage Tstg max, 1000hr 1008,1
Low Temp, Storage Tstg min, 1000hr
Steady State Humidity 65°C 95%RH, 1000hr
Steady State Humidity Biased 85°C 85%RH, 1000hr
Temperature Cycling -55°C ~ 150°C,_ 10 cycles 1010,4
Temperature Cycling -20°C ~ 125°C, 200 cycles
Thermal Shock 0°C ~ 100°C, 100 cycles 1011,3
Soldering Heat 260°C, 10 sec
Mechanical Shock 1500G 0.5 msec, 3 times/X, Y, Z 2002,2
Vibration Fatigue 60Hz 20G, 32hrs/X, Y, Z 2005,1
Variable Frequency 20~2000Hz 20G, 4 min/X, Y, Z 2007,1
Constant Acceleration 20000G, 1 min/X, Y, Z 2001,2
Lead Integrity 225gr, 90° 3 times 2004,3
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3.2 Reliability Test Result
Reliability test result of 8-bit microprocessors is shown in

RELIABILITY TEST DATA OF MICROCOMPUTER

Table 9. There is little difference according to device series, as

Table 3 to Table 7, that of 16-bit microprocessors in Table 8,

Table 3 Dynamic Life Test (8-bit microprocessor)

the design and production process, etc. are standardized.

Device Type Sample Size Component Hours Failures
HD6800 248 pcs 248000 0
HD6802 452 153712 1™
HD6809 85 85000 0

Total 785 486712 1
*leakage current
Estimated Field Failure Rate
=0.01% / 1000 hrs at Ta = 75°C
(Activation Energy = 0.7eV, Confidence Level 60%)
Table 4 High Temperature, High Humidity Test (8-bit micropr ) (Moisture Test)
(1) 85°C 85%RH Bias Test

Device Type Vcc Bias 168 hrs 500 hrs 1000 hrs
HD6800P 5.5V 0/45 0/45 0/45
HD6802P 5.5V 0/38 0/38 0/38
HD6809P 5.5V 0/22 0/22 0/22
Total 0/105 0/105 0/105

(2) High Temperature-High Humidity Storage Life Test

Device Type Condition 168 hrs 500 hrs 1000 hrs
HD6800P 65°C 95%RH 0/22 0/22 0/22
HD6802P 80°C 90%RH 0/22 0/22 0/22
HD6802P 65°C 95%RH 0/38 0/38 0/38

HD6809P 65°C 95%RH 0/45 0/45 0/45

(3) Pressure Cooker Test
(Condition ; 2atm 121°C)

Device Type 40 hrs 60 hrs 100 hrs
HD6800P 0/42 0/42 ‘0/42
HD6802P 0/22 0/22 0/22

(4) MIL-STD-883B Moisture Resistance Test
(Condition; 65°C ~ -10°C, over 90%RH, Vcc = 5.5V)

Device Type 10 cycles 20 cycles 40 cycles
HD6800P 0/25 0/25 0/25
HD6802P 0/25 0/25 0/25
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Table 5 Temperature Cycling Test (8-bit microprocessor) (—55°C ~ 26°C ~ 150°C)

Device Type 10 cycles 100 cycles 200 cycles

HD6800P 0/453 0/44 0/44

HD6802P 0/502 0/77 0/77

HD6809P 0/202 0/45 0/45

Table 6 High Temp , Low Temp e Storage Life Test (8-bit microprocessor)
Device Temperature 168 hrs 500 hrs 1000 hrs
150°C 0/88 0/88 0/88
MPU total -55°C 0/76 0/76 0/76
Table 7 Mechanical and Envir 2ntal Test (8-bit microprocessor)
Plastic DIP Flat Plastic Package
Test item Condition
Sample Size | Failure | Sample Size Failure
¢ ~ O
Thermal Shock ?Oiyd;g" c 110 0 100 0
Soldering Heat 260°C, 10 sec. 180 0 20 0
)
Salt Water Spray o i NaCl &% 110 0 20 0
-]
Solderability 230 C. 5 sec. 159 0 3 0
Drop Test 78em, maple board 110 0 20 0
Mechanical Shock oG X 110 0 20 0
Vibration Fatigue s :fs'/i"?{ 2 110 0. 20 0
Vibration Variable Freq. ;gglzt?r?‘g:;; Yz 110 0 20 0
)
Lead Integrity 225 g;n%% imes 110 0 20 0
@ HITACHI
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Table 8 Dynamic Life Test (16-bit microprocessor)

Hitachi America Ltd. ® 2210 O’Toole Avenue ® San Jose, CA 95131 o (408) 435-8300

Condition
Device Type 168 hrs 500 hrs 1000 hrs
Ta Vce
125°C 5.5V 0/62 0/62 0/62
HD68000
150°C 5.5V 0/52 0/52 0/52
Estimated Field Failure Rate
=0.013%/1000 hrs at Ta = 75°C
(Activation Energy 0.7eV, Confidence Level 60%)
Table 9 Mech | and Envir tal Test (16-bit microprocessor)
Device Type
Test item Condition
Sample Size Failure
High Temperature Ta = 295°C, 1000 hrs 42 0
Storage
Low Temperature Storage Ta = -55°C, 1000 hrs 42 0
Temperature -55°C ~ 25°C ~ 150°C 18
Cycling (1) 10 cycles 9 o
Temperature -20°C ~ 25°C ~ 125°C 4 0
Cycling (2) 500 cycles
Thermal -55°C ~ 125°C 44
Shock 15 cycles 0
Soldering heat 260°C, 10 sec 44 0
Solderability 230°C, 5 sec 44 0
Mechanical 1500G, 0.5 msec 4
Shock 3 times/X, Y, Z 0
Vibration 20 ~ 2000 Hz, 20G
Variable Freq. 3 times/X, Y, Z a4 0
Constant 20000G 44 0
Acceleration 1min/X, Y, 2
@ HITACHI
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4. PRECAUTION
4.1- Storage

It is preferable to store semiconductor devices in the follow-
ing ways to prevent detrioration in their electrical charac-
teristics, solderability, and appearance, or breakage.

(1) Store in an ambient temperature of 5 to 30°C, and in a
relative humidity of 40 to 60%.

(2) Store in a clean air environment, free from dust and active
gas. .

(3) Store in a container which does not induce static electric-
ity.

(4) Store without any physical load.

(5) If semiconductor devices are stored for a long time, store
them in the unfabricated form. If their lead wires are
formed beforehand, bent parts may corrode during storage.

(6) If the chips are unsealed, store them in a cool, dry, dark,
and dustless place. Assemble them within S days after un-
packing. Storage in nitrogen gas is desirable. They can be
stored for 20 days or less in dry nitrogen gas with a dew
point at -30°C or lower. Unpacked devices must not be
stored for over 3 months.

(7) Take care not to allow condensation during storage due to
rapid temperature changes.

4.2 Transportation

As With storage methods, general precautions for other
electronic component parts are applicable to the transporta-
tion of semiconductors, semiconductor-incorporating units
and other similar systems. In addition, the following considera-
tions must be given, too:

(1) Use containers or jigs which will not induce static electric-
ity as the result of vibration during transportation. It is
desirable to use an electrically conductive container or
aluminium foil.

(2) In order to prevent device breakage from clothes-induced
static eieciricity, workers shouid be properiy grounded wiiin
a resistor while handling devices. The resistor of about 1 M
ohm must be provided near the worker to protect from
electric shock.

(3) When transporting the printed circuit boards on which
semiconductor devices are mounted, suitable preventive
measures against static electricity induction must be taken;
for example, voltage built-up is prevented by shorting
terminal circuit. When a belt conveyor is used, prevent the
conveyor belt from being electrically charged by applying
some surface treatment.

(4) When transporting semiconductor devices or printed circuit
boards, minimize mechanical vibration and shock.

4.3 Handling for Measurement

Avoid static electricity, noise and surge-voltage when semi-
conductor devices are measured. It is possible to prevent break-
age by shorting their terminal circuits to equalize electrical
potential during transportation. However, when the devices are
to be measured or mounted, their terminals are left open to
provide the possibility that they may be accidentally touched
by a worker, measuring instrument, work bench, soldering iron,
belt conveyor, etc. The device will fail if it touches something

which leaks current or has a static charge. Take care not to-

allow curve tracers, synchroscopes, pulse generators, D.C.
stabilizing power supply units etc. to leak current through their
terminals or housings.

Especially, while the devices are being tested, take care not

to apply surge voltage from the tester, to attach a clamping
circuit to the tester, or not to apply any abnormal voltage
through a bad contact from a current source.

During measurement, avoid miswiring and short-circuiting.
When inspecting a printed circuit board, make sure that no
soldering bridge or foreign matter exists before turning on the
power switch.

Since these precautions depend upon the types of semi-
conductor devices, contact Hitachi for further details.

4.4 Soldering

Semiconductor devices should not be left at high tempera-
tures for a long time. Regardless of the soldering method,
soldering must be done in a short time and at the lowest pos-
sible temperature. Soldering work must meet soldering heat test
conditions, namely, 260°C for 10 seconds and 350°C for 3
seconds at a point 1 to 1.5 mm away from the end of the device
package.

Use of a strong alkali or acid flux may corrode the leads,
deteriorating device characteristics. The recommended soldering
iron is the type that is operated with a secondary voltage sup-
plied by a transformer and grounded to protect from lead
current. Solder the leads at the farthest point from the device
package.

4.5 Removing Residual Flux
To ensure the reliability of electronic systems, residual flux
must be removed from circuit boards. Detergent or ultrasonic
cleaning is usually applied. If chloric detergent is used for the
plastic molded devices, package corrosion may occur. Since
cleaning over extended periods or at high temperatures will
cause swollen chip coating due to solvent permeation, select the
type of detergent and cleaning condition carefully. Lotus
Solvent and Dyfron Solvent are recommended- as a detergent.
Do not use any trichloroethylene solvent. For ultrasonic clean-
ing, ihe foliowing conditions are advisabie:
o Frequency: 28 to 29 kHz (to avoid device resonation)
e Ultrasonic output: 15W/2
o Keep the devices out of direct contact with the power
generator.
@ Cleaning time: Less than 30 seconds

@ HITACHI

22 Hitachi America Ltd. ¢ 2210 O'Toole Avenue * San Jose, CA 95131 e (408) 435-8300



PROGRAM DEVELOPMENT AND SUPPORT SYSTEM

= PROGRAM DEVELOPMENT AND SUPPORT SYSTEM
OF 8-BIT/16-BIT MICROPROCESSOR
H680SD200 is prepared as system development device to
develop software and hardware of various types of microcom-
puter system.

Fig. 1 shows the program development procedure using this
system development device.

H680SD200 loads a universal OS, CP/M-68K® developed

jointly wgh Digital Research Inc. and operates with the exist-
ing CP/M~.

"CPIM®and CP/M-68K®are registered trademarks of Digital
Research Inc.

Source
Program
Coding
1
CRT
Editor
I
Source
(ﬁ Program
T
Assembler
FORTRAN Only for
Langusge Super P ( )
per PL/H 68000
Processor C Compiler for
6301(6303)
I and 68000
(@) Relocatable
[] Object Program
Error T
Linkage
Editor
T
Absolute
Object
% Program
T
EMS Software
ASE Debug
............................... N
: i
; ASE ;
§ In Case of
i H680SD200
No Result? 1
Yes
T
EPROM
WRITER

Fig. 1 Program Development Procedure
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Table 1 System Development Equipment SD200

MPU Product Name Product Code Function Note
* Single user Operating System.
- CP/M-68K S680CPM3F | - 68000 Assembler, C compiler, Screen editor and
Linker are included.
VAX—-11 * Interface Program between the SD200 and theVAX-11.
Interface P S680CLC3F | - File transfer function. Option
nterface Program - VT52 Terminal Emulation.
DATA 1/0
« Interface Program between the SD200 and the
- EPROM Programmer S680CDI1F
Interface Program DATA /O EPROM Programmer model 22/29.
PKW-1000/7000 * Interface Program between the SD200 and the
EPROM Programmer S680CPK2F PKW-1000/7000 EPROM Programmer (Aval Corp.
Interface Program Japan).,
FORTRAN S680CFR1F | - FORTRAN Compiler. (Subset of FORTRAN77) Option
Super PL/H S680CPL1F | - Super PL/H Compiler. Option
16-bit
MPU .S i i i
ymbolic Debugger for programs written in 68000 "
HD68000 Symbolic Debugger S680CSD2F Assembler or Super PL/H. Option
. . e Supplied with
64180ASE S180CAS1F Realtime In-circuit Emulator for 64180. H180ASO1E
8 bit 6305/63L.05/6805 - 63052/631.05/6805 Macro Assembler. X
MPU/MCU | Macro Assembler S35XASG-F | Linkage editor is included. Option
6301/6801/6800 . + 6301/6801/6800 Macro Assembler. .
Macro Assembler S31XASE-F « Linkage editor is included. Option
6301 S31CCLN-F | - C Compiler for 6301(6303) Option
C Compiler )
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PROGRAM DEVELOPMENT AND SUPPORT SYSTEM

Table 2 Cross System

MPU Machine 0s Product Name Product Code Function
+ 6305/63L05/6805 Assembler.
I1SI1S-1I 6305/63L05/6805 S35MDS1-F + Object code is absolute address format.
Assembler » Conditional assemble function.

+ 6305/63L05/6805 Assembler.

CP/M 6305/63L05/6805 S35MDS2-F - Object code is absolute address format.
Assembler + Conditional assemble function.
Intel
MDs - 6301/6801 Assembler.
ISIS-IT 6301 Assembler S31MDS1-F « Obiject code is absolute address format.
8-bit MCU + Conditional Assemble function.

+ 6301/6801 Assembler.
CP/M 6301 Assembler S31MDS2-F - Obiject code is absolute address format.
+ Conditional Assemble function.

6301 . » 6301 Macro Assembiler.
Macro Assembler S311AS1-F « Linkage Editor is included.
IBM-PC | PC-DOS
6305 " * 6305 Macro Assembler.
Macro Assembler S3BIASI-F « Linkage Editor is included.
@G HITACHI
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PROGRAM DEVELOPMENT AND SUPPORT SYSTEM

Table 3 Third Parties’ Products

Assemblers for HITACHI’s microcomputers are provided by
the other companies. Hitachi introduce some venders and their

products listed below. Please contact those venders directly if
you have questions or requests to purchase these products.

Vender Name Product Name 0S/System Product Code
6301 Assembler ASM68
6305 Assembler ASMO05
6809 Assembler ASM69
68000 Assembler ASM68K
VAX11
64180 Assembler ASM180
64180 Simulator INT180
MICROTEC
505W Olive, Suite 325 64180 C MCC180
Sunnyvale, CA94086
(408)733-2919 U.S.A. 64180 Pascal PAS180
6301 Assembler ASM68
6305 Assembler ASMO05
IBM-PC
64180 Assembler ASM180
64180 C MCC180
64180 Pascal PAS180
6301 Assembler
CAMELOT
79 London Road
Knebworth Herts, IBM-PC
SG3 6HG,
England 6305 Assembler *
Stevenage (0438) 812215
6800/6801/6301 CP/M
AVOCET SYSTEMS, INC. Assembler MS-DOS, cp/m.86 XASM-68
804 South State St. P
Dover, DE19901 . y
(302) 734-0151 6805 Assembler MS-DOS, CP/M-86 XASM-05
US.A.
6309/6809 g CP/M ’
Assembler MS-DOS, CP/M-86 XASM-09
CP/M R
64180 Assembler MS-DOS, p /M-86 XASM-180
MICROWARE SYSTEMS CORPORA- 6309/6809 0s-9 -
TION Assembler A
5835 Grand Avenue
Dos Moines, |1A50312 68000/68HCO00 0s-9 KCRS
(512) 279-8844 US.A. Assembler
*Under development
G HITACHI
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= Development System for 4-Bit, 8-Bit, and 16-Bit

Microcomputers <H680SD200>

The H680SD200 is a development system for Hitachi 4-bit,
8-bit and 16-bit microcomputers. It is a desktop system in
which a 16-bit microprocessor HD68000 is loaded as the CPU.
Its standard system configuration includes a CRT, a keyboard,
and two floppy disk drives. An assembler, compiler, and in-
circuit emulator (ASE) associated with the user’s MCU are
available as options.

APPLICABLE DEVICES

© HMCS400 series

e HD6305U, HD6305V

e HD6301V, HD6301X, HD6301Y

o HD64180

o HD68000, HD68HCO00

{Other 4-bit and 8-bit microcomputers will be supported in the
future.)

= FEATURES

® Adopts general CP/M-68K® operating system

® Two internal 8 inch floppy disk drives (double-sided, double-
density) and a 40M byte hard disk (available as an option)

® With connection of VAX-11®©

PROGRAM DEVELOPMENT AND SUPPORT SYSTEM

make it possible to provide substantial external memory.

® Since CRT editor (screen editor) is included in the standard

system, efficient programming, editing, and debugging of
source programs are possible.

® C compiler for HD68000 is included. FORTRAN and Super

PL/H for HD6800O and C Compiler for HD6301 (HD6303)
are available as options.

® User prototype system can easily be debugged using incircuit

emulator (ASE) associated with the user’s MCU.
to RS-232C interface,
H680SD200 operates as VAX-1 1® (0s, VMS) work station.

® When 2M byte memory board is connected, high-speed

operation can be realized.

® Following interface are included

(1) EPROM programmer

(2) Printer (Centronics specification)

(3) Serial interface emulator for 4-bit and 8-bit single chip
microcomputers

*CP/ M® is a registered trade mark of Digital Research Inc.
**VAX-1 1® is a registered trade mark of Digital Equipment Corp.

H680SD200
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HD64180 THIRD-PARTY DEVELOPMENT TOOLS

Product: Cross-Assemblers and Cross-Compilers
Company ASM  S/WSIM CCOMP PASCAL BASIC

American Automation ' vi vi
(714-731-1661)

Microtec Research vii v i vt
(408-733-2919)

Avocet Systems cn cn
(800-448-8500)

2500AD Software (7]
(303-369-5001)

BSO v
(617-894-7800)

Sumitronics v
(408-737-7683)

SLR Systems Cc
(800-833-3061)

Uniware/SDS v
(312-971-8170)

Softaid C
(800-433-8812)

Allen Ashley !
(818-793-5748)

[I=1BM-PC, V=VAX, C=CP/M]

Product: Support Tools

Company Product Description

Electronic Molding Shrink-DIP Adapter for Breadboarding
(401-763-3800) P/N 28764-72-341

Robinson Nugent Shrink-DIP Socket
(812-945-0211) P/N TSS-6475-TNG

Yamaiche/Nepenthe Shrink-DIP Socket P/N IC 38-64075-G4
(415-856-9332) S-D Test Socket P/N IC 76-64075-G4

Methode Electronics PLCC Adapter for Hitachi's ASE
(312-392-3500)

TSI, Inc 64180 IBM-PC Card with DSD80 Remote
(800-874-2288) Software Debugger

Micromint 64180 Evaluation Board
(800-635-3355) P/N SB180

Product: Operating Systems

Company Type of Operating System

Echelon ZCPR3 (CP/M)
(415-948-3820)

JMI Software C Executive/80 Multi-Tasking Kernel
(215-628-0840)

Decmation Quick-Task Realtime Executive
(408-980-1678)

Hunter & Ready VRTX/80 Multi-Tasking Kernel (Z80)

(415-326-2950)
1Pl MTOS/80 Multi-Tasking Kernel (280)
(516-938-6600)

HITACHI ORDERING INFORM ATION

Part Number Description
H180ASE02 Adaptive System Evaluator, ASE-li
H680SM01S 256K Byte Emulation Memory Board (Option)
H180ABX 8 MHz Bufter Box for ASE-I User,
V2.0 S
H180CPO1 PLCC-68 MPU Adapter for 1 Mbyte
Addressing (Option)

@ HITACHI
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HD6802
MPU (Microprocessor with Clock and RAM)

The HD6802 is a monolithic 8-bit microprocessor that con-
tains all the registers and accumulators of the present HD6800 HD6802P
plus an internal clock oscillator and driver on the same chip.
In addition, the HD6802 has 128 bytes of RAM on the chip
located at hex addresses 0000 to 007F. The first 32 bytes of
RAM, at hex addresses 0000 to 001F, may be retained in a low
power mode by utilizing Vcc standby, thus facilitating memory
retention during a power-down situation.

The HD6802 is completely software compatible with the
HD6800 as well as the entire HMCS6800 family of parts.
Hence, the HD6802 is expandable to 65k words.

(DP-40)
® FEATURES
® On-Chip Clock Circuit
® 128 x 8 Bit On-Chip RAM ® PIN ARRANGEMENT
® 32 Bytes of RAM are Retainable
© Software-Compatible with the HD6800 O
@ Expandable to 65k words EC::
©® Standard TTL-Compatible Inputs and Outputs &
® 8 Bit Word Size 9
® 16 Bit Memory Addressing %
® Interrupt Capability &
® Compatible with MC6802 G

B8

® BLOCK DIAGRAM

v Vee v
cc Veec  standby Vec cc

(]
(12
03]
14}
B
(16}

L—o
M
BIS

Counter/ IRQ 4 TRG —
Timer 1/0 | ] MR RES
RES  —f CS, |oYMA VMA  THALT[*— I (Top View)
o] E Clock E RE je—
~<—+ HD6846 R/W W —
< ROM, 1/0, RW sgvswz NMI [+
Parallel | «—s] TIMER
170 MPU BA |—»
e D,~D, D,~D,
i XTAL
] | 3 Crystal
Control {'—. g:‘ A°~éslr < Ao~Ays Ag- A, EXTAL V'% ‘I-
1
C, c,
T F. 77
Vss Vss
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HD6802

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Vee * ~
Supply Voltage Vee Standby® -0.3~+7.0 \Y
Input Voltage Vin* -0.3~+7.0 \'
Operating Temperature Topr -20~'+75 °c
Storage Temperature Tog -55 ~ +150 °c

* With respect to Vgg (SYSTEM GND)

(NOTE) 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 LSI.

® RECOMMENDED OPERATING CONDITIONS

Item Symbol min typ max Unit
Supply Voltage Vee ‘gffn;by . 475 5.0 5.25 v
viL* -0.3 - 0.8 v
Input Voltage Vin® Except RES 2.0 - Vce v
RES 425 — Vee v
Operation Temperature Topr -20 25 75 °c

* With respect to Vgg (SYSTEM GND)

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vgc=5.0V5%, Voc Standby=5.0Vt5%, Vgs=0V, Ta=-20~+75°C, unless otherwise noted.)

Item Symbol Test Condition min | typ**| max | Unit
Except RES 2.0 — | Vec
“Hiah"’ Exce v
Input “High” Voltage RES Vi 4.25 " Vee
Except RES il -0.3 - 0.8
" ” —_— 1V, \%
Input “’Low"” Voltage RES m 03 — 08
Do~D,, E lon = -205uA 24 — -
Output “High” Voltage Ao~A;s, RW, VMA | Vou lon = -145uA 24 - - | v
BA lon = -100pA 2.4 - -
Output “Low’’ Voltage Voo loL = 1.6mA - - 0.4 v
Three State (Off State) Input Current | Dy~D» lrsi Vi, = 0.4~2.4V -10 - 10 HA
Input Leakage Current Except Do~D; **** | Iin Vin = 0~5.25V -25 - 25 | uA
Power Dissipation Po* - 06 | 1.2 w
. Do~D, Vin=0V, T,=25°C - 10 | 125
v g F
Input Capacitance Except Do~D>, Gin f=1.0MHz — (65|10 |°
. Ao~Ays, R/W, BA, =0V, T,=25°C,
Output Capacitance V:A A, lEs W Cout = .OMHz' - - 12 pF

* In power-down mode, maximum power dissipation is less than 42mW.
** T=25°C, Vop =5V
es» A RES input has histeresis character, applied voltage up to 2.4V is regarded as ‘‘Low" level when it goes up from OV.
##«*s Does not include EXTAL and XTAL, which are crystal inputs.
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HD6802

® AC CHARACTERISTICS (Vcc=5.0V15%, Voc Standby=5.0V5%, Vgs=0V, Ta=-20~+75°C, unless otherwise noted.)

1. CLOCK TIMING CHARACTERISTICS

Item Symbol " Test Condition min | typ | max | Unit
Input Clock + 4 f 0.1 - 1.0
F f : MHz
requency of Operation Crystal Frequency fxTaL 1.0 - | 4.0
Cycle Time Toye Fig. 2, Fig. 3 1.0 - 10 Ms
“High”’ Level PWyn at 2.4V (Fig. 2, Fig. 3)
i 450 - ns
Clock Pulse Width “Low” Level PWo. |at 0.8V (Fig. 2, Fig. 3) 4500
Clock Fall Time % 0.8V ~ 24V(Fig.2,Fig.3)] — - 25 ns
2. READ/WRITE TIMING
Item Symbol Test Condition min typ" | max Unit
Address Delay tap Fig. 2, Fig. 3, Fig. 6 - - 270 ns
Peripheral Read Access Time tace Fig. 2 530 - - ns
Data Setup Time (Read) tosr Fig. 2 100 - - ns
Input Data Hold Time ty Fig. 2 10 - - ns
Output Data Hold Time tH Fig. 3 20 - - ns
Address Hold Time (Address, R/W, VMA) tan Fig. 2, Fig. 3 10 - - ns
Data Delay Time (Write) toow Fig.3 - - 225 ns
Bus Available Delay tga Fig. 4, Fig. 5, Fig. 7, Fig. 8] — - 250 ns
Processor Controls A .
Processor Control Setup Time trcs Fig. 4~Fig. 7, Fig. 12 200 — - ns
Processor Control Rise and Fall Time tpcr Fig. 4~Fig. 7, Fig. 12, _ _ 100 ns
(Measured at 0.8V and 2.0V) tpcs Fig. 13, Fig. 16
*Ta=25°C, Ve =5V
3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING
Item Symbol Test Condition min typ max Unit
RAM Enable Reset Time (1) treq Fig. 13 150 - - ns
RAM Enable Reset Time (2) tre2 Fig. 13 E-3 cycles| — -
Reset Release Time tLRES Fig. 12 20" - - ms
RAM Enable Reset Time (3) tres Fig. 12 0 - - ns
Memory Ready Setup Time tsmRr Fig. 16 300 - - ns
Memory Ready Hold Time thmR Fig. 16 0 - 200 ns

*tRes = 20 msec min. for S type, 50 msec min. for R type.
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5.0V
R = 2.4kQ2
Test Point C = 130pF for D,~D,, E__
= 90pF for A, ~A,;,R/W, and VMA
= 30pF for BA
[ R R =11k$ for D,~D,, E

16k for A, ~A,(,R/W,and VMA
= 24k for BA
C includes stray Capacitance.

All diodes are 152074 @& or equivalent.

Figure 1 Bus Timing Test Load

tCVC
PWo L ?“ PWo 1y
2.4V
2.4v
E 57 0.4V 0.4V S‘c 0.4V
et Ap ———] - fty
rRw 24V <7
M e f—tay
Address 2.4V —7‘\ =
From MPU 0.4V
2.4v ~—'AD
VMA
¢ -l oty
DSR
r=— tAD tace
Data 2.0V
From Memory Data Valid
or Peripherals . 0.8V
m Data Not Valid
Figure 2 Read Data from Memory or Peripherals
teye
PWo { PWoH 24V
2.4v 5
E Skg.zw JZ 0.4V SN 0.4V
_ ——tAD— —— —to
RMW

0.4v //

= ftap
Address 2.4V
From MPU 0.4V

2.4v _——'aD—4

VMA
e tAp—] te—tp pw—> — oty
Data 2.4v -
From MPU Y Data Valid

V///////} Data Not Valid

Figure 3 Write Data in Memory or Peripherals
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HD6802

, The Last Instruction Cycle | HALT Cycle

~-2.4V
E
\ F— 04V
—_— X-2.0v
HALT \
0.8V
t
tect - ton
BA 24V
Figure 4 Timing of HALT and BA
HALT Cycle | Instruction Cycle
B
) L—/_\__
Z0.4V S
RAT o
—|os8v
tecs tea
toce

o \
k- 0.4V

Figure 5 Timing of HALT and BA

MPU Reset 1 MPU Restart Sequence
I
24V
E X 0.4V
J— 4.25V
RES z
0.8V
tec, (s 1o
f-2.4v
VMA } 2

Figure 6 R_E§ and MPU Restart Sequence
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HD6802

WAIT Cycle or
The Last Instruction Cycle

Interrupt Sequence

—_ 2.0V
IRQ, NMI 0.8V
tecs
tect | tan
(When WAIT Cycle)
..... Y
BA 0.4V
T
Figure 7 IRQ and NMI Interrupt Timing
The last execution cycle of
L WAI instruction (#9) | WAIT Cycle
I T
2.4V
E
tga
—
24v
BA

Figure 8 WAI Instruction and BA Timing

= MPU REGISTERS

A general block diagram of the HD6802 is shown in Fig. 9.
As shown; the number and configuration of the registers are the
same as for the HD6800. The 128 x 8 bit RAM has been
added to the basic MPU. The first 32 bytes may be operated in a
low power mode via a Vg standby. These 32 bytes can be
retained during power-up and power-down conditions via the
RE signal.

The MPU has three 16-bit registers and three 8-bit registers
available for use by the programmer (Fig. 10).
® Program Counter (PC)

The program counter is a two byte (16-bit) register that
points to the current program address.
® Stack Pointer (SP)

The stack pointer is a two byte (16-bit) register that contains
the address of the next available location in an external
push-down/pop-up stack. This stack is normally a random access
Read/Write memory that may have any location (address) that
is convenient. In those applications that require storage of
information in the stack when power is lost, the stack must be
non-volatile.

® Index Register (1X)

The index register is a two byte register that is used to store
data or a sixteen bit memory address for the Indexed mode of
memory addressing.
® Accumulators (ACCA, ACCB)

The MPU contains two 8-bit accumulators that are used to
hold operands and results from an arithmetic logic unit(ALU).
® Condition Code Register (CCR)

The condition code register indicates the results of an
Arithmetic Logic Unit operation: Negative(N), Zero(Z), Over-
flow(V), Carry from bit7(C), and half carry from bit3(H). These
bits of the Condition Code Register are used as testable
conditions for the conditional branch instructions. Bit 4 is the
interrupt mask bit(I). The used bits of the Condition Code
Register (B6 and B7) are ones.

Fig. 11 shows the order of saving the microprocessor status
within the stack.
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R ERWNY R R DK
Prrtttett IIITHIJ]

MR 3 el fo—— 36 RAM Enable

E 37 o=df
RES 40—l
NMT 6 =l
HALT 2= Clock
THG 4 ——ef instruction
EXTAL 39 —of Otcode
XTAL 38 === Control
BA 7 @t
VMA 5§ @y
RW 34 «—i

[ ——

28 27 28 29 30 31 32 33
Vec=Pim 835 D, O, D, O, O, O, DO, D,
Vgg = Pins 1,21

Figure 9 Expanded Block Diagram

7 (]

7 []

Accumulator B
[]

1x ] index Register
)
] Program Counter

= e .

Stack Pointer

| Condition Codes
t]1|mMjiIN|Z]V]|C Register *

uc:rw (From Bit 7)
Overflow

Zero

t———— Negative

Interrupt mask

Half Carry (From Bit 3)

Figure 10 Programming Model of The Microprocessing Unit

[ ]
! !
|
) l/—/
m-9
m-8
m-7
m-6 cC
8P = Stack Pointer m-5| ACCB
CC = Condition Codes (Also called the Processor Status Byte)
ACCB = Accumuistor B m-4]| ACCA
Am”-‘huum:hwvhu a8 m-3 IXH
= index Register, Higher Order 8 Bits
1XL = Index , Lower g8in m-2 m-2 | IxL
PCH = Program Counter, Higher Order 8 Bits m-1 m-1[ pon
PCL = Program Counter, Lower Order 8 Bits
m b——s m PCL
m+1 m+1
m+2 i m+2
—aud 1 L
o
Before After

Figure 11 Saving The Status of The Microprocessor in The Stack
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& HD6802 MPU SIGNAL DESCRIPTION

Proper operation of the MPU requires that certain control
and timing signals be provided to accomplish specific functions
and that other signal lines be monitored to determine the state
of the processor. These control and timing signals for the
HD6802 are similar to those of the HD6800 except that TSC,
DBE, ¢,, ¢, input, and two unused pins have been eliminated,
and the following signal and timing lines have been added.

RAM Enable (RE)

Crystal Connections EXTAL and XTAL

Memory Ready(MR)

Vcc Standby

Enable ¢, Output(E)

The following is a summary of the HD6802 MPU signals:
© Address Bus (A ~ A;s)

Sixteen pins are used for the address bus. The outputs are
capable of driving one standard TTL load and 90pF.
® Data Bus (D, ~ D,)

Eight pins are used for the data bus. It is bidirectional,
transferring data to and from the memory and peripheral
devices. It also has three-state output buffers capable of driving
one standard TTL load and 130pF.

Data Bus will be in the output mode when the internal RAM
is accessed. This prohibits external data entering the MPU. It
should be noted that the internal RAM is fully decoded from
$0000 to $007F. External RAM at $0000 to $007F must be
disabled when internal RAM is accessed.
® HALT

When this input is in the “Low” state, all activity in the
machine will be halted: This input is level sensitive.

In the halt mode, the machine will stop at the end of an
instruction. Bus Available will be at a “High” state. Valid
Memory Address will be at a “Low” state. The address bus will
display the address of the next instruction.

To insure single instruction operation, transition of the
HALT line must not occur during the last 250ns of E and the
HALT line must go “High” for one Clock cycle.

HALT should be tied “High” if not used. This is good
engineering design practice in general and necessary to insure
proper operation of the part.
© Read/Write (R/W)

This TTL compatible output signals the peripherals and
memory devices whether the MPU is in a Read (“High™) or
Write (“Low’) state. The normal standby state of this signal is
Read (“High™). When the processor is halted, it will be in the
logical one state (“High™).

This output is capable of driving one standard TTL load and
90pF.

e Valid Memory Address (VMA)

This output indicates to peripheral devices that there is a
valid address on the address bus. In normal operation, this signal
should be utilized for enabling peripheral interfaces such as the
PIA and ACIA. This signal is not three-state. One standard TTL
load and 90pF may be directly driven by this active high signal.
© Bus Available (BA)

The Bus Available signal will normally be in the “Low” state.
When activated, it will go to the “High” state indicating that the
microprocessor has stopped and that the address bus is available
(but not in a three-state condition). This will occur if the HALT
line is in the “Low” state or the processor is in the wait state
as a result of the execution of a WAI instruction. At such time,
all three-state output drivers will go to their off state and other

HD6802

outputs to their normally inactive level.

The processor is removed from the wait state by the
occurrence of a maskable (mask bit 1=0) or nonmaskable
interrupt. This output is capable of driving one standard TTL
load and 30pF. o
® Interrupt Request (IRQ)

This level sensitive input requests that an interrupt sequence
be generated within the machine. The processor will wait, until
it completes the current instruction that is being executed
before it recognizes the request. At that time, if the interrupt
mask bit in the Condition Code Register is not set, the machine
will begin an interrupt sequence. The index Register, Program
Counter, Accumulators, and Condition Code Register are stored
away on the stack. Next the MPU will respond to the interrupt
request by setting the interrupt mask bit high so that no further
interrupts may occur. At the end of the cycle, a 16-bit address
will be loaded that points to a vectoring address which is located
in memory locations FFF8 and FFF9. An address loaded at
these locations causes the MPU to branch to an interrupt
routine in memory.

The HALT line must be in the “High” state for interrupts to
be serviced. Interrupts will be latched internally while HALT is
“Low™.

A 3k external register to Voc should be used for wire-OR
and optimum control of interrupts.
® Reset (RES)

This input is used to reset and start the MPU from a
power-down condition, resulting from a power failure or an
initial start-up of the processor. When this line is “Low”, the
MPU is inactive and the information in the registers will be lost.
If a “High” level is detected on the input, this will signal the
MPU to begin the restart sequence. This will start execution of a
routine to initialize the processor from its reset condition. All
the higher order address lines will be forced “High”. For the
restart, the last two(FFFE, FFFF) locations in memory will be
used to load the program that is addressed by the program
counter. During the restart routine, the interrupt mask bit is set
and must be reset before the MPU can be interrupted by IRQ.
Power-up and reset timing and power-down sequences are
shown in Fig. 12 and Fig. 13 respectively.

® Non-Maskable Interrupt (NMI)

A low-going edge on this input requests that a non-mask-
interrupt sequence be generated within the processor. As with
the IRQ signal, the processor will complete the current
instruction that is being executed before it recognizes the NMI
signal. The interrupt mask bit in the Condition Code Register
has no effect on NMI.

The Index Register, Program Counter, Accumulators, and
Condition Code Register are stored away on the stack. At the
end of the cycle, a 16-bit address will be loaded that points to a
vectoring address which is located in memory locations FFFC
and FFFD. An address loaded at these locations causes the
MPU to branch to a non-maskable interrupt routine in memory.
A 3kQ external resistor to Ve should be used for wire-OR
and optimum control of interrupts.

Inputs TRQ and NMI are hardware interrupt lines that are
sampled when E is “High” and will start the interrupt routine
on a “Low” E following the completion of an instruction. IRQ
and NMI should be tied “High” if not used. This is good en-
gineering design practice in general and necessary to insure
proper operation of the part.Fig. 14 is a flowchart describing the
major decision paths and interrupt vectors of the microproces-
sor. Table 1 gives the memory map for interrupt vectors.
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4.75v A — -
Vee

SN I I I I I B B A
b e

m

-
-

4.25v

|

0.8V

T Option 1
(See Note below)

tpct

{5
x L o

bl

Option 2

See Figure 8 for
t
RE3 Power Down condition

2.0v

bl
>
f
©
00
<

0.8V

*‘! tpcr
VMA /

(NOTE) If option 1 is chosen, RES and RE pins can be tied together.

Figure 12 Power-up and Reset Timing

N
Vee : 4.75V
2.0v
E
tREY
tpct
RE 2ov tRE2 —=
0.8v
!
Figure 13 Power-down Sequence
i Execute
l;“ch Irmrucnonl Ilnmum Romi;‘
Execute r—‘:-—

Instruction L_NMI_| IRQ
FFFC FFF8
FFFD FFFQ

Figure 14 MPU Flow Chart
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Table 1 Memory Map for Interrupt Vectors

Vector Ls Description
FFFE FFFF Restart (RES)
FFFC FFFD Non-Maskable Interrupt (NMI)
FFFA FFFB Software Interrupt (SWI)
FFF8 FFF9 Interrupt Request (TRQ)

® RAM Enable (RE)

A TTL-compatible RAM enable input controls the on-chip
RAM of the HD6802. When placed in the ‘“High” state, the
on-chip memory is enabled to respond to the MPU controls. In
the “Low” state, RAM is disabled. This pin may also be utilized
to disable reading and writing the on-chip RAM during a
power-down situation. RAM enable must be “Low” three cycles
before Vi goes below 4.75V during power-down.

RE should be tied to the correct “High” or “Low” state if
not used. This is good engineering design practice in general and
necessary to insure proper operation of the part.
® EXTAL and XTAL

The HD6802 has an internal oscillator that may be crystal
controlled. These connections are for a parallel resonant
fundamental crystal (AT cut). A divide-by-four circuit has been
added to the HD6802 so that a 4MHz crystal may be used in
lieu of a 1IMHz crystal for a more cost-effective system. Pin39 of
the HD6802 may be driven externally by a TTL input signal if
a separate clock is required. Pin38 is to be left open in this
mode.

An RC network is not directly usable as a frequency source
on pins 38 and 39. An RC network type TTL or CMOS
oscillator will work well as long as the TTL or CMOS output
drives the HD6802.

If an external clock is used, it may not be halted for more
than 4.5us. The HD6802 is a dynamic part except for the
internal RAM, and requires the external clock to retain
information.

HD6802

Conditions for Crystal (4 MHz)
® AT Cut Parallel resonant

® Co =7 pF max.

® R, =80% max.

co
Crystal Equivalent Circuit

Recommended Oscillator (4MHz)

C, = C, = 220F + 20%

Figure 15 Crystal Oscillator

When using the crystal, see the note for Board Design of the
Oscillation Circuit in HD6802.
® Memory Ready (MR)

MR is a TTL compatible input control signal which allows
stretching of E. When MR is “High”, E will be in normal
operation. When MR is “Low”, E may be stretched integral
multiples of half periods, thus allowing interface to slow
memories. Memory Ready timing is shown in Fig. 16.

MR should be tied “High” if not used. This is good
engineering design practice in general and necessary to insure
proper operation of the part. A maximum stretch is 4.5us.

tpct

0.8v

tSMR
tpcr

Figure 16 Memory Ready Control Function
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HD6802

© Enable (E)

This pin supplies the clock for the MPU and the rest of the
system. This is a single phase, TTL compatible clock. This clock
may be conditioned by a Memory Ready Signal. This is
equivalent to ¢, on the HD6800.
® Vcc Standby

This pin supplies the dc voltage to the first 32 bytes of RAM
as well as the RAM Enable (RE) control logic. Thus retention of
data in this portion of the RAM on a power up, power-down;, or
standby condition is guaranteed at the range of 4.0V to 5.25 V.

Maximum current drain at 5.25V is 8mA.

c
3ngXTAL TS [
[ e |
c
sstTALI i L
HD6802 E \

37

® MPU INSTRUCTION SET

The HD6802 has a set of 72 different instructions. Included
are binary and decimal arithmetic, logical, shift, rotate, load,
store, conditional or unconditional branch, interrupt and stack
manipulation instructions.

This instruction set is the same as that for the

6800MPU(HD6800 etc.) and is not explained again in this
data sheet.

s NOTE FOR BOARD DESIGN OF THE OSCILLATION
CIRCUIT IN HD6802

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

Crystal oscillator and load capacity Cy must be placed near
the LSI as much as possible.

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

The following design must be avoided.

— — — Signal A

—{———Signal B

Must be avoided

39

38

HD6802

40

Signal C

Pin 38 signal line should be wired apart from pin 37 signal
line as much as possible. Don’t wire them in parallel, or normal

oscillation may be disturbed when E signal is feedbacked to
XTAL.

A signal line or a power source line must not cross or go near
the oscillation circuit line as shown in the left figure to prevent
the induction from these lines and perform the correct

oscillation. The resistance among XTAL, EXTAL and other pins
should be over 10MS2.

Figure 17 Note for Board Design of the Oscillation Circuit
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HD6802

20mm max
/Other signals are not wired in this area.

Co

20mm

E signal is wired apart from 38 pin
38 / and 39 pin.
37

HD6802

(Top View)

Figure 18 Example of Board Design Using the Crystal Oscillator
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= NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION AND HALT OPERATION OF HD6802

When HALT input signal is asserted to “Low” outputs the “High” level on the BA line.
level, the MPU will be halted after the execution of When an interrupt request signal is input to the
the current instruction except WAI instruction. MPU, the MPU accepts the interrupt regardless the

The “Halt” signal is not accepted after the fetch “Halt” signal and releases the “WAIT” state and out-
cycle of the WAI instruction (See @ in Fig. 19). In the puts the interrupt’s vector address. If the “Halt” signal
case of the “WAI” instruction, the MPU enters the is “Low” level, the MPU halts after the fetch of new
“WAIT” cycle after stacking the internal registers and PC contents. The sequense is shown below.

WAI

Instruction

-‘Fetch | | | | | | | | f——warr cveLe——] | | | |
N I e I e I g I 6y 6

Address ™}
Bus . 4
SP(n) SP(n-1) SP(n-2) SP (n-3) SP (n-4) SP (n-5) SP (n-6} Yector ' Yeclor | New PC
RIW "—""—'—L gl
J
VMA \ /
[e—"tpcs
1RQ or
NMT
BA ,———w——% /'_",. ——
. ®
HALT -(/_ .

When the interrupt occurs during the WAIT CYCLE, the MPU accepts the interrupt even if HALT is at “"Low’" level. I this cycle is at “Low"
level, the next cycle is

the Halt cycle

Figure 19 HD6802 WAIT CYCLE & HALT Request
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HD6802W

MPU (Microprocessor with Clock and RAM)

HD6802W is the enhanced version of HD6802 which con-
tains MPU, clock and 256 bytes RAM. Internal RAM has been
extended from 128 to 256 bytes to increase the capacity of
system read/write memory for handling temporary data and
manipulating the stack.

The internal RAM is located at hex addresses 0000 to OOFF.
The first 32 bytes of RAM, at hex addresses 0000 to 001F, may
be retained in a low power mode by utilizing Vcc standby,
thus facilitating memory retention during a power-down situa-
tion.

The HD6802W is completely software compatible with the
HD6800 as well as the entire HMCS6800 family of parts. Hence,
the HD6802W is expandable to 65k words.

HD6802WP

(DP-40)

FEATURES

On-Chip Clock Circuit

256 x 8 Bit On-Chip RAM

32 Bytes of RAM are Retainable
Software-Compatible with the HD6800, HD6802
Expandable to 65k words

Standard TTL-Compatible Inputs and Outputs

8 Bit Word Size

16 Bit Memory Addressing

Interrupt Capability

BLOCK DIAGRAM

PIN ARRANGEMENT

Vee
Vee Vec  Standby Vee Veec
T :b T
| <
Counter/ IR ™o — )
Timer 1/0 {-" a MR RES (Top View)
e
WES — CS, leVMA __ lyma  HALT |
- E '___________Cl_o.ck E RE je—
HoSBAG | R/ BN R
«—ef ROM, 1/0, HDesozw NMI[*—
Porsilel | «—ef TIMER (MPU)
/0 - D.~D BA |—»
0,~D, (g ]
XTAL I 1
ot ] Crystal
«—»{CP. Ap~A ~ EXTA
contmi{ gp: ey Ag~A,, A~A,, L -l-
7#- ' T C,; %C,
Vss Vss
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HD6802W

A expanded block diagram of the HD6802W is shown in Fig.
1. As shown, the number and configuration of the registers are

the same as the HD6802 except that the internal RAM has been
extended to 256 bytes.

A,ALALALA LA A A A, A, A, A, A, A, A A
25’ 24" 28 2% 2 18 18 17 16 18 4 115 1211 16 9
Output Output
Buffers Buffers
RAM
32 Bytes
MR 3 =0 224 Bytes je—— 36 RAM Enable
E 37 @
RES 40 ——sf
NMI 6 ety
HALT 2 =i Clock
TRQ 4 —af Instruction
EXTAL 39 —of Decode
XTAL 38 == Control Index
BA 7 @ Register H
VMA 5 @emnd
RW 34 ol
Instruction }
Register
Data
Buffer

:
1}

. D

TITTT]

29 30 31 32 33
Vec = Pins 8,35 s D

Vgg = Pins 1,21

D, D, O, D,

Figure 1 Expanded Block Diagram

Address Map of RAM is shown is Fig. 2.

The HD6802W has 256 bytes of RAM on the chip located
at hex addresses 0000 to OOFF. The first 32 bytes of RAM, at
hex addresses 0000 to 001F, may be retained in a low power

mode by utilizing Ve standby and setting RAM Enable Signal
“Low” level, thus facilitating memory retention during a
power-down situation.

001F

} retention by V¢ Standby

0020

Figure 2 Address Map of HD6802W
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HD6802W

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Vee * ~
Supply Voltage Vee Standby* -0.3~+7.0 v
Input Voltage V' -0.3~+7.0 v
Operating Temperature Topr -20 ~ +75 °c
Storage Temperature T -56 ~ +150 °C

* With respect to Vgg (SYSTEM GND)

(NOTE) Permanent LSI damage may occur if maximum ratings are ded. Normal operation should be under
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI.

® RECOMMENDED OPERATING CONDITIONS

Item Symbol min typ max Unit
Supply Voltage Vee” . 4.75 5.0 5.25 v
Ve Standby 4.0
Vit -03 - 0.8 v
Input Voltage . | Except RES 2.0 - Vee
Vi  |[RES Vee -0.75 - Vee v
Operation Temperature Topr -20 25 75 °c

* With respect to Vgg (SYSTEM GND)

= ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vcc=5.0V+5%, Voc Standby=5.0V+5%, V=0V, Ta=-20~+75°C, unless otherwise noted.)

Item Symbol Test Condition min |typ" | max | Unit
Except RES 2.0 - | Vee
i XCE Vv v
Input “High’’ Voltage RES H Veeo7s | — | Vee
Except RES hd -0.3 - 0.8
" " 1V, \"
Input “Low" Voltage TES ™ 03 - 08
Do~D,, E lon = -205uA 24 - -
Output “High”” Voltage Ao~A;s, R'W, VMA | Vou lon = -145pA 2.4 - - \Y
BA lon = -100uA 2.4 - -
Output “Low"” Voltage Voo loL = 1.6mA - - 0.4 Vv
Three State (Off State) Input Current Do~D» lrs Vin = 0.4~24V -10 - 10 MA
Input Leakage Current Except Do~D, lin *** | Vi, =0~5.25V -25 - 25 | pA
Power Dissipation Pp**** - 0.7 | 1.2 w
Do~D, Vin=0V, T,=25°C - 10 | 12,5
- v " F
Input Capacitance Except Do~D; G f=1.0MHz — |es510 |°
. Ao~A;s, R/W, BA, Vin=0V, T,=25°C,
Output Capacitance wma Cout 7. oMHz" - - | 12 pF
* T4=26°C, Vg =5V
** As input histeresis character, applied voltage up to 2.4V is regarded as ‘’Low’’ level when it goes up from OV.
*** Does not include EXTAL and XTAL, which are crystal inputs.
***% In power-down mode, { power dissipation is less than 42mW.
@ HITACHI
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HD6802W

® AC CHARACTERISTICS (Vcc=5.0V15%, Ve Standby=5.0V5%, Vgs=0V, Ta=-20~+75°C, unless otherwise noted.)
1. CLOCK TIMING CHARACTERISTICS

46
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Item Symbol Test Condition min | typ | max | Unit
Input Clock + 4 f 0.1 - 1.0
F : MHz
requency of Operation Crystal Frequency fxTaL 1.0 - | 40
Cycle Time toye Fig. 4, Fig. 5 1.0 - 10 us
“High”" Level PWgy at 2.4V (Fig. 4, Fig. 5)
. 450 — | 4500 ns
Clock Pulse Width “Low" Level PW, at 0.8V (Fig. 4, Fig. 5)
Clock Fall Time % 0.8V ~ 2.4V(Fig4 Figb)| -— - 25 ns
2. READ/WRITE TIMING
Item Symbol Test Condition min typ* max Unit
Address Delay tap |Fig. 4, Fig. 5, Fig. 8 - - 270 ns
Peripheral Read Access Time tacc | Fig. 4 530 — - ns
Data Setup Time (Read) tosr |Fig. 4 100 - — ns
Input Data Hold Time ty Fig. 4 10 - - ns
Output Data Hold Time ty Fig. 5 20 - - ns
Address Hold Time (Address, R/W, VMA) tan |Fig. 4, Fig. 5 10 - - ns
Data Delay Time (Write) toow |Fig. 5 - - 226 ns
Bus Available Delay taa |Fig. 6, Fig. 7, Fig. 9, Fig. 10 - - 250 ns
Processor Controls . . .
Processor Control Setup Time tecs |Fig. 6~ Fig. 9, Fig. 11 200 - - ns
Processor Control Rise and Fall Time tecr, |Fig. 6~ Fig. 9, Fig. 11, Fig. 12, B 100 ns
(Measured at 0.8V and 2.0V) tpcs  |Fig. 14 B
* Ta=25°C, Vg =5V
3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING
Item Symbol Test Condition min typ max Unit
RAM Enable Reset Time (1) tres Fig. 12 150 - - ns
RAM Enable Reset Time (2) tre2 Fig. 12 E-3 cycles| — -
Reset Release Time tLRES Fig. 11 20 - - ms
RAM Enable Reset Time (3) tres Fig. 11 0 - - ns
Memory Ready Setup Time tsmR Fig. 14 300 - - ns
Memory Ready Hold Time tHMR Fig. 14 0 - 200 ns
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130pF for D,~D,,E
90pF for A,~A,,, R/W, and VMA
30pF for BA

11k for D,~D,,E _
16kS2 for A, ~A,;, R/W, and VMA

C includes stray Capacitance.
All diodes are 152074

5.0V
R = 2.4kQ
Test Point C=
[¢ R R=
= 24kS2 for BA
Figure 3 Bus Timing Test Load

E

RW

Address
From MPU

VMA

Data
From Memory
or Peripherals

Address
From MPU

VMA

Dawa

or equivalent.

t
v
PW¢L }4 PWo
5 a‘- 2.4V & 2.4v
K04V 0.4V 0.4V
et AD ] =l fte
2.4V Z ((%
— ™ [*—taH
2.4V
0.4V - e
2.4v [2——tAD
P ety
tosr
=— tAD tacc
2.0V
Data Valid
p 0.8V
V/////] Data Not Valid

Figure 4 Read Data from Memory or Peripherals

‘cyc
PWo_ PWoH 2
_\_ 2.4v .4V
E
K O-4v Hoav S:MV
___.‘—‘E‘AD@_ — ~te
04V 7/
= tAH
o iae
0.4V
2.4v tan—=
f——taAD —topw— — tH
2.4V
p Data Vali
Dav ata Valid

From MPU

77/} Data Not Valid

Figure 5 Write Data in Memory or Peripherals
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HD6802W

I The Last Instruction Cycle _L HALT Cycle
2.4V
E o\ +-o0av
— X-2.0vV
HALT \
0.8V
t
tocy Fes toa
BA ]Cz.4v
Figure 6 Timing of HALT and BA
HALT Cycle _l‘ Instruction Cycle
b
‘ Z &;—/———\_
0.4V
—_— i
HALT Z 2.0v
2 0.8v
t tpcs tea
PCr
BA
0.4v
Figure 7 Timing of HALT and BA
MPU Reset ] MPU Restart Sequence
-t
2.4v
E & 0.4V
—_— Vcc—0.75v
RES cc /
0.8V
tecs tho
tecr
f24v
VMA } 2

Figure 8 RES and MPU Restart Sequence
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WAIT Cycle or

The Last Instruction Cycle J Interrupt Sequence
24V r
: \____/
—_— 2.0v
IRQ, NMI 0.8V
tecs
trot | tga
(When WAIT Cycle)
‘\
BA 3-o.4v
Figure 9 IRQ and NMI Interrupt Timing
The last execution cycle of
WAL instruction (#9) | WAIT Cycle
2.4V
E
tea
r 2.4v

BA /

Figure 10 WAI Instruction and BA Timing
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= HD6802W MPU SIGNAL DESCRIPTION

® Address Bus (A, ~ A;s)

Sixteen pins are used for the address bus. The outputs are
capable of driving one standard TTL load and 90pF.
® Data Bus (D, ~ D;)

Eight pins are used for the data bus. It is bidirectional,
transferring data to and from the memory and peripheral
devices. It also has three-state output buffers capable of driving
one standard TTL load and 130pF.

Data Bus will be in the output mode when the internal RAM
is accessed. This prohibits external data entering the MPU. It
should be noted that the internal RAM is fully decoded from
$0000 to $OOFF. External RAM at $0000 to $OOFF must be
disabled when internal RAM is accessed.
® HALT

When this input is in the “Low” state, all activity in the
machine will be halted: This input is level sensitive.

In the halt mode, the machine will stop at the end of an
instruction. Bus Available will be at a “High” state. Valid
Memory Address will be at a “Low” state. The address bus will
display the address of the next instruction.

To insure single instruction operation, transition of the
HALT line must not occur during the last tpcg of E and the
HALT line must go “High” for one Clock cycle.

HALT should be tied “High” if not used. This is good
engineering design practice in general and necessary to insure
proper operation of the part.
® Read/Write (R/W)

This TTL compatible output signals the peripherals and
memory devices whether the MPU is in a Read (“High™) or
Write (“Low”) state. The normal standby state of this signal is
Read (“High”). When the processor is halted, it will be in the
logical one state (“High”).

This output is capable of driving one standard TTL load and

F.

® Valid Memory Address (VMA)

This output indicates to peripheral devices that there is a
valid address on the address bus. In normal operation, this signal
should be utilized for enabling peripheral interfaces such as the
PIA and ACIA. This signal is not three-state. One standard TTL
load and 90pF may be directly driven by this active high signal.
® Bus Available (BA)

The Bus Available signal will normally be in the “Low™ state.
When activated, it will go to the “High” state indicating that the
microprocessor has stopped and that the address bus is available
(but not in a three-state condition). This will occur if the HALT
line is in the “Low” state or the processor is in the wait state
as a result of the execution of a WAI instruction. At such time,
all three-state output drivers will go to their off state and other
outputs to their normally inactive level.

The processor is removed from the wait state by the
occurrence of a maskable (mask bit I=0) or nonmaskable
interrupt. This output is capable of driving one standard TTL
load and 30pF. o
e Interrupt Request (IRQ)

This level sensitive input requests that an interrupt sequence

be generated within the machine. The processor will wait, until
it completes the current instruction that is being executed
before it recognizes the request. At that time, if the interrupt
mask bit in the Condition Code Register is not set, the machine
will begin an interrupt sequence. The index Register, Program
Counter, Accumulators, and Condition Code Register are stored
away on the stack. Next the MPU will respond to the interrupt
request by setting the interrupt mask bit high so that no further
interrupts may occur. At the end of the cycle, a 16-bit address
will be loaded that points to a vectoring address which is located
in memory locations FFF8 and FFF9. An address loaded at
these locations causes the MPU to branch to an interrupt
routine in memory.

The HALT line must be in the “High” state for interrupts to
be serviced. Interrupts will be latched internally while HALT is
“Low”.

A 3k external register to Ve should be used for wire-OR
and optimum control of interrupts.
® Reset (RES)

This input is used to reset and start the MPU from a
power-down condition, resulting from a power failure or an
initial start-up of the processor. When this line is “Low”, the
MPU is inactive and the information in the registers will be lost.
If a “High” level is detected on the input, this will signal the
MPU to begin the restart sequence. This will start execution of a
routine to initialize the processor from its reset condition. All
the higher order address lines will be forced “High”. For the
restart, the last two(FFFE, FFFF) locations in memory will be
used to load the program that is addressed by the program
counter. During the restart routine, the interrupt mask bit is set
and must be reset before the MPU can be interrupted by IRQ.
Power-up and reset timing and power-down sequences are
shown in Fig. 11 and Fig. 12 respectively.

® Non-Maskable Interrupt (NMi)

A low-going edge on this input requests that a non-mask-
interrupt sequence be generated within the processor. As with
the IRQ signal, the processor will complete the current
instruction that is being executed before it recognizes the NMI
signal. The interrupt mask bit in the Condition Code Register
has no effect on NMI.

The Index Register, Program Counter, Accumulators, and
Condition Code Register are stored away on the stack. At the
end of the cycle, a 16-bit address will be loaded that points to a
vectoring address which is located in memory locations FFFC
and FFFD. An address loaded at these locations causes the
MPU to branch to a non-maskable interrupt routine in memory.
A 3kQ external resistor to Vo should be used for wire-OR
and optimum control of interrupts.

Inputs TRQ and NMI are hardware interrupt lines that are
sampled when E is “High” and will start the interrupt routine
on a_ “Low” E following the completion of an instruction. IRQ
and NMI should be tied “High” if not used. This is good en-
gineering design practice in general and necessary to insure
proper operation of the part. Fig. 13 is a flowchart describing
the major decision paths and interrupt vectors of the micro-
processor. Table 1 gives the memory map for interrupt vectors.
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A
T

? Option 1
(See Note below)

|

2
m
17

Option 2

See Figure 12 for
'RE3 Power Down condition
L L &
RE 2.0V ad
0.8V 0.8V

1
~‘J tpcr
VMA /

(NOTE) If option 1 is chosen, RES and RE pins can be tied together.

-
+™

N

FFFE, FFFF

Figure 11 Power-up and Reset Timing

N 4.75v
Vee .

2.0V
E
=—tRE1
tpct
RE 2.0V tRE2 —d
0.8V
Figure 12 Power-down Sequence

IFnch Instruction

Execute
Interrupt Routine

Execute r_‘zl_nﬁ_

i NMI
Instruction
"FFFC | [ FFF8
FFFD FFF9

Figure 13 MPU Flow Chart
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Table 1 Memory Map for Interrupt Vectors

Vector Description
FFFE FFFF Restart (RES)
FFFC FFFD Non-Maskable Interrupt (NMI)
FFFA FFFB Software Interrupt (SWI)
FFF8 FFF9 Interrupt Request (TRQ)

® RAM Enable (RE)

A TTL-compatible RAM enable input controls the on-chip
RAM of the HD6802W. When placed in the “High” state, the
on-chip memory is enabled to respond to the MPU controls. In
the “Low” state, RAM is disabled. This pin may also be utilized
to disable reading and writing the on-chip RAM during a
power-down situation. RAM enable must be “Low” three cycles
before V¢ goes below 4.75V during power-down.

RE should be tied to the correct “High” or “Low” state if
not used. This is good engineering design practice in general and
necessary to insure proper operation of the part.
® EXTAL and XTAL

The HD6802W has an internal oscillator that may be crystal
controlled. These connections are for a parallel resonant
fundamental crystal (AT cut). A divide-by-four circuit has been
added to the HD6802W so that a 4MHz crystal may be used in
lieu of a IMHz crystal for a more cost-effective system. Pin39 of
the HD6802W may be driven externally by a TTL input signal if
a separate clock is required. Pin38 is to be left open in this
mode.

An RC network is not directly usable as a frequency source
on pins 38 and 39. An RC network type TTL or CMOS
oscillator will work well as long as the TTL or CMOS output
drives the HD6802W.

If an external clock is used, it may not be halted for more
than 4.5us. The HD6802W is a dynamic part except for the
internal RAM, and requires the external clock to retain
information.

Conditions for Crystal (4 MHz)
® AT Cut Parallel resonant

® Co =7 pF max.

® R; =80%2 max.

cﬂ
Crystal Equivalent Circuit

Recommended Oscillator (4MH2z)

39 pin
l l cl
HD6802W g T
Crystal
38 pin
T
C, = C, = 22oF + 20%

When using the crystal, see the note for Board Design of the
Oscillation Circuit in HD6802W.
® Memory Ready (MR)

MR is a TTL compatible input control signal which allows
stretching of E. When MR is “High”, E will be in normal
operation. When MR is “Low”, E may be stretched integral
multiples of half periods, thus allowing interface to slow
memories. Memory Ready timing is shown in Fig. 14.

MR should be tied “High” if not used. This is good
engineering design practice in general and necessary tq insure
proper operation of the part. A maximum stretch is 4.5us.

2.4v
E
HMR
—-| [=— tpct
2.0v
MR
0.8v

0.4v

—‘L—' tper

2.0v

tSMR

0.8V

Figure 14 Memory Ready Control Function
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® Enable (E)

This pin supplies the clock for the MPU and the rest of the
system. This is a single phase, TTL compatible clock. This clock
may be conditioned by a Memory Ready Signal. This is
equivalent to ¢, on the HD6800.
® V¢ Standby

This pin sopplies the dc voltage to the first 32 bytes of RAM
as well as the RAM Enable (RE) control logic. Thus retention of
data in this portion of the RAM on a power-up, power-down, or
standby condition is guaranteed at the range of 4.0 V to 5.25 V.

Maximum current drain at 5.25V is 8mA.

jEXTAL | } CL
=
j XTAL l |

E

(
lc_._ﬁyr
\\

HD6802W

The following design must be avoided.

Must be avoided

< o
T B
&5 &
[
[
o | |
_———— : : Signal C
o I —
Lo = ™
I
38 j—q—J—l————"T”
.
Lo
HD6802W I |
|

HD6802W

= MPU INSTRUCTION SET

The HD6802W has a set of 72 different instructions.
Included are binary and decimal arithmetic, logical, shift, rotate,
load, store, conditional or unconditional branch, interrupt and
stack manipulation instructions.

This instruction set is the same as that for the
6800MPU (HD6800 etc.) and is not explained again in this
data sheet.

m NOTE FOR BOARD DESIGN OF THE OSCILLATION
CIRCUIT IN HD6802W
In designing the board, the following notes should be taken
when the crystal oscillator is used.

Crystal oscillator and load capacity C; must be placed near

)

the LSI as much as possible.

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

Pin 38 signal line should be wired apart from pin 37 signal

line as much as possible. Don’t wire them in parallel, or normal
oscillation may be disturbed when E signal is feedbacked to
XTAL.

A signal line or a power source line must not cross or go near
the oscillation circuit line as shown in the left figure to prevent
the induction from these lines and perform the correct

oscillation. The resistance among XTAL, EXTAL and other pins
should be over 10MQ.

Figure 15 Note for Board Design of the Oscillation Circuit
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HD6802W

l"ZOmm max
/Other signals are not wired in this area.

/ GND
{ //1f
TCLY [Crystal (Cu
il e
g i par o 32in

HD6802W

(Top View)

Figure 16 Example of Board Design Using the Crystal Oscillator
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HD6802W

% NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION AND HALT OPERATION OF HD6802W

When HALT input signal is asserted to ‘“‘Low”
level, the MPU will be halted after the execution of
the current instruction except WAI instruction.

The “Halt™ signal is not accepted after the fetch
cycle of the WAI instruction (See @ in Fig. 17). In the
case of the “WAI” instruction, the MPU enters the
“WAIT” cycle after stacking the internal registers and

WAl
Instruction

el

outputs the “High” level on the BA line.

When an interrupt request signal is input to the
MPU, the MPU accepts the interrupt regardless the
“Halt” signal and releases the “WAIT” state and out-
puts the interrupt’s vector address. If the “Halt” signal
is “Low” level, the MPU halts after the fetch of new
PC contents. The sequense is shown below.

l-——WAlT cvoLe———e] | | | |

G Y e e Y g I S o I o 6 o I

tor
idress _Address Address

;QC Vector New PC
/‘d—.

\ /

Address ]
us
SP(n) SP(n-1) SP (n-2) SP (n-3) SP (n-4) SP (n-5) SP (n-6)
RAW | \
J
VMA
ﬁor
M
BA

—q fe—tpcs
—

. ®
HALT ;

: T—

When the interrupt occurs during the WAIT CYCLE, the MPU accepts the interrupt even if HALT is at ““Low’ level.

1f this cycle is at “Low”"
level, the next cycle is
the Halt cycle

Figure 17 HD6802W WAIT CYCLE & HALT Request
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HD6803, HD6803-1

MPU (Micro Processing Unit)

The HD6803 MPU is an 8-bit micro processing unit which
is compatible with the HMCS6800 family of parts. The HD6803
MPU is object code compatible with the HD6800 with improved
execution times of key instructions plus several new 16-bit and
8-bit instruction including an 8 x 8 unsigned multiply with
16-bit result. The HD6803 MPU can be expanded to 65k bytes.
The HD6803 MPU is TTL compatible and requires one +0.5
volt power supply. The HD6803 MPU has 128 bytes of RAM,
Serial Communications Interface (S.C.I.), and parallel 1/O as
well as a three function 16-bit timer. Features and Block
Diagram of the HD6803 include the following:

HD6803P
HD6803P-1

= FEATURES (DP-40)
©® Expanded HMCS6800 Instruction Set
® 8 x8 Multiply ® PIN ARRANGEMENT
© On-Chip Serial Communications Interface (S.C.1.) vssii{ o c
® Object Code Compatible with The HD6800 MPU xTaL(Z] AS
® 16-Bit Timer extaL 3] RN
@ Expandable to 65k Bytes i (&) 0./A
@ Multiplexed Address and Data ina. ] D" /Aa
1
® 128 Bytes of RAM (64 Bytes Retainable On Power 7es & oA,
Down) vee T Dy/A,
® 13 Parallel 1/0 Lines Pl D, /A,
@ Internal Clock/Divided-By-Four P, Ds/A;
® TTL Compatible Inputs and Outputs P HD6803 Ds/Ag
® Interrupt Capability Pas D7/A;
® Compatible with MC6803 and MC6803-1 Pae Ay
P Ay
P Ao
s BLOCK DIAGRAM P A
o ‘_(JE Pl Ay
ok B " »»
LU
Mode Pis Ass
cPU Pyy RY vee Standby
Do/Ac o—el A/D 20 (Top View)
8;;&;.-‘ MU, M Port o
Ds/Ase—d] Address/ X 2 22
Bi/Aiz—] Data 8
De/Ace—doq Buffers
Di/A 7"
RS pun < Timer [~ |
§|
:> sci
ﬁl el
A'.?:":_ airene K Address | bt ' ®_TYPE OF PRODUCTS
A= Buffers P M F,':: Type No. | Bus Timing
yyopam ~ P  HD6803 | 1.0MHz
Pu HD6803-1| 1.25MH:z
Vce Standby
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® ABSOLUTE MAXIMUM RATINGS

HD6803

Item Symbol Value Unit
Supply Voltage Vee* -03~+7.0 v
Input Voltage Vin * -0.3~+7.0 v
Operating Temperature Topr 0 ~+70 °C
Storage Temperature Tan -55~+150" °c

* With respect to Vgg (SYSTEM GND)

[NOTE] Permanent LS| damage may occur if maximum ratings are

conditions, If these conditions are exceeded, it could affect reliability of LSI.

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vcc =5.0V+5%, Vss = OV, Ta = 0~+70°C, unless otherwise noted.)

should be under recommended operating

Item Symbol Test Condition min typ max Unit
RES 4.0 - Vee
Input ““High” Voltage v \4
P 9 olrag Other Inputs* " 2.0 - Vee
Input ““Low’’ Voltage All Inputs® Vi -0.3 - 08 \
Input Load Current EXTAL inl Vin =0~ Ve - - 0.8 mA
Input Leakage Current | NMI, IRQ;, RES Il Vi, =0~ 5.25V - - 25 A
Three State (Offset) P10~ P17, Do/Ag~ D4/A, - - 10
[ Vin =05~ 2.4V A
Leakage Current Pyo ~ Pas sl " - - 100 K
Do/A¢ ~ D4/A, lLoaD =-205 uA 2.4 - -
Output “High”” Voltage [ Ag ~ A5, E, R/W, AS Vou I oap = -145 uA 24 - - \
Other Outputs lLoap = -100 pA 24 - -
Output ““Low" Voltage | All Outputs Voo lLoap = 1.6 MA - - 0.5 Vv
Darlington Drive Current| Py, ~ Py, ~lon | Vour = 1.5V 1.0 - 10.0 mA
Power Dissipation Po - - 1200 mwW
] Do/Ao ~ D4/A, Vin =0V, Ta=26°C,| — - 12,5
Input Capacitance (o F
put Lapa Other Inputs " | £= 1.0 MHz - Z 00 | °
Powerdown Vs 4.0 - 5.25
V¢c Standb v
ce Y Operating Vea a75] - 5.25
Standby Current Powerdown lsgs Vsgs = 4.0V - - 8.0 mA
*Except Mode Programming Levels.
© HITACHI

Hitachi America Ltd. * 2210 O’'Toole Avenue * San Jose, CA 95131 « (408) 435-8300

57



HD6803

® AC CHARACTERISTICS
BUS TIMING (Vgc =5.0V 5%, Vgg =0V, Ta =0~ +70°C, unless otherwise noted.)

Item Symbol cIﬁsJi- - HDG803 - HD6803-1 Unit
. tion min typ | max| min typ| max
Cycle Time toye 1 - 10 08| - 10| ws
Address Strobe Pulse Width “High" * PWasH 200 | - - 150 - - ns
Address Strobe Rise Time tasr 5| — 50 5| - 50| ns
Address Strobe Fall Time tast 5| - 50 5 - 50| ns
Address Strobe Delay Time * tasp 60 | - - 30| - - ns
Enable Rise Time te, 5| - 50 5| - 50| ns
Enable Fall Time tet 5| - 50 5| - 50| ns
Enable Pulse Width “High” Time * PWen 450 | — - 340 - - ns
Enable Puise Width “Low’’ Time * PWg, 450 | — - 350| - = ns
Address Strobe to Enable Delay Time * taseo Fig. 1 60 | — - 30| - - ns
Address Delay Time tap - - 260 - - 260 ns
Address Delay Time for Latch * taoL - - 270 - - 260 | ns
Data Set-up Write Time tosw 225 - - 115 - - ns
Data Set-up Read Time tpsr 80 | - - 70, - - ns
Data Hold Time | — 2 thA 0] -1 =11 -] -1
Write tuw 20 | — - 200 - -
Address Set-up Time for Latch * tasL 60 | — = 50| - - ns
Address Hold Time for Latch taHL 20 | — = 20| - — ns
Address Hold Time tam 20 | — = 200 - - ns
Peripheral Read Access Time (Multiplexed Bus)* | (taccm) - - | (600) - — | (420)| ns
Oscillator stabilization Time tae Fig.8 | 100 | — = 100 - - ms
Processor Control Set-up Time tecs Fig.7,8| 200 | — — 200 -~ — ns
*These timings change in approximate proportion to teye. The figures in this characteristics represent those when teyc is minimum
(= in the highest speed operation).
PERIPHERAL PORT TIMING (V¢c =5.0V 5%, Vgg =0V, Ta= 0~ +70°C, uniess otherwise noted.)

Item Symbol Test Condition min typ max Unit
Peripheral Data Setup Time | Port 1,2 teosu Fig. 2 200 - - ns
Peripheral Data Hold Time Port 1,2 thoH Fig. 2 200 - - ns
Delay Time, Enable Negative
Transition to Peripheral Data| Port 1, 2" tewD Fig. 3 - - 400 ns
Valid
* Except Py,
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TIMER, SCI TIMING (V¢ = 5.0V 5%, Vgs = OV, Ta = 0 ~ +70°C, unless otherwise noted.)

HD6803

Item Symbol Test Condition min typ max Unit
Timer Input Pulse Width tewT 2t.,.+200] - - ns
Delay Time, Enable Positive Transition to )
Timer Out troo Fig. 4 - - 600 ns
SCI Input Clock Cycle tscye 1 - - teve
SCI Input Clock Pulse Width tpwsck 0.4 — 0.6 tscye
MODE PROGRAMMING (V¢ = 5.0V £5%, Vgs = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min typ max Unit
Mode Programming Input “Low’ Voltage VmpL - - 1.7 \
Mode Programming Input “High” Voltage VmpH 4.0 - - \"
RES “Low"’ Pulse Width PWastL Fig. 5 3.0 - - teye
Mode Programming Set-up Time tmps 20 - - teye
Mode Programming RES Rise Time 2 1us tapn 0 Z — i,
Hold Time RES Rise Time < 1us 100 - -
teve
| X
2.2v
Addl:‘s\sss)"obt PW g —!
0.6V -
n — tASe —{ |—tast
—{ tasp —*taseD)
24v \ r_ A
PWen
E("E':’ ‘e PWe,
0.5V K y ‘
— et
j ter
j@——— t A O —|
le—tan
F¥ B
R/W Ai~Ay ——< Address Valid >-——
0.6V
wo—{ -
— [*taHL
e——— tpgw—| —{ |—trw
MPU Write Y 2.2V : £22v
Do/Ac~Ds/A; Address }———{ Data Valid }———
Vahd
(Port 3) o6V 4 0.6V
tapL OSR' ] R
2.2v 2.0v
MPU Read
Do /As ~Ds /A; D————< {oaress Dats Valid >____
(Port 3) 0.6V 0.8V
(tacem!

Figure 1 Expanded Multiplexed Bus Timing
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HD6803

MPU Write
‘-—— MPU Read l—
Enable (E) 24v
\ 24V Enable (E)
0.5v 0.5V 0.5V
tpDsU ‘POH :

'awo—-{
Po~P, 20V - 2.0V All Data 2.2V )
Py ~ P, 0.8V Datas Valid 0.8V Port Outputs 06V Data Valid

! *Not applicable to P,,

Figure 2 Data Set-up and Hold Times Figure 3 Port Data Delay Timing
(MPU Read) (MPU Write)

Enable (E) /—\_] 2.4V

Timer Output Compare
Counter Matched
l" Mode Inputs
TOO’} (Pm,"“,"“)
Py 2.2V
Output 0.6V
I

Figure 5 Mode Programming Timing

Figure 4 Timer Output Timing

Vee
R_=2.2k0
Test Point )
152074 ()
or Equiv
c R
c 90 pF for Do/Ag ~ D7/Aq, Ag ~ Ass, E, AS, RIW

30 pF for Pg ~ Pyq, Pop ~ Py
12 k2 for Do/Ag ~ D7/A7, Ag ~ Ags, E, AS, R/W
24 k2 for Pyg ~ Pyq, Poo ~ Pyg

TTL Load

[ ']

Figure 6 Bus Timing Test Load
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HD6803

Cycle
Last Instruction # L I L | - l 6 , L] e | # #10 E2)] "2

1-Bit Set
Internal y—‘
Address Bus L

7

OpCode OpCode SP(n)  SP(n-1) SP(n-2) SP(n-3) SPIn4) SP(n5) SP(n8) SP(n-7) Vector Vector NewPC

. Addr  Addr MSB Addr  LSB Addr Address
iRG,
k— tpcs
NMior iRQ, *
= [—trcs
o XXX X XX XXX C
XX XX —
Data Bus Op Code Op Code PCO~PC? PCB~PC15 X0~X7 XB~X15 ACCA  AccB G Trrelevant  Vector  Vector  First Inat.
Dsts MSB LS8 Interrupt Routine
Internal R/W \ /
* TRQ, : Internal interrupt Figure 7 lnterrupt sequence
e TN [pigipipipipNpipiply
—— 525V “ | . 2>
Vee 4.75V h i )
[ tRc | trcs Y [«—trcs

RES X, - ’_;"W T N-08V

M A mcx HD G D
Address Bus FFFE ’;nx;%u FFFE FFFE
et 7% TTTRTTTTTRRITTNT; {EREERETNRITITTTTITIIRRTCY Ny

Internal
Data Bus
PC8~PC15 PCO~PC7 First

l\\\\\ Not Valid Instruction

Figure 8 Reset Timing

a SIGNAL DESCRIPTIONS Nominal Crystal Parameter

® Vcc and Vss  itom stal | MMz | 5 MMz

These two pins are used to supply power and ground to the
chip. The voltage supplied will be +5 volts 5%. : o 7F max. |4.70F max.
® XTAL and EXTAL S

These connections are for a parallel resonant fundamental
crystal, AT cut. Devide-by-4 circuitry is included with the
internal clock, so a 4 MHz crystal may be used to run the
system at 1 MHz. The devide-by-4 circuitry allows for use of the = CLy = CL2 = 22pF + 20%
inexpensive 3.58 MHz Color TV crystal for non-time critical (3.2 ~ 5 MHz2)
applications. Two 22pF capacitors are needed from the two [NOTE] AT cut parallel
crystal pins to ground to insure reliable operation. An example EXTAL resonance parameters
of the crystal interface is shown in Fig. 9. EXTAL may be
driven by an external TTL compatible source with a 45% to CLa ——Cuy
55% duty cycle. It will devided by 4 any frequency less than -17 ;l;
or equal to 5 MHz. XTAL must be grounded if an external

clock is used. Figure 9 Crystal Interface

60 max. (302 typ.

XTAL
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HD6803

® Vgc Standby
This pin will supply +5 volts +5% to the standby RAM on the
chip. The first 64 bytes of RAM will be maintained in the power
down mode with 8 mA current max. The circuit of figure 13
can be utilized to assure that V¢ Standby does not go below
Vspp during power down.
To retain information in the RAM during power down the
following procedure is necessary:
1) Write “0” into the RAM enable bit, RAME. RAME is bit
6 of the RAM Control Register at location $0014. This
disables the standby RAM, thereby protecting it at power
down.
2) Keep V¢ Standby greater than Vspp.

V¢ Standby Power Line

e

Figure 10 Battery Backup for V¢ Standby

® Reset (RES)

This input is used to reset and start the MPU from a power
down condition, resulting from a power failure or an initial
startup of the processor. On power up, the reset must be held
“Low” for at least 100 ms. When reset during operation, RES
must be held “Low” at least 3 clock cycles.

When a “High” level is detected, the CPU does the follow-
ing;

1) All the higher order address lines will be forced “High”.

2) 1/O Port 2 bits, 2, 1, and 0 are latched into programmed

control bits PC2, PC1 and PCO.

3) The last two ($FFFE, $FFFF) locations in memory will
be used to load the program addressed by the program
counter.

4) The interrupt mask bit is set. Clear before the CPU can
recognize maskable interrupts.

® Enable (E)

This supplies the external clock for the rest of the system
when the internal oscillator is used. It is a single phase, TTL
compatible clock, and will be the divide-by-4 result of the
crystal oscillator frequency. It will drive one TTL load and 90
pF capacitance.
© Non-Maskable Interrupt (NMI)

When the falling edge of the input signal is detected at this
pin, the CPU begins non-maskable interrupt sequence internally.
As with interrupt Request signal, the processor will complete
the current instruction that is being executed before it recognizes
the NMI signal. The interrupt mask bit in the Condition Code
Register has no effect on

In response to an NMI mtcrrupt the Index Register, Program
Counter, Accumulators, and Condition Code Register are stored
on the stack. At the end of the sequence, a 16-bit address will
be loaded that points to a vectoring address located in memory
locations SFFFC and SFFFD. An address loaded at these loca-
tions causes the CPU to branch to a non-maskable interrupt
service routine in memory.

A 3.3 k2 external resistor to Voc should be used for
wire-OR and optimum control of interrupts.

Inputs TRQ, and NMI are hardware interrupt lines that are
sampled during E and will start the interrupt routine on the

E following the completion of an instruction.

@ Interrupt Request (IRQ;)

This level sensitive input requests that an interrupt sequence
be generated within the machine. The processor will complete
the current instruction before it recognizes the request. At
that time, if the interrupt mask bit in the Condition Code
Register is not set, the machine will begin an interrupt se-
quence. The Index Register, Program Counter, Accumulators,
and Condition Code Register are stored on the stack. Next the
CPU will respond to the interrupt request by setting the inter-
rupt mask bit “High” so that no further maskable interrupts
may occur. At the end of the cycle, a 16-bit address will be
loaded that points to a vectoring address which is located
in memory locations $FFF8 and $FFF9. An address loaded
at these locations causes the CPU to branch to an interrupt
routine in memory.

The TIRQ, requires a 3.3 k2 external resistor to Vcc which
should be used for wire-OR and optimum control of interrupts.
Internal Interrupts will use an internal interrupt line (IRQ,).
This interrupt will operate the same as TRQ, except that it will
use the vector address of $FFFO through $FFF7. IRQ, will
have priority to IRQ, if both occur at the same time. The
Interrupt Mask Bit in the condition code register masks both
interrupts (See Table 1).

Table 1 Interrupt Vector Location

Vector Interrupt
MSB LSB
Highest FFFE | FFFF RES
Priority FFFC | FFFD NMI
FFFA | FFFB Software Interrupt (SWI)
FFF8 | FFF9 iRQ,
FFF6 | FFF7 ICF (Input Capture)
FFF4 | FFF5 OCF (Output Compare)
FFF2 FFF3 TOF (Timer Overflow)
Lowest FFFO | FFF1 | SCI (RDRF + ORFE + TDRE)

Priority

© Read/Write (R/W)

This TTL compatible output signals the peripherals and
memory devices whether the CPU is in a Read (“High™) or a
Write (“Low”) state. The normal standby state of this signal is
Read (“High™). This output can drive one TTL load and 90pF
capacitance.

® Address Strobe (AS)

In the expanded multiplexed mode of operation, address
strobe is output on this pin. This signal is used to latch the 8
LSB’s of address which are multiplexed with data on Dy/A,
to D,/A,. An 8-bit latch is utilized in conjunction with Address
Strobe, as shown in figure 11. So Dy/A, to D,/A, can become
data bus during the E pulse. The timing for this signal is shown
in Figure 1 of Bus Timing. This signal is also used to disable the
address from the multiplexed bus allowing a deselect time, tpsp
before the data is enabled to the bus.

® PORTS
There are two I/O ports on the HD6803 MPU; one 8-bit
port and one S-bit port. Each port has an associated write
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only Data Direction Register which allows each 1/O line to be
programmed to act as an input or an output*. A “1” in the
corresponding Data Direction Register bit will cause that I/O
line to be an output. A “0” in the corresponding Data Direction
Register bit will cause that 1/O line to be an input. There are
two ports: Port 1, Port 2. Their addresses and the addresses of
their Data Direction registers are given in Table 2.

* The only exception is bit 1 of Port 2, which can either be data
input or Timer output.

Table 2 Port and Data Direction Register Addresses

HD6803

state when used as an input. In order to be read properly, the
voltage on the input lines must be greater than 2.0 V for a
logic **1” and less than 0.8 V for a logic “0”. As outputs, this
port has no internal pullup resistors but will drive TTL inputs
directly. For driving CMOS inputs, external pullup resistors are
required. After reset, the I/O lines are configured as inputs.
Three pins on Port 2 (pin 8,9 and 10 of the chip) are requested
to set following values (Table 3) during reset. The values of
above three pins during reset are latched into the three MSBs
(Bit 5, 6 and 7) of Port 2 which are read only.

Port 2 can be configured as I/O and provides access to the
Serial Communications Interface and the Timer. Bit 1 is the

irecti only pin restricted to data input or Timer output.
Ports Port Address F? :;;'2"';%‘:’:55 v P P P
1/0 Port 1 $0002 $0000 Table 3 The Values of three pins
1/0 Port 2 $0003 $0001 Pin Number Value
8 L
® 1/0Port 1 9 H
) This is an 8-bit port whose individual bits may be defined as 10 -
inputs or outputs by the corresponding bit in its data direction [NOTES] L; Logical “0"
register. The 8 output buffers have three-state capability, H; Logical “1*

allowing them to enter a high impedance state when the
peripheral data lines are used as inputs. In order to be read
properly, the voltage on the input lines must be greater than 2.0
V for alogic **1" and less than 0.8 V for a logic 0. As outputs,
these lines are TTL compatible and may also be used as a source
of up to 1 mA at 1.5 V to directly drive a Darlington base. After
reset, the 1/0 lines are configured as inputs.

® /O Port2

This port has five lines that may be defined as inputs or
outputs by its data direction register. The S output buffers have
three-state capability, allowing them to enter a high impedance

GND »——

AS »— l

Data/Address 7418373

D, Q,

= BUS
® Data/Address Lines (Do/Ao ~ D7/A7)

Since the data bus is multiplexed with the lower order
address bus in Data/Address, latches are required to latch those
address bits. The 74LS373 Transparent Octal D-type latch can
be used with the HD6803 to latch the least significant address
byte. Figure 11 shows how to connect the latch to the HD6803.
The output control to the 74LS373 may be connected to
ground.

® Address Lines (As ~ Ais)

Each line is TTL compatible and can drive one TTL load and
90 pF. After reset, these pins become output for upper order
address lines (As to Ais).

= INTERRUPT FLOWCHART
The Interrupt flowchart is depicted in Figure 16 and is com-
mon to every interrupt excluding reset.

Address: A, ~A, Function Table

Output Enable Output
Control G >} Q
L H H H
L H L L
L L X Q,
H X X 2

Data: D,~D,

Figure 11 Latch Connection
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HD6803

® MEMORY MAP

The MPU can provide up to 65k byte address space. A
memory map is shown in Figure 12. The first 32 locations are
reserved for the MPU’s internal register area, as shown in Table
4 with exceptions as indicated.

Table 4 Internal Register Area
Register Address
Port 1 Data Direction Register** 00
Port 2 Data Direction Register** 01
Port 1 Data Register 02
Port 2 Data Register 03
Not Used 04*
Not Used 05*
Not Used 06*
Not Used o7*
Timer Control and Status Register 08
Counter (High Byte) 09
Counter (Low Byte) 0A
Output Compare Register (High Byte) o8B
Output Compare Register (Low Byte) ocC
Input Capture Register (High Byte) oD
Input Capture Register (Low Byte) OE
Not Used OF*
Rate and Mode Control Register 10
Transmit/Receive Control and Status Register 1
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 16-1F
+ External Address
»» 1; Output, O; Input

Multiplexed/RAM

$0000 .
internal Registers

$001F
] External Memory Space

$0080

\

Internal RAM
$00FF

External Memory Space

External Interrupt Vectors

$FFFO
SFFFF ]

(NOTE]
Excludes the following addresses which may
be used externally: $04, $05, $06, $07, and
$OF.

Figure 12 HD6803 Memory Map

® PROGRAMMABLE TIMER

The HD6803 contains an on-chip 16-bit programmable timer
which may be used to measure an input waveform while inde-
pendently generating an output waveform. Pulse widths for
both input and output signals may vary from a few micro-
seconds to many seconds. The timer hardware consists of
« an 8-bit control and status register,

+ a 16-bit free running counter,

+ a 16-bit output compare register,

» a 16-bit input capture register

A block diagram of the timer registers is shown in Figure 13.
@ Free Running Counter ($0009:$000A)

The key element in the programmable timer is a 16-bit free
running counter which is driven to increasing values by E (En-
able). The counter value may be read by the CPU software at
any time. The counter is cleared to zero by reset and may be
considered a read-only register with one exception. Any CPU
write to the counter’s address ($09) will always result in preset
value of $FFF8 being loaded into the counter regardless of the
value involved in the write. This preset figure is intended for
testing operation of the part, but may be of value in some
applications.
® Output Compare Register ($000B:$000C)

The Output Compare Register is a 16-bit read/write register
which is used to control an output waveform. The contents of
this register are constantly compared with the current value of
the free running counter. When a match is found, a flag is set
(OCF) in the Timer Control and Status Register (TCSR) and the
current value of the Output Level bit (OLVL) in the TCSR is
clocked to the Output Level Register. Providing the Data
Direction Register for Port 2, Bit 1 contains a “1” (Output),
the output level register value will appear on the pin for Port 2
Bit 1. The values in the Output Compare Register and Output
Level bit may then be changed to control the output level on
the next compare value. The Output Compare Register is set to
$FFFF during reset. The Compare function is inhibited for
one cycle following a write to the high byte of the Output
Compare Register to insure a valid 16-bit value is in the register
before a compare is made.

@ [Input Capture Register ($000D:$000E)

The Input Capture Register is a 16-bit read-only register used
to store the current value of the free running counter when the
proper transition of an external input signal occurs. The input
transition change required to trigger the counter transfer is
controlled by the input Edge bit (IEDG) in the TCSR. The Data
Direction Register bit for Port 2 Bit 0, should* be clear (zero)
in order to gate in the external input signal to the edge detect
unit in the timer.

The input pulse width must be at least two E-<cycles to
ensure an input capture under all conditions.

* With Port 2 Bit 0 configured as an output and set to “1”, the
external input will still be seen by the edge detect unit.
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HD6803 Internal Bus

Timer b7§ " §

Status
Register
$08

°‘1’:.';°'FCFIOC‘ITOFF'IC'FWF-“’{'E@L

Output Compare Pulse

Port2 Port2

Figure 13 Block Diagram of Programmable Timer

Timer Controi and Status Register

7

2

1 0

6 5 4 3
I lCFl OCF I TOFI EICI] EOCII ETOII OEDGIOLVL $0008

© Timer Control and Status Register (TCSR) ($0008)

The Timer Control and Status Register consists of an 8-bit
register of which all 8 bits are readable but only the low order 5
bits may be written. The upper three bits contain read-only
timer status information and indicate the followings:

* a proper transition has taken place on the input pin with a
'subsequent transfer of the current counter value to the
input capture register.

*a match has been found between the value in the free
running counter and the output compare register, and
when $0000 is in the free running counter.

Each of the flags may be enabled onto the HD6803 internal
bus (IRQ;) with an individual Enable bit in the TCSR. If the
I-bit in the HD6803 Condition Code register has been cleared, a
prior vectored interrupt will occur corresponding to the flag
bit(s) set. A description for each bit follows:

Bit 0 OLVL Output Level — This value is clocked to the output
level register on a successful output compare. If
the DDR for Port 2 bit 1 is set. the value will
appear on the output pin.

Input Edge — This bit controls which transition of
an input will trigger a transfer of the counter to
the input capture register. The DDR for Port 2 Bit
0 must be clear for this function to operate. IEDG
= 0 Transfer takes place on a negative edge
("High"-to-"Low"™ transition).

IEDG = 1 Transfer takes place on a positive edge

Bit 1 1EDG

Bit 2 ETOIl

Bit 3 EOCI

Bit 4 EICI

Bit S TOF

Bit 6 OCF

Bit 7 ICF

@ HITACHI
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(““Low”-to-““High” transition).

Enable Timer Overflow Interrupt — When set, this
bit enables IRQ, to occur on the internal bus for a
TOF interrupt, when clear the interrupt is in-
hibited.

Enable Output Compare Interrupt — When set,
this bit enables IRQ, to appear on the internal bus
for an output compare interrupt; when clear the
interrupt is inhibited.

Enable input Capture Interrupt — When set, this
bit enables IRQ, to occur on the internal bus for
an input capture interrupt; when clear the inter-
rupt is inhibited. ‘

Timer Overflow Flag — This read-only bit is set
when the counter contains §FFFF. It is cleared by
a read of the TCSR (with TOF set) followed by an
CPU read of the Counter (309).

Output Compare Flag — This read-only bit is set
when a match is found between the output
compare register and the free running counter. It is
cleared by a read of the TCSR (with OCF set)
followed by an CPU write to the output compare
register (SOB or SOC).

Input Capture Flag — This read-only status bit is
set by a proper transition on the input; it is cleared
by a read of the TCSR (with ICF set) followed by
an CPU read of the Input Capture Register ($0D).
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® SERIAL COMMUNICATIONS INTERFACE

The HD6803 contains a full-duplex asynchronous . serial
communications interface (SCI) on chip. The controller
comprises a transmitter and a which ¢ ind d-
ently or each other but in the same data format and at the same
data rate. Both transmitter and receiver communicate with the
CPU via the data bus and with the outside world via pins 2, 3,
and 4 of Port 2. The hardware, software, and registers are ex-
plained in the following paragraphs.

© Wake-Up Feature

In a typical multi-processor application, the software
protocol will usually contain a destination address in the initial
byte(s) of the message. In order to permit non-selected MPU’s
to ignore the remainder of the message, a wake-up feature is
included whereby all further interrupt processing may be
optionally inhibited until the beginning of the next message.
When the next message appears, the hardware re-enables (or
*“wakes-up”) for the next message. The *“wake-up” is auto-
matically triggered by a string of ten consecutive 1's which
indicates an idle transmit line. The software protocol must
provide for the short idle period between any two consecutive

messages.

® Programmable Options

The following features of the HD6803 serial 1/O section are
programmable:

- format — standard mark/space (NRZ)

* Clock — external or internal

* baud rate — one of 4 per given CPU ¢2 clock frequency or

external clock x8 input

« wake-up feature — enabled or disabled

* Interrupt requests — enabled or masked individually for

transmitter and receiver data registers

* clock output — internal clock enabled or disabled to Port

2(Bit2)

* Port 2 (bits 3 and 4) — dedicated or not dedicated to serial

1/0 individually for transmitter and receiver.
® Serial Communications Hardware

The serial communications hardware is controlled by 4
registers as shown in Figure 14. The registers include:

« an 8-bit control and status register

* a 4-bit rate and mode control register (write only)

» an 8-bit read only receive data register and

* an 8-bit write only transmit data register.

In addition to the four registers, the serial 1/0 section utilizes
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of
Port 2 is utilized if the internal-clock-out or external-clock-in
options are selected.

Transmit/Receive Contro! and Status (TRCS) Register

The TRCS register consists of an 8-bit register of which all 8
bits may be read while only bits 0~4 may be written. The
register is initialized to $20 by reset. The bits in the TRCS
register are defined as follows:

Port 2

10

Bit 7 Rate and Mode Control Register Bif
I I CCi ICCOl s$s1 ISSO IIS‘D

Transmit/Receive Control and Sg_wt Register

[Fonr orrdrond mie [ e [mie [ ve [wo

Receive Data Register

$11

(Not Addressable)

Receive Shift Register

Bit Rate

Generator f¢«—E

l (Not Addressable)

| Transmit Shift Register l——l

Bit 0 WU

Bit 1 TE

Bit 2 TIE

Bit 3 RE

Bit 4 RIE

L l | [ ] e

Transmit Data Register

Figure 14 Serial 1/0 Registers

“Wake-up™ on Next Message — set by HD6803
software and cleared by hardware on receipt of
ten consecutive 1’s or reset of RE flag. It should
be noted that RE flag should be set in advance of
CPU set of WU flag.

Transmit Enable — set by HD6803 to produce
preamble of nine consecutive 1's and to enable
gating of transmitter output to Port 2, bit 4
regardless of the DDR value corresponding to this
bit; when clear, serial 1/O has no effect on Port 2
bit 4.

TE set should be after at least one bit time of data
transmit rate from the set-up of transmit data
rate and mode.

Transmit Interrupt Enable — when set, will permit
an IRQ, interrupt to occur when bit S (TDRE) is
set; when clear, the TDRE value is masked from
the bus.

Receiver Enable — when set, gates Port 2 bit 3 to
input of receiver regardless of DDR value for this
bit; when clear, serial 1/0 has no effect on Port 2
bit 3.

Receiver Interrupt Enable — when set, will permit
an IRQ; interrupt to occur when bit 7 (RDRF) or
bit 6 (ORFE) is set; when clear, the interrupt is
masked.

Transmit/Receive Control and Status Register

7 6 . 5 . 4

2

lRDRdORFEJTDREI RIE I RE I TlEl TE l WUJ ADDR : $0011
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Bit S TDRE Transmit Data Register Empty — set by hardware
when a transfer is made from the transmit data
register to the output shift register. The TDRE bit
is cleared by reading the status register, then

writing a new byte into the transmit data register,
TDRE is initialized to 1 by reset.

Bit 6 ORFE Over-Run-Framing Error — set by hardware when
an overrun or framing error occurs (receive only).

Rate and Mode Control Register

a

2 1 0

T

X lCCllCCOISSIlSSO]

ADDR : $0010

An overrun is defined as a new byte received with
last byte still in Data Register/Buffer. A framing
error has occured when the byte boundaries in bit
stream are not synchronized to bit counter. If
WU-flag is set, the ORFE bit will not be set. The
ORFE bit is cleard by reading the status register,
then reading the Receive Data Register, or by
reset.

Bit 7 RDRF Receiver Data Register Full-set by hardware when
a transfer from the input shift register to the
receiver data register is made. If WU-flag is set, the
RDREF bit will not be set. The RDREF bit is cleared
by reading the status register, then reading the
Receive Data Register, or by reset.

Rate and Mode Control Register (RMCR)

The Rate and Mode Control register controls the following

serial 1/O variables:

* format

* clocking source,

« Port 2 bit 2 configuration

The register consists of 4 bits all of which are write-only and
cleared by reset. The 4 bits in the register may be considered as
a pair of 2-bit fields. The two low order bits control the bit rate
for internal clocking and the remaining twq bits control the
format and clock select logic. The register definition is as
follows:
Bit 0 SSO
Bit 1 $S1

Speed Select — These bits select the Baud rate for
the internal clock. The four rates which may be
selected are a function of the CPU ¢2 clock
frequency. Table 5 lists the available Baud rates.
Bit 2 CCO | Clock Control and Format Select — this 2-bit field
Bit 3 CC1J controls the format and clock select logic. Table 6
defines the bit field.

* Baud rate
Table 5 SCI Bit Times and Rates
XTAL 24576 MHz 4.0 MHz 49152 MHz*
SS1 : SS0 E 614.4 kHz 1.0 MHz 1.2288 MHz
0 0 E+16 26 us/38,400 Baud 16 us/62,500 Baud 13.0 us/76,800 Baud
0 1 E+128 208 us/4,800 Baud 128 us/7812.5 Baud 104.2 us/9,600 Baud
1 0 E +1024 1.67 ms/600 Baud 1.024 ms/976.6 Baud 833.3 us/1,200 Baud
1 1 E +~ 4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud
* HD6803-1 Only
Table 6 SCI Format and Clock Source Control
CC1: CCo Format Clock Source Port 2 Bit 2 Port 2 Bit3 Port 2Bit4
00 - - - - -
01 NRZ Internal Not Used .o e
10 NRZ Internal Output® .. ..
11 NRZ External Input b b

* Clock output is available regardless of values for bits RE and TE.

** Bit 3 is used for serial input if RE = “1” in TRCS; bit 4 is used for serial output if TE = “1” in TRCS.

Internally Generated Clock

If the user wishes for the serial 1/O to furmish a clock, the
following requirements are applicable:

» the values of RE and TE are immaterial.

*CC1.CCO must be set to 10

« the maximum clock rate will be E + 16.

« the clock will be at 1x the bit rate and will have a rising

edge at mid-bit.

Externally Generated Clock
If the user wishes to provide an external clock for the serial
1/0, the following requirements are applicable:
+ the CC1, CCO, field in the Rate and Mode Control Register
must be set to 11,
« the external clock must be set to 8 times (x8) the desired
baud rate and
* the maximum external clock frequency is 1.0 MHz.
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® Serial Operations
The serial I/O hardware should be initialized by the HD6803
software prior to operation. This sequence will normally consist
of;
« writing the desired operation control bits to the Rate and
Mode Control Register and
« writing the desired operational control bits in the Transmit/
Receive Control and Status Register.
The Transmitter Enable (TE) and Receiver Enable (RE) bits
may be left set for dedicated operations.

Transmit Operations .

The transmit operation is enabled by the TE bit in the
Transmit/Receive Control and Status Register. This bit when
set, gates the output of the serial transmit shift register to Port 2
Bit 4 and takes unconditional control over the Data Direction
Register value for Port 2, Bit 4.

Following a RES the user should configure both the Rate
and Mode Control Register and the Transmit/Receive Control
and Status Register for desired operation. Setting the TE bit
during this procedure initiates the serial output by first
transmitting a nine-bit preamble of 1’s. Following the preamble,
internal synchronization is established and the transmitter
section is ready for operation.

At this point one of two situation exist:

1) if the Transmit Data Register is empty (TDRE = 1), a
continuous string of ones will be sent indicating an idle
line, or,

2) if data has been loaded into the Transmit Data Register
(TDRE =-0), the word is transferred to the output shift
register and transmission of the data word will begin.

During the data transmit, the O start bit is first transmitted.
Then the 8 data bits (beginning with bit 0) followed by the stop
bit, are transmitted. When the Transmitter Data Register has
been emptied, the hardware sets the TDRE flag bit.

If the HD6803 fails to respond to the flag within the proper
time, (TDRE is still set when the next normal transfer from the
parallel data register to the serial output register should occur)
then a 1 will be sent (instead of a 0) at “Start” bit time,
followed by more 1's until more data is supplied to the data
register. No 0’s will be sent while TDRE remains a 1.

Receive Operation

The .receive operation is enabled by the RE bit which gates in
the serial input through Port 2.Bit 3. The receiver section
operation is conditioned by the contents of the Transmit/
Receive Control and Status Register and the Rate and Mode
Control Register.

The receiver bit interval is divided into 8 sub-intervals for
internal synchronization. In the NRZ Mode. the received bit
stream is synchronized by the first O (space) encountered.

The approximate center of each bit time is strobed during
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing
error is assumed, and bit ORFE is set. If the tenth bit as a 1, the
data is transferred to the Receive Data Register, and interrupt
flag RDREF is set. If RDREF is still set at the next tenth bit time,
ORFE will be set, indicating an overrun has occurred. When the
HD6803 responds to either flag (RDRF or ORFE) by reading
the status register followed by reading the Data Register, RDRF
(or ORFE) will be cleared.

® RAM CONTROL REGISTER

This register, which is addressed at SO014. gives status
information about the standby RAM. A 0 in the RAM enable
bit (RAME) will disable the standby RAM, thereby protecting

it at power down if Vce Standby is held greater than Vspp
volts, as explained previously in the signal description for Ve
Standby.

RAM Control Register

s001a | em fRame| x | x | x | x| x | x
Bit0 Not used.
Bit 1 Not used.
Bit 2 Not used.
Bit 3 Not used.
Bit 4 Not used.
Bit 5 Not used.

Bit 6 RAME The RAM Enable control bit allows the user the
ability to disable the standby RAM. This bit is set
to a logic “1"" by RES which enables the standby
RAM and can be written to one or zero under pro-
gram control. When the RAM is disabled. data is
read from external memory.

Bit 7 STBY The Standby Power bit is cleared when the stand-

PWR by voltage is removed. This bit is a read/write sta-
tus flag that the user can read which indicates that
the standby RAM voltage has been applied. and
the data in the standby RAM is valid.

@ GENERAL DESCRIPTION OF INSTRUCTION SET
The HD6803 is upward object code compatible with the
HD68GO as it implements the full HMCS6800 instruction set.
The execution times of key instructions have been reduced to
increase throughout. In addition, new instructions have been
added; these include 16-bit operations and a hardware multiply.
Included in the instruction set section are the following:
* CPU Programming Model—Figure 15.
* Addressing modes
* Accumulator and memory instructions — Table 7
* New instructions
« Index register and stack manipulations instructions — Table
8
* Jump and branch instructions — Table 9
« Condition codeé register manipulation instructions — Table 10
* Instructions Execution times in machine cycles — Table
11
« Summary of cycle by cycle operation — Table 12
+ Summary of undefined instructions — Table 13

® CPU Programming Model

The programming model for the HD6803 is shown in Figure
15. The double (D) accumulator is physically the same as the
Accumulator A concatenated with the Accumulator B so that
any operation using accumulator D will destroy information in
A and B.
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8-Bit Accumulators A and B

Or 16-8it Double Accumulator O

Index Register (X)

Stack Pointer (SP)

Program Counter (PC)

Condition Code Register (CCR)

Carry/Borrow from MSB
Overflow

Zero

Negative

interrupt

Half Carry (From Bit 3)

Figure 15 CPU Programming Model
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HD6803

® CPU Addressing Modes

The HD6803 8-bit micro processing unit has seven address
modes that can be used by a programmer, with the addressing
mode a function of both the type of instruction and the coding
within the instruction. A summary of the addressing modes for
a particular instruction can be found in Table 11 along with the
associated instruction execution time that is given in machine
cycles. With a clock frequency of 4 MHz, these times would be
microseconds.
Accumulator (ACCX) Addressing

In accumulator only addressing, either accumulator A or
accumulator B is specified. These are one-byte instructions.
Immediate Addressing

In immediate addressing, the operand is contained in the
second byte of the instruction except LDS and LDX which have
the operand in the second and third bytes of the instruction.
The CPU addresses this location when it fetches the immediate
instruction for execution. These are two or three-byte instruc-
tions.
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Table 7 Accumulator & Memory Instructions

Addressing Modes

Condition Code

Register
Operations Mnemonic | IMMED. | DIRECT | INDEX |EXTEND | IMPLIED A,.,,h,,?;’gfg';’,,a,m 5[al3]2]1]0
oP |~ |#[oP|~ |#]OP|~ % |OP|~|=|OP|~|= HitINJZIViC
Add ADDA [8B |22 ]9B |3 |2|AB|4]2|BB |43 A+M—A tleft]e]t]e
ADDB cB|2[2]|oB|3|2]eB|a|2|FB |43 B+M—B BB BOE
Add Double ADDD |c3|4|3|D3|5|2|E3|6|2]|F3 |63 A:B+M:M+1--A:B [eo|eft|t[1]?
Add Accumulators | ABA 1B[2[1]|A+B—A et [ ]
Add With Carry ADCA  |89-|2|2(99 |3 |2 |A9|4|2|B9 |43 A+M+C—A tleft]t]t]t
ADCB co |2|2|p9|3|2|e9]a[2]|F9 |43 B+M+C—8B tleft]t]t]s
AND ANDA |84 |2|2 |94 3|2 |A4|4a |2 |Ba |43 AM~—A eleft|1[R]e
ANDB ca|2|2|oa|3|2|ea|a|2]|Fala|3 B-M—B efeft]t[r]e
Bit Test BIT A 85 {22 |95 [3 |2 ]|As[4a |2 [B5 |4 |3 A-M elef1ft[R]e
BIT B cs5 (2|2 |os5 |3 |2|es|a |2 |F5|a |3 B-M eleft{t[R]e
Clear CLR 6F |62 |7F |6 |3 00— M e [e[R]S[R]R
CLRA aF [2[1]o0~ A e [e [R[S[R[R
CLRB sF |2 [1[o0~8 o [e[rR]s[R]R
Compare CMPA 81 [2[2]o1 [3]|2]a1]a]2[B1[4]3 A-M BOBBERE
cMPB ct[2(2|p1|3]|2]er]a|2|F1]a|3 B-M BOBEERE
Compare ors cBA nl2f(1la-8 oleft|t]t]s
Complement, 1's COM 63|62 |73 |63 M-~M eloft]t[R]S
COMA a3 |21 [A—-A ele [T [T[R][S
Ccoms 63 |2 (1 |B ~B efe|t]|t|R]S
Complement, 2's NEG 60 |62 70 |6 |3 00-M—-M efe i ]! |O]@
(Negate) NEGA 40 |2 |1 ]o0-A—-A ele|l |1 OI@
NEGB 50 [2 |1 ]|]o0-B—~8B oleft]!|®|®
Decimal Adjus. A | 0A7 19 2| [Gommsbrenseorace [ Jo 11 [ Jo
Decrement DEC 6A (6|2 |7A |6 |3 M-1-M ejelt|t|@]e
DECA aAl2{1]a-1-A eleft]t]@]e
DECB 5Al2l1|8-1-8 ejell]t|@]e
Exclusive OR EORA |88 [2]2]98 [3 |2 |a8]|4a |2 B8 |4 |3 ADM-A efelt]t[R]e
EORB cg |2|2[ps |3 |2 |es|a ]2 [F8 [4 |3 BG M- B elet]1[R]e
Increment INC 6C|6 (2 {7C |6 |3 M+1 M eje (il |B®]®
INCA acf2f1]a+1 -A BOBBRE0
INCB scl2[1[g+1-8 ele|t[T ][O
Load LDAA |86 |2[2 |96 |3 |2 [A6|4 |2 |B6 [4 {3 M- A efe]i]t[R]e
Accumulator LDAB c6 |22 |o6|3 |2 {e6|a |2 |F6]a |3 M- B efe]t]t|r]e
Load Double LDD cc|3|3|oc|a |2 |ec|s |2 |Fc|s |3 M+1-BM-A olo]tft|r]e
Multiply Unsigned MUL 3D {10({1]AxB -A:B ol|oele|e]e|®
OR, Inclusive ORAA [8A[2]2]9a]3 [2[AA[4a]2]BAl4a |3 A+M=—A ele[i[|i[R]e
ORAB CA|2|2|DA|3 [2|EA[4 |2 [FA[4[3 B+M— B e[| ]T[R]e
Push Data PSHA 36 [3[1|A~-Msp,SP-1 -SP eo|ofefofo]e
PSHB 3713|1|8B~Msp,SP-1 -SP o lofefo|eo]e
Pull Data PULA 32|41 |SP+1—~SP,Msp - A o |lolejlofe]e
PULB 33|4[1|SP+1—-SP, Msp—~B e|lefjololele
Rotate Left ROL 69|6|2]79 6|3 ™ efeft |t i®]!
ROLA w21 ]al o ¥ el
ROLB so(2[1]e ¢  STTtel
Rotate Right ROR 666|276 |63 M‘ elef!itl®]!
RORB 56218 BOBEBGE
The Condition Code Register notes are histed after Table 10. (Continued)
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Table 7 Accumulator & Memory Instructions (Continued)

" Condition Code
Addressing Modes . ) Register
Operations Mnemonic oolean,
IMMED. | DIRECT | INDEX |EXTEND |IMPLIED Ari c Operation |54 (3|2[11]0
op |~ |« |op|~|={OP|~]|=|OP|~]|=]OP|~|= Hl1|N|Z]|V]|C
Shift Left ASL 68 [6(2]78]6 |3 o[t |t 1
Arithmetic by [©
ASLA ‘92'AQ—ED:IDTHJ“°'°3‘@‘
ASLB 58 [2 1|8 v? 0 DBAERGCE
Double Shift
Left, Arithmertic ASLD 05 |31 g—i” :EAHO 33725801.—0 ofoftt @ t
Shift Right ASR 67 |6[2]77 |63 ™ . elet[t @O
Arithmetic ASRA a7 [2 1 A) [@:EDE..Q K g( 1
ASRB 57 2]1® » oot |®2
Shift Right LSR 64 |6]2 (74 |63 M . ele(R[t)\O|¢
Logical LSRA as |2 1 A}O*EED:IIEQ*@ ele|R||®)?
b?
LSRB 54 (2 [1]® ele[R|1 @)
Double Shift 0.
Right Logical LSRD 0413 1|0~ ACHACCE_I{] e e R t|®)1
Store STAA 97 |3 |2[a7[a]2|B7 (a3 A-M ofet{t[R]e
Accumulator sTAB p7|3]2]er|a2]|F7 |a]3 B-M efeft{t[Re
Store Double A-M
Accumulator STD ob|a |2 |ep|5 |2 [FD|5 |3 BoaM+1 eleft|tIR]e
Subtract SUBA 80 2|90 {3 |2|A0]|4 |2 |BO |4 |3 A-M-A ofeft|t|t]t
SUBB co[2[2|oo[3[2]eo[a[2]Fo]a]3 B-M—B oottt
Double Subtract SUBD 83 |4 (3 (93 [5(2(A3]|6]2|B3 6 (3 A:B-M:M+1-+A:B |eo[s|t ]2t
Subtract
A ators SBA 10 (2(1|a-B->A oottt
Subtract SBCA 82 [2]2 {92 [3[|2[|Aa2]|a (2 (B2 |4 |3 A-M-C—A oleft]t]t]e
With Carry SBCB _ |C2|2|2 |D2|3 |2 |€2|a |2 [F2 |4 [3 B-M-C—B sTe it e
Trangler TAB 16 |2 |1|A—+8B efet|t [Rie
Accumulators TBA 7 l21lB=nA elelt|t|R|e
Test Zero or TST 6D)6 ]2 |7D 6 |3 M - 00 ele|t|t |RIR
Minus TSTA 4D |2 |1 |A -00 ele|t[t[R|R
TSTB sD |2 [1]B-00 efet]t|R]R

The Condition Code Redister notes are listed after Table 10.

Direct Addressing

In direct addressing. the address of the operand is contained
in the second byte of the instruction. Direct addressing allows
the user to directly address the lowest 256 bytes in the machine
i.e., locations zero through 255. Enhanced execution times are
achieved by storing data in these locations. In most configura-
tions, it should be a random access memory. These are two-byte
instructions.
Extended Addressing

In extended addressing. the address contained in the second
byte of the instruction is used as the higher 8-bits of the address
of the operand. The third byte of the instruction is used as the
lower 8-bits of the address for the operand. This is an absolute
address in memory. These are three-byte instructions.
Indexed Addressing

In indexed addressing, the address contained in the second
byte of the instruction is added to the index register’s lowest

8-bits in the CPU. The carry is then added to the higher
order 8-bits of the index register. This result is then used to
address memory. The modified address is held in a temporary
address register so there is no change to the index register. These
are two-byte instructions.
Implied Addressing

In the implied addressing mode the instruction gives the
address (i.e., stack pointer, index register, etc.). These are
one-byte instructions.
Relative Addressing

In relative addressing, the address contained in the second
byte of the instruction is added to the program counter’s lowest
8-bits plus two. The carry or borrow is then added to the high
8-bits. This allows the user to address data within a range of
-126 to +129 bytes of the present instruction. These are two-
byte instructions.
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@ New Instructions

In addition to the existing 6800 Instruction Set, the following new instructions are

incorporated in the HD6803 Microcomputer.

ABX

the possible carry out of the low order byte of the X-Register.

ADDD

the results in ACCD.

ASLD

LDD

accumulator A:B. The condition codes are set according to the data.

LSRD

is loaded from the least significant bit to ACCD.

MUL

16-bit unsigned number in A:B, ACCA contains MSB of result.

PSHX

in the stack pointer. The stack pointer is decremented by 2.

PULX

Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account
Adds the double precision ACCD* to the double precision value M:M+1 and places
Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is
loaded from the most significant bit of ACCD.

Loads the contents of double precision memory location into the double
Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit
Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a

The contents of the index register is pushed onto the stack at the address contained

The index register is pulled from the stack beginning at the current address

contained in the stack pointer +1. The stack pointer is incremented by 2 in total.

STD

remain unchanged.

SUBD

and places the result in ACCD.

BRN

CPX
struction.

*ACCD'is the 16 bit register (A:B) formed by concatenating the A and B I
lator is the most significant byte.

The A-

Stores the contents of double accumulator A:B in memory. The contents of ACCD
Subtracts the contents of M:M + 1 from the contents of double accumulator AB
Never branches. If effect, this instruction can be considered a two byte NOP (No

operation) requiring three cycles for execution.
Internal processing modified to permit its use with any conditional branch in-

Table 8 Index Register and Stack Manipulation Instructions

Addressing Modes

Condition Code

Boolean/ Register
Pointer Operations | Mnemonic | \MmeD. | DIRECT | INDEX |EXTND |IMPLIED | Arithmeuc Operation |5 [4]3[2]1]o0
OP |~ |=|OP |~ |# |OP|~|=|OP|~|=|OP|~ |= HilI[N[Z]V]C
Compare Index Reg CPX 8C|4|3|9C 5|2 |AC|6|2|BC|6|3 X-M:M+1 ele |t ittt
Decrement Index Reg DEX 09 |31 |X=-1=-X e|ejo|l|o]e
Decrement Stack Pntr DES 34 3|1 |SP—-1—-SP e|leie|e|o|e
Increment Index Reg INX 08 [3 (1 (X+1—X e(lele|l|efe
Increment Stack Pntr INS 31 3|1 |SP+1—SP efofeo|o|e|e
Load Index Reg LDX CE|3|3|DE|4|2 |EE|5|2|FE|5|3 M= Xy, (M+1) = X oo @ 1R e
Load Stack Pntr LDS 8E |3 |3|9E |4 |2 |AE|5|2|BE|5]|3 M~ SPy, (M+1)—SP, [e|e[D[t[R]e
Store Index Reg STX DF (4|2 [EF [5|2 |[FF |53 Xu—=MX_ ~M+1) |[e|e|D|t|R]e
Store Stack Pntr STS oF (4|2 |AF[5]|2|BF [5]3 SPy =M, SP_~ (M+1) [e[e D[t [R]e
Index Reg — Stack Pntr| TXS 35 |3 |1 {X-1—SP e o(eloioe
Stack Pntr — Index Reg! TSX 30 {3 {1 |SP+1—-X oie|o oo e
Add ABX 3A (3|1 [B+X—X o|lofo|oie|e
Push Data PSHX 3C |4 |1 |X_ =M, SP-1—~SP |e e/e e e e
Xpy— Mgp, SP -1 SP J
Pull Data PULX 38 (5 (1 [SP+1=SP, M~ Xy (e e eje e
SP 41— SP, My, — X
The Condition Code Register notes are listed after Table 10.
@ HITACHI
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Table 9 Jump and Branch Instructions

Addressing Modes Conditiqn Code
Register
Operations Mnemonic e aTIVE [ DIRECT | INDEX |EXTND |IMPLIED Branch Test s[a[3]2]1]o0
OP[{~|#|OP|~|#|OP|~|#|OP|~#|OP|~|# H|I|N|Z|V]|C
Branch Always BRA 20( 32 None e(ojlo|e|e]|e
Branch Never BRN 211312 None ejfe|oj|ojo|e
Branch If Carry Clear BCC 24|32 c=0 o|lo|o|e|o|e
Branch If Carry Set BCS 25{3({2 Cc=1 elefelejo]e
Branch If = Zero BEQ 271312 Z2=1 e|lo|e oo
Branch If > Zero BGE 2C| 3|2 N®V=0 oje(oleo]e
Branch If > Zero BGT 2E( 3|2 Z+(IN®V)=0 o|le|o o oo
Branch If Higher BHI 22| 3|2 C+2Z=0 e|o e (eoje|e
Branch If < Zero BLE 2F| 32 Z+(IN@ V) =1 o|lejofeofofe
Sranch If Lower Or BLS 23|32 c+z=1 ololelelele
Branch If < Zero BLT 20|32 N®V=1 ojo|o|e|efe
Branch If Minus BMI 2B(3(2 N=1 efejeo o oo
g;arsch If Not Equal BNE 26|32 Z=0 ele|oje|o|e
g;'::'ch I1f Overflow BVC 21|32 V=0 eleoeo|o|oie
Branch If Overflow Set BVS 29 (3|2 v=1 oo (o je oo
Branch If Plus BPL 2A (3|2 N=0 ®le o (o o 0
Branch To Subroutine BSR 8D|6 |2 e|e e o0 o
Jump JMP 6E |3 |2 |7€ |3 |3 e|e (o |o(ofe
Jump To Subroutine JSR oD [5 |2 [aD|6 |2 |BD |6 [3 elefefofe]e
No Operation NOP o1 (2|1 Sz;’:""“ Prog.Cntr.  1g lg e o |e (e
Return From Interrupt| RTI 3B [10(1 8 —
2:;‘:;::’::"' RTS 39 (5 (1 efe e o oo
Software Interrupt SWi 3F 121 o |S|e e |e
Wait for Interrupt WAI 3E {9 |1 e [Q|e |o |eo|e
Table10 Condition Code Register Manipulation Instructions
Addressi di Condition Code Register
Operations Mnemonic IMPLIED Boolean Operation 5 4 3 2 1 ]
OP | ~ | # H I IN]J]Z2Z ]|V |C
Clear Carry CcLC ocC 2 1 0-C . . ) e | e |[R
Clear Interrupt Mask CL! OE | 2 |1 0-1 e | R{e[e o (o
Clear Overflow CLV 0A | 2 |1 0—-V | e | o | e R |o
Set Carry SEC oD [ 2 |1 1—-C (BEEENENENE]
Set Interrupt Mask SE| OF | 2 |1 11 e | Sj|e e o |
Set Overflow SEV ) 0B |2 |1 1V o |e e |e ]S |e
Accumulator A - CCR TAP 06 2 1 A- CCR —— 1 —— e
CCR — Accumulator A TPA 07 [2 |1 CCR - A efJeJe[e]e e

Candition Code Register Notes: (Bit set it test is true and cleared otherwise)

(Bit V) Test: Result = 10000000?

(Bit C) Test: Result ~ 000000007

(Bit C) Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set)

(Bit V) Test: Operand = 10000000 prior to execution?

(Bit V) Test: Operand = 01111111 prior to execution?

(Bit V) Test: Set equal to result of N (® C after shift has occurred.

(Bit N)  Test: Result less than zero? (Bit 15 = 1)

(AN Load Condition Code Register from Stack. (See Special Operations) .

(Bit |)  Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state.
A lat

t g to the o
(Bit C) Set equal to result of Bit 7 (ACCB)
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Instruction Execution Times in Machine Cycle

Table 11

Di Ex- In- Im- Re-
ireCt tended dexed plied lative

Imme-
diate

ACCX

Re-
lative

Im-

. Ex- In-
Direct  onded dexed plied

imme-
diate

ACCX

INX

ABA
ABX
ADC
ADD

JMP
JSR

LDA
LDOD
LDs
LDX
LSR

ADDD
AND
ASL

ASLD
ASR
BCC
BCS
BEQ
BGE

LSRD
MUL
NEG
NOP

10

L 2

ORA
PSH

BGT
BHI
BIT

PSHX °

PUL

3

PULX
ROL

3

BLE
BLS
BLT
BMI

ROR
RTI

10

RTS
SBA

BNE
BPL

SBC

BRA
BRN
BSR

SEC
SEI

SEV

BvC
8vsS
CBA
cLC
CcLi

STA

STD
STS

STX

sus

CLR

SuBD
swi

CcLv
CMmP

12

TAB
TAP
TBA
TPA
TST

com
CPX

DAA
DEC
DES

TSX
TXS
WAI

DEX
EOR
INC

INS
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o Summary of Cycle by Cycle Operation

Table 12 provides a detailed description of the information
present on the Address Bus, Data Bus, and the Read/Write line

(R/W) during each cycle for each instruction.

This information is useful in comparing actual with expected

HD6803

control program is executed. The information is categorized in

groups according to addressing mode and number of cycles per
instruction. (In general. instructions with the same addressing

mode and number of cycles execute in the same manner: ex-

results during debug of both software and hardware as the

Table 12 Cycle by Cycle Operation

ceptions are indicated in the table).

Address Mode &

R/W

Cycle
Instructions Cycles # Address Bus Line Data Bus
IMMEDIATE
ADC EOR 2 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Operand Data
AND ORA
BIT SBC
CMP SUB
LDS 3 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Operand Data (High Order Byte)
LDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)
CcPX 4 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Operand Data (High Order Byte)
ADDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector
DIRECT
ADC EOR 3 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Address of Operand
AND ORA 3 Address of Operand 1 Operand Data
BIT SBC
CMP sSuB
STA 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address
3 Destination Address 0 Data from Accumulator
LDS 4 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Address of Operand
LDD 3 Address of Operand 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)
STS 4 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Address of Operand
STD 3 Address of Operand 0 Register Data (High Order Byte)
4 Address of Operand + 1 0 Register Data (Low Crder Byte)
CPX 5 1 Op Code Address 1 Op Code
sSuBD 2 Op Code Address + 1 1 Address of Operand
ADDD 3 Operand Address 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)
5 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Subroutine Address 1 First Subroutine Op Code
4 Stack Pointer 0 Return Address (Low Order Byte)
5 Stack Pointer + 1 0 Return Address (High Order Byte)
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Table 12 Cycle by Cycle Operation (Continued)

Address Bus FFFF
Index Register + Offset
Stack Pointer

Low Byte of Restart Vector
First Subroutine Op Code
Return Address (Low Order Byte)

Mreacuomn ™| cvles | e | adares s Line
INDEXED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 Index Register Plus Offset 1 Operand Data
CMP SuB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
‘4 Index Register Plus Offset 0 Operand Data
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Offset
LDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
LDD 4 Index Register Plus Offset 1 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Offset
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 0 Operand Data (Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Offset
CLR ROL 3 Address Bus FFFF 1 Low Byte of Restart Vector
COM ROR 4 Index Register Plus Offset 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Index Register Plus Offset 0 New Operand Data
CPX 6 1 Op Code Address 1 Op Code
susD 2 Op Code Address + 1 1 Offset
ADDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 Operand Data (High Order Byte)
5 Index Register + Offset + 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 1
4 1
5 0
6 0

Stack Pointer - 1

Return Address (High Order Byte)

* In the TST instruction, R/W line of the sixth cycle is ‘1" level, and AB = FFFF, DB = Low Byte of Reset Vector.
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Table 12 Cycle by Cycle Operation (Continued)

Address Mode &

R/W

Op Code Address + 1

Op Code Address + 2
Subroutine Starting Address
Stack Pointer

Address of Subroutine (High Order Byte)
Address of Subroutine (Low Order Byte)
Op Code of Next Instruction

Return Address (Low Order Byte)

Instructions Cycles Cy;le Address Bus Line Data Bus
EXTENDED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Jump Address (High Order Byte)
3 Op Code Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
AND ORA 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
BIT SBC 4 Address of Operand 1 Operand Data
CMP suB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address (High Order Byte)
3 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 Operand Destination Address 0 Data from Accumulator
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
LDD 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 1 Operand Data (High Order Byte)
5 Address of Operand + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
STD 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 0 Operand Data (High Order Byte)
5 Address of Operand + 1 0 Operand Data (Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
CLR ROL 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
COM ROR 4 Address of Operand 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Address of Operand 0 New Operand Data
CcPX 6 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Operand Address (High Order Byte)
ADDD 3 Op Code Address + 2 1 Operand Address (Low Order Byte)
4 Operand Address 1 Operand Data (High Order Byte)
5 Operand Address + 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Op Code
2 1
3 1
4 1
5 0
6 0

Stack Pointer - 1

Return Address (High Order Byte)

* In the TST instruction, R/W line of the sixth cycle is **1** level, and AB = FFFF, DB = Low Byte of Reset Vector.
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Table 12 Cycle by Cycle Operation (Continued)

Mg ot & | cytr | 0150 | s s o
IMPLIED
ABA DAA SEC 2 1 Op Code Address 1 Op Code
ASL DEC SEI 2 Op Code Address + 1 1 Op Code of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
ABX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Op Code Address 1 Op Code
LSRD 2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Op Code Address 1 Op Code
INS 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Previous Reg Contents 1 Irrelevant Data
INX 3 1 Op Code Address 1 Op Code
DEX 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 3 1 Op Code Address 1 Op Code
PSHB 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Accumulator Data
TSX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 1 Irrelevant Data
TXS 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PULA 4 1 Op Code Address 1 Op Code
PULB 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Operand Data from Stack
PSHX 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Index Register (Low Order Byte)
4 Stack Pointer - 1 0 Index Register (High Order Byte)
PULX 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Index Register (High Order Byte)
5 Stack Pointer +2 1 Index Register (Low Order Byte)
RTS 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Address of Next Instruction
(High Order Byte)
5 Stack Pointer + 2 1 Address of Next Instruction
(Low Order Byte)
WAI** 9 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer — 1 0 Return Address (High Order Byte)
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Table 12 Cycle by Cycle Operation (Continued)

A?:;;s:cltvilggse & Cycles C\:Ie Address Bus t{rle Data Bus
WAI** 5 Stack Pointer — 2 0 Index Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
MUL 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 Address Bus FFFF 1 Low Byte of Restart Vector
RTI 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Contents of Cond. Code Reg.
from Stack
5 Stack Pointer + 2 1 Contents of Accumulator B
from Stack
6 Stack Pointer + 3 1 Contents of Accumulator A
from Stack
7 Stack Pointer + 4 1 Index Register from Stack
(High Order Byte)
8 Stack Pointer + 5 1 Index Register from Stack
(Low Order Byte)
9 Stack Pointer + 6 1 Next Instruction Address from
Stack (High Order Byte)
10 Stack Pointer + 7 1 Next Instruction Address from
Stack (Low Order Byte)
SWI 12 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer — 1 0 Return Address (High Order Byte)
5 Stack Pointer — 2 0 Index Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
10 Stack Pointer — 7 1 Irrelevant Data
1" Vector Address FFFA (Hex) 1 Address of Subroutine
(High Order Byte)
12 Vector Address FFFB (Hex) 1 Address of Subroutine

(Low Order Byte)

(Continued)

** While the MPU is in the “Wait" state, its bus state will appear as a series of MPU reads of an address which is seven locations less than the
original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAI

instruction.
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Table 12 Cycle by Cycle Operation (Continued)

RELATIVE |
Address Mode & Cycle RW
Instructions Cycles y# Address Bus Line Data Bus

BCC BHT BNE 3 1 Op Code Address 1 Op Code

BCS BLE BPL 2 Op Code Address + 1 1 Branch Offset

BEQ BLS BRA 3 Address Bus FFFF 1 Low Byte of Restart Vector

BGE BLT BVC

BGT BMT BVS

BRN

BSR 6 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Branch Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Subroutine Starting Address 1 Op Cnde of Next Instruction
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer — 1 0 Return Address (High Order Byte)

e S y of Undefined instruction Operations When the op codes (4E, SE) are used to execute.the MPU

The HD6803 has 36 underfined instructions. When these are continues to increase the program counter and it will not stop
carried out, the contents of Register and Memory in MPU until the Reset signal enters. These op codes are used to test the

change at random.

LSI.

Table 13 Op codes Map

HD6803 MICROPROCESSOR INSTRUCTIONS
opP acc| acclino | exr ACCA or SP ACCB or X

CODE Al M OIR ] IND [ExT [ MM [ DIR [ IND [ EXT

I 0000 [ 0001 [0010 [ 0011 [0100[0101 [0110] 0111] 1000{1001{1010[1011{ 1100|1101 [1110] 1111

Lo 0 1 2 3 4 s [e| 78] AalB[cl[o]e]F
0000 [0 SBA | BRA | Tsx NEG suB 0
0001 1 NOP | CBA | BRN | INS CcMP 1
0010 2 BHI |PULA (+1) s8C 2
0011 3 BLS [PULB (+1) Com +  SUBD (+2) [ - ADDD (+2) 3
0100 [ 4 LSRD (+1) BCC | DES LSR AND 4
0101 5 | AsLD (+1) BCS | TXS BIT 5
0110 | 6 TAP__| TAB | BNE | PSHA ROR LDA 6
0111 7 TPA | TBA [BEQ | PsHB ASR sta [ 1 STA 7
1000 |8 INX (+1) BVC [PULX (+2) ASL EOR 8
1001 9 DEX (+1) | DAA | BVS | RTS (+2) ROL ADC 9
1010 [ A cLv BPL | ABX DEC ORA A
1an 8 SEV__ | ABA | BMI | RTI (+7) ADD 8
1100 [ C cLe BGE |PSHX (+1) INC .. CPX(+2) < LDD (+1) c
1101 ) SEC BLT | MUL (+7) TST BSR| st [t sTDGn | D
1m0 | E cu BGT | WAI (+6) e T T © 1 LDX(+1) €
1111 F SE! BLE | SWI (+9) CLR s+ STS(+1)  [e+1)]  sTX(+1) F

BYTE/CYCLE 172 12 | 213 13 [ 12fv2]ae] e 22|23 2a[3m]22]23 2] 34

[NOTES] 1) Undefined Op codes are marked with —— .

2) (

) indicate that the number in parenthesis must be added to the cycle count for that instruction.

3) The instructions shown below are all 3 bytes and are marked with “**",
:gmediné u)jdressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes
F, CD, CF).

4) The Op codes (4E, SE) are 1 byte/ cycles instructions, and are marked with *****'
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RESET

1+ 1TMP
1=

EXECUTE

Stack Machine State
PC, X, A, B, CC

SCI*+IRQ,
o7

Y

Condition Code Register
GLRL N [ZIVIE]

ITMP

Figure 16 Interrupt Flowchart

| = ITMP
11

Vector = PC
NMI | FFFC FFFD
SWI_| FFFA FFFB
iRQ, | FFF8 FFFO
ICF_| FFF6 FFF?
OCF | FFF4 FFF5
TOF | FFF2 FFF3
SCi FFFO FFF1

®

*SCl = TIE-TDRE + RIE-(RDRF + ORFE)

Non-Maskable Interrupt

Software Interrupt

Maskable Interrupt Request 1

input Capture Interrupt

Output Compare Interrupt

Timer Overflow Interrupt

SCt Interrupt (TDRE + RDRF + ORFE)
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HD6803

Enable
= HD6803
T MPU
Address
8 Strobe | g
<—{ Latch F_“
16 8
ROM
RAM
PIA
GPIA
PTM
Address Bus Data Bus

Figure 17 HD6803 MPU Expanded Multiplexed Bus

® Caution for the HD6803 Family SCI, TIMER Status Flag To clear the flag correctly, take the following procedure:
The flags shown in Table 14 are cleared by reading/writing 1. Read the status register.

(flag reset condition 2) the data register corresponding to each 2. Test the flag.

flag after reading the status register (flag reset condition 1). 3. Read the data register.

Table 14 Status Flag Reset Conditions

Flag Reset Condition 1 Flag Reset Condition 2
Status Flag (Status Register) (Data Register)
ICF ICR/Read
When each flagis ‘1",
TIMER OCF OCR/Write
TRCSR/Read
TOF TC/Read
RDRF
When each flag is “1”, RDR/Read
SCI ORFE
TRCSR/Read
TDRE TDR/Write
@ HITACHI
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HD6809,HD68A09,HD68B09 —
MPU (Micro Processing Unit)

The HD6809 is a revolutionary high performance 8-bit HD6809P. HD68AO9P, HDG68BOSP
microprocessor which supports modern programming tech- ! '
niques such as position independence, reentrancy, and modular
programming.

This third-generation addition to the HMCS6800 family has
major architectural improvements 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 controller applications.

(DP-40)

® PIN ARRANGEMENT

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 Indexable Stack Pointers

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

Direct Page Register Allows Direct Addressing Through-
out Memory

HD6809

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 (Top View)
® Interrupt Acknowledge Output Allows Vectoring By
Devices
® SYNC Acknowledge Output Allows for Synchronization
to External Event
® Single Bus-Cycle RESET
©® Single 5-Volt Supply Operation
® NMI Blocked After RESET Until After First Load of
Stack Pointer
® Early Address Valid Allows Use With Slower Memories
® Early Write-Data for Dynamic Memories

® Compatible with MC6809, MC68A09 and MC68B09

@ SOFTWARE FEATURES
® 10 Addressing Modes
- HMCS6800 Upward Compatible Addressing Modes
+ Direct Addressing Anywhere in Memory Map
* Long Relative Branches
+ Program Gounter Relative
* True Indirect Addressing
« Expanded Indexed Addressing:

@G HITACHI
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HD6809

0, 5, 8, or 16-bit Constant Offsets
8, or 16-bit Accumulator Offsets
Auto-Increment/Decrement by 1 or 2
Improved Stack Manipulation
1464 Instructions with Unique Addressing Modes
8 x 8 Unsigned Multiply
16-bit Arithmetic
TransferfExchange All Registers
Push/Pull Any Registers or Any Set of Registers
Load Effective Address

® BLOCK DIAGRAM
o
A,~A D,~D,
ZX e
4——Vss
-
A 16 s
IR
” PC q
u Q-W POST
s (r—— R ES
[— Nmi
Y < 3
Interrupt [ FIRQ
Control —
IR
< X . — T
A D DMA/BREQ
¢ D RW
{ 5 e 1Y
DP cc —> Bus [—— HALT
Control |y BA
4 l———sz
XTAL
3 9 {
[&—— EXTAL
ALU —> Timing
¢—— MRDY

=3
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= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee® -0.3~+7.0 v
Input Voltage Vin* -0.3~+7.0 Y
Operating Temperature Toor -20 ~ +75 °c
Storage Temperature Tag -55~ +150 °c

* With respect to Vgg (SYSTEM GND)

(NOTE)

® RECOMMENDED OPERATING CONDITIONS

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 LSI.

HD6809

Item Symbol min typ max Unit
Supply Voltage Vee* 4.75 5.0 5.25 v
Vil* -0.3 - 0.8 \
Logic 20 _ Vv
(Ta=0~+75°C)| ce
Input Voltage . Logic
Vi (Ta=-20~0°c)| 22 | - Vee v
RES 4.0 - Vee
Operating Temperature Topr -20 25 75 °C
* With respect to Vgg (SYSTEM GND)
® ELECTRICAL CHARACTERISTICS
@ DC CHARACTERISTICS (Voo =5Vt5%, Vgg =0V, Ta= —20~+75°C, unless otherwise noted.)
Item Symbol Test Condition - HD6809 - HDE8A09 HD68B0g Unit
min | typ*| max | min | typ* max | min | typ* max
. - Ta=0~+75°C | 20 | — | Vec | 20| — | Vec| 20 | — | Vec
Input “High” Voltage xcept Viw | Ta=-20~0°C | 22 | — | Vec | 22| = |[Vee| 22| = | Veec | Vv
RES 40 | — |Vec | 40| — |Vec| 40| — | Vee
input “Low” Voltage Vip 03 - 08 | -03 - 08 | -0.3 - 08 \"
Input Leakage Current KA EXTAL in | Yin0-228V. 25| - | 25 |28| — | 25|-25| - | 25 | ua
Three State (Off State) D,~D, \ Vin=0.4~24V, -10 - 10 | -10 - 10 | -10 - 10 A
Input Current A~A RW | T | veemmax T700| = | 100 [-100] — | 100 |-100] — | 100 |
- lLoAaD=-205uA,
D,~D, Vee=min 24 - | — |24 - | - |24 - | -
b A,~A , RW, lLoap=-145uA,
Output “High’* Voltage :’ s Von Vee=min 24 - - 24 - - 24 - - v
BA, BS loap=-100uA, | 50 f | _ |2a| - | - |24 -] -
Vee=min
Output “Low’’ Voltage VoL |!Loap=2mA - - | 05| — - | 05| — — | 05 v
Power Dissipation Pp - - 1.0 - - 1.0 - - 1.0 w
. D,~D - 10 15 - 10 15 - 10 15
Input Capacit: ° i in=
nput Gapacttance Except DD, | O | Yo% T i lwl-{7Twl-T{7]w]"™
Output Capacitance QZ:QSH RW, | ooue | T=1MHz [ [ P I N PP IRV B PP oF
*Ta=25°C, V=6V
@G HITACHI
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HD6809

® AC CHARACTERISTICS (Vcc=5V*5%, Vgs = 0V, Ta = -20~+75°C, unless otherwise noted.)
1. CLOCK TIMING

HD6809 HD68A09 HD68B09
Item Symbol | Test Condition Unit
min | typ | max | min | typ | max | min | typ | max
Frequency of Operation _ _ _
(Crystal or External Input) fxTaL 04 4 9'4 6 | 04 8 MHz
Cycle Time teye 1000| — 110000| 667 | — [10000| 500 | — [10000| ns
Total Up Time tut 975 | — - | 640 | — — | 480 | — - ns
Processor Clock *'High” tPWEH 450 | — [15500| 280 | — [15700| 220 | — |15700| ns
Processor Clock *’Low’ thwEL 430 | — |5000( 280 | — | 5000( 210 | — | 5000{ ns
E Rise and Fall Time tgr, tes | F19-2,Fig. 3 - - 25 | — - 25 - - 20 ns
ELow t0 Qyigh Time tavs 200 — | 250|130 | — | 165 | 80 - 1126 ns
Q Clock “High* tpwaH 450 | — | 5000 280 — | 5000220 | — (5000 | ns
Q Clock “Low" tpwaL 450 | — (15500 280 | — [15700( 220 | — |15700| ns
Q Rise and Fall Time tar. taf - - 25 | — - 25 | — - 20 ns
Qq ow to E Falling toe 200 | — - [ 133] - - | 100 | — - ns
2. BUS TIMING
Item Symbol | Test Conditi HD6809 HD68A09 HD68BO09 Unit
min | typ | max | min | typ | max | min | typ | max
Address Delay tAD - - [ 200] — — | 140 | — — | 110 ns
Address Valid to' Qpigh taq 50 - - 25 - - 15 | — = ns
Peripheral Read Access Time . . _ _ _ _ _ _
(tur—tap—tpsr=tacc! tacc | Fig. 2, Fig.3 695 440 330 ns
Data Set Up Time (Read) tpsR 80 - - 60 = - 40 | — - ns
Input Data Hold Time toHR 10 - - 10 - - 10 —_ - ns
_ Fio2.Fe.3 20| - -|20|-[-]2][-]-1ns
Address Hold Time | A,~A , R/W tAH - 8
Fig. 2, Fig 3 10 10 10 n
Ta=-20~0°C -l - -1 - e s
Data Delay Time (Write) tDDW Fig. 3 - - 20| - - 140 | — - 110 ns
Fig.3 30| -] -3 -] -1]3]|-]- ns
o
Output Hold Time tonw I‘,"""”f’ c
L 20|-|-]2o|-|-]20|-|-]n
3. PROCESSOR CONTROL TIMING
Item Symbol | Test Conditi i HD6809 : HD68A09 i HD68B09 Unit
min | typ | max | min | typ| max | min | typ | max
MRDY Set Up Time tecsm 125 — | —J125] —[ — [1mmof — [ — ns
Interrupts Set Up Time tpcs | 200 | - — 1140} - - |10 — - ns
HALT Set Up Time tpcsH | 200 | — — 1140 — - 10| - - ns
RES Set Up Time i tecSR | Fig. 6~Fig. 10 200 | — — | 140 - - {110} — - ns
DMA/BREQ Set Up Time tpcsp | Fig. 14, Fig. 15 126 | — - | 126} — - [ noj - - ns
Processor Control Rise and Fall Time :PCr, - - 100| - - 100 ( — - 100 ns
pCt
Crystal Oscillator Start Time tpe - - 50 | - - 30 | — - 30 ms
@ HITACHI
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HD6809

5.0V
R = 1.8k - C= 30pF (BA, BS)
130pF (D, ~ D,,E, Q)
90pF (A, ~ A,, ,R/W)
) *R= 11k (D, ~ D,) _
Test Point 16k (A, ~ A, E, Q, R/W)
24k (BA, BS)
Cc
R All diodes are 152074@ or equivalent,
C includes Stray Capacitance.
Figure 1 Bus Timing Test Load
teye
€T 24v % teweL - Y 74V
\ 0.5V 0.5V rwen —-—\kuv

24v
AW
PU— tan |
—
ADDR 24v
BA,BS* 05V
[P p——
le— tac [ ace —1®] [+ toun
taa Vin
Dra @ Data Valid
osv
O
Not Valid
NN

*Hold time for BA, BS not specified.

Figure 2 Read Data from Memory or Peripherals

fe—

ve
ter
€ _* av
05V [ XY

[E—— tavs ——de——— tewan 1
e tq,

-

24v \ .

tae—=

tat

N

taa

fe— tan

AooR 24V
BABS" o4y

Dets

m Not Valid

&~ toow ———={ =

fe— tonw
24v

Data Vaiid

*Hold time for BA, BS not specified.
Figure 3 Write Data to Memory or Peripherals

s 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.

e 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 referred to as the D

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

e 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 (Ag~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.

@G HITACHI
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HD6809

@ Index Registers (X, Y)

The Index Registers are used in indexed mode of addressing.
The 16-bit address in 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

offset. During some indexed modes, the contents of the index
register are incremented or decremented to point to the next
item of tabular type data. All four pointer registers (X, Y, U, S)
may be used as index registers.

15 0
X — Index Register
Y — Index Register .
Pointer Registers
U — User Stack Pointer
S — Hardware Stack Pointer
PC Program Counter
A Accumulators
.-
~
D
0

l7

] Direct Page Register

AEnnnann

CC — Condition Code Register

Figure 4 Programming Model of The Microprocessing Unit

e 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 HD6809 point to the top of the stack, in
contrast to the HD6800 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 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
The Condition Code Register defines the State of the
Processor at any given time. See Fig. 5.

Leleln]i]nfzfv]c]

| Carry

Overflow

Zero
Negative
IRQ Mask
Half Carry
FIRQ Mask
Entire Flag

Figure 5 Condition Code Register Format

@ CONDITION CODE REGISTER DESCRIPTION

e 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.

e 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
gom the MSB in the ALU does not match the carry from the

SB-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,

e Bit4 ()

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

® Bit5 (H)

Bit 5 is the half-carry bit, and is used to indicate a carry-from
bit 3 in 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

@ HITACHI
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undefined in all subtract-like instructions.

e 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. NMI, FIRQ,
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 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

e Power (Vss, Vee)
Two pins are used to supply power to the part: VSS is
ground or 0 volts, while VC( is +5.0V +5%.

® Address Bus (Ao~A;s)

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
FFFF,¢, 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 Schottky TTL load or four LS TTL loads, and
typically 90 pF.

o Data Bus (D,~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 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”. R/W
is valid on the rising edge of Q. Refer to Figs. 2 and 3.

® Reset (RES)

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 HD6809 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.

HD6809

Table 1 Memory Map for Interrupt Vectors

Memory Map For
Vector Locations '"g"“pf Vector
VS s escription
FFFE FFFF RES
FFFC FFFD NMI
FFFA FFFB swi
FFF8 FFF9 IRQ
FFF6 FFF7 FIRQ
FFF4 FFF5 SWI2
FFF2 FFF3 SWI3
FFFO FFF1 Reserved
® 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 mpedance BS is
also “High” which indicates the processor is in the Halt or Bus
Grant state. While halted, the MPU will not respond to external
real-time requests (FIRQ, IF 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. If the MPU is not running (RES, DMA/BREQ). a
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 0 Normal (Running)

0 1 Interrupt or RESET Acknowledge
1 0 SYNC Acknowledge

1 1 HALT or Bus Grant

Interrupt Acknowledge is indicated during both cycles of a
hardware-vector-fetch (RES, 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 allow vectoring by device. See Table 1.

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

Halt/Bus Grant is true when the HD6809 is in a Halt or Bus
Grant condition.
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Figure 6 RES Timing
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Figure 7 Crystal Connections and Oscillator Start Up
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® Non Maskable Interrupt (NMi)*

A negative edge on this input requests that a non-maskable
interrupt sequence be generated. A non-maskable interrupt
cannot be inhibited by the program, and also has a higher
priority than FIRQ, IRQ or software interrupts. During recogni-
tion of an NMI, the entire machine state is saved on the

2nd To Last Last Cycle
Cycle Of of
Current ~ Current
Inst. Inst.

Dead
Cycle

Halted

HD6809

hardware 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 with respect to
Q, the interrupt will not be recognized until the next cycle. See
Fig. 9.

Dead  Instructioninstruction Dead
| Cycle | Fetch Execute | Cycle |  Halted

3
f

1

PR T I S Y Y e Y s Y Y Y I s I Y

E
PCSH

tpcsH
tpct tpcr. L——!Pct
Vi v, (L]
AT "N oav ) » 0.8V " 0.8V
) i -—I }._ tPCsSH
Address , £e
Bus I
Fetch Execute
— \ £
w XXX D s
{6
BA / - ./
8BS / d \ /

Data x x x N, {%
Bus ~§ §

Instruction
Opcode

Figure 8 HALT and Single Instruction Execution for System Debug

Last Cycle .

of Current Instruction

Instruction Fetch

oot Stacking and Vector Fetch o]
m-2 m-1 m+1 m+2 m+3 m+4 m+5 m+6 m+7 m+8 mMm+9 Mm+1I0 M+1II M+12 Mm+13 Mm+14 m+15m+16m+17 m+18 n n+1

—7 SP—8 SP_OSP_10SP—11SP—12 FFFF FFFC FFED FFFF New New
) PC PC+1
FEF8  FFE9

) )

w1\ r
T
= X S\

Figure 9 TRQ and NMI Interrupt Timing
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Last Cycle
of Current Instruction
Instruction Fetch
; —,L Interrupt Stacking and Vector Fetch St —: AJ,
(m=2  m—1 , m | m+l  m+2  m+3  m+d  m+5  m+6 | m+7  m+B | m+9  n o n+l
r L T -1 L T o T T T T T Ling T -1

s XX’X_)LXX

xxxx XXX

FFFF -
tpct

r-'rcs
FRa V™ 0.8V

SP—3  FFFF  FFF6  FFF7  FFFF  NewPC NewPC+1

:X_X___)C___X__)CD(XXX:'_TXX__IX

RW x * )
" X
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New PCH  New PCL

7 N
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Figure 10 FIRQ interrupt Timing

@ Fast-Interrupt Request (FIRQ)*

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.

@ 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 a lower priority
than FIRQ. Again, the interrupt service routine should clear the
source of the interrupt before doing an RTI. See Fig. 9.

* NMI, FIRQ, and IRQ requests are sampled on the falling
edge of Q. One cycle is required for synchronization before
these interrupts are recognized. The pending interrupt(s)
will not be serviced until completion of the current instruc-
tion 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.

e XTAL, EXTAL

These inputs are used to connect the on-chip oscillator to an
external parallel-resonant crystal. Alternately, the pin EXTAL
may be used as a TTL level input for external timing by
grounding XTAL. The crystal or external frequency is four
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 oscillator is used.

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

near the LSI as much 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 parallel.

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

Figure 11 Board Design of the Oscillation Circuit.

<THE FOLLOWING DESIGN MUST BE AVOIDED >

A signal line or a power sburce 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 should be
over 10MQ.
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e E,Q

Must be avoided. 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-

<o ing edge of Q. Data is latched on the falling edge of E. Timing
BE for E and Q is shown in Fig. 13.
o O
»a
o L _ ® MRDY

""" T oo Signal C This input control signal allows stretching of E and Q to
19 XTAL t extend data-access time. E and Q operate normally while MRDY
"_1’7 is “High”. When MRDY is “Low”, E and Q may be stretched in
8L eat F—;}T integral multiples of quarter (1/4) bus cycles, thus allowing
v Cin interface to slow memories, as shown in Fig. 14, A maximum

P

HD6809 .

Figure 12 Example of Normal Oscillation may be Disturbed.

Start ofI Cycle End of Cycle '(Latch Data)
| |
E !I |
y 0.5V 0.5V
|
l‘-— tavs ——-l |
| 7|L 2.4V \ |
Q
| Address Valid |
Figure 13 E/Q Relationship-

{ $—
tpes 1-tpcsm‘ tper
="
Vi 1 v
MRDY \ H
\\\\\\ o8V ! . 0.8V

Figure 14 MRDY Timing
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stretch is 10 microseconds. During nonvalid memory access
m 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 DMA/BREQ).

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

e DMA/BREQ

The DMA/BREQ 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”
level on this pin will stcp instruction execution at the end of the
current cycle. The MPU will acknowledge DMA/BREQ by
setting BA and BS to “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-

— AN f f X Vin
DMA/BREQ 0.8V

ing and trailing dead cycle. See Fig. 16.

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 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 system DMAVMA signal which is “Low”
in any cycle when BA has changed.

When BA goes “Low” (either as a result of DMA/BREQ =
“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

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

DEAD MPU

L/ s

tpct -:‘I*

tecr -”
tecsp

2.4V
BA, BS oy taAD

ADDR

(MPU)

ADDR
(DMAC)

\

/
V4
\

N
/L
C
>

*DMAVMA is a signal which is developed externally, but is a system requirement for DMA.
Figure 156 Typical DMA Timing (<14 Cycles)
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DMA/BREQ \

14 DMA Cycles

MPU |DEA4‘—DMA——-——>

——|DEAD

——a -} -

[
BA, BS Ve
|
DMAVMA* i/ ?\I

*DMAVMA is a signal which is 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 normal 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 HD6809.

= 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

o Implied (Includes Accumulator)

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

o Immediate Addressing
In Immediate Addressing, the effective address of the data is

the Jocation 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 immedizte
values depending on the size of argument specified by the
opcode. Examples of instructions with Immediate Addressing
are:

LDA #3520

LDX #$F000

LDY #CAT
(NOTE) # signifies Immediate addressing, §$ signifies hexa-

decimal value.

o 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

o 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 [SFFFE]
STU  [DOG]

e Direct Addressing

Direct addressing is similar to extended addressing except
that only one byte of address follows the opcode. This byte
specifies the lower 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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atch
Interrup

FATT

Y

1-BA, BS
HALT

DMAREQ
Sequence

_Suspend MPU

Processing
For 1 E Cycle

0-BA, BS

D
CWAI

HD6809 Interrupt Structure

(NOTE)

Bus State BA BS
Running 0 0
Interrupt or Reset Acknowledge| O 1
Sync 1 0
Halt/Bus Grant 1 1

Asserting RES will result in entering the reset sequence from any point in the flow chart.
Figure 17 Flowchart for HD6809 Instruction
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accessed without redefining the contents of the DP register.
Since the DP register is set to $00 on Reset, direct addressing on
the HD6809 is compatible with direct addressing on the
HD6800. Indirection is not allowed in direct addressing. Some
examples of direct addressing are:

LDA $30

SETDP  $10 (Assembler directive)
LDB $1030

LDD <CAT

(NOTE) < is an assembler directive which forces direct ad-
dressing.

® Register Addressing

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

TFR X, Y Transfers X into Y

EXG A, B Exchanges A with B

PSHS AB XY Push Y, X, B and A onto S
PULU X, Y,D Pull D, X, and Y from U

© [ndexed Addressing

In all indexed addressing, one of the pointer registers (X, Y,
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 indexed instruction specifies the basic type and
variation of the addressing mode as well as the pointer 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

HD6809

Post-Byte Register Bit A:j';‘:::g:g
7 6|5 4 |3 2 (1 0o Mode
0 R|R| x| X X | X | X EA = R + 5 Bit Offset
1 R|R|OjO0O]J]O]|O]|O R+
1 R|{R|OMlO0] 0|01 R+ +
1 RI|R|{O|O 01 [ R
1 R|{R [0/1] 0 01 1 ,--R
1 R|R|0/1|O0O 1 0| O EA = R + 0 Offset
1 R|R |0/1]| 0 1]10]1 EA = R + ACCB Offset
1 |R[R[OMo]1]1]0 EA = ,R + ACCA Offset
1 R|RJON|1 ojolo EA =, R + 8 Bit Offset
1 R|R |0/1]|1 0|0 1 EA = R + 16 Bit Offset
1 R|R [0/1]1 0|1 1 EA = ,R + D Offset
1 X | x [0/1] 1 1 0] 0 EA=PC + 8 Bit Offset
1 x | x [0o/1]1 1 0 1 EA = PC + 16 Bit Offset
1 R|R 1 1 1 1 1 EA = [,Address]
T
[———— Addressing Mode Field
l Indirect Field
(Sigh bit when b7 = 0)
0. Non Indirect

X = Don’t Care

Figure 18 Index Addressing Postbyte Register Bit Assignments

Table 3 Indexed Addressing Mode

Non Indirect Indirect
Type Forms As;embler Postbyte : + Assembler Postbyte : +
orm OP Code # Form OP Code #
Constant Offset From R No Offset R 1RR00100 (0|0 [,R] 1RR10100 (3|0

(2's Complement Offsets) 5 Bit Offset n, R ORRnnnnn 110 defaults to 8-bit

8 Bit Offset n, R 1RR01000 .| 1|1 [n, R] 1RR11000 |4 {1
16 Bit Offset n, R 1RR01001 42 [n, R] 1RR11001 712
Accumulator Offset From R A Register Offset A, R 1RR0O0110 {10 [A, R] 1RR10110 |4 |0
(Z's Complement Offsets) B Register Offset | B, R 1RR00101 [1|0 | (B, R] 1RR10101 |40
D Register Offset D,R 1RR0O1011 410 [D, R] 1RR11011 7|0

Auto Increment/Decrement R Increment By 1 R+ 1RR0O0000 |20 not allowed
IncrementBy2 | R++ 1RR00001 [3[0 | [R++] | 1RR10001 |6]0

Decrement By 1 ,-R 1RR00010 (2|0 not allowed
Decrement By 2 ,--R 1RR00011 3(0 [,--R] 1RR10011 60
Constant Offset From PC 8 Bit Offset n, PCR 1xx01100 11 [n,’PCR] 1xx11100 41
(2's Complement Offsets) 16 Bit Offset n, PCR 1xx01101 | 5]2 | [n,PCRI | 1xx11101 | 8]2
Extended Indirect 16 Bit Address - - —-- n] 10011111 5|2

R=X,Y,UorS RR:
X = Don't Care 00

=
[
nC<X

: and ;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 Indexed
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:
LDD 0X
LDA S

Constant Offset Indexed

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

Three sizes of offsets are available:

S-bit (—16 to +15)
8-bit (—128 to +127)

16-bit (—32768 to +32767)

The two’s complement S5-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 300,X

LDU CATY
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 registers are added to
form the effective address of the operand. The contents of both
the accumulator and the pointer register are unchanged by the
addition. The postbyte specifies which accumulator. to use as an
offset and no additional bytes are required. The advantage of an
accumulator offset is that the value of the offset can be
calculated by a program at run-time.

Some examples are:

LDA BY
LDX DY
LEAX BX

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 creation of software stacks. In auto decrement, the pointer
register is decremented prior to use as the address of the data.
The use of auto decrement is similar to that of auto increment;
but the tables, etc., are scanned from the “High” to “Low”
addresses.- The size of the increment/decrement can be either
one or two to allow for tables of either 8 or 16-bit data to be

Some examples of the auto increment/decrement addressing
modes are:

LDA X+
STD ,Y++
LDB 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:

0 - 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 modes with the exception of auto

increment/decrement by one, or a *4-bit offset may have an
additional level of indirection specified. In indirect addressing,
the effective address is contained at the location specified by
the contents of the Index 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 = $§F000

$0100 LDA [$lO;X] EA is now $F010
$F010 $F1 $F150 is now the
$FO11 $50 new EA

$F150 $AA

After Execution
A = $AA Actual Data Loaded
X = $F000
All modes of indexed indirect are included except those
which are meaningless (e.g., auto increment/decrement by 1
indirect). Some examples of indexed indirect are:

LDA [X] .
LDD  [10S]

LDA  [BY]

LD  [X++]

o 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 conditjon is true then the calgulated 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!6 . Some examples of relative addressing are:

accessed and is selectable by the programmer. The pre- BEQ CAT (short)

d t, post-inc t nature of these modes allow them to BGT DOG (short)

be used to create additional software stacks that behave CAT LBEQ RAT (long)

identically to the U and S stacks. DOG LBGT RABBIT (long)
@ HITACHI
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.

.
RAT NOP
RABBIT NOP

e Program Counter Relative

The PC can be used as the pointer register with 8 or 16-bit
signed offsets. As in relative addressing, the offset is added to
the current PC to create the effective address. The effective
address is then used as the address of the operand or data.
Program Counter Relative Addressing is used for writing
position independent programs. Tables related to a particular
routine will maintain the same relationship after the routine is
moved, 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]

® HD6809 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:

® PSHU/PSHS

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

® PULU/PULS

The pull instructions have the same capability of the push
instruction, in reverse order. The byte immediately following
the push or pull opcode determines which register or registers
are to be pushed or pulled. 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

LLLILTTT]

— cc

A

‘B
DP

X

Y
S/U
PC

< Pull Order Push Order -

PC U Y X DP B A CC
FFFF...« increasing memory address .....0000
PC S Y X DP B A CC

HD6809

®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
follows:

0000 - D 0101 — PC
0001 — X 1000 — A
0010 - Y 1001 — B
0011 — U 1010 — CC
0100 — S 1011 — DP

(NOTE) All other combinations are undefined and INVALID.
TRANSFER/EXCHANGE POST BYTE
| source [oesmNaTioN]
el A 1 1 1

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 a 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 a
position independent manner. For example:

LEAX MSG1, 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 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 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:

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

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 =S | Used to reserve area on stack
LEAS 10,S S + 10 ->S | Used to ‘clean up’ stack
LEAX 5,5, S+5 — X [ Transfers as well as adds
e 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 multiply also allows multiple-
precision multiplications.

Long And Short Relative Branches

The HD6809 has the capability of program counter relative
branching throughout the entire memory map. In this mode, if
the branch is to be taken, the 8 or 16-bit signed offset is added
to the value of the program counter to be used as the effective
address. This allows the program to branch anywhere in the 64k
memory map. Position independent code can be easily 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 will be
taken. If the pending interrupt is maskable (FIRQ, IRQ) with its
mask bit (F or I) 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 software deve_l‘
opment systems. Three levels of SWI are available on this
HD6809, and are prioritized in the following order: SWI, SWI2,
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 pulls.

s 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 HD6809. Each instruc-
tion begins with an opcode fetch. While that opcode is being
internally 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

FFFF,¢ on the address bus, R/W=“High” and BS=“Low”.
The following examples illustrate the use of the chart; see Fig.
20.

Example 1: LBSR (Branch Taken)
Before Execution SP = FO00

$8000 LBSR 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 Byte
4 FFFF * 1 VMA Cycle
5 FFFF * 1 VMA Cycle
6 A000 * 1 Computed Branch
Address
7 FFFF * 1 VMA Cycle
8 EFFF 03 0 Stack Low Order
Byte of Return
Address
9 EFFE 80 0 Stack High Order
Byte of Return
Address
Example 2: DEC (Extended)
$8000 DEC ~ $A000
$A000 FCB $80
CYCLE-BY-CYCLE FLOW
Cycle# Address Data R/W Description
1 8000 7A 1 Opcode Fetch
2 8001 A0 1 Operand Address,
High Byte
3 8002 00 1 Operand Address,
Low Byte
4 FFFF * 1 VMA Cycle
5 A000 80 1 Read the Data
6 FFFF * 1 VMA Cycle
7 A000 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 11.
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Last Cycle  Sync Lu'tscycll
of Previous Opcode 3 of Sync

by ync Acknowledge o
Instruction,  Fetch , Execute X\ lImlrucm:sﬁ

T =T T =T \J 1 !

o -
(

m "

v 1H *x
NI 0.8v
FiRd . — —}.‘lrcs

(NOTES) + If the associated mask bit is set when the interrupt is requested, this cycle will be an instruction fetch from address location PC + 1.
However, if the interrupt is accepted (NMI or an unmasked FIRQ or TRQ) interrupt processing continues with this cycle as (m) on Figure 9
and 10 (Interrupt Timing).

»» |f mask bits are clear, I_R%and FTRQ must be held ““Low"’ for three cycles to guarantee that interrupt will be taken, although only one
cycle is necessary to bring the processor out of SYNC.

Figure 19 Sync Timing

Opcode (Fetch)

Long Short immediate Direct Extended Indexed
Branch]  Branch
Inherent Opcode +
VMA Opcode + ° s ¢ o
VI.IIA ACCA Offset| Auto Auto {R*16-Bit R+D PC + |Extended| No Offset]
ACCB Offset | Inc/Dec Inc/Dec 16-Bit) Indirect

R +5Bit By1 By 2

R + 8 Bit

PC+8Bit

Opcode + Opcode + Opcode + Opcode +
Opcode + Opcode + Opcode + Opcode +
Y - .;&1
JumpP VMA Vi VMA
WA WA wx wm e
N (NOTE) l l l VMA
ADDR L4
BSH Y
LBSR
N ADDR Operation ’
Indirect (H)
VMA Indirect (L)
’ VMA
Stack (Write)
Stack (Write)

{(NOTE) Write operation during store instruction.

Figure 20 Address Bus Cycle-by-Cycle Performance
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Implied Page

STACK
LSRB STACK
VNMA

(NOTE) STACK':
STACK':

<
H

psHu|  PuLu SWI [ 7] RT!
PSHS PULS swWi2
swi3

ADDR STACK

—&

12xSTACK  122STACK
(Dymmy Read) Write) (Write)

wa (AP

sEssEs

VMA  VECTOR VECTOR
VMA VE

2xSTACK
11XSTACK

STACK" STACK"
(Dammy
Read)

Address stored in stack pointer before execution.
Address set to stack pointer as the result of the execution.

Figure 20 Address Bus Cycle-by-Cycle Performance (Continued)

Non-Implied

44

DR+

END
ASL TsT| ADDD JSR STD
ASR CMPD STS
CLR CMPS STU
M CMPU STX
DEC CMPX sTY
INC CMPY
LSL SUBD
LSR
NEG
ROL
ROR
VMA
STACK
VMA VMA  ADDR + é‘{—‘:&{ ADDR
VMA +
ADDR  VMA “VMA (Write) (Write)
v

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

HD6809

Mnemonic(s) Operation

ADCA, ADCB Add memory to accumulator with carry
ADDA, ADDB Add memory to accumulator

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 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

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
LDA, LDB Load accumulator from memory

LSL, LSLA, LSLB

Logical shift left accumulator or memory location

LSR, LSRA, LSRB

Logical shift right accumulator or memory location

MUL

"Unsigned multiply (A x B - D)

NEG, NEGA, NEGB

Negate accumulator or nemory

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 accumulator with borrow
STA, STB Store accumulator to memory

SUBA, SUBB Subtract memory from accumulator

TST, TSTA, TSTB Test accumulator or memory location

TFR R1, R2 Transfer R1 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, PULU) instructions.

Table 6 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

LDD Load D accumulator from memory

SEX Sign Extend B accumulator into A accumulator
STD Store D accumulator to memory

SUBD Subtract memory from D accumulator

TFR D, R Transfer Dto X, Y, S,Uor PC

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

(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU)

instructions.

G HITACHI
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Table 7 Index Register/Stack Pointer Instructions

Mnemonic(s) Operation

CMPS, CMPU Compare memory from stack pointer

CMPX, CMPY Compare memory from index register

EXG R1, R2 Exchange D, X, Y,S,UorPCwithD, 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 PC onto hardware stack
PSHU Push A, B, CC,DP,D, X, Y, S, or PC onto user stack
PULS Pull A, B,CC,DP, D, X, Y, U or PC from hardware stack
PULU 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,UorPC
ABX Add B accumulator to X (unsigned)

Table 8 Branch Instructions

Mnemonic(s) | Operation

SIMPLE BRANCHES
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
BMI, LBMI Branch if minus
BPL, LBPL Branch if plus
BCS, LBCS Branch if carry set
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 than or equal (signed)
BEQ, LBEQ Branch if equal
BLE, LBLE Branch if less than or equal (signed)
BLT, LBLT Branch if less than (signed)

UNSIGNED BRANCHES

BHI, LBHI Branch if higher (unsigned)
BHS, LBHS Branch if higher or same (unsigned)
BEQ, LBEQ Branch if equal
BLS, LBLS Branch if lower or same (unsigned)
BLO, LBLO Branch if lower (unsigned)

OTHER BRANCHES
BSR, LBSR Branch to subroutine
BRA, LBRA Branch always
BRN, LBRN Branch never

@ HITACHI
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Table 9 Miscellaneous Instructions

HD6809

Mnemonic(s) Operation

ANDCC AND condition code register

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

ORCC OR condition code register

JMP Jump

JSR Jump to subroutine

RTI Return from interrupt

RTS Return from subroutine

SWI, SWI2, SWI3 Software interrupt (absolute indirect)
SYNC Synchronize with interrupt line

Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300
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Table 10 HD6809 Instruction Set Table

HD6809 ADDRESSING MODES

INSTRU
Forms ™/ | IMPLIED | DIRECT | EXTENDED | IMMEDIATE | INDEXED® | RELATIVE pescripTion |5]3]2]1]o0
OP|[~ | # |OP|~ |# IOP|~ |# |OP|~ |# |OP|~ |# |OP|~® |4 HIN|[Z]|V|C
ABX 3A|3 1 FUT\JX—G) X o slojele]e
ADC ADCA 99 (412 [B9|5 |3 (89| 2 |2 |A9] 4+ |2+ A+ﬂ+’éE->A LR I O O
ADCB D9| 4|2 |F9|5 31C9| 2|2 |E9|4+ |2+ B+M+C—-B A O O
ADD ADDA 9B (4| 2 |BB|5 (3 ([8B( 2 (2 |AB|4+ |2+ A+M- A PR
ADDB | DB| 4 |2 |FB|5 | 3 |(CB| 2 |2 |EB|4+ |2+ B+M-B b I BB O B4
ADDD D3| 62 |F3|7 3[(C3| 4 (3 |E3|6+]2+ D+MM+1-D et |2t |2
AND  ANDA 94 42 |B4|5 3 (84| 2 |2 |A4| 4+ |2+ AAM— A e t|1[|0]|e
ANDB D4 4|2 |F4|5 | 3|C4| 2|2 |E4|4+ |2+ B AM—B e t|10]|e
ANDCC 1C| 3 |2 CCA IMM-—CC |( @ 1)
ASL ASLA 148 2 | 1 A [OIF AR ERE
ASLB 682 | 1 B} H l I‘ CIERERERE
ASL 08 |6|2 |78|7 |3 68 | 6+ | 2+ Mjc > v IR ERERE]
ASR  ASRA |47 |2 | 1 A T ®t|t|e|t
ASRB 57| 2 1 B @|t |t |t
ASR 07 ({62 {777 3 67| 6+ | 2+ M o w < |®|11s (e
BCC BCC 24 | 3 |2 Branch C=0 e ejojole
LBCC 10 |5(6)| 4 Long Branch e|le|e|e]o
24 c=0
BCS  BCS 25 |3 |2 Branch C=1 oio|olele
LBCS 10 |5(6)| 4 | LongBranch oleje]o]e
25 C=1
BEQ BEQ 27 |3 |2 Branch Z=1 e ojlejele
LBEQ 10 [5(6)|4 L.ong Branch eolelojefe
27 2=1
BGE BGE 2C | 3 |2 Branch N@V=0 |® e e o |e
LBGE 10 |5(6)]| 4 Long Branch e ojejeje
2C N® V=0
BGT BGT 2E | 3 |2 Branch 2viN®V)=0|® (@ |0 (e |
LBGT 10 |5(6)] 4 Long Branch e e o0 e
2E ZVIN @ V)=0
BHI BHI 213 |2 Branch CvZ=0 |e o o |60
LBHI 10 |5(6)| 4 Long Branch e efole]|e
22 CcvZ=0
BHS BHS 24 | 3 Branch e e|e|ole
c=0
LBHS 10 |5(6)| 4 Long Branch el oje|ofe
24 C=0
BIT BITA 95 |4 |2 |B5|5 | 3|8 |2 (2 [A5[4+ |2+ Bit Test A(MAA)je |t |3 |0fe
BITB D5 |4 |2 |F&5|5 | 3|C5| 2|2 |E5|4+ |2+ Bit Test B(M AB) [® |t |1 |0 ]e
BLE BLE 2F (3 |2 BranchZVIN®V)=1/® |e |e |e |®
LBLE 10 |5(6){ 4 Long Branch o e|e|ofe
2F 2VIN @ V)=1
BLO BLO 25|13 |2 Branch C=1 ole(o|e|e
LBLO 10 |5(6)] 4 Long Branch oo ee|e
25 C=1
BLS  BLS 23 |3 (2| Branch oo efele
Cvz=1
LBLS 10 {5(6)] 4 L.ong Branch elojoleje
23 cvz=1
BLT  BLT 2D |3 |2 Branch N®V=1 e |e e (e ]e
LBLT 10 |6(6)| 4 Long Branch © o ofele
2D N®V=1
BMmI BMI| 2B |3 |2 Branch N=1 e e|ejo|e
LBMI 10 [5(6)| 4 Long Branch ojo(ofale
2B N=1
BNE BNE 26 |3 12 Branch Z =0 oo |ejee
LBNE 10 |5(6)] 4 Long Branch e|e(ojefe
26 Z=0
BPL BPL 2A | 3 |2 Branch N=0 LA RERE RE
LBPL 10 |5(6)| 4 Long Branch ® o000
2A N=0
BRA BRA 20 |3 |2 Branch Always [ BERLALRL]
LBRA 16 (5 |3 Long Branch/ oic(ofe|e
Always
BRN  BRN 2113 |2 Branch Never e oo |o|e
LBRN 10 (|5 |4 Long Branch Never[e |0 |® |o | @
21
(to be continued)
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INSTRUCTION/ HD6809 ADDRESSING MODES
FORMS IMPLIED DIRECT EXTENDED | IMMEDIATE | INDEXED® | RELATIVE DESCRIPTION 5{3|2|1(0
OP|~ |# |OP|~ [# |OP|~ |# [OP|~ |# |OP|~ |# [OP[~®] # z c
BSR BSR 8D |7 |2 Branch to oo (o 0o
Subroutine
LBSR 1719 |3 Long Branch to oo feoio|e
Subroutine
BvC BVC 28 13 |2 Branch V=0 o|lo o oo
LBvVC 10 |5(6)| 4 Long Branch oleloo|e
28 V=0
BvVS BVS 29 13 [2 Branch V=1 oo ojoie
LBVS 10 |6(6)| 4 Long Branch eloe(e|e
29 v=1
CLR CLRA [(4F | 2 1 00— A e/0)1]0]|0
CLRB SF | 2 1 0-8B 01|00
CLR OF (6 |2 |7F| 7 3 6F |6+ | 2+ 0o-M ef0|1]0]0
cmpP CMPA 914 (2 |B1{5 3181 (2 (2 |A1]4+ ]2+ Compare M from AI® |1 |1 |43 [1
CcmpPB D1| 4|2 |F1| 5 3|Ct| 2|2 |E1[4+ |2+ Compare M fromB|® |3 ¢ |t |$
CMPD 0|7 |3 |10|/8 |4(10| 5 |4 107+ |3+ Compare M: M+1fe |t |32 18
93 83 83 A3 from D
CMPS M7 (3 (1|8 |af11]|s |4 |11|7+]3+ Compare M: M+1 (@ |1 {382
9C BC 8C AC from S
CMPU M| 7|3 |11|8 411|514 |11}|7+]3+ CompareM: M +1|® |$ |3 18 [
a3 83 83 A3 from U
CMPX 9C| 6 |2 |BC| 7 3|8|4 |3 |AC|6+ |2+ Compare M: M +1 (@ |t (8|8 |3
from X
CMPY 10/ 7 /3 )]10(8 |4/10|5 4 110 |7+ | 3+ CompareM: M +1 @ | |3 |2 |2
9C BC 8C AC from Y
COM COMA (43| 2 1 A->A e it (|01
COMB (53 | 2 1 B-8B et jt|of1
COM 03,6 |2 (737 3 63 |6+ | 2+ M-Mm et iti0]1
CWAI 3c |220) 2 CC AIMM = CC | (1@
(except 1—E)
Wait for Interrupt
DAA 19 2 1 Decimal Adjust A @ [$ (3 |®|¢
DEC DECA |4A| 2 1 A-1-A et 3|t (e
DECB 5A| 2 1 B-1—-8B ot (t|t(e
DEC OA| 6 (2 |7A| 7 | 3 6A | 6+ | 2+ M-1->M e itit|t|e
EOR EORA 98| 4 |2 |B8) 5|38 2|2 [A8|4+ ]2+ ApgM-A e(tit|0|e
EORB D8| 4 |2 [F8| 5 3|C8|2 |2 |E8|4+ |2+ BoM-B et (t[(O]|e
EXG R1,R2 |[1E| 7 |2 R1 e R2® (——@L)
INC INCA 4C| 2 1 A+1—-A o |t (tit]e
iINCB 6C| 2 1 B+1-8 e | t(t|t]e
INC oc| 6 (2 |7C| 7 3 6C |6+ | 2+ M+1->M et (tit|e
Jmp OE| 3|2 |7E! 4 3 6E | 3+ | 2+ EA@ - PC oo efole
JSR 9D | 7 |2 |BD| 8 3 AD| 7+ | 2+ Jump to Subroutine‘ o000
LD LDA 9% 4 |2 |B6|5 318 |2 |2 |A6[4+ ]| 2+ M- A e |t (3 |0]|e
LDB D6| 4 |2 |F6| 5 3[C6|2 |2 |E6|at+ |2+ M-B et (t{O|e
LDD DC| 5 |2 [FC|6 | 3{CC|3 (3 [EC|5+ 2+ MM+1-D et |1]0]|e
LDS 10| 6 |3 |10] 7 4110 4 | 4 |10 |6+ | 3+ M:M+1-S e it |1|0]e
DE FE CE EE
LDU DE|{ 5 |2 |FE| 6 | 3 |CE| 3 |3 |EE|5+ |2+ MM+1-U et |tl0]|e
LDX 9€E| 5|2 |BE| 6 3|8E| 3|3 |AE|5+ | 2+ MM+1->X el it (0|e
LDY 10(6 (3 [(10] 7 4,10 4 | 4 |10 |6+ | 3+ MM+1-Y e |1 iti0]e
9E BE 8E AE
LEA LEAS 32 |4+ | 2+ A% g o(ofe|e]e
LEAU 33 |4+ | 2+ EA® - U oleloje]|e
LEAX 30 |4+ | 2+ EA® - X elelt|e]e
LEAY 31 |4+ | 2+ EA®- ¥ ele|t|e]|e
LsL LSLA 48 | 2 1 A _— et 1ttt
Lste |s8|2 |1 B [H]I[[[[D» olt{r|t]e
LSL 08|62 |78(7 |3 68 | 6+ | 2+ M7 5 o Tttt
LSR LSRA 4 | 2 1 A — ® 0|tle |t
LSRB |54 |2 |1 B -mm]]}” o i0|t|e]t
LSR 04| 6|2 |74|7 |3 64 | 6+ | 2+ L L Uie 0t (@2
MUL 3011 |1 AxB-D LEC RN RO
(Unsigned)
NEG NEGA 40| 2 1 A+1-A [OIENENERE
NEGB (50| 2 |1 B+1-B CIERENENE
NEG 0|6 )2 }|70|7 3 60 | 6+ | 2+ M+1-M @[t |t |t}
NOP 12212 |1 No Operation oo (000
(to be continued)
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HD6809 ADDRESSING MODES
INSTRUCTION/ @
FORMS IMPLIED DIRECT |EXTENDED IMMEDIATE | INDEXED! RELATIVE DESCRIPTION 5(3[2]1]0
oP|~ |# |OP|~ |#| oP|~ |# |oOP|~|# [OP|~ |# |oP|~O®# HIN|Z|V|C
OR ORA 9A| 4 | 2| BA| S5 3| 8A| 2| 2 |AA|4+ | 2+ AVM-A ot |1/0fe
ORB DA| 4| 2| FA| 5 3|CAl 2| 2 |EA|4+ |2+ BvM-B e|t|t(0]|e
ORCC 1A| 3| 2 CCv IMM—CC | (+—®—)
PSH  PSHS 34| 5+® 2 Push Registerson (@ (e |e |e e
S Stack
PSHU |36|5+9 2 Push Registerson (e (e |e [e |e®
U Stack
PUL  PULS 35| 5+9| 2 Pull Registers from| (+—@—t )
S Stack
PULU 37 | 5+9] 2 Pull Registers from| (——|@ |— )
U Stack
ROL ROLA |49 2 1 A LEEREN RN
ROLB 59 | 2 1 B [ EERER RN
ROL 09| 62| 79|73 69 | 6+ | 2+ M) < @ = lelt |ttt
ROR RORA (46| 2 1 A LAEREREAE]
RORB |56 | 2 1 B m et it|eft
ROR 06| 6| 2| 76 |7 3 66 | 6+ | 2+ M e—— S NN N
RTI 38 /6/15] 1 Return From +—{@ )
Interrupt
RTS 39|56 |1 Return From e|le|o|ole
Subroutine
SBC SBCA 92 2| B2| 5| 3|82| 2| 2 [A2]|4+ |2+ A-M-C-A IEERERE]
SBCB D2l 4| 2| F2| 5 3[C2| 2| 2 |E2|4+ |2+ B-M-C-8B ®t |
SEX iDf2 |1 Sign Extend B et |t oo
into A
ST STA 97| 4| 2| B7|5 3 A7 |4+ | 2+ A-M e t|t(0fe
STB D7| 4| 2| F7|5 3 E7 |4+ | 2+ B—-M et |1|0]e
STD DDl 5 | 2| FD| 6 3 ED| 5+ | 2+ D—M: M+1 et t1]0]e
STS 10| 6 | 3| 10| 7 4 10 [ 6+ | 3+ S->M:M+1 e|t|t|0]e
DF FF EF
STU DF| 56 | 2| FF| 6 3 EF [ 5+ | 2+ U->M:M+1 e tit|0fe
STX 9F | 5| 2| BF| 6 3 AF| 5+ | 2+ X->M:M+1 e/t |1|0]e
STY 10| 6 | 3| 10| 7 4 10 [ 6+ | 3+ Y->M:M+1 e 1|1 [0fe
9F BF AF
suB SUBA 9| 4| 2| BO|S 3|80 2| 2 |A0|4+ |2+ A-M-A @[t |ttt
susB DO| 4 | 2| FO| 5 3|CO| 2| 2 |EO|4+ |2+ B~M-B [OIERERERE
SUBD 93| 6 | 2| B3| 7 3|83 4| 3 |A3|6+ |2+ D-M:M+1->Dje |t ||t |2
SWI SWI® 13F |19 |1 Software Interruptl | o (o (o (o (@
SWI2® 11020 | 2 Software Interrupt2 | ® (@ (e (e |
3F
SWI3® (11 (20 | 2 Software Interrupt3| @ (o |0 |® | @
3F !
SYNC 13|24 |1 Synchronize to e ojojole
Interrupt
TFR  R1,R2 [1F| 6 |2 R1- R2? (+— @)
TST TSTA 4D | 2 1 Test A e 1 |t|0fe
TSTB 5D 2 1 Test B et i1]|0]|e
TST oD| 6|2 7D| 7 3 6D | 6+ | 2+ Test M et it |0fe
(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 pair of 16 bit registers.
The 8 bit registers are: A, 8, CC, DP
The 16 bit registers are: X, Y, U, S, D, PC
@ EA is the effective address.
@ ‘The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled.
® 5(6) means: 5 cycles if branch not taken, 6 cycles if taken,
® SWI sets 1 and F bits. SWI2 and SWI3 do not affect | and F.
@ Conditions Codes set as a direct result of the instruction.
® Value of half-carry flag is undefined.
® Special Case — Carry sét if b7 is SET.
@ Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise.
LEGEND:
OP  Operation Code (Hexadecimal) r4 Zero (byte)
~ Number of MPU Cycles v Overflow, 2's complement
# Number of Program Bytes Cc Carry from bit 7
+ Arithmetic Plus $ Test and set if true, cleared otherwise
- Arithmetic Minus [} Not Affected
X Muitiply CC  Condition Code Register
M Complement of M : Concatenation
- Transfer Into v Logical or
H Half-carry (from bit 3) A Logical and
N Negative (sign bit) @ Logical Exciusive or
@ HITACHI
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Table 11 Hexadecimal Values of Machine Codes

OP  Mnem Mode ~ # OP  Mnem Mode ~ # or Mnem Mode ~ #
00 NEG Direct 6 2 30 LEAX Indexed 4+ 2+ 60 NEG Indexed 6+ 2+
o1 * 4 31 LEAY 4+ 2+ 61 4

02 * 32 LEAS 4+ 2+ 62 *

03 Ccom 6 2 33 LEAU Indexed 4+ 2+ 63 COM 6+ 2+
04 LSR 6 2 34  PSHS Implied 5+ 2 64 LSR 6+ 2+
05 * 35  PULS 5+ 2 65 *

06 ROR 6 2 36 PSHU 5+ 2 66 ROR 6+ 2+
07 ASR 6 2 37 PULU 5+ 2 67 ASR 6+ 2+
08  ASL,LSL 6 2 38 * 68  ASL, LSL 6+ 2+
09 ROL 6 2 39 RTS 5 1 69 ROL 6+ 2+
0A DEC 6 2 3A  ABX 3 1 6A DEC 6+ 2+
o8B * 38 RTI implied 6,15 1 68 *

oC INC 6 2 3C  CwAl Immed 220 2 6C INC 6+ 2+
0D  TST 6 2 3D MUL Implied 1n o1 6D TST 6+ 2+
0E JMP v 3 2 3E 6E  JMP Y 3+ 2+
OF CLR Direct 6 2 3F  swi Implied 19 1 6F CLR Indexed 6+ 2+
10 } See - - - 40 NEGA Implied 2 1 70 NEG Extended 7 3
11 J Next Page - - - 4 7n - A

12 NOP Implied 2 1 42 -+ 72

13 SYNC Implied >4 1 43 COMA 2 1 73  COM 7 3
14 - 44  LSRA 2 1 74 LSR 7 3
15 a5 7%+

16 LBRA Relative 5 3 46 RORA 2 1 76  ROR 7 3
17  LBSR Relative 9 3 47 ASRA 2 1 77 ASR 7 3
18 - 48  ASLA, LSLA 2 1 78  ASL, LSL 7 3
19 DAA Implied 2 1 49 ROLA 2 1 79 ROL 7 3
1A ORCC Immed 3 2 4A DECA 2 1 7A DEC 7 3
B - a8 * 7B+

1C  ANDCC Immed 3 2 4C  INCA 2 1 7C  INC 7 3
1D SEX Implied 2 1 4D TSTA 2 1 70 TST 7 3
1E EXG 8 2 4 * 7€ JMP v 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 SUBA Immed 2 2
21 BRN 3 2 51 * 81 CMPA A 2 2
22 BHI 3 2 52 * 82 SBCA 2 2
23 BLS 3 2 63 COMB 2 1 83 SuBD 4 3
24  BHS, 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 66 RORB 2 1 8 LDA 2 2
27 BEQ 3 2 57  ASRB 2 1 87 *

28 BVC 3 2 58  ASLB, LSLB 2 1 88 EORA 2 2
29 BVS 3 2 59 ROLB 2 1 89 ADCA 2 2
2A  BPL 3 2 5A DECB 2 1 8A ORA 2 2
28 BMI 3 2 58 * 88 ADDA v 2 2
2C BGE 3 2 sC  INCB 2 1 8C CMPX Immed 4 3
2D  BLT 3 2 §D TSTB 2 1 8D BSR Relative 7 2
2E  BGT v 3 2 5E * v 8E  LDX Immed 3 3
2F BLE Relative 3 2 5F CLRB Implied 2 1 8F *

LEGEND: (to be continued)

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

90
91

92
93
94
95
96
97

98
99
9A
9B
aC
9D
9E
9F

c1
c2
c3
c4
Cc5

Mnem

SUBA
CMPA
SBCA
SUBD
ANDA
BITA
LDA
STA
EORA
ADCA
ORA
ADDA
CMPX
JSR
LDX
STX

ADCA
ORA
ADDA
CMPX
JSR
LDX
STX

SUBA
CMPA
SBCA
SUBD
ANDA
BITA
LDA
STA
EORA
ADCA
ORA
ADDA
CMPX
JSR
LDX
STX

suBB
CcmpPB
SBCB
ADDD
ANDB
BITB

Mode

Direct

\
Indexed

Extended
A

v
Extended

Immed

Immed

R

TOANOODEDRIDELIEDNDD LD

5+

AT RXN TN OO

NNB_BNNN

NNNNNNNRNNNNNNNNN G

W W RWWWWWWWWWRWW

NNWNNN

Mnem

LDB

EORB
ADCB
ORB
ADDB
LDD

»

LDou
*

suBB
CmPB
SBCB
ADDD
ANDB
BITB
LDB
STB
EORB
ADCB
ORB
ADDB
LDD
STD
Lou
STU

suBB
CmPB
SBCB
ADDD
ANDB
BIT8B
LDB
sTB
EORB
ADCB
ORB
ADDB
LDD
STD
LDU
STU

susB
cmpPB
SBCB
ADDD
ANDB
BITB
Los
sSTB
EORB
ADCB
ORB
ADDB

(NOTE): All unused opcodes are both undefined and illegal

110
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Mode

Immed

Immed

Direct

v

Direct

Indexed
A

\
Indexed

Extended

Extended

WNNNON N

w

OO ELEDEDEDLEDLDLOODLDND

5+

NNNNRNNRNNNNNRNNNONN

WNNNN N

w

2+
2+
2+
2+
2+
2+

2+
2+
2+
2+
2+
2+
2+

WWWWwWwwww wwwwww

1028
102C

102F
103F
1083
108C
108E
1093
109C
109E
109F

_10A3

10AC
10AE
10AF
10B3

10BC
10BE
10BF
10CE
10DE
10DF
10EE
10EF
10FE
10FF
113F

1183

118C
1193

119C
11A3
11AC
11B3
11BC

Mnem

LDD
STD
Lbu
STU

Mode
Extended

Extended

2 Bytes Opcode

LBRN
LBHI
LBLS
LBHS,
LBCS,
LBNE
LBEQ
LBVC
LBVS
LBPL

LDS
STS
swi3
CMPU
CMPS
CMPU
CMPS
CMPU
CMPS
CMPU
CMPS

Relative

I }

LBCC
LBLO

Relative
Implied
immed

Immed
Direct

Direct
Indexed

Indexed
Extended

Extended
Immed
Direct
Direct
indexed
Indexed
Extended
Extended
Implied
Immed
Immed
Direct
Direct
Indexed
Indexed
Extended
Extended

Hitachi America Ltd. e 2210 O’Toole Avenue e "San Jose, CA 95131 » (408) 435-8300
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o000

5(6)
5(6)
5(6)
5(6)
5(6)
5(6)
5(6)
5(6)
5(6)
5(6)
5(6)
5(6)

N OO
°aa

NN NN o
T Y Ny

=
+ ¥

g

(=3

+

wm:wqqmmuﬂumammﬁuumwm

W Wwww

WWWWPLAEADHEAIANDIDILEDDLIDLLLEDLDDLDLDLDLL

+ ¥

bbw?uw&b”bhwwwuh&&hk



‘HD6809

= NOTE FOR USE . sequence by setting BA, BS to “High” level. However,
[1] Exceptional Operation of HD6809 in the conditions shown below the assertion of BA, BS
(a) Exceptional Operations of DMA/BREQ, BA signals delays one clock cycle.
(#1) ) < Conditions for the exception >
HD6809 acknowledges the input signal level of (1) DMA/BRE A[BRE_Q : “Low” for 6~13 cycles
DMA/BREQ at the end of each cycle, then determines (2) DMA/BREQ : “High” for 3 cycles

whether the next sequence is MPU or DMA. When
“Low” level is detected, HD6809 executes DMA

MPU

Dead | DMA cycle | Dead | MPUcycle | Dead | DMA cycle
cycle

cycle I l cycle | cycle |

_

E

DMA/BREQ \ '

BA, as__J

'
'
'
'
\
|
[l
!
|
|
)

U

\

S RS D

i
1
E 6~13 cycles 3 cycles éﬁ;::v":f
one clock
cycle
Figure 21 Exception of BA, BS Output
(b) Exceptional Operations of DMA/BREQ, BA signals verce cycle steal. And it is only cleared if DMA/BREQis
(#2) inactive (“High”) for 3 or more MPU cycles. So 1 or 2
HD6809 includes a self refresh counter for the re- inactive cycle(s) doesn’t affect the self refresh counter.

E

|
|
I
I
1 cycle “High"' :
!
1
)
I
1
1

%

_.
2. _____
o
]

DMA/BREQ ~
l,
BA, BS

s

Self Refresh '
counter r

] 1
1 1
| |
o ;:::{ e
— 1 ' T
DMA/BREQ \- ) ' . @
1 ; ;
1
)

effective (15 cycles)
, |

]
|
< - e
mPu | Dead |  DMA IDead MPU o..a[ DMA TD”" MPU Dsadl DMA
| M

Self Refresh
counter [ _ -
effective (15 cycles) *™ Reverse cycle steal

Figure 22 Exception of DMA/BREQ
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HD6809

©

How to avoid these exceptional operations

It is necessary to provide 4 or more cycles for in-

‘DMAJBREQ \

active DMATBREQ level as shown in Fig. 23.

S —

4 or more cycles

BA, BS ,

\

S

Figure 23 How to Avoid Exceptional Operations

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

(a) An Example of the System Configuration

This restriction is applied to the following system.

(1) DMA/BREQ is used for DMA request.

lowing. (2) “Halt Burst Mode” is used for DMA transfer
DMAJBREQ D DRGH
DMA transfer
request ¢c|—— Eclock
HD6809 HD6844
(MPU) T (DMAC)
BA DGRNT
DMA acknowledge
Figure 24 An Example of HD6809, HD6844 System
The restriction is also applied to the system which doesn’t
use 7474 Flip-Flop. Fig. 24, Fig. 25 shows an example which
uses 7474 for synchronizing DMA request with E.
(b) Restriction reverse cycle steals once in 14 DMA cycles by taking

©

112

“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 [1](b) if 2 or more
DMA channels are used for the DMA transfer.

back the bus control. In this case, however, the action
taken by MPU is a little bit different from the DMAC.

As shown in Fig. 25, DMA controller can’t stop
DMA transfer (@) 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 Halt Bust DMA transfer
Incorrect operation of HD6809, HD6844 system {> 14 cycles)
“Incorrect Operation” will occur if the number of Please use HALT input of HD6809 for the DMA
DMA transfer Byte is more than 14 bytes, If DMA/ request instead of DMA/BREQ.
BREQ is kept in “Low” level HD6809 performs
@ HITACHI
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HD6809

14 cycles

MUy yUyyyuuyl

HD6809 side
E— HD6809 reverse
DMA/BREQ \ cycle steal
BA ) ,
HD6809 / 777, Z
MA |
cycle S MPU cycle pDead DMA cycles esd )MPU Déad DMA cycles
\ MPU cycle is
\ excuted right
after DMA,
HD6844 side > Bus confliction
occurs.
DRQH /
DGRNT | /
(BA) W
HD6844 DMA cycles ) DMA cycles
cycles |

[3] Note for CLR Instruction

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 26 Comparison of HD6809, HD6844 DMA cycles

Example: CLR (Extended)

Cycle-by-cycle flow of CLR instruction (Direct, Ex-
tended, Indexed Addressing Mode) is shown below. In this :i%%% gég :280 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 control/status 2 8001 A0 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 VMA Cycle
5 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.
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HD6809

[4] Note for MRDY MRDY signal, normally derived from the chip select decoding,
HD6809 require synchronization of the MRDY input with must meet the tpcs timing. MRDY’s positive transition must

the 4f clock. The synchronization necessitates an external oscil- occur with the rising edge of 4f.

lator as shown in Figure 26. The negative transition of the

4xf
Oscillator
— 30
XTAL -—J,
EXTAL 38
Part of
HD6809
MRDY 36 MRDY Stretch
MRDY
% Synchronization
7474
D
+5V _ PR 1
Active Low Y
Chip Select I
For Slow — AN\ N
Memory or 14
Peripheral o R l\:ll:'u“
C A2 R/C 1 osen
4 Req'd
78121 as Heq
1% ]" ¢
& Al
c 10
1
MRDY Stretch
Stretch = 0.7 RC
- To Memory

Figure 26 MRDY Synchronization
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HD6809E,HD68AO9E,

HD68BO9E

MP U(Micro Processing Unit)

The HD6809E is a revolutionary high performance 8-bit
microprocessor which supports modern programming techniques
such as position independence, reentrancy, and modular
programming.

This third-generation addition to the HMCS6800 family has
major architectural improvements which include additionial
registers, instructions and addressing modes.

The basic instructions of any computer are greatly enhanced
by the presence of powerful addressing modes. The HD6809E
has the most complete set of addressing modes available on any
8-bit microprocessor today.

The HD6809E has hardware and software features which
make it an ideal processor for higher level language execution
or standard controller applications. External clock inputs are
provided to allow synchronization with peripherals, systems or
other MPUs.

HD6800 COMPATIBLE

® Hardware — Interfaces with All HMCS6800 Peripherals

® Software — Upward Source Code Compatible Instruction Set
and Addressing Modes

ARCHITECTURAL FEATURES

Two 16-bit Index Registers

Two 16-bit Indexable Stack Pointers

Two 8bit Accumulators can be Concatenated to Form One

16-Bit Accumulator

Direct Page Register Allows Direct Addressing Throughout

Memory

HARDWARE FEATURES

External Clock Inputs, E and Q, Allow Synchronization

TSC Input Controls internal Bus Buffers

LIC Indicates Opcode Fetch

AVMA Allows Efficient Use of Common Resources in A

Multiprocessor System

BUSY is a Status Line for Multiprocessing

® Fast Interrupt Request Input Stacks Only Condition Code

Register and Program Counter
® Interrupt Acknowledge Output Allows Vectoring By Devices
® SYNC Acknowledge Output Allows for Synchronization to
External Event
Single Bus-Cycle RESET
Single 5-Volt Supply Operation
NM! Blocked After RESET Until After First Load of Stack
Pointer
Early Address Valid Allows Use With Slower Memories
Early Write-Data for Dynamic Memories
SOFTWARE FEATURES
10 Addressing Modes
+ HMCS6800 Upward Compatible Addressing Modes
+ Direct Addressing Anywhere in Memory Map
» Long Relative Branches
= Program Counter Relative
« True Indirect Addressing
+ Expanded Indexed Addressing:

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

[ 2 Y ) ° o006 08 °

HD6809EP, HD68AO9EP, HD68BOSEP

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

PIN ARRANGEMENT

(Top View)

G HITACHI
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HD68O09E:

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vec* —-0.3~+7.0 \
Input Voltage Vin* —-0.3~+7.0 v
Operating Temperature Range Topr —20 ~+75 °c
Storage Temperature Range Tstg —556 ~ +150 °c

* With respect to Vss (SYSTEM GND)

(NOTE) 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 LSI.

= RECOMMENDED OPERATING CONDITIONS

" Item Symbol min typ max unit
Supply Voltage Vee* 4,75 5.0 5.25 \
Logic, Q, RES vi* -0.2 - 0.8 v
E Viee* -0.3 - 0.4 v
Input Voltage I;ogic Vin® 22 - Vce* v
RES 4.0 - Vec* \'4
E Vinc* Vec* —0.75 - Vee* +0.3 \
Operating Temperature Topr -20 25 75 °c

*  With respect to Vss (SYSTEM GND)

= ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Ve = 5.0V 6%, Vgg = OV, Ta = -20 ~ +75°C, unless otherwise noted.)

HDE809I HDGBA HC
Item Symbol | Test Condi - 2 - 008 - = Unit
min [typ*| max | min |typ*| max | min |[typ®| max
Logic, @ Vin 22 |- |Vee |22 |- |Vec |22 |- |Veec |V
Input “High” Voltage RES VIHR 40 |- |Vcc |40 |— |Vec |40 |- Ve | V
Vee Vee | Vee Vee | Vee Vee
€ Vine 078~ |+03| 075~ |+03|-075~ |+03| Vv
Logic, Q, RES ViL -02 |- |08 |-02 |- (08 |-02|- |08 |V
Input “Low" Voltage
E ViLe —03|- |04 [03|- |04 |03|- [04 |V
Logic, Q, RES Vin=0~5.25V. —25|- |26 |256|- |25 |-25|- |25 |uA
input Leal Current lin _ - .
kage E Vee = max —100{- | 100 [-100|— [ 100 [-100][- [ 100 | pa
ILoad = —
Do~D- o= S20A. g4 |- |- f24 |~ | - f24 |- |- |V
1 =
Output “High" Voltage |Ao~A;s, R |Von | L%~ —M48UA.  1g4 |_ | — |24 |- | - |24 |- |- |V
BA, BS, LIC, VLoad = —100uA, I N R
AVMA, BUSY Vee = min 24 24 24 v
] =
Output “Low* Voltage VoL | koad=2mA, - |- |os |- |- |os |~ |- |os |V
Power Dissipation Po - - 10 | — - 10 | - - 1.0 w
Do D1, Logic Vin=0v, — |10 |1s |- |wof1s [ - |10]15 |pF
Input Capacitance Input, Q, RES Cin Ta=25°C,
f = 1MH;
E MHz — |30 |s0 |- |30 {s |- |30 |s0 |eF
Ao ~Ass, RIW, Vin =0V,
Output Capacitance BA, BS, LIC, Cout | Ta=25°C, — |18 |- 10|15 [~ |10 |15 |pF
AVMA, BUSY = 1MHz
Frequency of Operation |E,Q f 0.1 - 10 (0.1 - 15 |01 - 20 |MHz
Three State (Off State) |20 ~07 trei | Vin=04~2ay, [T10 |- |10 |10 |- |10 |-10 - |10 juA
Input Current Ao~ As, RIW Vee = max —100[— [100 [ —100{~ | 100 [-100[- | 100 | A
*Ta=25C, Vg =5V
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HD680SE

® AC CHARACTERISTICS (V¢c = 5.0V 5%, Vgg = OV, Ta = -20 ~ +75°C, unless otherwise noted.)
READ/WRITE TIMING

ftem Symbol c‘;r"e;itﬁm min'-")fys:))9 Emax minHvaB: 09rEnax minHnyB: ogvenax Unit
Cycle Time teye 1000 — [10000(667 | — (10000500 | — [10000| ns
Peripheral Read Access Times
teyc — tEf — tAD — tDSR = tACC tacc 695 | — | — |440| — | — [330| - |~ |ns
Data Setug Time (Read) DSR 80 | — - 60 | — - 40 | — - ns
Input Data Hold Time tDHR 10 - - 10 - - 10 - - ns
| Ta=0~4+75°C 30 |- |- |30 - |- [30|- |- |ns
Output Data Hold Time tDHW

Ta=-20~0°C 20 - - 20 - - 20 - - ns

Address Hold Time Ta=0~+75°C 20| - | - |20 =] = 2] = =1 ns
(Address, R/W) Ta=-20~0°C TAH 10| - | - (1] -] - 1w -] - 1]auns
Address Delay tAD - - 200 | — - 140 | — - 120 | ns
Data Delay Time (Write) tDDW Fig. 1,2, - - 200 | — - 140 | — - 110 | ns
E Clock “Low" tPWEL Taeand 17 | 450 | — |o500 |205 | — |9500 |210| — |9500 | s
E Clock *“High” (Measured at VIH) PWEH 450 | — |9500 |280 | — |9500 {220 | — |9500 | ns
E Rise and Fall Time tgr, tES - - 25 | — - 25 | — - 20 ns
Q Clock “’High"" tPWQH 450 | — (9500 |280 | — 9500 {220 | — 9500 | ns
Q Rise and Fall Time tQr, taf - - 25 | - - 25 | - - 20 ns
E “Low" to Q Rising tEQ1 200 | — - 130 | — - {100 — - ns
Q “High" to E Rising teQ2 200 | — - [130| - - 100 | — - ns
E “High” to Q Falling teQ3 200 | — - 130 | — - 100 | — - ns
Q “Low" to E Falling teQa 20 - |- |130f - |- [|100| = | - ns
Interrupts HALT, RES and TSC Setup Time tpcs 20 - |- |10} - | = 10| - | - ns
TSC Drive to Valid Logic Levels tTSA - - 210 | — - 150 | — - 120 ns
TSC Release MOS Buffers to High Impedance TSR - - 200 | — - 140 | — - 110 ns
TSC Three-State Delay tTsD - - |120 | - - | 8 |- - 80 ns
Control Delay (BUSY, LIC) tcp - - {300 |- - | 250 | — - | 200 | ns
Control Delay (AVMA*) tcp - - 300 | — - [270 | - — [240 | ns
Processor Control Rise/Fall tpCr. tPCf - - (100 | — - 100 | — - | 100 ns
TSC Input Delay tpCT 10 - - 10 - - 10 - - ns

AVMA drives a not-valid data before providing correct output, 5o spec tcp max = 270 nsec (HD68AOIE) and 240 nsec (HDE8BOIE) are applied to
this signal. When this delay time causes a problem in user’s application, please use D-type latch to get stable output.

SR e S|
L I R D
AVMA ' Not Valid: Not Vali
G HITACHI
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HD6809E

teyc
ViHe
E VIH PWEL VIH ViH N
KViLc ViLc 4 tPWEH K_Vic
fe——EQ1— tEQ2 Ltem tEQ4—]
a Z‘Vm ViH
ViL4 Vi
_ 2.4V
R/W
tAH
Addr- 2.4V
BA, BS* 0.5V.
tAD tACC
Data
fe——+—tCD
BUSY, 2.4V
LIC,
AVMA 0.5V

Not Valid

,/
.

* Hold time for BA, BS not specified

(NOTE) Waveform measurements for all inputs and outputs are specified at logic **High’’ = Vymin and logic “Low’’ = V)| max unless otherwise specified.

|
E V|HJ§_
ViLe

Figure 1 Read Data from Memory or Peripherals

KViLc
e
EVin
Q ViL Vi
— tar tof
tAH —>
RIW
0.5V
Addr. 24V
BA, BS® 0.5V
tAD [e——1DDW 24 — tDHW
Data Data Valid
0.5V
tcp 4

BUSY, <
Lic, 24V
AVMA I 0.5V

* Hold time for BA, BS not specified
(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘‘High’’ =V ymin and logic ““Low’’ = V)_mnax unless otherwise specified.

Figure 2 Write Data to Memory or Peripherals
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118 Hitachi America Ltd. ® 2210 O’Toole Avenue * San Jose, CA 95131 ¢ (408) 435-8300



HD680SE

o
Ag~As TD0~D7
A on e
4+—Vss
A 8
7 IR
o PC
u j&» POST
s ——— RES
r— NMmi
Y <
Interrupt FIRQ
" Control "G
x N — LIC
——— AVMA
{ A < ——p RIW
< D _ TSC
8 A I
oP ce Bus [¢— HALT
Control L9 gaA
(=g
BUSY
A A
ALU Timing
‘[ S
Q
Figure 3 HD6809E Expanded Block Diagram
sov = PROGRAMMING MODEL
As shown in Figure 5, the HD6809E adds three registers to
RL=22ka the set available in the HD6800. The added registers include a
Direct Page Register, the User Stack pointer and a second
Test Point Index Register.
c R ® Accumulators (A, B, D)

C =30 pF for BA, BS, LIC, AVMA, BUSY
130 pF for Dy ~D,
90 pF for Ag ~A,s, RIW

R =11.7 kS for Do ~D,
16.5 kS2 for A, ~A,s, RIW
24 k2 for BA, BS, LIC, AVMA, BUSY

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

Figure 4 Bus Timing Test Load

Hitachi America Ltd. ® 2210 O'Toole Avenue ¢ San Jose, CA 95131 ¢ (408) 435-8300

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 referred to as the D
Register, and is formed with the A Register as the most
significant byte.

® Direct Page Register (DP)

The Direct Page Register of the HD6809E serves to enhance
the Direct Addressing Mode. The content of this register
appears at the higher address outputs (As ~ A,s) during direct
addressing 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.

@ HITACHI
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HD6809E

15 0
X — Index Register
Y — Index Register
Pointer Registers
U — User Stack Pointer :
S — Hardware Stack Pointer
PC Program Counter
A B Accumulators
=
~
! D
7 0
[ DP l Direct Page Register

0

7
(elefn]]nfz]v]c]

CC — Condition Code Register

Figure 5 Programming Model of The Microprocessing Unit

@ Index Registers (X, Y)

The Index Registers are used in indexed mode of addressing.
The 16-bit address in 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 offset. During some indexed modes, the contents of
the index register are incremented or decremented to point to
the next item of tabular type data. All four 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 programmer
thus allowing 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 HD6809E to be used effi-
ciently as a stack processor, greatly enhancing its ability to
support higher level languages and modular programming.

(NOTE) The stack pointers of the HD6809E point to the top
of the stack, in contrast to the HD680O 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 6.

[elelnfrin]zfv]e]
L Carry
Overflow
Zero
Negative
IRQ Mask
Half Carry
FIRQ Mask
Entire Flag

Figure 6 Condition Code Register Format

& CONDITION CODE REGISTER DESCRIPTION

e Bit 0 (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.

e 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
from the MSB in the ALU does not match the carry from the
MSB-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,

® 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.
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e Bit4 (1)

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

® Bit5(H)

Bit 5 is the half-carry bit, and is used to indicate a carry
from bit 3 in 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,

® 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. NMI, FIRQ,
SWI, and RES all set F to a one. IRQ, SWI2 and SWI3 do not
affect F.

e Bit 7 (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 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.

s HD6B09E MPU SIGNAL DESCRIPTION

® Power (Vss, Vcc)
Two pins are used to supply power to the part: Vss is
ground or 0 volts, while Vcc is +5.0 V £5%.

® Address Bus (Ao ~ As)

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
FFFF,s, R/W = “High”, and BS = “Low”; 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 LS TTL loads, and 90 pF. Refer to Figures 1 and 2.

® Data Bus (Do ~ D7)

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 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. Refer to Figures 1 and 2.

e RES

A “Low” level on this Schmitt-trigger input for greater than
one bus cycle will reset the MPU, as shown in Figure 7. 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 input signals are fully operational.

Because the HD6809E 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.

‘HD6809E

This higher threshold voltage ensures that all peripherals are
out of the reset state before the Processor.

Table 1 Memory Map for Interrupt Vectors

Memory Ma.p for Vector Interrupt Vector
Locations .
Description
MS LS
FFFE FFFF RES
FFFC FFFD NMT
FFFA FFFB SWi
FFF8 FFF9 fRQ
FFF6 FFF7 FIRQ
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
indefinitely 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 state.
While halted, the MPU will not respond to external real-time
requests (FIRQ, TRQ) although NMI or RES 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 pulling HALT “Low” while RES is still “Low”. See
Figure 8.

©® Bus Available, Bus Status (BA, BS)

The Bus Available output is an indication of an internal
control signal which makes the MOS buses of the MPU high
impedance. 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
BA Bs MPU State Definition
0 0 Normal (Running)
0 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 (%_S', NMI, FIRQ, TRQ, 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 line.

Halt Acknowledge is indicated when the HD6809E is in a
Halt condition.
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Figure 7 RES Timing
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HDG6809SE

® 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 inhibited by the program, and also has a
higher priority than FIRQ, TRQ or software interrupts. During
recognition of an NMI, the entire machine state is saved on
the hardware 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 with respect
to Q, the interrupt will not be recognized until the next cycle.
See Figure 9.

® Fast-Interrupt Request (FIRQ)*

A “Low” level on this input pin will initiate a fast interrupt
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 condjtion code register and the program counter. The
interrupt service routine should clear the source of the interrupt
before doing an RTI. See Figure 10.

© Interrupt Request (TRQ)*

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. TRQ also has a lower priority
than FIRQ. Again, the interrupt service routine should clear
the source of the interrupt before doing an RTI. See Figure 9.

* NMI, FIRQ, and TRQ requests are sampled on the falling edge of Q.
One cycle is required for synchronization before these interrupts are
recognized. The pending interrupt(s) will not be serviced 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.

® Clock Inputs E, Q

E and Q are the clock signals required by the HD68O9E.
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, tap after the falling edge of E, and
data will be latched from the bus by the falling edge of E.
While the Q input is fully TTL compatible, the E input directly
drives internal MOS circuitry and, thus, requires levels above
normal TTL levels. This approach minimizes clock skew
inherent with an internal buffer. Timing and waveforms for E
and Q are shown in Figures 1 and 2 while Figure 11 shows a
simple clock generator for the HD680SE.

e 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 indirect or other vector
fetch (e.g., jump extended, SWI indirect etc.).

In a multi-processor system, busy indicates the need to
defer the rearbitration of the next bus cycle to insure the
integrity of the above operations. This difference provides the
indivisible memory access required for a “test-and-set” primi-
tive, using any one of several read-modify-write instructions.

Busy does not become active during PSH or PUL operations.
A typical read-modify-write instruction (ASL) is shown in
Figure 12. Timing information is given in Figure 13. Busy is
valid tcp after the rising edge of Q.

® AVMA

AVMA is the Advanced VMA signal and indicates that the
MPU will use the bus in the following bus cycle. The predictive
nature of the AVMA signal allows efficient shared-bus multi-
processor systems. AVMA is “Low” when the MPU is in either a
HALT or SYNC state. AVMA is valid tcp after the rising edge
of Q.

e LiC

LIC (Last Instruction Cycle) is “High” during the last cycle
of every instruction, and its transition from “High” to “Low”
will indicate 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 is Halted at the end of an instruction, (i.e., not in CWAI or
RESET) in SYNC state or while stacking during interrupts.
LIC is 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 con-
trollers). -

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 14.

® MPU Operation

During normal operation, the MPU fetches an instruction
from memory and then executes the requested function. This
sequence begins after RES and is repeated indefinitely unless
altered by a special instruction or hardware occurrence. Soft-
ware instructions that alter normal MPU operation are: SWI,
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt or HALT
input can also alter the normal execution of instructions.
Figure 15 illustrates the flow chart for the HD6809E.
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Figure 9 1RQ and NMI Interrupt Timing
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Figure 11 HDG68O0SE Clock Generator

Memory Memory
Location Contents Contents Description
T
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
L —

—

$6300 $E3 Effective Address Hi-Byte
$6301 $D6 Effective Address Lo-Byte

$E3D6 $5C Target Data

Figure 12 Read Modify Write Instruction Example (ASL Extended Indirect)
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Figure 13 BUSY Timing (ASL Extended Indirect Instruction)
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(NOTES) Data will be asserted by the MPU only during the interval while R/W is “Low” and E or Q is ""High*’.
Waveform measurements for all inputs and outputs are specified at logic “High*’ = V| ymin and logic “Low" = Vi max unless otherwise specified.

Figure 14 TSC Timing
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sequence from any point in the flow chart.
2. BUSY is “High’ during first vector fetch cycle.

Figure 15 Flowchart for HD680YE Instruction
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HD6809E:

= ADDRESSING MODES
The basic instructions of any computer are greatly enhanced

by the presence of powerful addressing modes, The HD680SE
has the most complete set of addressing modes available on
any microcomputer today. For example, the HD6809E has 59
basic instructions; however, it recognizes 1464 different varia-
tions of instructions and addressing modes. The addressing
modes support modern programming techniques. The following
addressing modes are available on the HD6809E:
(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

o Implied (Includes Accumulator)

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

® Immediate 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 HD6809E uses both 8 and 16-bit
immediate values depending on the size of argument specified
by the opcode. Examples of instructions with immediate
Addressing are:

LDA #$20

LDX #$F000

LDY #CAT

(NOTE) # signifies immediate addressing, $ signifies hexa-
decimal value.

® Extended Addressing
In Extended Addressing, the contents of the two bytes im-

mediately following the opcode fully specify the 16-bit 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

o Extended Indirect
As a special case of indexed addressing (discussed below),

one level of indirection may be added to Extended Addressing.
In Extended Indirect, the two bytes following the postbyte of
an Indexed instruction contain the address of the data,

LDA [CAT]

LDX [$FFFE]

STU [DOG]

® Direct Addressing

Direct addressing is similar to extended addressing except
that only one byte of address 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 256 locations (one page)
can be accessed without redefining the contents of the DP
register. Since the DP register is set to $00 on Reset, direct
addressing on the HD6809E is compatible with direct addressing
on the HD6800. Indirection is not allowed in direct addressing.
Some examples of direct addressing are:

LDA  $30

SETDP $10  (Assembler directive)
LDB  $1030

LDD <CAT

(NOTE) < is an assembler directive which forces direct
addressing.

® Register Addressing
Some opcodes are followed by a byte that defines a register

or set of registers to be used by the instruction. This is called a
postbyte. Some examples of register addressing are:

TFR X,Y Transfer X into Y

EXG A,B Exchanges A with B

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

PULU X,Y,D PullD,X,andY fromU

® Indexed Addressing

In all indexed addressing, one of the pointer registers (X, Y,
U, S, and sometimes PC) is used in a calculation of the 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 pointer
register to be used. Figure 16 lists the legal formats for the
postbyte, Table 2 gives the assembler form and the number of
cycles and bytes added to the basic values for indexed
addressing for each variation.

Post-Byte Register Bit Indexed

4|3

EA = R +5 Bit Offset

EA = R + ACCA Offset
EA =, R + 8 Bit Offset
EA = ,R + 16 Bit Offset
EA = R + D Offset
EA= PC + 8 Bit Offset
EA = PC + 16 Bit Offset
EA = [Address]
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Addressing Mode Field

(
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(Sigh bit when b7 = 0)
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00=X
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. lo- Non Indirect
1 = Indirect
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Figure 16 Index Addressing Postbyte Register Bit Assignments
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Table 2 Indexed Addressing Mode

Non Indirect Indirect
Type Forms o | orcade |~[#] “torm | Opcods |~|#
Constant Offset From R No Offset R 1RR00100 (0|0 [,R] 1RR10100 0
(2's Complement Offsets) 5 Bit Offset n R ORRnnnnn_ | 10 defaults to 8-bit
8 Bit Offset n, R 1RR0O1000 |1 {1 [n, R} 1RR11000 (4|1
16 Bit Offset n, R 1RRO1001 (4 (2 [n, R] 1RR11001 7|2
Accumulator Offset From R A Register Offset A R 1RR0O0110 |1 |0 [A, R] 1RR10110 |4 |0
(2's Complement Offsets) B Register Offset | B, R 1RR00101 |1|0| (B, Rl 1RR10101 | 4|0
D Register Offset D,R 1RR0O1011 |4 (0 [D, R} 1RR11011 7(0
Auto Increment/Decrement R Increment By 1 R+ 1RR00000 |2|0 not allowed
Increment By 2 R++ 1RR00001 |30 [LR++] [ 1RR10001 6|0
Decrement By 1 ,-R 1RR00010 |20 not allowed
Decrement By 2 ,--R 1RR00011 3|0 [.--R] 1RR10011 6(0
Constant Offset From PC 8 Bit Offset n, PCR 1xx01100 |11 [n, PCR] 1xx11100 (4|1
(2's Complement Offsets) 16 Bit Offset n, PCR 1xx01101 |5|2 | [n, PCRI 1xx11101 | 82
Extended Indirect 16 Bit Address - - - [n] 10011111 |52
R=X,Y,UorS RR:
x = Don’t Care 00 =X
01=Y
10=U
11=8§

: and;’# indicate the number of additional cycles and bytes for the particular variation.

Zero-Offset Indexed
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:
LDD 0,X
LDA S

Constant Offset Indexed

In this mode, a two’s-complement offset and the contents
of one of the pointer registers are added to form the effective
address 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 post-
byte 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 cases 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 23,X
DX -2,S

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 registers are added
to form the effective address of the operand. The contents of
both the accumulator and the pointer register are unchanged
by the addition. The postbyte specifies which accumulator to
use as an offset and no additional bytes are required. The
advantage of an accumulator offset is that the value of the
offset can be calculated by a program at run-time.

Some examples are:

LDA B,Y
LDX D,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 creation of software stacks. In auto decrement, the
pointer register is decremented prior to use as the address of
the data. The use of auto decrement is similar to that of auto
increment; but the tables, etc., are scanned from the high to
low addresses. The size of the increment/decrement can be
either one or two to allow for tables of either 8- or 16-bit data
to be accessed and is selectable by the programmer. The pre-
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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.

Some examples of the auto increment/decrement addressing
modes are:

LDA X+
STD ,Y++
LDB ,-Y
LDX ,--§S

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

0 - temp calculate the EA; temp is a holding register

X+2->X perform autoincrement

X > (temp) do store operation

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

increment/decrement by one, or a *4-bit offset may have an
additional level of indirection specified. In indirect addressing,
the effective address is contained at the location specified by
the contents of the Index 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 = $F000
$0100 LDA [$10,X] EA is now $F010
$F010 S$F1 $F150 is now the
$F011 $50 new EA
$F150 SAA

After Execution

A = $AA (Actual Data Loaded)

X = $F000

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

LDA [, X]
LDD (10,S]
LDA [B,Y]
LDD [, X++]

® Relative Addressing

‘CAT LBEQ  RAT (long)
DOG LBGT  RABBIT (long)
RAT NoP
RABBIT NOP

©® Program Counter Relative
The PC can be used as the pointer register with 8 or 16-bit

signed offsets. As in relative addressing, the offset is added to
the current PC to create the effective address. The effective
address is then used as the address of the operand or data.
Program Counter Relative Addressing is used for writing
position independent programs. Tables related to a particular
routine will maintain the same relationship after the routine is
moved, 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]

® HD6809E INSTRUCTION SET

The instruction set of the HD68O09E 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
addressing modes) has risen from 197 to 1464,

Some of the new instructions are described in detail below:

® PSHU/PSHS

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

e PULU/PULS

The pull instructions have the same capability of the push
instruction, in reverse order. The byte immediately following
the push or pull opcode determines which register or registers
are to be pushed or pulled. 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

LI TTTTT]

The byte(s) following the branch opcode is (are) treated as — 20

a signed offset which may be added to the program counter. B

If the branch condition is true then the calculated address DP

(PC + signed offset) is loaded into the program counter. 5

Program execution continues at the new location as indicated S/U

by the PC; short (1 byte offset) and long (2 bytes offset) PC

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 «Pull Order Push Order >

are: PC U Y X DP B A CC
BEQ CAT (short) FFFF ....... <« increasing memory address ....... 0000
BGT DOG (short) PC S Y X DP B A CC
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o TFR/EXG

Within the HD6809E, 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. These are denoted
as follows:

0000 —D 0101 —-PC
0001 — X 1000 — A
0010 -Y 1001 —B
0011 -U 1010 -CC
0100 -8 1011 — DP

(NOTE) All other combinations are undefined and INVALID.

TRANSFER/EXCHANGE POST BYTE

T T 7 T T 71
[ SOURCE l DESTINATION]
11 1 L1 1

o 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 a pointer
register. This makes all the features of the internal addressing
hardware available to the programmer. Some of the implications
of this instruction are illustrated in Table 3.

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

LEAX MSG1,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 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 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:

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

1. b>temp (calculate the EA)

2. b+1->b (modify b, postincrement)

3. temp »a (load a)

LEAa,— b

1. b—1 > temp (calculate EA with predecrement)
2.b—1-b (modify b, predecrement)

3. temp >a (load a)

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.

HD6809E

Table 3 LEA Examples

Instruction Operation Comment
LEAX 10,X | X+ 10 - X | Adds 5-bit constant 10to X
LEAX 500, X | X +500—> X | Adds 16-bit constant 500 to X
LEAY AY Y +A - Y [ Adds 8-bit A 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 =S | Used to reserve area on stack
LEAS 10,S [ S+ 10 =S | Used to ‘clean up’ stack
LEAX 5,8 | S+5 — X | Transfers as well as adds
e 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 multiply also allows multiple-
precision multiplications.

Long and Short Relative Branches

The HDG6809E has the capability of program counter
relative branching throughout the entire memory map. In this
mode, if the branch is to be taken, the 8 or 16-bit signed offset
is added to the value of the program counter to be used as the
effective address. This allows the program to branch anywhere
in the 64k memory map. Position independent code can be
easily generated through the use of relative branching. Both
short (8-bit) and long (16-bit) branches are available.

e 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 Sync state and perform the normal
interrupt stacking and service routine. Since FIRQ and TRQ
are not edge-triggered, a low level with a minimum duration of
three bus cycles is required to assure that the interrupt will
be taken. If the pending interrupt is maskable (FIRQ, IRQ)
with its mask bit (F or I) set, the processor will clear the Sync
state and continue processing by executing the next inline
instruction. Figure 17 depicts Sync timing.

Software Interrupts

A Software Interrupt is an instruction which will cause an
interrupt, and its associated vector fetch. These Software
Interrupts are useful in operating system calls, software
debugging, trace operations, memory mapping, and software
development systems. Three levels of SWI are available on this
HD6809E, and are prioritized in the following order: SWI,
SWI2, SWI3.

16-Bit Operation

The HD68OYE has the capability of processing 16-bit data.
These instructions include loads, stores, compares, adds,
subtracts, transfers, exchanges, pushes and pulls.

s 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 HD6809E. Each
instruction begins with an opcode fetch. While that opcode is
being internally decoded, the next program byte is always
fetched. (Most instructions will use the next byte, so this
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HD6809E

technique considerably speeds throughput.) Next, the operation
of each opcode will follow the flow chart. VMA is an indication
of FFFF ¢ on the address bus, R/W = “High’’ and BS = “Low”’.
The following examples illustrate the use of the chart; see
Figure 18.
Example 1: LBSR (Branch Taken)

Before Execution SP = FO00

$8000 LBSR CAT

$A000 CAT
CYCLE-BY-CYCLE FLOW

Example 2: DEC (Extended)

$8000 DEC $A000
$A000 FCB $80

CYCLE-BY-CYCLE FLOW

Cycle # Address Data R/W Description

1 8000 7A 1 Opcode Fetch

2 8001 A0 1 Operand Address,
High Byte

3 8002 00 1 Operand Address,
Low Byte

4 FFFF * 1 VMA Cycle

5 A000 80 1 Read the Data

6 FFFF * 1 VMA Cycle

7 A000 7F 0 Store the Decre-
mented Data

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

Cycle# Address Data R/W Description = HD6809E INSTRUCTION SET TABLES
1 8000 17 1 Opcode Fetch The instructions of the HD6809E have been broken down
2 8001 1F 1 Offset High Byte into five different categories. They are as follows:
3 8002 FD 1 Offset Low Byte 8-Bit operation (Table 4)
4 FFFF * 1 VMA Cycle 16-Bit operation (Table 5)
5 FFFF * 1 VMA Cycle Index register/stack pointer instructions (Table 6)
6 FFFF * 1 VMA Cycle Relative branches (long or short) (Table 7)
7 FFFF * 1 VMA Cycle Miscellaneous instructions (Table 8)
8 EFFF 03 0 Stack Low Order
Byte of Return HD6809E instruction set tables and Hexadecimal Values of
Address instructions are shown in Table 9 and Table 10.
9 EFFE 80 0 Stack High Order
Byte of Return
Address
@ HITACHI
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Gel
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Last Cycle Sync

rs o Last Cycle
of Previous Opcode of Sync
Jnstruction, Fetch | Execute Sync AcAknowledge Instruction,

™~ L I

B

Address X x pc Y pce1 )
one XX XD
RIW x 7 -\

N\
4
i\
\—
N
\—
.  \
LD\ S o
A
¥
i\
\J
S \
\N—
A\
v

GenoeX XX
C XX

I

s )
AVMA r X \
Lic / \ /

X See Note 1
-l ] tpct

RQ
NMI vlﬂ | See Note 2
FIRQ .

tpcs

(NOTES) 1. If the associated mask bit is set when the interrupt is requested, LIC will go ‘Low’’ and this cycle will be an instruction fetch from address
focation PC + 1. However, if the interrupt is P N%T or an d FIRQ or TRQ) LIC will remain ““High’’ and interrupt processing
will start with this cycle as (m) on Figure 9 and 10 (Interrupt Timing).

2. If mask bits are clear, TRQ and FTH%‘must be held “Low” for three cycles to guarantee that interrupt will be taken, although only one cycle
is necessary to bring the processor out of SYNC.

3. Wmfform measurements for all inputs and outputs are specified at logic “’High’’ = V|ymin and logic “Low"” = V| max unless otherwise
specified.

Figure 17 SYNC Timing
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Opcode (Fetch)

2 Bytes
Opcode

Long Short Immediate and
Branch Branch Implied Direct Extended Indexed
Auto Auto
Opoode + inc/Dec Inc/Dec Opcode + PC+ Extended
byt by2 R+16 aml R+D  16Bits Indirect Offset
VMA . ’ ¢ ’
Opcode + VMA Offset
ACCA
ACCB
R + 5 Bit
VMA & R + 8 Bit
PC + 8 Bit
Opcode + Opcode + Opcode + Opcode +
Take VMA ! l i
Branch? Y s | MA VMA  VMA
VMA V!!IA VIIVIA. Vk'(A Vh'ﬁA
VMA VMA VMA VMA VMA VMA ViA VMA
(Note 2) [N l l l VMA
Y ADDR L 4
BSR v >
or
LBSR? s
Operation Indirect?
N UMA (Following
1 Pages) indirect (H), Busy « 1
VMA - Indirect (L), Busy < 0
I VMA
St:ackl Write
Stack Write
&
< Fetch }

VMA
]

(NOTE)

1. Busy = "High’’ during access of first byte of double byte immediate load.
2. Write operation during store instruction. Busy = ‘“High’’ during first two cycles of a double-byte access and the first cycle of read-modify-write access.

3. AVMA is asserted on the cycle before a WMA cycle.

Figure 18 Address Bus Cycle-by-Cycle Performance
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LEL

IHOVLIH®

ASLA
ASLB
ASRA
ASRB
CLRA
CLRB
COMA
COoMB
DAA
DECA
DECB
INCA
INCB
LSLA
LsLe
LSRA
LSRB
NEGA
NEGB
NOP
ROLA
ROLB
RORA
RORB
SEX
TSTA
TSTB

Implied Page

PSHU PULU

ABX RTS TFR EX MUL PSHS PULS

[2)

VMA VMA

S
>

g5
EEE

STACK (R)
STACK (R)

<

>
<<
H
>
<]
b
>

v

3

=

2

Y

(Note 3)

Swi

SWI2° CWAlI

swi3

VMA

STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)

VNA {stack (R1} 7 STACK (W

STACK (W)
STACK (W)
STACK (W)
STACK (W)

ADDR <« SP VMA

VECTOR (H),
BUSY «1
VECTOR (L),
BUSY « 0

VMA

|

A[:DR
VMA

STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)
STACK (W)

oo
VMA §
(Note 4)
VECTOR (H),
BUSY «1

VECTOR (L),
BUSY «0

VMA

|

RTI

STACK (R)

STACK (R)
STACK (R)

ADDR <SP

(NOTES)

1. Stack (W) refers to the following sequence: SP < SP — 1, then ADDR <« SP with R/W = “Low"
Stack (R) refers to the following sequence: ADDR « SP with R/W = “‘High"’, then SP <SP + 1.

PSHU, PULU instructions use the user stack pointer (i.e., SP = U) and PSHS, PULS use the hardware stack pointer (i.e., SP = S).

2. Vector refers to the address of an interrupt or reset vector (see Table 1).
3. The number of stack accesses will vary according to the number of bytes saved.
4. VMA cycles will occur until an interrupt occurs,

Figure 18 Address Bus Cycle-by-Cycle Performance (Continued)

STACK (R)
STACK (R}
STACK (R)
STACK (R)
STACK (R)
STACK (R)
STACK (R)
STACK (R)
STACK (R)
STACK (R)
STACK (R)
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Non-implied
4
ADCA LDD ASL TST ADDD JSR STD
ADCB LDS ASR CMPD STS
ADDA LDU CLR CMPS STU
ADDB LDX COM CMPU STX
ANDA Loy DEC CMPX STY
ANDB INC CMPY
BITA ANDCC LsL SUBD
BITB ORCC LSR
CMPA NEG
CMPB ROL i -
VMA
£oRa ROR STACK (W)
LDA STACK (W}
LDB
ORA
ORB
SBCA
SBCB
STA
sT8
SUBA
suBB VMA, BUSY «1 ADDR +
ADDR +
BUSY «0
VMA VMA ADDR + (W)
ADDR + VMA
A \ 4 A 4
v

(NOTES)

1. Stack (W) refers to the following sequence: SP «- SP — 1, then ADDR <« SP with R/W = “Low"
Stack (R) refers to the following sequence: ADDR « SP with R/W = “"High", then SP < SP + 1.

PSHU, PULU instructions use the user stack pointer (i.e., SP = U) and PSHS, PULS use the hardware stack pointer (i.e., SP = S).

2. Vector refers to the address of an interrupt or reset vector (see Table 1).

3. The number of stack accesses will vary according to the number of bytes saved.

4, VMA cycles will occur until an interrupt occurs.

Figure 18 Address Bus Cycle-by-Cycle Performance (Continued)
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Table 4 8-Bit Accumulator and Memory Instructions

HD6809E

Mnemonic(s) Operation
ADCA, ADCB Add memory to accumulator with carry
ADDA, ADDB Add memory to accumulator

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 Bit test memory with accumulator
CLR, CLRA, CLRB Clear accumulator or memory location
CMPA, CMPB Compare memory from accumulator

COM, COMA, cOMB

Compl slitor or memory location

DAA

Decimal adjust A accumulator

DEC, DECA, DECB

Decrement accumulator or memory location

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
LDA, LDB Load accumulator from memory

LSL, LSLA, LSLB

Logical shift left accumulator or memory location

LSR, LSRA, LSRB

Logical shift right accumulator or memory location

MUL Unsigned multiply (A x B~ D)
NEG, NEGA, NEGB Negate accumulator or memory
ORA,ORB Or memory with accumulator

ROL, ROLA, ROLB

Rotate accumulator or memory left

ROR, RORA, RORB

Rotate accumulator or memory right

SBCA, SBCB ‘Subtract memory from accumulator with borrow
STA, STB Store accumulator to memory

SUBA, SUBB Subtract memory from accumulator

TST, TSTA, TSTB Test accumulator or memory location

TFR R1, R2 Transfer R1 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, PULU) instructions.

Table 5 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

LDD Load D accumulator from memory

SEX Sign Extend B [ into A accumulator
STD Store D accumulator to memory

SUBD Subtract memory from D accumulator

TFR D,R Transfer Dto X, Y,S,Uor PC

TFR R,D Transfer X,Y,S,UorPCto D

(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) -

instructions.
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HDG68O9E:

Table 6 Index Register Stack Pointer Instructions

Mnemonic(s) Operation

CMPS, CMPU Compare memory from stack pointer

CMPX, CMPY Compare memory from index register

EXG R1, R2 ExchangeD, X, Y,S,UorPCwithD, 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 PC onto hardware stack
PSHU Push A, B, CC,DP,D, X, Y, S, or PC onto user stack
PULS Pull A, B, CC,DP,D, X, Y, Uor PC from hardware stack
PULU Pull A, B, CC,DP,D, X, Y, S or PC from user stack
STS,STU Store stack pointer to memory

§TX, STY Store index register to memory

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

Table 7 Branch Instructions

Mnemonic(s) I Operation
SIMPLE BRANCHES
BEQ, LBEQ Branch if equal
BNE, LBNE Branch if not equal
BMI, LBMI Branch if minus
BPL, LBPL Branch if plus
BCS, LBCS Branch if carry set
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 than or equal (signed)
BEQ, LBEQ Branch if equal
BLE, LBLE Branch if less than or equal (signed)
BLT, LBLT Branch if less than (signed)
UNSIGNED BRANCHES
BHI, LBHI Branch if higher (unsigned)
BHS, LBHS Branch if higher or same (unsigned)
BEQ, LBEQ Branch if equal
BLS, LBLS Branch if lower or same (unsigned)
BLO, LBLO Branch if lower (unsigned)
OTHER BRANCHES
BSR, LBSR Branch to subroutine
BRA, LBRA Branch always
BRN, LBRN Branch never
@ HITACHI
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Table 8 Miscellaneous Instructions

Mnemonic(s) Operation
ANDCC AND condition code register

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

ORCC OR condition code register

JMP Jump

JSR Jump to subroutine

RTI Return from interrupt

RTS Return from subroutine

SWI, SWI2, SWI3 Software interrupt (absolute indirect)

SYNC Synchronize with interrupt line

G HITACHI

Hitachi America Ltd. ¢ 2210 O’'Toole Avenue * San Jose, CA 95131 e (408) 435-8300 141



HDG6809E

Table 9 HDG6809E Instruction Set Table

HD6809E ADDRESSING MODES

INSTR 1
S FQ%?JSON/ IMPLIED DIRECT EXTENDED | IMMEDIATE | INDEXED® | RELATIVE DESCRIPTION 5|3(2|1]|0
OP|~ | # |OP |~ |# |OP|~ |# |[OP|~ |# |OP|~ |# |OP|~®|# HIN|Z]|V]|C
ABX 3A|3 1 ?U’;J X'—G- xED) olele|ofe
ADC ~ ADCA 99 (4|2 (B9|5 | 3|89 2|2 |A9| 4+ |2+ A+ ?A +'é - A IR ERENE]
ADCB D9 |4 |2 |F9|5 3(C9| 2|2 |E9| 4+ |2+ B+M+C—B IR ERE RN
ADD ADDA 9B (4|2 |BB|5 | 3|88 2 |2 [AB|4+ |2+ A+M-— A IR E RN
ADDB DB| 4|2 |[FB|5 | 3 |CB| 2 |2 |EB|4+ |2+ B+M-B IR ENEN R
ADDD D3| 6|2 |F3|7 3|C3| 4 |3 |E3|6+2+ D+MM+1-D |e |t || ¢
AND ANDA 94 | 4|2 (B4|5 3 (84| 2 |2 |A4] 4+ |2+ AAM- A |l |t|0]e
ANDB D4 | 4|2 |F4|5 |3 (C4| 2 |2 |E4|4+ |2+ B AM—~B e t|1|0e
ANDCC 1C|{ 3 | 2 CCA IMM—CC | (—4— —+)
ASL ASLA |48 2 | 1 A OIERERERE;
ASLB (58| 2 | 1 B D‘U]]IU:L]' et
ASL 08 | 6|2 [78|7 3 68 | 6+ | 2+ L @ |||t
ASR ASRA 472 | 1 A T @ t|t|e]2
ASRB 57 | 2 1 B [CHENENE R
ASR 07 |62 (777 3 67 | 6+ | 2+ M 5 % c|@|t 1 |elt
BCC BCC 24| 3 |2 Branch C=0 eojo|e|ole
LBCC 10 |5(6)| 4 Long Branch ejojojole
. 24 Cc=0
BCs BCS 2513 |2 Branch C=1 e oo |eio
LBCS 10 |5(6)| 4 Long Branch ejo|ejo|e
25 =
BEQ BEQ 27 {3 (2 Branch Z =1 o|eofe|e
LBEQ 10 |5(6)| 4 Long Branch e|eje|o|e
27 Z=1
BGE BGE 2|3 |2 Branch N®V=0 (@ e e o e
LBGE 10 [5(6)] 4 Long Branch ele|o|efe
2C N® V=0
BGT BGT 26|13 |2 BranchZv(N®V)=0|® (@ | |® (o
LBGT 10 |5(6)| 4 Long Branch eje|oje|e
2E ZVIN® V)=0
BHI BHI 22 |3 |2 Branch CvZ=0 oje|lofe|e
LBHI 10 |5(6)| 4 Long Branch ejejejofe
22 Cvz=0
BHS BHS 24 | 3 |2 Branch eole|o(ole
C=0
LBHS 10 |5(6)| 4 Long Branch o|eje|e|e
24 Cc=0
BIT BITA 95 |4 |2 |B5(5 | 3|8 2|2 [A5]4+ |2+ Bit Test A(MAA)ie |t |1 ]|0]|e
BITB D5| 4|2 |F5|5 | 3|C5] 2 |2 |ES|4+ |2+ Bit TestB(M AB) (@ (1 (1 |Ofe
BLE BLE 2F [ 3 |2 BranchZVIN®V)=1/® (e (0 e | @
LBLE 10 |5(6)| 4 Long Branch o|lelo|e|e
2F ZVIN® V)=1
BLO BLO 25 |3 |2 Branch C=1 eloleleole
LBLO 10 |5(6)| 4 Long Branch ejojojo|e
25 Cc=1
BLS BLS 23 |3 |2 Branch oo jole|e
Cvz=1
LBLS 10 (5(6)] 4 Long Branch sleieo|e
23 Cvz=1
BLT BLT 2D |3 |2 Branch N®&V=1 (e e |® (0@
LBLT 10 |5(6)| 4 Long Branch eleio|o|e
2D NeVv=1
BmI BMI 28 (3 |2 Branch N=1 oo (eojofe
LBMI 10 |5(6)| 4 Long Branch oo (o|o|e
2B N=1
BNE BNE 26 |3 |2 Branch Z =0 e|efofofe
LBNE 10 [5(6)| 4 Long Branch ejeole|o|e
26 Z=0
BPL BPL 2A (3 |2 Branch N=0 oje|oe|e
LBPL 10 [5(6)| 4 Long Branch oo jefoe
2A N=0
BRA BRA 203 |2 Branch Always e|jeoiole
LBRA 16 |5 |3 Long Branch/ ®jeje o0
Always
BRN BRN 21 |3 |2 Branch Never eje(elc|e
LBRN 10 (5 |4 Long Branch Neverje (@ (o |e | @
21
(to be continued)
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H

D6809E

HD6809E ADDRESSING MODES

INSTRUCTION/
FORMS

IMPLIED DIRECT | EXTENDED | IMMEDIATE | INDEXED® | RELATIVE pescripTion  |21312[1]0
op|~ |# [op|~ |# |oP|~ |# |oOP|[~ [# [OP|~ [# [OP[~®] # H[N|Z|V|C
BSR BSR 8D | 7 Branch to o(efofoje
Subroutine
LBSR 17 |9 Long Branch to elo|ele|e
Subroutine
BVC BVC 28 | 3 Branch V=0 ele|e|e|e
LBVC 10 (5(6)] 4 Long Branch e olejefe
28 =
BVS BVS 29 | 3 Branch V=1 ole|eoiee
LBVS 10 |5(6) Long Branch oio|o|o]|e
29 v=1
CLR CLRA (4F| 2 |1 0-A elo|1(0]|0
CLRB [S5F| 2 |1 0-B elof1|0]|0
CLR OF (6 (2 |7F |7 |3 6F (6+ | 2+ 0-M ei0(1|0]0
CMP  CMPA 91| 4|2 |B1|5 3|81 |22 |A1|a+ |2+ Compare M from A{® |1 1|3 18
CMPB D14 (2 |[F1{65 [3(C1|2 |2 |E1|4+ |2+ Compare M fromB(® |1 [1 |1 ]34
CMPD 0|7 |3 (1008|4105 |4 [10]7+]3+ Compare M: M+1 e |2 |1 |88
93 B3 83 A3 from D
CMPS M7 |3 (118 |a|11 |5 |4 |11]|7+]3+ Compare M: M+ 1 (e [ |1 t
9C BC 8C AC from S
CMPU M| 7|3 (118 |al11]56]a[117+]3+ CompareM: M+1 /e |8 318t
93 B3 83 A3 from U
CMPX 9c| 6 |2 |BC|7 |3(8 |4 |3 |AC|6+ |2+ Compare M: M+1 (@ [t |t |83 |8
from X
CMPY 0|7 |3 (108 |4a4l10(5 |4 [10]|7+]3+ Compare M: M+1]e [t (18]
9C BC 8C AC from Y
COM COMA (43| 2 |1 A-A e|t|t|O0]1
COMB (832 |1 B-B et [t]|O]1
COM 03|6 |2 (73{7 |3 63 |6+ | 2+ M-M et 1|01
CWAI 3c |220| 2 cC AIMM=CC  |(+— @)
— (except 1—E)
Wait for Interrupt
DAA 192 |1 Decimal Adjust A | |1 |1 t
DEC DECA [4A| 2 |1 A-1-A o |t |t|t]|e
DECB |5A| 2 |1 B—-1-8B o[t |t]|t]e
DEC OA| 6 |2 |7A]7 | 3 6A |6+ | 2+ M=—1-M ettt ]|e
EOR EORA 98| 4 |2 |B8|5 | 3|8 |2 |2 |A8|a+ |2+ AoM—A e|t|t|0]|e
EORB D8| 4 |2 |FB|5 | 3|C8| 2 |2 |E8|4a+ |2+ BeM-B et [t|O]e
EXG R1,R2 [1E| 7 |2 R1+ R2® (+—®r)
INC INCA [4ac| 2 |1 A+1-A et |t|t|e
INCB {5C| 2 |1 B+1—B ot |t|t]|e
INC oc|é6|2]7¢|7 |3 6C |6+ | 2+ M+1-M ottt |e
MP oE| 3|2 |7€|4 |3 6E | 3+ | 2+ eA