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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 according
to this manual.

4. This manual neither ensures the enforcement of any industrial properties
or other rights, nor sanctions the enforcement right thereof.
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QUICK REFERENCE GUIDE

B 8-BIT MULTI-CHIP MICROCOMPUTERS

LS Characteristics
Division Type No. Clock | Supply |Operating®** Function Compatibility | Reference
Process |Freq y | Voltage [Temperature | Package® 2ge
Otd Type No. (MHz) v) cc)
:[0)23334 NMOS 125 5.0 0~+70 |DP-40 Microprocessor +128 Bytes of RAM ——-——-—xgg:ggi Z:
HD6303R 1.0 DP-40 87
HDG3A03R CMOs 1.5 5.0 0~+70 |FP-54 Microprocessor +128 Bytes of RAM 87
HD63BO3R 20 CG-40 87
HD6303X* 1.0 DP-64S nz
HDE3A03X* CMOS 1.5 5.0 0~ +70 FP.80 Microprocessor +192 Bytes of RAM 17
HD63B803X * 20 nz
HD6303Y** 1.0 DP-64S 152
HD63A03Y* CMOs 1.5 5.0 0~+70 FP-64 Microprocessor +266 Bytes of RAM 152
HD63B03Y** 20 152
HD6305X2* 1.0 DP-64S 155
HDB3A05X2* CMOSs 15 5.0 0~ +70 FP-64 Microprocessor +128 Bytes of RAM 155
HD63B05X2* 20 155
HD6305Y2* 1.0 DP.G4S 188
MPU HD63A05Y2* CMOSs 1.5 5.0 2~ +70 FP-64 Microprocessor +256 Bytes of RAM 188
HD63B0SY2* 20 188
HD6800 HD46800D 1.0 MC6800 221
HDE8A00 HD468A00 INMOS | 15 5.0 -20~ +75 |DP-40 Microprocessor MC68A00 221
HD68B00 HD468B00 2.0 MC68B00 221
HD6802 HDA46802 NMOS | 1.0 5.0 -20 ~ +75 |DP-40 Microprocessor+Clock+128 Bytes of RAM |MC6802 253
HDE802W NMOS |10 5.0 -20~ +75 |DP-40 Microprocessor+Clock+256 Bytes of RAM 266
HD6809 1.0 MC6809 279
HD68A09 NMOS (15 5.0 -20 ~ +75 |DP-40 High-End 8-Bit Microprocessor MC68A09 79
HDE8B09 .0 MC68B09 79
10
HD6309°** CMOs 5.0 -20 ~ +75 | DP-40 High-End 8-Bit Microprocessor 10
. 10
HDEBO9E 1. . o an MC6809E 311
HDBBAOSE NMOS 50 -20~ +75 |DP-40 '("éi':ef:: 2‘:& Tope) MCBBAOIE 31
HD68BOIE MC68B0O9E 31
i it Mi 344
HD6309E " cmos |2 50 -20~+75 |ppag | Hish-End 8:8it Microp 344
30 (External Clock Type) a7
HD6821 HD46821 1.0 MC6821 45
HD68A21 HD468A21 |NMOS | 1.5 5.0 -20 ~ +75 | DP-40 Peripheral Interface Adapter MC68A21 45
plA  |HDE8B21 HD468821 2.0 MC68B21 345
HDB321* 1.0 DP-40 362
|HD63A21* CMOS |15 5.0 S0~ 475 | oy Peripheral Interface Adapter 362
HDE3B21* 2.0 i 362
HD6840 1.0 MC6840 381
HD68A40 NMOS [15 5.0 -20 ~ +75 |DP-28 Programmable Timer Module MC68A40 381
PTM HD68B40 2.0 MC68840 381
HD6340* 1.0 395
HD63A40* CMOSs 1.5 5.0 -20 ~ +75 |DP-28 Programmable Timer Module 395
HD63B840* 20 395
Foc (RO e —nmos | 50 0~+75 |DP40 | Floppy Disk Controller MCEB43 418
HD6844 1.0 MC6844 437
DMAC |HD68A44 NMOs | 1.5 5.0 -20~ +75 |DP-40 Direct Memory Access Controller MC68A44 437
HD68B44 2.0 MC68B44 437
HD6845 HD46505R 1.0 CRT Controller MC6845 509
HDE8A45 HD46505R-1 | NMOS 1! 5.0 =20~ +75 |DP-40 (3.0MHz High-speed Display) | MC68A45 509
_|cmrc |FDEB845 HDA6505R-2 2.0 : Th-speed Display MC68845 509
3 HDBB45S___|HD46505S 1 CRT Controller 470
et |HDBBA45S _ |HD46505S-1 |NMOS | 1.5 5.0 -20~+75 | DP-40 (3.7MHz High-spead Display) _ 470
§ HDEBBASS  |HD465055-2 20 : \gh-speed Display 470
g COMBO_|HD6846 HD46846 NMOS |10 5.0 -20~ +75 |DP-40 C ination ROM 1/0 Timer MC6846 51
S HD6850 HD46850 1.0 - Asynchronous Communications MC6850 53:
¢ HDEBASO __|HDA6BABO | Vo> [15 50 207 *75 |OP24 | interface Adapter MC68A50 53
ACIA  [HD6350 1.0 A . 54;
HDB3AS0 cmos |15 50 -20~ +75 |DP-24 o 54
HD63850 20 Interface Adapter 543
SSDA :ﬁizsz _———:32;5:;2 NMOS :(5) 5.0 -20 ~ +75 |DP-24 Synchronous Serial Data Adapter xggizsz 5::
1.0 68
ADU Nmos -2 _— . 568
1.0 5.0 -20 ~ +75 |DP-40 Analog Data Acquisition Unit 568
1.5 568
HD146818 cmos |10 50 0 DP-24 i
k . ~+70 |gpog Real Time Clock Plus RAM MC146818 588
RTC HD6318** 1.0 . 607
HDB3A 18" CMOs 15 5.0 -20 ~ +75 (DP-24 Real Time Clock Plus RAM 607
* Preliminary ** Under *** Wide T Range (-40 ~ +85°C) version is available.

t DP; Plastic DIP, FP;Plastic Flat Package, CG: Glass-sealed Ceramic Leadless Chip Carrier
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QUICK REFERENCE GUIDE

B 16-BIT MULTI-CHIP MICROCOMPUTERS

L.SI Characteristics
Divson | TvpoNo. o ocg | ek, [ Suron [ Opoeing T fl runcton | compauniiey |Refeenee
(MHz) V) c)
HD68000-4 4 MC68000L4 611
HD68000-6 6 MC68000L6 611
HD68000-8 i DC-64 MC68000L8 611
HD68000-10 10 MC68000L10 611
HD68000-12 125 MC68000L 12 611
HD68000Y4 4 MC68000R4 611
HD68000Y6 6 MC68000R6 611
MPU HD68000Y8 NMOS 8 5.0 0~ +70 PGA-68 | Microprocessor MC68000R8 611
HD68000Y 10 10 MC68000R10 611
HD68000Y 12 12.5 MC68000R12 611
HD68000Z4 4 MC68000Z4 611
HD68000Z6 6 MC6800026 611
___HD68000Z8 8 CcG-68* MC68000Z8 611
i HDG68000Z10 10 MC68000Z10 611
3 HD68000Z12 125 MC68000Z212 611
I HD68450-4 4 MC68450L4 690
HD68450-6 6 MC68450L6 690
" HD68450-8 8 DC-64 MC68450L8 690
HD68450-10* 10 MC68450L10 690
DMAC HD68450-12** NMOS 125 5.0 0~ +70 Direct Memory — 690
HD68450Y4 4 Access Controller - 690
a HD68450Y6 6 _ 690
® HD68450Y8 8 PGA-68* — 690
£ HD68450Y 10* 10 Z 690
E HDB8450Y 12** 125 — 690
HD63463-4** 4 — 737
HDC HD63463-6** CcMOs 6 5.0 -20~ +75 DC-48 | Hard Disk Controller - 737
HD63463-8** 8 — 737
HD63484-4** 4 - 738
ACRTC HD63484-6"* | CMOS 6 5.0 -20 ~ +75 DC-64 | Advanced CRT Controller - 738
HD63484-8"* 8 — 738

* Preliminary

** Under development

t DC; Ceramic DIP, PGA; Pin Grid Array,
CG; Glass-sealed Ceramic Leadless Chip Carrier
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INTRODUCTION OF PACKAGES

Hitachi microcomputer devices are offered in a variety of
packages, to meet various user requirements.

1. Package Classification

When selecting suitable packaging, please refer to the
Package Classifications given in Fig. | for pin insertion, surface
mount, and multi-function types, in plastic and ceramic.

Standard Outl ine—l——-l

Plastic DIP ]

Pin Insertion Type

Ceramic DIP I

Shrink Outline

S-DIP Shrink Type Plastic DIP ]

Package Classification |-——

PGA Shrink Type Ceramic DIP]

Flat Package

SOP (Plastic)

Surface Mounting Type!

FPP (Plastic)

Chip Carrier

FLAT- DIP
FLAT-
OUIP

Multi-function Type

EPROM on the
Package Type

PLCC (Plastic) ]

(Glass Sealed Ceramic)

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 Material and Printed Circuit Board Mounting Type
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INTRODUCTION OF PACKAGES

2. Type No. and Pack

ge Code Indi by code as follows, and illustrated in the data sheet for each
The Hitachi Type No. for multi-chip microcomputer devices is device.
followed by package material and outline specifications, as When ordering, please write the package code next to the type
shown below. The package type used for each device is identified number.

Type No. Indication

HD X X X X P

Package Classification
No Indication : Ceramic DIP
; Plastic DIP
F (FP) ; SOP, FPP
CG ; LCC (8-bit microcomputer device)
Y ; PGA (16-bit microcomputer device)
z ; LCC (16-bit microcomputer device)

Package Code Indication

DP—64
TT TT1

Outline Materials Number of Pins, itional lin

D ;DIP P ;Plastic S;S-DIP
c:cc G ;Giass Sealed
F ; FLAT ceramic

C ;Ceramic

(Note) PGA packages of 16-bit microcomputer devices have a different indication.

Package Code Indication; P GA_ 6 8
A A

Package Classification l rNumber of Pins I

10 GO HITACHI



3. Package Dimensional Outline

Hitachi multi-chip microcomputer devices employ the packages

Table 1 Package List

INTRODUCTION OF PACKAGES

shown in Table 1 according to PCB mounting method.

Method of Mounting Package Classification Package Material Package Code
DP-24
Plastic OP-28
as DP-40
Standard Outline (DIP)
. . DC-48
Pin | f
in Insertion Type Ceramic DC-64
S-DIP Plastic DP-64S
Shrink Qutline PGA Glass Sealed Ceramic PGA-68
FLAT-DIP (SOP) FP-24
. FP-54
Flat Package FLAT-QUIP (FPP) Plastic FP-64
Surface Mounting Type FP-80
. . . CG-40
Chip Carrier (LCC) Glass Sealed Ceramic CG-68

Plastic DIP

® DP-24

~ 03
0 §1min~ii

5 8max Ll
2 54min

‘2-020~038

(Unit: mm)

® DP-28

‘36.0

2544025

- 0 51min
r’ I ‘I 5 8max

o ~15 J L s.a.zo~o 38

2.54min

(Unit: mm)

G HITACHI
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INTRODUCTION OF PACKAGES

® DP-40 2
t « 2
140 40 O @
'y OB M °
< @ o
< P
< o w
i B :
- : P 3
P ' P w
al 4 B ~
< | B
L P
< P
E P
ERON:
<q b
i
|20 21
134 051min
15.24
i 2.54min
5.06max
02, H
0.2 ot (Unit: mm)
o
Ceramic DIP
® DC-48 {© o
~——
P 25
149
samn
_fomen
wa
(Unit: mm)
o DC-64 =
146 64 -
x
H
3
~
16 8
o
32 33 4 3_‘
0.51min
[e——22.56—= 2.54min
te— 5.1max
0.20~0.38
lo——22.86 —f
(Unit: mm)
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Shrink Type Plastic DIP |

INTRODUCTION OF PACKAGES

® DP-64S
|f: o gsa
b= ‘ B
< P
P B
p= Bt
<3 = !
0 &l
i E:
< ' P L
] | E .
b | B 3
b= B
P= B |
3 =
b: B == ¢
E = == ¢
p: E ol = §
3 ! B o
325 | ::_J\' i -
= 17.0 ~0.81min
® 19.08 B.1max 2.84min
°
I
E
L ‘-\s'
(Unit: mm)
Pin Grid Array
® PGA-68
02
m.“'”—\ N H ] >, Q
% - DuOwmmc - © ( a8
° -% b0 QO .i
1 ¢ N
| = & il
o = Dpumnm— - ) 7 A [
4 ~ [pumma—— ) _L_ A
] 3 8 | Q
) 5 Q) ) A7, g l
) " nnnuuuu"or_'f_
L AR |
8.1 max 2.84 mit 2.“!0.“!“*’ 2 64max

(Unit: mm)

@ HITACHI




Flat Package

<SsOP>
e FP-24

INTRODUCTION OF PACKAGES

(Unit: mm)
(Unit: mm)
(Unit: mm)

@ HITACHI

—

2.50max

=

"(ys1d pug Burpnjauy )og'gl

&%

19604

JORAIEAANY

1.00

17:03

® FP.64

< FPP>
® FP.54
<FPP>

14




INTRODUCTION OF PACKAGES

<FPP>
e FP-80 25604 !

08+015

19.6:04

i| 035201

ittt

(Unit: mm)
Leadless Chip Carrier l
® CG-40
1219
(Unit: mm)
® CG-68

— 3.04 max. §
- 203 T
/ iy

uT“
!

(Unit: mm)

@ HITACHI 15




INTRODUCTION OF PACKAGES

4. Mounting Method

Package lead pins are surface treated with solder coating or
plating to facilitate PCB mounting. The lead pins are connected
to the package by eutectic solder. Common connecting method
of leads and precautions are explained as follows:

4.1 Mounting Methods of Pin Insertion Type Package
Insert lead pins into the PCG through-holes (usually about
140.8mm). Soak leads in a wave solder tub.

Lead pins held by the through-holes enable handling of the
package through the soldering process, and facilitate automated
soldering. When soldering leads in the wave solder tub, do not
get solder on the package.

4.2 Mounting Method of Surface Mount Type Package

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

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

The temperature of the reflowing furnace is dependent on
packaging material and type. Fig. 2 lists the adjustment of the
reflowing furnace for FPP. Pre-heat the furnace to 150° C. Sur-
face temperature of the resin should be kept at 235° C maximum
for 10 minutes or less.

10 sec max

235°C max
140 ~ 160°C \

1~ 4°C/sec

Temperature —

1~ 5°C/sec

Time —

Fig. 2 Reflowing Furnace Adjustment
for FPP

Employ adequate heating or temperature control equipment
to prevent damage to the plastic package epoxy-resin material.
When using an infrared heater, avoid long exposure at tempera-
tures higher than the glass transition point of epoxy-resin (about
150° C), which may cause package damage and loss of reliability
characteristics. Equalize the temperature inside and outside of
packages by reducing the heat of the upper surface of the
packages.

FPP leads may easily bend in shipment or during handling,
and impact soldering onto the printed board. Heat the bent leads
again with a soldering iron to reshape them.

Use a rosin flux when soldering. Do not use chloric flux
because the chlorine in the flux has a tendency to remain on the
leads and reduce reliability. Use alcohol, chlorothene or freon to
wash away rosin flux from packages. These solvents should not
remain on the packages for an excessive length of time, because
the package markings may disappear.

5. Marking

The Hitachi trademark, product type No., and other markings
are printed on packages as shown in the following examples.
Case I and Case 1I are examples of markings and Nos. Case 1
applies to products which have only a standard type No., while
Case II applies to products which have an old type No. and a
standard type No.

16 G HITACHI




Case |; Includes a standard type No.

®)

(a)
[ 1T
]
@ 108

L

©

GB09P
9

(e)

(c)

o JABAN

Case |l; Includes an old type No. and a standard type No.

® 1083

ABB088P
« JAPAN

)Be8458P

@ HITACHI

INTRODUCTION OF PACKAGES

Meaning of Each Mark

(a)

Hitachi Trademark

(b} Lot Code

(c) |Standard Type No.
(d) Japan Mark

(e) Old Type No.

17




QUALITY ASSURANCE

1. VIEWS ON QUALITY AND RELIABILITY
\

Basic views on quality at Hitachi are to meet the

individual uers’ required quality level and maintain a

general quality level equal to or above that of the

general market. The quality required by the user may

be specified by contract, or may be indefinite. In either

case, efforts are made to assure reliable performance

in actual operating circumstances. Quality control

during the manufacturing process, and quality aware-

ness from design through production lead to product

quality and customer satisfaction. Our quality assur-

ance technique consists basically of the following

steps:

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

(2) Build in quality at all steps in the manufacturing
process.

(3) Execute stringent inspection and reliability con-
firmation of final products.

(4) Enhance quality levels through 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 to meet users’ requirements.

2. RELIABILITY DESIGN OF
SEMICONDUCTOR DEVICES

2.1 Reliability Targets

The reliability target is an important factor in sales,
manufacturing, performance, and price. It is not ade-
quate to set a reliability target based on a single set of
common test conditions. The reliability target is set
based on many factors:

(1) End use of semiconductor device.

(2) End use of equipment in which device is used.
(3) Device manufacturing process.

(4) End user manufacturing techniques.

(5) Quality control and screening test methods.

(6) Reliability target of system.

2.2 Reliability Design
The following steps are taken to meet the reliability
targets: '
(1) Design Standardization
As for design rules, critical items pertaining to
quality and reliability are always studied at circuit

design, device design, layout design, etc. There-
fore, as long as standardized processing and
materials are used the reliability risk is extremely
small even in the case of new development
devices, with the exception of special require-
ments imposed by functional needs.

(2) Device Design
It is important for the device design to consider
total balance of process, structure, circuit, and
layout design, especially in the case where new
processes and/or new materials are employed.
Rigorous technical studies are conducted prior to
device development.

(3

Reliability Evaluation by Functional Test
Functional Testing is a useful method for design
and process reliability evaluation of IC’s and LS|
devices which have complicated functions.

The objectives of Functional Test are:

@® Determining the fundamental failure mode.

® Analysis of relation between failure mode and
manufacturing process.

@ Analysis of failure mechanism.

@ Establishment of QC points in manufacturing
process.

2.3 Design Review

Design Review is an organized method to confirm that

a design satisfies the performance required and

meets design specifications. In addition, design review

helps to insure quality and reliability of the finished
products. At Hitachi, design review is performed from
the planning stage to production for new products,
and also for design changes on existing products.

Items discussed and considered at design review are:

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

(2) From the standpoint of each participant, design
documents are studied, and for points needing
clarification, further investigation will be carried
out.

(3) Specify quality control and test methods based on
design documents and drawings.

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

(5) Preparation for production.

(6) Planning and execution of sub-programs for
design changes proposed by individual specialists,
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for test, experiments, and calculations to confirm
the design changes.

(7) Analysis of past failures with similar devices, dis-
cussion of methods to prevent them, and planning
and execution of test programs to confirm success.

3. QUALITY ASSURANCE SYSTEM

3.1 Activity of Quality Assurance

General views of overall quality assurance in Hitachi

are as follows:

(1) Problems in each individual process should be
solved in the process. Therefore, at the finished
product stage the potential failure factors have
been removed.

(2) Feedback of information is used to insure a satis-
factory level of ability process.

3.2 Quality Approval
To insure quality and reliability, quality approval is
carried out at the preproduction stage of device

“QUALITY ASSURANCE

design, as described in section 2. Our views on quality
approval are:

(1) A third party executes approval objectively from
the standpoint of the customer.

(2) Full consideration is given to past failures and
information from the field.

(3) No design change or process change without QA
approval.

(4) Parts, materials, and processes are closely
monitored.

(5) Control points are established in mass production
after studying the process abilities and variables.

3.3 Quality and Reliability Control at Mass
Production

Quality control is accomplished through division ot
functions in manufacturing, quality assurance, and
other related departments. The total function flow is
shown in Fig. 2. The main points are described below.

Step Contents Purpose
|
;arg?ft. ’ | Design Review l
pecification
Design = Characteristics of Material and Confirmation of
Trial - Materials, Parts Parts Characteristics and
Production Approval Appearance Reliability of Materials
Dimension and Parts
Heat Resistance
Mechanical
Electrical
Others
tharacteristics Approval ﬁ Electrical Confirmation of Target
Characteristics Spec. Mainly about
Function Electrical Characteristics
Voltage
Current
Temperature

[Quality Approval (1)

|

Others
Appearance, Dimension

J

x
ﬂQuahtv Approval (2) |

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

[Mass
‘ Production

Figure 1 Flow Chart of Quality Approval

Reliability Test
Process Check same as
Quality Approval (1)

Confirmation of Quality
and Reliability in Design

O HITACHI

Confirmation of Quality
and Reliability in Mass
Production
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Process

—

Material, Parts |

Quality Control

Method

Material
Parts . o of Inspection on Material and | —————- Lot Sampling,
Material and Parts —==- Parts for Semiconductor Confirmation of
Devices Quality Level
r —_—— . .
1 ] Manufacturing Equipment, fheod - Confirmation of
| Manufacturing | b= —4{ Environment, Sub-material, Quality Level
| I Worker Control
! I
| |
! ! L -~4~~ - Lot Sampling
i inner Process g
| Screening r=--1 : Confirmation of
Quality Control !
: | Quality Level
| I
| I
| 100% Inspection on I .
| . . T™77 Testing,
—— | 100% Inspection L~~~} Appearance and Electrical .
| | Characteristics inspection
[ SR (|
Products N R
Products Sampling Inspection on R )
Inspection Appearance and Electrical Lot Sampling
Characteristics
|-~ -4~ ~4 Confirmation of
————— Reliability Test Quality Level, Lot
Receiving
Feedback of
Femmmm——mmmm— e g Information
: Quality Information '
| laim :
: Field Experience [e—
]

General Quality
Information

Customer

Figure 2 Flow Chart of Quality Control in Manufacturing Process
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3.3.1 Quality Control of Parts and Materials

As semiconductor devices tend towards higher per-
formance and higher reliability, the importance of
quality control of parts and materials becomes para-
mount. Items such as crystals, lead frames, fine wire
for wire bonding, packages, and materials needed in
manufacturing processes such as masks and chemi-
cals, are all subject to rigorous inspection and control.
Incoming inspection is performed based on the pur-
chase speciﬁcation\and drawing. The sampling is exe-
cuted based mainly on MIL-STD-105D.

The other activities of quality assurance are as
follows:

(1) Outside vendor technical information meeting.
(2) Approval and guidance of outside vendors.

(3) Chemical analysis and test.

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

Table 1 Quality Control Check Points of Material and Parts

(Example)
Material, Important Point for Check
Parts Control items
Appearance Damage and Contamina-
tion on Surface
Dimension Flatness
Wafer Sheet Resistance | Resistance
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
Di i Di ion Level
Mask Resistoration
Gradation Uniformity of Gradation
. App Ci ination, Scratch,
fine for o Bend, Twist
Wire Dlrpensnon )
. Purit Purity Level
Bonding Y . v L
Elongation Ratio | Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
pp Ci ination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
i Mech | Strength
Strength
Compositi: Cl istics of
Plastic Material
Electrical
Characteristics
. Thermal
Plastic Characteristics
Moiding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics

@ HITACHI
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3.3.2 Inner Process Quality Control

Inner Process Quality Control performs very important
functions in quality assurance of semiconductor
devices. The manufacturing Inner Process Quality
Control is shown in Fig. 3.

(1) Quality Control of Semi-final Products and Final

Products

Potential failure factors of semiconductor devices

are removed in the manufacturing process. To

achieve this, check points are set-up in each pro-

cess and products which have potential failure

factors are not moved to the next process step.

Manufacturing lines are rigidly selected and tight

inner process quality controls are executed—rigid

checks in each process and each lot, 100% inspec-

tion to remove failure factors caused by manufac-

turing variables and high temperature aging and

temperature cycling. Elements of inner process

quality control are as follows:

® Condition control of equipment and workers
environment and random sampling of semi-
final products.

@ Suggestion system for improvement of work.

® Education of workers.

©® Maintenance and improvement of yield.

® Determining quality problems, and implement-
ing countermeasures.

@ Transfer of quality information.

(2) Quality Control of Manufacturing Facilities and
Measuring Equipment
Manufacturing equipment is improving as higher
performance devices are needed. At Hitachi, the
automation of manufacturing equipment is en-
couraged. Maintenance Systems maintain opera-
tion of high performance equipment. There are
daily inspections which are performed based on
related specifications. Inspection points are listed
in the specification and are checked one by one to
prevent any omission. As for adjustment and
maintenance of measuring equipment, specifica-
tions are checked one by one to maintain and
improve quality.

(3) Quality Control of Manufacturing Circumstances
and Sub-Materials
The quality and reliability of semiconductor devices
are highly affected by the manufacturing process.
Therefore, controls of manufaciuring circum-
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Y Purchase of Material
Wafer

I—Frame

‘— Package

QUALITY ASSURANCE

stances such as temperature, humidity and dust,
and the control of submaterials, like gas, and pure
water used in a manufacturing process, are inten-
sively executed. '

Dust control is essential to realize higher integra-
tion and higher reliability of devices. At Hitachi,
maintenance and improvement of cleanliness at
manufacturing sites is accomplished through

Process

Wafer

1

> Surface Oxidation

Inspection on Surface
Oxidation

Photo Resist

Oxidation

Photo
Resist
Inspection on Photo Resist

© PQC Level Check
Diffusion Diffusion
Inspection on Diffusion

© PQC Level Check

Evaporation Evapora-
tion
Inspection on Evaporation

© PQC Level Check
Wafer Inspection Wafer
Inspection on Chip Chip
Electrical Characteristics
Chip Scribe
Inspection on Chip
Appearance

¢ PQC Lot Judgement

Assembling Assembling

)

o PQC Level Check

; Inspection after
Assembling

< PQC Lot Judgement

Sealing Sealing

© PQC Level Check
Final Electrical Inspection
¢ Failure Analysis

Marking

Appearance Inspection
Sampling Inspection on
Products

Receiving
Shipment

Figure 3 Example of Inner Process Quality Control

attention to buildings, facilities, air conditioning
systems, delivered materials, clothes, work envir-
onment, and periodic inspection of floating dust

concentration.

3.3.3 Final Product Inspection and Reliability

Assurance

(1) Final Product Inspection
Lot inspection is done by the quality assurance

Control Point

Characteristics, Appearance

Appearance, Thickness of
Oxide Film

Dimension, Appearance

Diffusion Depth, Sheet
Resistance

Gate Width

Characteristics of Oxide Film
Breakcown Voltage

Thickness of Vapor Film,
Scratch, Contamination

Thickness, VTH Characteris-
tics
Electrical Characteristics

Appearance of Chip

Appearance after Chip
Bonding

Appearance after Wire
Bonding

Pull Strength, Compression
Width, Shear Strength
Appearance after Assembling

Appearance after Sealing
Outline, Dimension

Marking Strength

Analysis of Failures, Failure
Mode, Mechanism

G HiITACH!

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 ViH

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 Infor-
mation



department for products which were judged good
in 100% test . . . the final process in manufac-
turing. Though 100% yield is expected, sampling
inspection is executed to prevent mixture of bad
product by mistake. The inspection is executed not
only to confirm that the products have met the
users’ requirements but also to consider potential

Customer

Claim

QUALITY ASSURANCE

quality factors. Lot inspection is executed based
on MIL-STD-105D.

(2) Reliability Assurance Tests
To assure the reliability of semiconductor devices,
reliability tests and tests on individual manufac-
turing lots that are required by the user, are peri-
odically performed.

(Failures, Information)

Sales Dept.

Sales Engineering Dept.

— —— —— — — s e e e e s e foe s

— 1

Quality Assurance Dept.

!

!

Manufacturing Dept.

Design Dept.

Report

Quality Assurance Dept.

Sales Engineering Dept.

Reply

Customer

Failure Analysis

Countermeasure
Execution of
Countermeasure

Follow-up and Confirmation
of Countermeasure Execution

Figure 4 Process Flow Chart of Field Failure

®
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RELIABILITY TEST DATA

1. INTRODUCTION

Microcomputers provide high reliability and quality to meet
the demands of increased function, enlarging scale, and widening
application. Hitachi has improved the quality level of micro-
computer products by evaluating reliability, building quality
into the manufacturing process, strengthening inspection tech-
niques, and analyzing field data.

The following reliability and quality assurance data for
Hitachi 8-bit and 16-bit multi-chip microcomputers indicates
results from test and failure analysis.

2. PACKAGE AND CHIP STRUCTURE
2.1 Packaging

Production output and application of plastic packaging con-
tinues to increase, expanding to automobile measuring and con-
trol systems, and computer terminal equipment operating under
severe conditions. To meet this demand, Hitachi has significantly
improved moisture resistance and operational stability in the
plastic manufacturing process.

Plastic and side-brazed ceramic package structures are shown
in Figure 1 and Table 1.

( (1) Ceramic DIP

(2) Plastic DIP

(3) Plastic Flat Package

Chip

Plastic

Bonding wire

Chip

Bonding wire Plastic

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 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 to achieve high reliability and density.
Chip structure and basic circuit are shown in Figure 2.

Si-Gate N-channel E/D Si-Gate CMOS
PSG /‘-\l Gate
—— \_N*_J
P-Well
I \
P11 1] \
Drain  Source Drain Source §i0, Source Drain
FET1 FET2 FET2

N-channel
DMOS

N-channe!
EMOS

P-channel
EMOS

N-channel
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 new products and processes.

Table 2 Reliability Test Methods

RELIABILITY TEST DATA

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

@ HITACHI
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RELIABILITY TEST DATA

3.2 Reliability Test Result
Reliability Test Results of 8-bit multi-chip microcomputer

devices is shown in Table 3 to Table 7, and of 16-bit micropro-
cessor HD68000 in Table 8, Table 9.

Table 3 Dinamic Life Test (8-bit multi-chip microcomputer)

Device Sample Size Component Hour Failure
HD6800 248 248000 0
HD6802 452 153712 1*
HD6809 85 85000 0
HD6821 399 266368 1*
HD6850 158 158000 0
HD6852 170 125816 0
HD6846 69 69000 0
HD6843 66 66000 0
HD6844 80 69000 0
HD6845S 88 55000 0
HD6840 64 64000 0
HD46508 140 140000 0
HD146818 44 44000 0
Total 2063 1543896 2

* Current leakage

Table 4 High Temperature, High Humidity Test (8-bit multi-chip microcomputer) (Moisture Resistance Test)

(1) 85°C 85%RH Bias Test

Device Vcc Bias 168 hrs 500 hrs 1000 hrs
HD6800P 5.5V 0/45 0/45 0/45
HD6802P 55V 0/38 0/38 -
HD6809P 5.5V 0/22 0/22 0/22
HD6850P 5.5V 0/45 0/45 0/45
HD6852P 5.5V 0/22 0/22 -
HD6843P 5.5V 0/22 0/22 -
HD6844P 5.5V 0/22 0/22 -
HD6845SP 5.5V 0/137 0/137 0/137
HD6840P 5.5V 0/22 0/22 -
HD46508P 5.5V 0/22 0/22 -
HD146818P 5.5V 0/22 0/22 0/22
Total 0/419 0/419 0/271
(2) High Temperature, High Humidity Storage Life Test

Device 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 -
HD6809P 65°C 95%RH 0/45 0/45 0/45
HD6850P 65°C 95%RH 0/135 0/135 0/135
HD6850P 80°C 90%RH 0/22 0/22 0/22
HD6852P 85°C 95%RH 0/22 0/22 -
HD6843P 80°C 95%RH 0/22 0/22 0/22
HD6844P 80°C 90%RH 0/22 0/22 -
HD6845SP 80°C 90%RH 0/22 0/22 0/22
HD6840P 65°C 95%RH 0/22 0/22 0/22
HD46508P 65°C 95%RH 0/70 0/70 0/70
HD146818P 65°C 95%RH 0/45 0/45 0/45
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(3) Pressure Cooker Test (121°C, 2 atm)

RELIABILITY TEST DATA

Device 40 hrs 60 hrs 100 hrs 200 hrs
HD6800P 0/42 0/42 0/42 -
HD6802P 0/22 0/22 0/22 -
HD6821P 0/44 0/44 0/44 -
HD6850P 0/22- 0/22 0/22 -
HD6843P 0/22 0/22 0/22 -
HD6845SP 0/43 0/43 0/43 1*/43
HD6846P 0/13 0/13 0/13 -
HD46508P 0/45 0/45 0/45 -
HD146818P 0/22 0/22 0/22 -

(4) MIL-STD-883B Moisture Resistance Test (65°C ~—10°C, 90%RH or more, Vece=5.5V)

* Aluminum corrosion

Device 10 eycles 20 cycles 40 cycles
HD6800P 0/25 0/25 0/25
HD6802P 0/25 0/25 0/25
HD6821P 0/25 0/25 0/25
HD6846P 0/25 0/25 0/25
Table 5 Temperature Cycling Test (8-bit multi-chip microcomputer) (-55°C ~ 25°C ~ 150°C)

Device 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
HD6821P 0/420 0/44 1*/44
HD6850P 0/151 0/38 0/38
HD6852P 0/149 0/38 0/38
HD6843P 0/247 0/44 0/44
HD6844P 0/150 0/44 0/44
HD6845SP 0/358 0/76 0/76
HD6846P 0/150 0/22 0/22
HD6840P 0/148 0/22 0/22
HD46508P 0/207 0/44 0/44
HD146818P 0/103 0/22 0/22

Table 6 High Temperature, Low Temperature Storage Life Test (8-bit multi-chip microcomputer)

* Large current leakage

Device Temperature 168 hrs 500 hrs 1000 hrs
150°C 0/88 0/88 0/88
MPU total
ot -55°C 0/76 0/76 0/76
) 150°C 0/110 0/110 0/110
Periph
eripheral total -55°C 0/88 0/88 0/88

G HITACHI
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RELIABILITY TEST DATA

Table 7 Mechanical and Environmental Test (8-bit multi-chip microcomputer)

Plastic DIP zéérzi'ig%%n Flat Plastic Package
Test Item Condition
Sample Size | Failure | Sample Size | Failure | Sample Size Failure
O ~ o
Thermal Shock fo(éyd;:"’ ¢ 110 0 175 0 100 0
Soldering Heat 260°C, 10 sec. 164 0 177 0 20 0
0 ()
Salt Water Spray - fr's NaCl 5% 110 0 176 0 20 0
(-]
Solderability %i(:i f'ﬂi:ec' 159 0 137 0 34 0
Drop Test 78em, maple board 110 0 - - 20 0
Mechanical Shock 18006, /‘))('SY"‘SZ 110 0 189 0 20 0
Vibration Fatigue 8 tl-xi:s'/)z(og 2 110 0 167 0 20 0
Vibration Variable Freq. ;gg:ﬁ?ﬁg;f; vz 110 0 167 0 20 0
(=3
Lead Integrity é%igi'n?;OS fimes 110 0 102 0 20 0
Table 8 Dinamic Life Test (HD68000)
Condition
168 hrs 500 hrs 1000 hrs
Temperature Vce
125°C 5.5V 0/62 0/62 0/62
150°C 55V 0/52 , 0/52 0/52
Table 9 Mechanical and Envir tal Test (HD68000)
Test Item Condition Sample Size Failure
- O
High Temp. Storage ]'S(;Ozhgrf c 42 0
= o4
Low Temp. Storage -.:-800 hs:g c 42 0
O AR ~ o
Temperature Cycling | ;gscy(i:lefs cs0e 189 0
O 0 ~ ]
Temperature Cycling 1 ggg c(ilcl e525 C~125¢ 44 0
o -
Thermal Shock ;gscycclesnB ¢ 44 0
Soldering Heat 260°C, 10 sec. 44 0
Solderability 230°C, 5 sec. 44 0
Mechanical Shock ;st?n(:gé/%SYmsZ 44 0
Vibration Variable Freq. gg g 2::)3?“!::/)( Y 7z 44 0
Constant Acceleration %0‘_2&0/?( vz 44 0
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4. PRECAUTIONS

4.1 Storage

To prevent deterioration of electrical characteristics, solder-
ability, appearance or structure, Hitachi reccommends semicon-
ductor devices be stored as follows:

(1) Store in ambient temperatures of S to 30° C, with a relative
humidity of 40 to 60%.

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

(3) Store in conductive containers to prevent static electricity.

(4) Store without any physical load.

(5) When storing devices for an extended period, store in an
unfabricated form, to minimize corrosion of pre-formed
lead wires.

(6) Unsealed chips should be stored in a cool, dry, dark and
dust-free environment. Assembly should be performed
within 5 days of unpacking. Devices can be stored for up to
20 days in dry nitrogen gas with a dew point at -30° C or less.

(7) Prevent condensation during storage due to rapid tempera-
ture changes.

4.2 Transportation

General precautions for electronic components are appli-
cable in transporting semiconductors, units incorporating semi-
conductors, and other similar systems. In addition, Hitachi
recommends the following:

(1) When transporting semiconductor devices or printed circuit
boards, minimize mechanical vibration and shock. Use con-
tainers or jigs which will not induce static electricity as a
result of vibration. Use of an electrically conductive con-
tainer or aluminum foil is reccommended.

(2) To prevent device deterioration from clothing-induced static
electricity, workers should be properly grounded while hand-
ling devices. Use of a 1M ohm resistor is recommended to
prevent electric shock.

(3) When transporting printed curcuit boards containing semi-
conductor devices, suitable preventive measures against
static electricity must be taken. Voltage build-up can be
avoided by shorting the card-edge terminals. When a belt
conveyor is used, apply some surface treatment to prevent
build-up of electrical charge.

(4) Minimize mechanical vibration and shock when trans-
porting semiconductor devices or printed circuit boards.

RELIABILITY TEST DATA

4.3 Handling for Measurement

Avoid static electricity, noise and voltage surge when meas-
uring or mounting devices. Precaution should be taken against
current leakage through terminals and housings of curve tracers,
synchroscopes, pulse generators, and DC power sources.

When testing devices, prevent voltage surges from the tester,
attached clamping circuit, and any excessive voltage possible
through accidental contact.

In inspecting a printed circuit board, power should not be
applied if any solder bridges or foreign matter is present.

4.4 Soldering

Semiconductor devices should not be exposed to high
temperatures for excessive periods. Soldering must be performed
consistent with temperature conditions of 260° C for 10 seconds,
350° C for 3 seconds, and at a distance of 1 to 1.5mm from the end
of the device package.

A soldering iron with secondary voltage supplied through a
grounded transformer is recommended to protect against
leakage current. Use of alkali or acid flux, which may corrode the
leads, is not recommended.

4.5 Removing Residual Flux

Detergent or ultrasonic removal of residual flux from circuit
boards is necessary to ensure system reliability. Selection of
detergent type and cleaning conditions are important factors.

When chloric detergent is used for plastic packaged devices,
care must be taken against package corrosion. Extended
cleaning periods and excessive temperature conditions can cause
the chip coating to swell due to solvent permeation. Hitachi
recommends use of Lotus and Dyfron solvents. Trichloroeth-
ylene solvent is not suitable.

The following conditions are advisable for ultrasonic
cleaning:

e Frequency: 28 to 29 k Hz (to avoid device resonation)

e  Ultrasonic output: 15W/1

e Keep devices from making direct contact with power
generator

e  Cleaning time: Less than 30 seconds.
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HD6803, HD6803-1

MPU (Micro Processing Unit)

The HD6803 MPU is an 8-bit microcomputer system 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 words.
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.L.), and parallel 1/O as
well as a three function 16-bit timer. Features and Block
Diagram of the HD6803 include the following:

FEATURES

Expanded HMCS6800 Instruction Set

8 x 8 Multiply

On-Chip Serial Communications Interface (S.C.1.)
Object Code Compatible with The HD6800 MPU
16-Bit Timer

Expandable to 65k Words

Multiplexed Address and Data

128 Bytes of RAM (64 Bytes Retainable On Power
Down)

13 Parallel 1/0 Lines

Internal Clock/Divided-By-Four

TTL Compatible Inputs and Outputs

Interrupt Capability

Compatible with MC6803 and MC6803-1

= BLOCK DIAGRAM

Mode

A/D

P

Pa
PT!

D mux | T ] Port

Ds/As«— Address,/

P2

Data
Buffers

Timer [*_|

‘oYl

SCi

Address
Buffers

Vcc Standby

K Address

128x8

RAM

Port

HD6803P
HD6803P-1

(DP-40)

PIN ARRANGEMENT

Vss(T] O
XTAL
EXTAL
N (4]
irq, (5]
REs (6]
vee U]
Plo
Pll
P, HD6803
Pi
Pi
PI
Pl
PI
Pl
PIJ
P-s
Pie
Pl?
(Top View)
& TYPE OF PRODUCTS
Type No. | Bus Timing
HD6803 1.0MHz
HD6803-1| 1.25MHz
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HD6803,HD6803-1

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee* -0.3~+7.0 Y
Input Voltage Vin * ~0.3~+7.0 \
Operating Temperature Topr 0 ~+70 °c
Storage Temperature Tean - 55~ +150 °c

* With respect to Vgg (SYSTE

M 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.

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vcc =5.0V5%, Vsg = 0V, Ta = 0~+70°C, unless otherwise noted.)

Item - Symbol Test Condition min typ max Unit
RES 4.0 - Vee
Input *“High’’ Volta \
neut THig ortage Other Inputs* H 2.0 - Vee v
Input ““Low’’ Voltage All Inputs* Vi -0.3 - 08 v
Input Load Current EXTAL hinl Vin =0~ Vee - - 0.8 mA
Input Leakage Current | NMI, iRQ,, RES ! Vip = 0~ 5.26V - - 25 uA
Three State (Offset) Pio ~ Py7 - - 10
Leakage Current Py ~ P4 hrsil | Vin=05~24V - - 100 HA
Do/Ao ~ D7/A7 II..OAD =-205 uA 2.4 - -
Output “High” Voltage | Ag ~ Ass, E, R/W, AS Von | lLoap = -145 uA 2.4 - - v
Other Outputs I oap = -100 uA 2.4 - -
Output “Low’’ Voltage | All Outputs VoL lLoap = 1.6 mA - - 05 \Y%
Darlington Drive Current| Pjo ~ Py -lon | Vour=15V 1.0 - 10.0 mA
Power Dissipation Po - - 1200 mwW
Ao/Do ~ A7/D7 Vin =0V, Ta=25°C,[ — - 125
Input Capacitance c F
put -apa Other Inputs | f=1.0MHz - Z 100 | °
Vee Standby Powerd.own Vssgs 4.0 - 5.25 v
Operating Vse 4,75 - 5.25
Standby Current Powerdown Ises Vsgs = 4.0V - - 8.0 mA

*Except Mode Program
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® AC CHARACTERISTICS
BUS TIMING (Vcc =5.0V £5%, Vgg =0V, Ta=0~ +70°C, unless otherwise noted.)

G HITACHI

Test HD6803 HD6803-1 )
item Symbol Condi- - - Unit
tion min | typ | max| min| typ| max
Cycle Time toye 1] — 10| 08| - 10| us
Address Strobe Pulse Width ““High’’ PWasH 200 | - - 150 -~ - ns
Address Strobe Rise Time tasr 5 - 50 5 - 50 ns
Address Strobe Fall Time tast 51 - 50 5| - 50 ns
Address Strobe Delay Time tasD 60 | — - 30| - - ns
Enable Rise Time te, 51 — 50 5 - 50 ns
Enable Fall Time tes 5 - 50 5 -~ 50 ns
Enable Pulse Width *’High” Time PWgy 450 | — - 340 - - ns
Enable Pulse Width “Low’’ Time PWg, 450 - - 350 - - ns
Address Strobe to Enable Delay Time tASED Fig. 1 60 - - 30| - - ns
Address Delay Time taD - - 260 - - 260 ns
Address Delay Time for Latch taDL - - 270 - - 260 ns
Data Set-up Write Time tosw 225 - - 115 - - ns
Data Set-up Read Time tosr 80 | - - 70| - - ns
Data Hold Time Read AL 10 - — 0] = - ns
Write thw 20 | — - 20 - -
Address Set-up Time for Latch tasL 60 | — = 50| — - ns
Address Hold Time for Latch tAHL 20 - - 20| - - ns
Address Hold Time tan 20 | - - 20f - - ns
Peripheral Read Access Time (Multiplexed Bus) | (taccm) - — | (600)) -— ~ | (420)| ns
Oscillator stabilization Time tpe Fig. 7 100 — - 100 - - ms
Processor Control Set-up Time | tecs Fig.8 | 200 | — - 200 - - ns
PERIPHERAL PORT TIMING (Vg =5.0V £5%, Vgg =0V, Ta= 0~ +70°C, unless otherwise noted,)
Item Symbol Test Condition min typ max Unit
Peripheral Data Setup Time | Port 1,2 tepsu Fig. 2 200 - - ns
Peripheral Data Hold Time Port 1,2 trpH Fig. 2 200 — - ns
Delay Time, Enable Negative
Transition to Peripheral Data| Port 1, 2™* tpwD Fig. 3 - — 400 ns
Valid
* Except Py,
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TIMER, SCI TIMING (V¢ = 5.0V 5%, Vgg = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Timer Input Pulse Width tewT 2te, +200] — - ns
Delay Time, Enable Positive Transition to .
Timer Qut trop Fig. 4 - - 600 ns
SCI Input Clock Cycle tseye 1 - - teye
SCI Input Clock Pulse Width tewsck 0.4 - 0.6 tseyc
MODE PROGRAMMING (Ve = 5.0V 5%, Vgs = OV, Ta = 0 ~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min typ max Unit
Mode Programming Input ’Low’’ Voltage VmeL - - 1.7 \%
Mode Programming Input “High’* Voltage VmpH 4.0 - - \
"RES “Low" Pulse Width PWrste Fig. 8 3.0 = - teye
Mode Programming Set-up Time tmps 2.0 - - teye
Mode Programming | RES Rise Time 2us [ 0 - - .
Hold Time RES Rise Time < 1us 100 - -
teve
Address Strobe
(AS)
\
fe—tast
-""ASED"'—
p
PWen
Enable
(E) osv
—) ter - —tgt
tap
—{  |etan
2.2V B
R/W As~Ay ———< Address Valid >._
0.6V
l;sL—J e .
- ant tosw—=| = f—trw
MPU Write 22v N ¥ 2.2v
Do/Ao~ D1 /A Janress Data Vahd
(Port 3) 06V 4 0.6V
tapL tosr" _J |etyn
MPU Read i::wss F zov N
Do/Ao~D7/A; Vahd Data Valid
(Port 3) 0.6V 0.8V
(tacem!
Figure 1 Expanded Multiplexed Bus Timing
36
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MPU Write
r—MPU Read [—
Enable (E)
24v \ 2av Enable (E)
0.5V 0.5V 0.5v
DSU] POH

'Pwo——(

*
P,~P,, 2.0VNF 2.0V All Data 2.2V e Val
. . J
Py ~Pie 0.8V Data Valid Ko.av Port Outputs 0 6V ata Valy
|

*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
Mode Inputs
+!T00+ Pre. Py Pyy)
P,y 2.2V
Output 0.6V .
Figure 5 Mode Programming Timing

Figure 4 Timer Output Timing

Vee
R, =2.2k0
Test Point
152074 (H)
or Equiv
c R
C =90 pF for Dy/A, ~D7/A;, Ax~Ays E. AS, R/W
R‘?g:r‘ "mgln~P|1'P10~ 14
= 2 torDo/Ag ~D;/A;, Aux~Ais. E. AS. R/W
< 24K for Py, ipzfe =R BOAS /W

TTL Load

Figure 6 Bus Timing Test Load
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Last Instruction -—)l

Cycle

# ﬂ!ﬂ’#‘}ﬁ‘ﬁ

#7 #10 #11 #12

e

Enable (E} I | I | I | I | I I I | I | I I I I I | I | l | I | I | I l I
Internal : p— ) 1-Bit Set
nternal
Address Bus 'x X X
Op Code Op Code SP(n) SP(n-1)  SP(n-2) SP(n-3) SP(n4) SP(n-5) SP(n-6) SP(n-7) Vector Vector New PC
— =\ Addr  Addr MSB Addr  LSB Addr Address
IRQ,
[€— tpcs
NMi or 1RQ, * \
— [—tecs
lntermly X— x x
Data Bus Op Code Op Code PCO~PC7 PCB~PCI5 X0~X7 XB~X16 ACCA  ACCB  CCR  lrelevant Vector  Vector FirstInst. of
Data MSB LsB Interrupt Routine
Internal R/W \ [

* IRQ, ; Internal interrupt

Figure 7 Interrupt Sequence

S Wi En Ny
——5.25V N " 3
v 475V tr i )
[ tRe ﬁ' [€—tpcs Iy [—trcs
OV 08V
AEs X 4§ 4 \
Address Bus FFFE FFE FFFE FFFE FFFF  New PC FFFE FFFE

Internal
Data Bus

AN} Not vang
Figure 8 Reset

® SIGNAL DESCRIPTIONS

(] e e

PC8~PC15 PCO~PC7 First J ;

Instruction

Timing

Nominal Crystal Parameter

® Vcc and Vss

These two pins are used to supply power and ground to the
chip. The voltage supplied will be +5 volts +5%.
® XTAL and EXTAL

These connections are for a parallel resonant fundamental
crystal, AT cut. Devided 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
inexpensive 3.58 MHz Color TV crystal for non-time critical
applications. Two 22pF capacitors are needed from the two
crystal pins to ground to insure reliable operation. EXTAL may
be driven by an external TTL compatible source with a 50%
(x10%) duty cycle. It will devided by 4 any frequency less than
or equal to 5 MHz. XTAL must be grounded if an external
clock is used. The following are the recommended crystal
parameters:

38

rystal
Item 4 MHz 5 MHz
Co 7pF max. | 4.7pF max.
Rg 6052 max. | 309 typ.
XTAL
[ Cq1=Cyro=22pF + 20%
(3.2 ~ 5 MH2)
[NOTE] AT cut parallel
EXTAL resonance parameters

Figure 9 Crystal Interface
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® Vcc 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 Ve 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, RAM E. RAM E 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 Vsgg.

Ve Standby Power Line

*

Figure 10 Battery Backup for V¢c 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. During operation, RES, when
brought “Low”, 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 (SFFFE, $FFFF) locations in memory will
be used to load the program addressed by the program
counter.

4) The interrupt mask bit is set, must be cleared 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
crysta) frequency. It will drive one TTL load and 90 pF.

® Non-Maskable Interrupt (NMI)

A low-going edge on this input requests that a non-maskable-
interrupt sequence be generated within the processor. 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 NMI.

In response to an NMI interrupt, 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 $FFFD. An address loaded at these loca-
tions causes the CPU to branch to a non-maskable interrupt
service routine in memory.

A 3.3 kQ external resistor to Vgc 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.

HD6803,HD6803-1

® 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 it 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 on the
stack. Next the CPU will respond to the interrupt request by
setting the interrupt mask bit “High” so that no further mask-
able 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 inter-
rupt routine in memory.

The TRQ, requires a 3.3 k2 external resister 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 over 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 NMT
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 is capable of driving one TTL load
and 90 pF.

® 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 Port 3. An
8-bit latch is utilized in conjunction with Address Strobe, as
shown in figure 11. Expanded Multiplexed Mode. Address
Strobe signals the latch when it is time to latch the address lines
so the lines can become data bus lines during the E pulse. The
timing for this singal 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, tpgp 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 5-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 1/O
line to be an output. A “0” in the corresponding Data Direction
Register bit will cause that I/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

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 FIIJ :gt;t[z:rz(gclior:ss yPp P P
1/O Port 1 $0002 $0000 Table 3 The Values of three pins
1/0 Port 2 $0003 $0001 Pin Number Value
8 L
e 1/0Port 1 o 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/O lines are configured as inputs.

® 1/O Port 2

This port has five lines that may be defined as inputs or
outputs by its data direction register. The 5 output buffers have
three-state capability, allowing them to enter a high impedance

GND »—
AS
G OC
Dl oI
Data/Address 7418373
D! QB

= 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 ~ A1s)

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 D Q
L H H H
L H L L
L L X Q,
H X X Y4

Data: D,~D-

Figure 11 Latch Connection
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s 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 07*
Timer Control and Status Register 08
Counter (High Byte) 09
Counter (Low Byte) OA
Output Compare Register (High Byte) 0B
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 15-1F

« External Address
«# 1; Output, O; Input

Multiplexed/RAM

$0000 %////%

] Internal Registers
$001F

} External Memory Space

/ % Internal RAM
$00FF Z
External Memory Space
$FFFO
SFEFF External Interrupt Vectors
(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 perform measurements on an input
waveform while independently generating an output waveform.
Pulse widths for both input and output signals may vary from a
few microseconds 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, and

+ 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 on RES and may be
considered a read-only register with one exception. Any CPU
write to the counter’s address (809) 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 ($0008:000C)

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 valiie 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 RES. 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.

* 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.

@ HITACHI 4
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HDB6803 Internal Bus

Timer b7§

[N
Convoilicr]ock[TorfcEockETolEndo

Status
Register
$08

l

A>
Vv
Output
Level
Register
nput
Edge
Bit 0
Port2 Port2

1 0

iRQ,
Output Compare Puise
Figure 13 Block Diagram of Programmable Timer
Timer Control and Status Register
7 6 5 4 2

I ICF | OCF I TOF| EICI I EQCI | ETOIl lEDGlOLVLJ $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 §
bits may be written. The upper three bits contain read-only
timer status information and indicate that:

* 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
priority 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).

1EDG = 1 Transfer takes place on a positive edge

Bit 1 IEDG

42

Bit 2 ETO!

Bit 3 EOCI

Bit 4 EICI -

Bit 5 TOF

Bit 6 OCF

Bit 7 ICF

GO HITACHI

(*“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 TOE set) followed by an
CPU read of the Counter ($09).

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 $OC).

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).




= SERIAL COMMUNICATIONS INTERFACE

The HD6803 contains a full-duplex asynchronous serial
communications interface (SCI) on chip. The controller
comprises a transmitter and a receiver which operate independ-
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.

HD6803,HD6803-1
Rate and Mode Controf Register

Bit7 Bit
l cct I CCOl $S1 l SSO |$10

Transmit/Recewve Control and Status Register

IfDRF[ORFEITDREl’RIE l RE I TIE [ TE ] W:ls"
T T T

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 <8 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/O 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 Control 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 1s initialized to $20 on RES. The bits in the TRCS
register are defined as follows:

Port2 (Not Addressable)
g: n Receiwve Shift Register
3
—
Clock 10 Bit Rate
5; Generator [¢——E
l (Not Addressable)
l Transmit Shift Register J
g.;‘ 12 —1

L]

L1 ] L L] Jes
Transmit Data Register
Figure 14 Serial |/O Registers

BitOWU  “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.

Bit 1 TE 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 I/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.

Bit 2 TIE  Transmit Interrupt Enable — when set, will permit
an IRQ, interrupt to occur when bit 5 (TDRE) is
set; when clear, the TDRE value is masked from
the bus.

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

Bit 4 RIE  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

2

[RDRdORFEJTDREI RIEI RE lTIEI TE l wu lADDR:$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 RES.

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

Rate and Mode Control Register

7 6 5 4

2 1 0

IXI XIX I X ICC1ICCOISSIISSOI

ADDR : $0010

An overrun is defined as a new byte received with
last byte still in Dat 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
RES.

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 RDRF bit is cleared
by reading the status register, then reading the
Receive Data Register, or by RES.

Rate and Mode Control Register (RMCR)
The Rate and Mode Control register controls the following
serial 1/O variables:

+ format
* clocking source, and
« Port 2 bit 2 configuration
The register consists of 4 bits all of which are write-only and
cleared on RES. 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 Speed Select — These bits select the Baud rate for
Bit 1 SS1 the internal clock. The four rates which may be
selected are a function of the CPU ¢2 clock
frequency. Table § lists the available Baud rates.
Bit 2 CCO Clock Control and Format Select — this 2-bit field
Bit 3 CC1 controls the format and clock select logic. Table 6
defines the bit field.

i

* Baud rate )
Table 5 SCI Bit Times and Rates
XTAL 24576 MHz 4.0 MHz 4.9152 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: CCco Format Clock Source Port 2 Bit 2 Port 2 Bit 3 Port 2Bit 4
00 — - — *w -
01 NRZ Internal Not Used A .
10 NRZ Internal Qutput* . "
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 /O to furnish 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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o Serial Operations
The serial 1/0O 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 transfer itself, 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 remainsa 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 asa 1, the
data is transferred to the Receive Data Register, and interrupt
flag RDRF is set. If RDRF 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 O in the RAM enable
bit (RAM E) will disable the standby RAM., thereby protecting

HD6803,HD6803-1

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

RAM Control Register

STBY

$0014 | pwm |RAME[ x | X X x | x X

Bit 0 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 7STBY 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.

m 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
3
+ Jump and branch instructions — Table 9
« Condition code 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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7 A °| I" B 8-Bit Accumulators A and B
g .

15 D Or 16-B1t Double Accumulator D
lls X BI Index Register (X)
|is SP o] Stack Pointer (5P}
|s PC o] Program Counter (PC)
7 [

I 1 I 1 |Hl 1 lel VIC | Condition Code Register (CCR)
| t Carry/Borrow from MSB

Overflow

b—— 2er0

Negative
Interrupt
Half Carry (From Bit 3)

Figure 15 CPU Programming Model

® CPU Addressing Modes

The HD6803 8-bit microcomputer 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
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Condition Code
Addressing Modes X

Register
Operations Mnemonic | IMMED. | DIRECT | INDEX |EXTEND | IMPLIED A,m‘,,?g?;’g',‘,’mon 5]al3[2]1]0
OP [~ |#{OP |~ [#|OP|~|#|OP|~|=|OP|~ |# HItLINjZ|ViC
Add ADDA [8B |22 /98 (3 [2{AB[4[2 (BB |4 |3 A+M—A tleltlo|t]s
ADDB cB{2(2(pB|3|2]|eB|4a|2]|FB |4 |3 B+M—B tlelt et ]t
Add Double ADDD |c3|4(3|D3|5|2|E3!6|2F3]6 |3 AB+M:M+1—-A-B |e et t,l‘_L_
Add Accumulators ABA 1B{2|1|A+B—A Tjeftit t s
Add With Carry ADCA 89 |212]99 |3 |2 |A9|4|2 (B9 |43 A+M+C—A tle it
ADCB Cc9|2{2(p9|3|2]|E9|4a|2F9 4|3 B+M+C—B tle |ttt
AND ANDA |84 2}_2“ 94 |32 (A4|4(2(B4 4|3 A-M—A eie(t|t'R®
ANDB c4|2|2'paf3|2/ea|4(2 Fa|4|3 B-M—B ejeft|t R'e
Bit Test BITA 85 (2295 |3 |2 |A5]|4 /28543 A-M elet|tRTe
..# BITB C5 |22 |D5|3 (2 |E5 (4|2 F5 |4 |3 B-M elel1lt R
Clear CLR 6F |62 [7F (6|3 00~ M eleR[S[RR
CLRA aF [2]1 /00— A e[e /R[S R|R
CLRB sF|2|1|00-B ele R[S RIR
Compare CMPA 81 [2]2{91 {32 [A1 B1 (4|3 A-M RrYERERERE
cmPB c1|2(2ip1}3 E1(4]2 |F1 |43 B-M efeftit|tit
Compare ors CBA 1|21 |a-8 olelt|t]t]t
Complement, 1's com 63 (62|73 (6|3 M-M ele |1 |t]RIS
COMA 43 |2 [1 [A-A ejet|t[R]S
coms 53 (2|1 (B -8 eielt|t|R]|S
Complement, 2's NEG 60 [6]2[70 [6[3 00-M—M efeftt]r 2
{Negate) NEGA 40 |2 |1 [00-A—A e o (1t |12
NEGB 50 (2 [1|00-B—~8B eleit|t|1]2
Decimal Adjust. A | DAA CRENIN Pt b LR CRERERERE
Decrement DEC 6A |62 |7A |6 |3 M-1-M e (e ititiale
DECA aAl2 1 [A-1-A elelt[t]ale
DECB SA[2(1({B-1-8 efeftft]ale
Exclusive OR EORA 88 [2 (2198 |3 ({2 (A8 (4|2 (B8 |4 |3 A@M-A efeft[t[R]e
EORB cg (2|2 (o83 |2]|es|af2|F8 |43 B@® M- B efe(1[T]R]e
Increment INC ' 6C|6|2|7C 6|3 M+1 =M elelt]1]s]e
INCA ac|2(1]a+1-A efeftft[s]e
_ INCB 5C |2 |1 B+1—8B e jeitit|s]e
Load LDAA |86 (2|2 196 {312 ]A6]4 |2 |B6 |43 M- A sfeli|t[R]e
Accumulator LpAB  |ce |2 |2 |D6|3 [2|E6 |4 |2 |F6 |4 |3 M-8 efeft|t[R]e
5020 Doubye LDOD cc|3|3|oc|a|2|ec|s|2 |Fc |53 M+1—~8 M-A olelt|t|r]e
Multiply Unsigned MUL 3D |10]1 |AXB—-A:B oo lo|ele i1
"OR, Inclusive ORAA |8A|2|2|9A|3 |2 |AAl4|2 [BA|4 |3 ATM—A AORBED
ORAB cal2]2|oa[3]2]ea{a |2 [Fal4a]3 B+M— B ele(T[T[R]e
Push Data PSHA 36 {3|1[A—Msp,SP-1~SP efejelele e
PsHB 37 [3]1]B—~Msp,SP-1—-5P ejle|o|e|e|e
Pult Data PULA 32{4|1|SP+1—~SP,Msp~ A eje|ojojeo
PULB 3314|1|SP+1—+SP,Msp—~18B ele oo 00
Rotate Left ROL 69 |6[2(79 |63 M efleit|tlst
ROLA 4921A}m-~”~st
ROLB solz2]1]s ¢V P ST T 6T
Rotate Right ROR 66 61276 |63 M DOBEBRE
RORB 56218 efe 1|t ]6|!

The Condition Code Register notes are listed after Table 10. {Continued)
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Table 7 Accumulator & Memory Instructions (Continued)

Addressing Modes CO"%E;;?:‘?" e
Operations Mnemonic | |MMED. | DIRECT | INDEX |EXTEND [IMPLIED | .. 8008/ ' 5TaTal2]1]o
OP |~ |#|OP |~ [#|OP|~|=|OP |~ |=|OP|~|= HilINIZIV]C
Shift Left ASL 68 | 6|2 |78 |6 |3 " - elet|t @
Arithmetic ASLA a8 [2 |1 A] O{IIITIITo ele(t]t |6}
ASLB 58 (2|1 |8) C °7 &0 NOBGE
D e tic ASLD 05 (3|1 | ACTATACTE Joo | @ o |t |1 (@)1
Shift Right ASR 676|277 |63 M N oot |t |®[1
Arithmetic ASRA 47 2 |1 A} L{—__L_[jm»{; eloftit H
sl 67 50

ASRB 57 (2 {1 LBCRERR: 1
shift Right LSR 64 |62 (74 |63 ™ - elelt it |O¢
Logical LSRA a4 |2 1 A}om@ ole (1|t |®!
LSRB sa|2]1]8 " ° NOBGE

. N —>
g%:::lig;g;' LSRD 04 |3 |1 (] |ele|R|t|® ¢
Store STAA 97 |3 |2|A7]a (2|87 |23 A-M ele|t|t1|R]|e
Accumulator STAB D73 |2 |E7]4 |2 |F7 |4 |3 B M eleft[t[R]e
Store Double sTD oo|4 |2 |eo|s |2 |FD |5 |3 A olelt|t|R]|e
Subtract suBa |80 [2]2]90 |3 [2]a0]a]2[Bo |43 A-MoA efeft{s]e]s
suss__ |co2!2[po[3 |2 [E0 ][4 (2 [F0 |43 B-M-B DOBERE
Double Subtract susD |83 [4]3]e3 |5 [2]A3]6]2]B3 |63 A:B-M:M+1-A:B |e|e|t|t]1]1
Subtract ors SBA 102 (1|aA-B->A ofeftft|t]s
Subtract SBCA |82 |22 |92 |3 |2 |A2|a |2 |B2 |4 |3 A-M-C—A ROBBAE
_With Carry sBCB |C2 |22 |D2|3 |2 |[E2|4[2 [F2 |43 B-M-C—~B OB
Transfer TAB 16 |2 |1 |[A—>B oot it|Re
Accumulators TBA 17 (2 (1 [B> A e e |1|1|R|e
Test Zero or TST 60 |6 (2|06 [3 M - 00 ele|t]1|R]R
Minus TSTA ap |2 |1 |A-00 e|e|t|t|R]|R
TSTB 50 |2 |18 - 00 ele 1|1 |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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o New Instructions
In addition to the existing 6800 Instruction Set, the following new instructions are
incorporated in the HD6803 Microcomputer.

ABX

ADDD

ASLD

LDD

LSRD

MUL

PSHX

PULX

sSTD

SuUBD

BRN

CPX

Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account
the possible carry out of the low order byte of the X-Register.

Adds the double precision ACCD * to the double precision value M:M+1 and places
the results in ACCD.

Shifts all bits of ACCD one place to the left. Bit O 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
accumulator A:B. The condition codes are set according to the data.

Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit
is loaded from the least significant bit to ACCD.

Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a
16-bit unsigned number in A:B, ACCA contains MSB of result.

The contents of the index register is pushed onto the stack at the address contained
in the stack pointer. The stack pointer is decremented by 2.

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.
Stores the contents of double accumulator A:B in memory. The contents of ACCD
remain unchanged.

Subtracts the contents of M:M + | from the contents of double accumulator AB
and places the result in ACCD.

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-
struction.

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

Table 8 Index Register and Stack Manipulation Instructions

HD6803,HD6803-1

Addressing Modes Congletlon Code
Boolean/ g1ster
Pownter Operations Mnemone | ymmEeD. | DIRECT | INDEX [EXTND [IMPLIED | Arithmetic Operaton |64 (3 [2/1 |0
OP|~|=|{OP|~|=|OP|~|=|OP|~|=|OP|~ |= Hl1|Nn[Zz v]C
Compare Index Reg CPX 8C|4|3]|9C 6|2 |AC|6|2|BC|6|3 X~M.M+1 efe 111t ]Y
‘Decrement Index Reg DEX 09 (3|1 | X—-1—-X elo|eltoje
Decrement Stack Pntr DES 34 |31 |SP—1->8P oo ojojo|e
Increment Index Reg INX 08 {31 |X+1—-X [ EE R NESE N
Increment Stack Pntr INS 31 (3 {1 [SP+1—>SP oo eojo|o 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 |53 M—SPy, (M+1)—~SP_ |e|e|D[t|R|e
Store Index Reg STX DF |4 |2 [EF [5|2 |FF |53 Xu—=M X = (M+1) [o]e[D|t[R]|e
Store Stack Pntr STS oF {42 |AF |5 (2 [BF |53 SPy - M, SP_~ (M+1) [e e |[D|t[R]e
Index Reg — Stack Pntr| TXS 35 (3 (1 |X~-1—-SP e|lejojeolo|e
Stack Pntr — Index Reg|  TSX 3031 |sP+1oX cTeleTele e
Add ABX 3A[3 |1 [B+X—X oo vie o
Push Data PSHX 3C 4|1 [X_ =My, SP-1~5SP |e|e|e|e @
Xy~ Mgy, SP ~ 1 SP
Pull Data PULX 38 |5 {1 [SP+1—SP, Mg, —~ Xy elo o |00 0
SP + 11— SP, Mg, — X|_

The Condition Code Register notes are listed after Table 10.
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Table 9 Jump and Branch Instructions

Addressing Modes Conditiqn Code
Register

Operations Mnemonic | ge) ATiVE | DIRECT | INDEX |EXTND |IMPLIED Branch Test s[a]3]2]1]0
OP|{~|#|OP|~|# |OP|~|#|OP |~ |#|OP|~|# H{I[N]|Z|V|C

Branch Always BRA 20( 32 None e (o o (oo
Branch Never BRN 21|32 None eje(e (e oo
Branch If Carry Clear BCC 24132 C=0 o|loe|o o o]0
Branch If Carry Set BCS 251312 | c=1 o|leje (o oo
Branch If = Zero BEQ 2713}2 Z=1 /o e 0ieje
Branch If > Zero BGE 2C| 3|2 N®V=0 ojejeloje|e
Branch If > Zero BGT 2E( 312 Z+(IN@V)=0 eje o 0o
Branch If Higher BHI 22|32 C+2Z2=0 o/ e|e o 0 0
Branch If < Zero BLE 2F| 3|2 Z+(IN@ V) =1 oj|e|o|ejoie
Branch If Lower Or BLS 23|32 c+z=1 elolelelele
Branch if < Zero BLT 20|32 N®V=1 olejoooe
Branch If Minus BMI 2B 312 N =1 o|o|e (o |00
Branch If Not Equal BNE 26|32 z-0 oloielele]e
glr::rch I1f Overflow BVC 281312 =0 o|ole (o |ele
Branch If Overflow Set BVS 29 |32 V=1 e e e o0
Branch If Plus BPL 2A| 312 N = oo oo |o|e
Branch To Subroutine BSR 8D |6 |2 o oo oo
Jump JmP 6E |3 12 |7E |3 |3 oo o (ojo]e
Jump To Subroutine JSR 9D (5|2 [AD|{6 |2 |BD |6 |3 e e (o (o oo
No Operation NOP 01211 égryances Prog.Cntr. |y iq o |0 |e |6
Return From Interrupt RTI 3B {101 —_— % —
gfé':é:tfégm RTS 39 |5 |1 e (e o o0 e
Software Interrupt swi 3F [12]1 S|e |e e e
Wait for Interrupt WAI 3E |9 |1 ° o |o oo

Table10 Condition Code Register Manipulation Instructions

ddressingModes| Condition Code Register
Operations Mnemonic IMPLIED Boolean Operation 5 4 3 2 1 0
or | ~ | & H{ 1 |N vV i|cC
Clear Carry cLC ocC 2 1 0—~C e | o e | e | e | R
Clear Interrupt Mask CcLi 0E 2 1 0—1 . R . . . .
Clear Overflow CLv 0A | 2 |1 00—V e/ e | e o R |o
Set Carry SEC oD |2 |1 1-C e | o | e o | e S
Set Interrupt Mask SEI OF | 2 |1 1-1 e | S |e e e |e
Set Overflow SEV oB 2 1 1>V L4 ° . i S L
Accumulator A - CCR TAP 06 | 2 |1 A- CCR )
CCR - Accumulator A TPA 07 [2 [1 CCR- A eloefefofeTe

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

(Bit V)
(Bit C)
(Bit C)
(Bit V)
(Bit V)
(Bit V)
(Bit N)

Test:
Test:
Test:
Test:
Test:
Test:
Test:

(Bit C)

Result = 100000007
Result = 00000000?
Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set)
Operand = 10000000 prior to execution?

Operand = 01111111 prior to execution?

Set equal to result of N D C after shift has occurred.
Result less than zero? (Bit 15 = 1)
Load Condition Code Register from Stack. (See-Special Operations) .
Set when interrupt occurs, If previously set, a Non-Maskable Interrupt is required to exit the wait state.
Set according to the contents of Accumulator A,
Set equal to result of Bit 7 (AccB)
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Instruction Execution Times in Machine Cycle

Table 11

. Ex- in- im- Re-
Direct onded dexed plied lative

© Imme-
diate

ACCX

Re
lative

Im-

. Ex- In
Direct onded dexed plied

Imme-
diate

ACCX

INX
Jmp
JSR

ABA
ABX
ADC
ADD

LDA

LDD
LDS

ADDD
AND
ASL

LDX
LSR

ASLD
ASR
BCC
BCS
BEQ
BGE
BGT
BHI
BIT

LSRD
MUL
NEG
NOP

10

(23

ORA
PSH

PSHX
PUL

3

PULX
ROL
ROR
RTI

BLE
BLS
BLT
smi

10

RTS
SBA

BNE
BPL

SBC
SEC
SEI

BRA

BRN
BSR

SEV

BvC
BVS
CBA
CLC
cL!

STA

STD
sTS

STX

suB

CLR
CcLv
CcmP

.

SuUBD

12

TAB
TAP
TBA
TPA
TST

com
CcPX

DAA
DEC
DES

DEX

TSX
TXS
WAI

EOR
INC

INS
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e 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

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 & Cycle R/W
Instructions Cycles 4 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)

CPX 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 SUB

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

SuUBD 2 Op Code Address + 1 1 Address of Operand

ADDD 3 Operand Address 1 Operand Data (High Order Byte)
4 Operand Address + 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 Mode &

R/W

Instructions Cycles Cv;le Address Bus Line Data Bus
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
SUBD 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 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 First Subroutine Op Code
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer - 1 0 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.

GO HITACHI
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Table 12 Cycle by Cycle Operation (Continued)

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)

A?:;:f:g:g:: & Cycles Cy;le Address Bus Ei/:z 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
CPX 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

Stack Pointer - 1

o

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 & Cycle R/W
Instructions Cycles f Address Bus Line Data Bus
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 Register 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
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)
Stack Pointer + 2 1 Address of Next Instruction
(Low Order Byte)
WAI** 9 Op Code Address Op Code

S WN =

Op Code Address + 1
Stack Pointer
Stack Pointer — 1

00O = =

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

@ HITACHI
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Table 12 Cycle by Cycle Operation {Continued)

A?::frs:xgg: & Cycles C»;:le Address Bus T_{Y]‘L 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 o] 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 HD680O, 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 R/W
Instructions Cyeles V# 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 Conde of Next Instruction
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer — 1 0 Return Address (High Order Byte)

® Summary of Undefined Instruction Operations
The HD6803 has 36 underfined instructions. When these are
carried out, the contents of Register and Memory in MPU

change at random.

LSL

Table 13 Op codes Map

When the op codes (4E, SE) are used to execute.the MPU
continues to increase the program counter and it will not stop
until the Reset signal enters. These op codes are used to test the

HD6803 MICROPROCESSOR INSTRUCTIONS
opP acc| Acc|,no | ext ACCA or SP ACCB or X
CODE A B IMM | DIR| IND | EXT | IMM | DIR | IND | EXT
HI 0000 | 0001|0010 | 0011 | 0100|0101 [0110] 0111] 1000] 1001 [ 1010]1011] 1100|1101 [1110] 1111

Lo 0 1 2 3 4 |5 6| 7| 8|9 al8]c|o]|€e]|F
0000 0 - SBA | BRA | TsX NEG SuB 0
0001 1 NOP | CBA | BRN | INS — CcMP 1
0010 2 7| BRI |PULA (+1): SBC 2
0011 3 BLS |PULB (+1) CoMm + 7 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 L1 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
1011 B SEV | ABA | BMI | RTI (+7) ADD B8
1100 c cLe BGE |PSHX (+1) INC v . CPX (+2) « . LoD (+1) c
1101 o SEC BLT | MUL (+7) ST BRI A2 |t wi| stoen o
1110 £ cLi BGT | WAI (+6) TR LDS (+1) » L LDX (+1) E
111 F SEI BLE | SWI (+9) CLR s (+1)]  STS(+1) *(+1)]  STX (+1) F
BYTE/CYCLE v2 | 1223 ] 3 [w2T2 26|36 22 2328 34]22] 23] 24] 3
[NOTES] 1) Undefined Op codes are marked with [—— ] .

2) (

3) The instructions shown below are all 3 bytes and are marked with ***"’,

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

Immediate addressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes
(8F, CD, CF).

4) The Op codes (4E, 5E) are 1 byte/e cycles instructions, and are marked with *'**"*

G HITACHI
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Vector = PC
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Figure 16 Interrupt Flowchart

1 - ITMP
11

Vector - PC
NMI FFFC FFFD
SWI_| FFFA FFFB
IRQ, | FFF8 FFF9
ICF_| FFF6 FFF7
OCF | FFF4 FFFS
TOF | FFF2FFF3
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

SC! Interrupt (TDRE + RDRF + ORFE)
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Figure 17 HD6803 MPU Expanded Multiplexed Bus
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HD6303R,HD63A03R,

HD63BO3R

CMOS MPU (Micro Processing Unit)

The HD6303R is an 8-bit CMOS micro processing unit
which has the completely compatible instruction set with the
HD6301V1. 128 bytes RAM, Serial Communication Interface
(SCI), parallel 1/O ports and multi function timer are incorpora-
ted in the HD6303R. It is bus compatible with HMCS6800 and
can be expanded up to 65k words. Like the HMCS6800 family,
1/O levels is TTL compatible with +5.0V single power supply.
As the HD6303R is CMOS MPU, power dissipation is extremely
low. And also HD6303R has Sleep Mode and Stand-by Mode
as lower power dissipation mode. Therefore, flexible low power
consumption application is possible.

® FEATURES

® Object Code Upward Compatible with the HD6800, HD6801,
HD6802

©® Multiplexed Bus (Dy~D;/Ao~A,), Non Multiplexed Bus

® Abundant On-Chip Functions Compatible with the
HD6301V1; 128 Bytes RAM, 13 Parallel 1/O Lines, 16-bit
Timer, Serial Communication Interface (SCI)

® Low Power Consumption Mode; Sleep Mode, Stand-By Mode

® Minimum Instruction Execution Time

1us (F=1MHz), 0.67us (f=1.5MHz), 0.5us (f=2.0MHz)
@ Bit Manipulation, Bit Test Instruction
@ Error Detecting Function; Address Trap, Op Code Trap
® Up to 65k Words Address Space

= TYPE OF PRODUCTS
Type No. Bus Timing
HD6303R 1.0 MHz
HD63A03R 1.5 MHz
HD63BO3R 2.0 MHz

HD6303RP, HD63A03RP,
HD63BO3RP

(DP-40)

HD6303RF, HD63A03RF,
HD63BO3RF

(FP-54)

HD6303RCG,HD63A03RCG,
HD63BO3RCG

(CG-40)

@ HITACHI
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HD6303R,HD63A03R,HD63BO3R

s PIN ARRANGEMENT

® HD6303RP, HD63A03RP, ® HD6303RF, HD63A03RF, ® HD6303RCG, HD63A03RCG,
HD63BO3RP HD63BO3RF HD63BO3RCG
€€ <<¢ . -
S 848 84846 2 2 < <
RSB
<NC> Di/A: .3:-63 :'.2._5: Az
<(NC>  DofAo[371 24| Ars
NC> _Fc3 L
«~ec>  R/W(38: 23| A
ova  AS[EF] 152 s
a/Aa POy :‘0
ovm 1 2] vee
De/As  Vss| 1] {2-0 Ar/Piz
D7/A7 F23 s
(NC> XTAL 12 11-9 As/P1s
C ;"c’ EXTAL[ 3] 7] As/Pss
8 [Z z
s NwT| 41 (7] Ae/Pra
:‘:C) iRQ: :33 El:é A3/Pi3
oo SRS R I 0 R S
> & ~ 8 % ¥ 2 ¢ o
rﬁ E a ad a a o :} :\: :}
(Top View) (Top View) (Top View)
s BLOCK DIAGRAM
g}
5 -
3ok |§83
>> % wwlZlTje
STBY — CPU Mode
Do/Ap = = ;[HL- P20
D,/A, M - Port ’f:z:
B:/A2= o pdaress/ K MUX 2 Pe
Ds/As=—1 Data 24
Ds/As >
De/As=—+] Buffers -
D7/A7° " n
R/W ] > Timer
AS ] —
g 1
L
——-> SCI
As - becd = P‘O/AO
29 - K Zaai;g; ), - o= P11 /A,
pa— Pi2/A
A:?.__ Address Port t:Pn/A:
A1 17| Buffers =
. Avas > < p1a /AL
Ars -] Pi7/A 4
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® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -0.3~+7.0 \Y)
Input Voltage Vin -0.3~ Vcct0.3 \Y
Operating Temperature Topr 0~ +70 °c
Storage Temperature Teg -55 ~ +150 °c
(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field.

But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection

circuits. To assure the normal operation, we reccmmend Vin, Vout : Vgs = (Vinor Vouu =< Vee.

m ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Ve = 5.0V£10%, Vgg = 0V, Ta = 0~+70°C, unless otherwise noted.)

Item Symbol Test Condition min typ | max | Unit
RES, STBY Vee-05| - |,
Input “High” Voltage | EXTAL Vin Veex0.7| — ﬂ:g v
Other Inputs 2.0 - ’
Input “Low” Voltage All Inputs Vi -0.3 - 108 \'
Input Leakage Current | NMI, iRQ,, RES, STBY | II;,! Vip =05~Vge-0.5V| - - 1.0 | pA
Three State (off-state) P10~P17, P2o~Pyq, —n e
Leakage Current Do~D+, As~Ajs llrgil | Vin =0.5~Vce-0.5V - - |10 uA
, low = -200uA 2.4 - | - v
Output “High'’ Voltage | All Output: \Y
put 719 9 puts OH T on = 10uA Vee-07] — | = v
Output “Low’ Voltage | All Outputs Voo loL = 1.6mA - - | 055 V
. V=0V, f=1.0MHz,
Input Capacitance All Inputs Cn Tlan= 25°¢C - - [ 125]| pF
Standby Current Non Operation lec - 2.0 | 150 uA
L Operating (f=1MHz**) - 6.0 | 10.0
c tD tion™
urrent Dissipation lec Sleeping (f=1MHz**) | — 1.0 | 20 mA
RAM Stand-By Voltage Veam 2.0 - | - \

* Vg min =Vee-1.0V, V| _max = 0.8V

** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max.
values about Current Dissipations at f = x MHz operation are decided according to the following formula;

typ. value

(f = xMHz) = typ. value (f=1MHz) xx

max. value (f = xMHz) = max. value (f = TMHz) x x

(both the sleeping and operating)

G HITACHI
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® AC CHARACTERISTICS (Vgg =5.0V+10%, Vgg = 0V, Ta = 0~+70°C, unless otherwise noted.)

BUS TIMING
Test HD6303R HD63A03R HD63BO3R .
Item Symbol| Con- - - - Unit
dition | Min | typ | max| min [typ | max | min | typ | max
Cycle Time teye 1 — 10 | 0.666 — 10 (05 | — 10| wus
5::!;:'5; Strobe Pulse Width PW s 220] — — 150 = — 110! = — | ns
Address Strobe Rise Time tasr - | - 20 - | - 20| - | — 20| ns
Address Strobe Fall Time tast - - 20| - - 2| - | - 20( ns
Address Strobe Delay Time tasp 60 — | — 40| - | - 2 | - | - ns
Enable Rise Time ter - | - 2| - | - 200 — | - 20| ns
Enable Fall Time tes - - 20 — - 20 - | — 20| ns
Enable Pulse Width “High" Level | PWg,, 450 — | — 1 300| - | - |220| - | — ns
Enable Pulse Width “Low’’ Level | PWg, 450 | — - | 300 — - 220 - | — ns
Address Strobe to Enable Dela - — - — — -
Time Y ltaseo 60 40 20 ns
. taD1 - - 250 - - 190 | — - 160 ns
Address Delay Time Mroe Fig. 1 — 20 = = Ti0l = 1= 160 ns
Address Delay Time for Latch tapr (Fig.2 | - | - (260 - |— |190| — | — |160 | ns
Data Setun Ti Write | tpsw 230 — | — 150 — | — [100f — | — | ns
ata Set-up Time Read |toen g0l = 1 = s0l = 1= 50l — | = s
Data Hold Ti Read |tygm 0| - | — 0|~ |- 0| - | — ns
ata Hold Time Write | tuw 20 - | - | 20]|- |- |20~ ]~ |ns
Address Set-up Time for Latch tast 60| — - 40 | — - 20 — - ns
Address Hold Time for Latch tAHL 30 — - 20| — - 20| — - ns
Address Hold Time tAn 20| — - 20 | — - 20| - | — ns
Ao ~ A, Set-up Time Before E tasm 2000 — | - |[110|— |- 60| — | — ns
-Multiplexed
Peripheral Read g‘g: HIUPIEXE (tacen) - | — |650| — [~ |395| — |~ |270] ns
Access Time Multiplexed Bus | (taccm ) _ — 650 — - 395| — — |1 270 ns
Oscillator stabilization Time trc Fig.8 | 20| — - 20 | — - 20 | - - ms
Processor Control Set-up Time tpcs Fig.9 | 200| — - 1200| - - (200 - | = ns
PERIPHERAL PORT TIMING
Test HD6303R HD63A03R HD63BO3R .
Item Symbol | Con- - - - Unit
dition | Min | typ | max | min | typ | max | min | typ | max
Peripheral Data : _ _ _ — |2 — _ ns
Set-up Time Port 1,2 tepsu | Fig. 3 | 200 200 00
Peripheral Data : - — - — |200] — - ns
Hold Time Port 1,2 tepn | Fig. 3| 200 200
Delay Time, Enable Nega- Port 1,
tive Transition to Peri- 2* PWD Fig.4| — + — (300 — | — {300 — | — |300] ns
pheral Data Valid
* Except P2,
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TIMER, SCI TIMING

Test HD6303R HD63A03R HD63BO3R )
Item Symbol | Con- - - n Unit
dition| min| typ| max | min| typ | max | min| typ | max
Timer Input Pulse Width tpwT 20| — | — |20 = | = |20 - | — | teye
Delay Time, Enable Positive .
Transition to Timer Out trop |Fig.5) — | — 1400 — | — 1 400) — | — | 400 ns
SCI Input Clock Cycle tseye 20| — — 20| - - | 20| - — | teye
SCI Input Clock Pulse Width tpwsck 04| - |06 [04a] — {06 [04] - |06 [tseye
MODE PROGRAMMING
Test HDB303R HD63A03R HD63BO3R )
Item Symbol | Con- - - - Unit
dition | Min | typ | max | min | typ | max | min| typ | max
RES “Low” Pulse Width PWrsTt 3 |- =13 | =1 =13 | =] = ]tee
Mode Programming Set-up Time | typs | Fig.6| 2 - |- |2 - | - |2 — | = | teye
Mode Programming Hold Time tmPH 150 | ~ — [150| — — |1580| — - ns
teve
Address Strobe
(AS)
«—tAST
‘ASEDI<———
{ R
PWe
Enable
(E) PWey
0.8v i K
— ~—tEr —* [~ tet
fe—taD1
- —tan
R A 2.4V \
s Ag~Ay Address Valid
0.8V
tAS le—
" —" I tamL
tosw e thw
MPU Write AWV {2.4v
Do~D,, A, ~A, {aress Data Valid ;_—
‘O.BV 1 0.8V
*—tasm
tapL tDSR - A
MPU Read F2av N -2.0v
D,~D,, A,~A, Cgﬁ;ess Data Valid
0.8V 0.8V
1
(taccm!

V1 Not valid

Figure 1 Multiplexed Bus Timing
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| teye
2.4v
Enable PWen "
(E)
PWg |
0.8v ‘
ter — b tE§
[+——tap)—| —d fe—tan
{24y B
R/W Address Vahd
X 0.8V y,
[+ tosw ——*|
- —tw
MPU Write 24v Data Vaid
ata Valhi
0,~0, 08v
tosR—*|
(tacen! — tHR
MPU Read 2oV S
ata Val
D,~D, : "
AD2 0.8v

— tAM
A,~A, (Port 1) F:av
i Address Valid
A=A K 06V

e 22 Not valid
Figure 2 Non-Multiplexed Bus Timing < Mot val

MPU Write
r—-— MPU Read 1—_

€ 24v 24v E
0.8V 0.8V 0.8v
tPDSU[—= ftroH
Pro =P 2.0V 2.0V [~ tewo—
P, ~P : -
\ 20 . 24 0.8V Data Valhd Ko av
nputs
P | All Data x 24V 5.0 vand
Port Outputs 08V
Note) Port 2: Except P,
Figure 3 Port Data Set-up and Hold Times Figure 4 Port Data Delay Times
(MPU Read) (MPU Write)
€ -/—_'\_] 24V

X Ty

o, X=X
l’ Mode Inputs
roo*| P2, P21, P2z}
b, 74V
Output 08V
Figure 5 Timer Output Timing Figure 6 Mode Programming Timing
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C=90pF for AS, R/W, Do/Ag ~ D;/A;,and Ay ~ Ays
=30pF for P,y ~ Pys and Ao /P10 ~ A, /P,
=40pF for E

R=12kQ

Figure 7 Bus Timing Test Loads (TTL Load)

Vee

RL = 2.2k
(4.0k$2 for E)
Test Point O j¢
152074 @
L or Equiv.
c = R
interrupt
Test

e Uyt

Internal

Address Bus j
NMi, IRQ —\

Op Code Op Code
Address Address+1

FFFF SP_ SP.1

- P SP-4 SP-5 SP-6 Vector
SP-2 SP-3 e

L
Address Address

Vector New PC
Address

—

tpcs

Internal

Internal
Read

pc7 PGS

1X7 X185 LSB ___Interrupt Ru.m

Data Bus on Codeopecfa“d lrrelevam Pco . PC8 X0 - IX8. ACCA ACCB CCR ector Vector First Inst of
hhtaad € Dat /_M.SB_.
R

Internal
Write

—

Figure 8

Interrupt Sequence

. WMMMWF‘——NM’_&M—L

——5 5V
45V ‘e N
Vee
¢ g
Vec-05v 4 Vcc-°5V
STBY — tpcs tPCS =
!
Vee-05V i
RES o e ] 0.8V

FFFF FFFE FFFF New PC

Internal
R

Internal
w

o Y —

o (Y Y

Figure 9 Reset Timing

® FUNCTIONAL PIN DESCRIPTION

® Vec: Vss

These two pins are used for power supply and GND.
Recommended power supply voltage is 5V + 10%. 3 to 6V can
be used for low speed operation (100 ~ 500 kHz).

e XTAL, EXTAL
These two pins are connected with parallel resonant funda-

@ HITACHI

mental crystal, AT cut. For instance, in order to obtain the
system clock 1MHz, a 4MHz resonant fundamental crystal is
used because the devide by 4 circuitry is included. EXTAL
accepts an external clock input of duty 50% (+10%) to drive.
For external driving XTAL pin should be open. An exam-
ple of connection circuit is shown in Fig. 10. The crystal and
capacitors should be mounted as close as possible to the pins.
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AT Cut Parallel Resonance Crystal

Co = 7 pF max
Rs = 60 22 max
XTAL
Crq = C2 =10~22pF + 20%
=) (3.2~8MHz)
EXTAL

E

(a) Crystal Interface

XTAL N.C.
EXTAL ——=< External Clock

(b) External Clock

Figure 10 Connection Circuit

* @ Standby (STBY)

This pin is used to place the MPU in the standby mode.
If this goes to “Low” level, the oscillation stops, the internal
clock is tied to Vgg or Voc and the MPU is reset. In order to
retain information in RAM during standby, write “0” into RAM
enable bit (RAME). RAME is bit 6 of the RAM Control Register
at address $0014. This disables the RAM, so the contents of
RAM is guaranteed. For details of the standby mode, see the
Standby section.

® Reset (RES)

This input is used to reset the MPU. RES must be held
“Low” for at least 20ms when the power starts up. It should be
noted that, before clock generator stabilize, the internal state
and I/O ports are uncertain, because MPU can not be reset
without clock. To reset the MPU during system operation, it
must be held “Low” for at least 3 system clock cycles. From
the third cycle, all address buses become ‘“high-impedance”
and it continues while RES is “Low”. If RES goes to “High”,
CPU does the following.

(1) 1/O Port 2 bits 2,1,0 are latched into bits PC2, PC1, PCO of
program control register.

(2) The contents of the two Start Addresses, SFFFE, $FFFF
are brought tothe program counter, from which program
starts (see Table 1).

(3) The interrupt mask bit is set. In order to have the CPU
recognize the maskable interrupts IRQ, and TRQ,, clear it
before those are used.

® Enable (E)
This output pin supplies system clock. Output is a single-

phase, TTL compatible and 1/4 the crystal oscillation frequen-'

cy. It will drive two LS TTL load and 40pF.

©® Non Maskable Interrupt (NMI)

When the falling edge of the input signal of this pin is re-
cognized, NMI sequence starts. The current instruction is con-
tinued to complete, even if NMI signal is detected. Interrupt
mask bit in Condition Code Register has no effect on NMI
detection. In response to NMI interrupt, the information of

Program Counter, Index Register, Accumulators, and Condition
Code Register are stored on the stack. On completion of this
sequence, vectoring address $FFFC and SFFFD are generated
to load the contents to the program counter. Then the CPU
branch to a non maskable interrupt service routine.

® Interrupt Request (IRQ1)

This level sensitive input requests a maskable interrupt
sequence. When IRQ1 goes to “Low”,the CPU waits until it
completes the current instruction that is being executed. Then,
if the interrupt mask bit in Condition Code Register is not set,
CPU begins interrupt sequence; otherwise, interrupt request
is neglected.

Once the sequence has started, the information of Program
Counter, Index Register, Accumulator, Condition Code Register
are stored on the stack. Then the CPU sets the interrupt mask
bit so that no further maskable interrupts may be responded.

Table 1 Interrupt Vectoring memory map
Vector Interrupt
Highest MSB | LsSB
Priority FFFE | FFFF RES
FFEE | FFEF TRAP
FFFC | FFFD Nmi
FFFA | FFFB Software Interrupt (SW1)
FFF8 | FFF9 iRQ, (or iS3)
FFF6 | FFF?7 ICF (Timer Input Capture)
FFF4 FFF5 OCF (Timer Output Compare)
FFF2 | FFF3 TOF (Timer Overtiow)
Lowest FFFO | FFF1 | SCI (RDRF + ORFE + TORE)
Priority

At the end of the cycle, the CPU generates 16 bit vectoring
addresses indicating memory addresses $FFF8 and $FFF9, and
loads the contents to the Program Counter, then branch to an
interrupt service routine.

The Internal Interrupt will generate signal (IRQ,) which is
quite the same as IRQ, except that it will use the vector address
$FFFO to $FFF7.

When IRQ; and IRQ, are generated at the same time, the
former precede the latter. Interrupt Mask Bit in the condition
code register, if being set, will keep the both interrupts off.

On occurrence of Address error or Op-code error, TRAP
interrupt is invoked. This interrupt has priority next to RES.
Regardless of the interrupt Mask Bit condition, the CPU will
start an interrupt sequence. The vector for this interrupt will be
SFFEE, SFFEF.

® Read/Write (R/W)

This TTL compatible output signal indicates peripheral and
memory devices whether CPU is in Read (“High™), or in Write
(“Low”). The normal stand-by state is Read (‘‘High”). Its
output will drive one TTL load and 90pF.

® Address Strobe (AS)

In the multiplexed mode, address strobe signal appears at this
pin. It is used to latch the lower 8 bits addresses multiplexed
with data at Do/Ao ~ D7/A7. The 8-bit latch is controlled by
address strobe as shown in Figure 15. Thereby, Do/Ao ~ D7/A7
can become data bus during E pulse. The timing chart of this
signal is shown in Figure 1.

Address Strobe (AS) is sent out even if the internal address
is accessed.
= PORTS

There are two I/O ports on HD6303R MPU (one 8-bit ports
and one 5-bit port). Each port has an independent write-only
data direction register to program individual I/O pins for
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input or output.*

When the bit of associated Data Direction Register is 17,
1/O pin is programmed for output, if “0”, then programmed for
an input.

There are two ports: Port 1, Port 2. Addresses of each
port and associated Data Direction Register are shown in
Table 2.

* Only one exception is bit 1 of Port 2 which becomes either a
data input or a timer output. It cannot be used as an output

port.

Table 2 Port and Data Direction Register Addresses

Data Direction

Ports Port Address Register Address
1/0 Port 1 $0002 $0000
1/0 Port 2 $0003 $0001
® 1/O Port 1

This is an 8-bit port, each bit being defined individually as
input or outputs by associated Data Direction Register. The
8-bit output buffers have three-state capability, maintaining in
high impedance state when they are used for input. In order to
be read accurately, the voltage on the input lines must be more
than 2.0V for logic “1” and less than 0.8V for logic “0”.

These are TTL compatible. After the MPU has been reset, all
1/0 lines are configured as inputs in Multiplexed mode. In Non
Multiplexed mode, Port 1 will be output line for lower order
address lines (Ao ~ A7), which can drive one TTL load and
30 pF.

® 1/O Port 2

This port has five lines, whose 1/Q direction depends on its
data direction register. The 5-bit output buffers have three-state
capability, going high impedance state when used as inputs. In
order to be read accurately, the voltage on the input lines must
be more than 2.0V for logic “1” and less than 0.8V for logic
“0”. After the MPU has been reset, [/O lines are configured as
inputs. These pins on Port 2 (P20 ~ P22 of the chip) are used
to program the mode of operation during reset. The values of
these three pins during reset are latched into the upper 3 bits
(bit 7, 6 and 5) of Port 2 Data Register which is explained in
the MODE SELECTION section.

In all modes, Port 2 can be configured as I/O lines. This port
also provides access to the Serial I/O and the Timer. However,
note that bit 1 (P,,) is the only pin restricted to data input or
Timer output.

= BUS
[ Do/Ao ~D7/A7

This TTL compatible three-state buffer can drive one TTL
load and 90 pF.

Non Multiplexed Mode

In this mode, these pins become only data bus (Do ~ D7).
Multiplexed Mode

These pins becomes both the data bus (D, ~ D,) and lower
bits of the address bus (A, ~ A-). An address strobe output is
“High” when the address is on the pins.

® Ag ~Ags
Each line is TTL compatible and can drive one TTL load and

HD6303R,HD63A03R,HD63BO3R

90 pF. After reset, these pins become output for upper order
address lines (As ~ Ais).

® MODE SELECTION

The operation mode after the rest must be determined by the
user wiring the P20, P21, and P22 externally. These three pins are
lower order bits; /O 0, 1/0 1, 1/O 2 of Port 2. They are latched
into the control bits PCO, PC1, PC2 of I/O Port 2 register when
RES goes “High”. /O Port 2 Register is shown below.

Port 2 DATA REGISTER

7 6 5 4 3 2 1 (]

$m03[rc2 PCY | PCO | /O 4 u/o:luozlumluoo]

An example of external hardware used for Mode Selection
is shown in Figure 11. The HD14053B is used to separate the
peripheral device from the MPU during reset. It is necessary if
the data may conflict between peripheral device and Mode
generation circuit.

No mode can be changed through software because the bits
5, 6, and 7 of Port 2 Data Register are read-only. The mode
selection of the HD6303R is shown in Table 3.

The HD6303R operates in two basic modes: (1) Multiplexed
Mode, (2) Non Multiplexed Mode.

® Multiplexed Mode

The data bus and the lower order address bus are multiplexed
in the Do/Ao ~ D7/A7 and can be separated by the Address
Strobe.

Port 2 is configured for 5 parallel I/O or Serial 1/O, or Timer,
or any combination thereof. Port 1 is configured for 8 parallel
1/0.

® Non Multiplexed Mode

In this mode, the HD6303R can directly address HMCS6800
peripherals with no external logic. Do/Ao ~ D7/A7 become a
data bus and Port 1 becomes Ao ~ A7 address bus.

In this mode, the HD6303R is expandable up to 65k words
with no external logic.

® Lower Order Address Bus Latch

Because the data bus is multiplexed with the lower order
address bus in Do/Ao~ D7/A7 in the multiplexed mode, address
bits must be latched. It requires the 74LS373 Transparent octal
D-type to latch the LSB. Latch connection of the HD6303R
is shown in Figure 15.
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Vee
R %:: =
(R [R
e ani e
AB HD6303R,
X, }
Y, X P,, (PCO) /
z, Y P,, (PC1)
Pio X, z P,, (PC2)
Pay \f
4 ¥4
" ' Inh HD140538 Note 1) Figure of Multiplexed Mode
cd 0 7;7 2) RC~Reset Constant
Mode =
Control 3 R, =10k
Switch
Figure 11 Recommended Circuit for Mode Selection
Truth Table
?VDD
Control Input
Inh O— — Select On Swntch
Binary to 1-of-2 Inhib
AO Level 11 “Decoder with et T A | HD140538
B O— Converter [ Inhib
C O - nhibit 0 [0]0[0] Z,[Y,[X,
J} é__J 0 {0]o]|1]| Z,|vyx,
Vss OVege o Jof1]o] z)v.x,
X0~ £ o |of1[1] z]v[x,
X,0- £ b—ox o [1]o]o] z]v,]x,
Y, 0 24 , o [1]o|1] z]vdx,
Y, o & v o [1]1]0] z|v.[x,
Z,0- & o [1]1]{1] z|v[x,
2,0~ ég—j_oz 1 I x]x[x -
Figure 12 HD14053B Multiplexers/De-Multiplexers
[
Vee Vee
T |—= Enable ‘:_E—_ = Enable
B—L le—o0 NMI T le—O NMI
STBY l<—0 RQ STBY 0—> [<—0 IRQ,
NN e res 6303R
RES 0—>{ HD6303R |— = R/W Port 1 HDMPU 0, ~ D,
MPU Do/A, ~ D, /A, To 8 Address Lines 8 Data Lines
Port 1 8 Lines Ao ~ A,
81/0 Lines Multiplexed —=> RW
Data/Address
——3> Address Strobe Port 2 Ay ~ A,
§ Parallet 1/0 8 Address
P < D, >
Solr/(OzLincs As ~ Aus sc Lines
sl i '.:::ress Timer ,;;
Timer ’J’ ! Vss

Vss

Figure 13 HD6303R MPU Multiplexed Mode
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Figure 14 HD6303R MPU Non Multiplexed Mode
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GND
AS
G OC
1 Ol
Do/Ao ~D1/A, 7418373
Address/Data
nl ol

Function Table
Address A,~A,

Output Enable Output
Sl o o
L H H H
L H L L
L L X Q,
H X X z

Data D,~D,

Figure 15 Latch Connection

Table 3 Mode Selection

Table 4 Internal Register Area

HD6303R,HD63A03R,HD63BO3R

Operating Mode Pyo Pay Psa

Multiplexed Mode L H L
L L

Non Multiplexed Mode H L L

L: logic “0"
H: logic “1”

= MEMORY MAP

The MPU can provide up to 65k byte address space. Figure
16 shows a memory map for each operating mode. The first 32
locations of each map are for the CPU’s internal register only,

as shown in Table 4.

Non-Multiplexed

$0000

$001F

$0080

SOOFF

SFFFF
[NOTE])

Internal Registers
External Memory Space

Internal RAM

External Memory Space

Excludes the following addresses which may be
used externally ; $00, $02.

Figure 16 HD6303R Memory Maps

Register Address
Port 1 Data Direction Register** oo*
Port 2 Data Direction Register** 01
Port 1 Data Register 02+
Port 2 Data Register 03
Timer Control and Status Register 08
Counter (High Byte) 09
Counter (Low Byte) 0A
Output Compare Register (High Byte) 0B
Output Compare Register {Low Byte) ocC
Input Capture Register (High Byte) oD
Input Capture Register (Low Byte) 0E
Rate and Mode Control Register 10
Transmit/Receive Control and Status Register 11
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 15-1F
* External address in Non Multiplexed Mode
** 1 = Output, 0 = Input
Multiplexed
$0000 p
$001F ///’
— External Memory Space
$0080
7 /// Internal RAM
$00FF /A N
External Memocy Space
SFFFF
71
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= PROGRAMMABLE TIMER

The HD6303R contains 16-bit programmable timer which
may be used to make measurement of input waveform. In
addition to that it can generate an output waveform by itself.
For both input and output waveform, the pulse width may vary
from a few microseconds to several 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, and

+ a 16-bit input capture register
A block diagram of the timer is shown in Figure 17.

< HDB303R Internal Bus >

$0D  $OE

ut Capture.
Reguster

$09  SOA
Free Hunning n
16 B1 Counter

Overtion Detect

o
Conrot [ Toer [ ror [ v [roc o] o] o]
Status T |
Register

$08 —

Edge Detect

Output Compare Pulse

-~ Output Input

Level E
Be1l B0
Port2 Port2

Figure 17 Programmable Timer Block Diagram

® Free Running Counter ($0009: $000A)

The key element in the programmable timer is a 16-bit free
running counter, that is driven by an E (Enable) clock to
increment its values. The counter value will be read out by the
CPU software at any time with no effects on the counter.
Reset will clear the counter.

When the MSB of this counter is read. the LSB is stored
in temporary latch. The data is fetched from this latch by the
subsequent read of LSB. Thus consistent double byte data can
be read from the counter,

When the CPU writes arbitrary data to the MSB (809), the
value of SFFF8 is being pre-set to the counter ($09, SOA)
regardless of the write data value. Then the CPU writes arbi-
trary data to the LSB ($0A), the data is set to the “Low"” byte
of the counter, at the same time, the data preceedingly written
in the MSB (309) is set to “High™ byte of the counter.

When the data is written to this counter, a double byte
store instruction (ex. STD) must be used. If only the MSB of
counter is written, the counter is set to $FFF8,

The counter value written to the counter using the double
byte store instruction is shown in Figure 18.

To write to the counter can disturb serial operations, so it
should be inhibited during using the SCI. If external clock
mode is used for SCI, this will not disturb serial operations.

$09 Write | $0A Write
(5A) (F3)

e | | |
Counter ,  FFF8 |,  SAF3

(SAF 3 written to the counter)

Figure 18 Counter Write Timing

® Output Compare Register ($0008:$000C)

This is a 16-bit read/write register which is used to control an
output waveform. The contents of this register are constantly
being compared with current value of the free running counter,

When the contents match with the value of the free running
counter, a flag (OCF) in the timer control/status register
(TCSR) is set and the current value of an output level Bit
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1
of the Port 2 data direction register is “1” (output), the OLVL
value will appear on the bit 1 of Port 2. Then, the value of Out-
put Compare Register and Output level bit may be changed
for the next compare.

The output compare register is set to $FFFF during reset.

The compare function is inhibited at the cycle of writing to
the high byte of the output compare register and at the cycle
just after that to ensure valid compare. It is also inhibited in
same manner at writing to the free running counter.

In order to write a data to Output Compare Register, a
double byte store instruction (ex.STD) must be used.

® Input Capture Register ($000D: $000E)

The input capture register is a 16-bit read-only register used
to hold the current value of free running counter captured 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).

To allow the external input signal to go in the edge detect
unit, the bit of the Data Direction Register corresponding to bit
0 of Port 2 must have been cleared (to zero).

To insure input capture in all cases, the width of an input
pulse requires at least 2 Enable cycles.

® Timer Control/Status Register (TCSR) ($0008)
This is an 8-bit register. All 8-bits are readable and the lower
S bits may be written. The upper 3 bits are read-only, indicating
the timer status information as is shown below.
(1) A proper transition has been detected on the input pin
(ICF).
(2) A match has been found between the value in the free
running counter and the output compare register (OCF).
(3) When counting up to $0000 (TOF).
Each flag has an individual enable bit in TCSR which
determines whether or not an interrupt request may occur
(IRQ2). If the I-bit in Condition Code Register has been
cleared, a priority vectored address occurs corresponding
to each flag. A description of each bit is as follows.

Timer Control / Status Register

7 6 5 4 3 2 1 0
LICF l OCF l TOFI EiICt l EOCIl ETOII 1EDG [OLVL] $0008

Bit 0 OLVL (Output Level); When a match is found in the
value between the counter and the output com-
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pare register, this bit is transferred to the Port 2
bit 1. If the DDR corresponding to Port 2 bit 1 is
set ‘17, the value will appear on the output pin of
Port 2 bit 1.

Bit 1 |EDG (Input Edge): This bit control which transition
of an input of Port 2 bit 0 will trigger the data
transfer from the counter to the input capture
register. The DDR corresponding to Port 2 bit 0
must be clear in advance of using this function.
When IEDG = 0, trigger takes place on a negative
edge (“High’-to-“Low™ transition). When IEDG =
1, trigger takes place on a positive edge (“Low’-to-
“High” transition).

Bit 2 ETO! (Enable Timer Overflow Interrupt); When set,
this bit enables TOF interrupt to generate the
interrupt request (JIRQ2). When cleared, the inter-
rupt is inhibited.

Bit 3 EOCI (Enable Output Compare Interrupt); When set,
this bit enables OCF interrupt to generate the
interrupt request (IRQz). When cleared, the inter-
rupt is inhibited.

Bit 4 EICI (Enable Input Capture Interrupt); When set, this
bit enables ICF interrupt to generate the interrupt
request (IRQz). When cleared, the interrupt is
inhibited.

Bit 5 TOF (Timer Over Flow Flag); This read-only bit is set
at the transition of $FFFF to $0000 of the
counter. It is cleared by CPU read of TCSR (with
TOF set) followed by a CPU read of the counter
($0009).

Bit 6 OCF (Output Compare Flag); This' read-only bit is set
when a match is found in the value between the
output compare register and the counter. It is
cleared by a read of TCSR (with OCF set) fol-
lowed by a CPU write to the output compare re-
gister ($000B or $000C).

Bit 7 ICF (Input Capture Flag); The read-only bit is set by a
proper transition on the input, and is cleared by
a read of TCSR (with ICF set) followed by a
CPU read of Input Capture Register (§000D).

Reset will clear each bit of Timer Control and Status

Register.

8 SERIAL COMMUNICATION INTERFACE

The HD6303R contains a full-duplex asynchronous Serial
Communication Interface (SCI). SCI may select the several
kinds of the data rate. It consists of a transmitter and a receiver
which operate independently but with the same data format
and the same data rate. Both of transmitter and receiver com-
municate with the CPU via the data bus and with the outside
world through Port 2 bit 2, 3 and 4. Description of hardware,
software and register is as follows.

® Wake-Up Feature

In typical multiprocessor applications the software protocol
will usually have the designated address at the initial byte of the
message. The purpose of Wake-Up feature is to have the non-
selected MPU neglect the remainder of the message. Thus
the non-selected MPU can inhibit the all further interrupt
process until the next message begins.

Wake-Up feature is re-enabled by a ten consecutive “1”s
which indicates an idle transmit line. Therefore software pro-
tocol must put an idle period between the messages and must
prevent it within the message.
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With this hardware feature, the non-selected MPU is re-
enabled (or “waked-up”) by the next message.

® Programmable Options
The HD6303R has the following programmable features.
« data format; standard mark/space (NRZ)
+ clock source; external or internal
+baud rate: one of 4 rates per given E clock frequency or
1/8 of external clock
- wake-up feature; enabled or disabled
-interrupt requests: enabled or masked individually for
transmitter and receiver
-clock output; internal clock enabled or disabled to Port
2 bit 2
«Port 2 (bits 3. 4); dedicated or not dedicated to serial
1/0 individually

@ Serial Communication Hardware

The serial communications hardware is controlled by 4
registers as shown in Figure 19. The registers include:

- an 8-bit control/status register

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

- an 8-bit read-only receive data register

+ an 8-bit write-only transmit data register

Besides these 4 registers, Serial 1/O utilizes Port 2 bit 3
(input) and bit 4 (output). Port 2 bit 2 can be used when an
option is selected for the internal-clock-out or the external-
clock-in.
® Transmit/Receive Control Status Register (TRCSR)

TRCS Register consists of 8 bits which all may be read while

only bits O to 4 may be written. The register is initialized to $20
on RES. The bits of the TRCS Register are explained below.

Transmit / Receive Control Status Register

7 6 5 4 3 2 1 [
[ﬂDﬂFIORFEl TDREI RIE l RE TTIE I TE l wu ]ADDR
7 $0011

Bit 0 WU (Wake Up); Set by software and cleared by hardware
on receipt of ten consecutive “1"'s. While this bit
is “1”, RDRF and ORFE flags are not set even
if data are received or errors are detected. There-
fore received data are ignored. It should be noted
that RE flag must have already been set in advance
of WU flag’s set.

Bit 1 TE (Transmit Enable); This bit enables transmitter. When
this bit is set, bit 4 of Port 2 DDR is also forced
to be set. It remains set even if TE is cleared.
Preamble of ten consecutive “1”s is transmitted
just after this bit is set, and then transmitter
becomes ready to send data. If this bit is cleared,
the transmitter is disabled and serial 1/O affects
nothing on Port 2 bit 4.

Bit 2 TIE (Transmit Interrupt Enable); When this bit is set,
TDRE (bit 5) causes an IRQ2z interrupt. When
cleared, TDRE interrupt is masked.

Bit 3 RE (Receive Enable); When set, Port 2 bit 3 can be used
as an input of receive regardless of DDR value for
this bit. When cleared, the receiver is disabled.

Bit 4 RIE (Receive Interrupt Enable); When this bit is set,
RDRF (bit 7) or ORFE (bit 6) cause an TRQz
interrupt. When cleared, this interrupt is masked.
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Bit 5 TDRE (Transmit Data Register Empty); When the data
is transferred from the Transmit Data Register
to Output Shift Register, this bit is set by hard-
ware. The bit is cleared by reading the status re-
gister followed by writing the next new data into
the Transmit Data Register. TDRE is initialized
to 1 by RES.

Bit 6 ORFE (Over Run Framing Error); When overrun or
framing error occurs (receive only), this bit is set
by hardware. Over Run Error occurs if the attempt
is made to transfer the new byte to the receive
data register while the RDRF is “1”. Framing
Error occurs when the bit counter is not synchro-

ceiving bit stream. When Framing Error is de-
tected, RDRF is not set. Therefore Framing Error
can be distinguished from Overrun Error. That is,
if ORFE is “1” and RDRF is “1”, Overrun Error
is detected. Otherwise Framing Error occurs.
The bit is cleared by reading the status register
followed by reading the receive data register, or
by RES.

Bit 7 RDRF (Receive Data Register Full); This bit is set by

hardware when the data is transferred from the
receive shift register to the receive data register.
It is cleared by reading the status register followed
by reading the receive data register, or by RES.

nized with the boundary of the byte in the re-

Bit 7 Rate and Mode Control Register Bit 0
] ccar l cco [SS! l Ssso ]S'O
4

Transmit/Recetve Control and Status Register

[RDRFIORFE{TDRElRIEL RE JTIE [ TE l wu Is”

Receive Data Register
o

L1 1] T[]

foe2 (Not Addressable)
Ax 1 .
Bit Receive Shift Register
3
Crock 10 Bit Rate
By Generator ¢———E&
l (Not Addressable)

[ Transmit Shift Register

L[] [ L1 Jeo

Transmit Data Register

Figure 19 Serial 1/0O Register

7 6 5 4 3 2 1 0
[xl X [Xl X lCC!lCCO[SS1ISSO]ADDR $0010

Transfer Rate / Mode Control Register

Table 5 SCI Bit Times and Transfer Rates

XTAL T 2.4576 MHz 4.0 MHz 49152MH2

SS1 : SSO E | 614.4 kHz 1.0 MHz 1 2288MHz
0 [ E+ 16 [ 26 us/38,400 Baud 16 us/62,500 Baud 13 4s/76.800Baud
0 1 E+ 128 208us/4,800 Baud 128 us/7812.5 Baud 104.2,s/ 9,6008aud
1 0 E+ 1024 ' 1.67ms/600 Baud 1.024ms/976.6 Baud 833.3,s/ 1,200Baud
1 1 E + 4096 1 6.67ms/ 150 Baud 4.096ms/244.1 Baud 3.333ms/ 300Baud

74

GO HITACHI



HD6303R,HD63A03R,HD63BO3R

Table 6 SC! Format and Clock Source Control

CC1: CCO Format Clock Source Port 2 Bit 2 Port 2 Bit 3 Port 2Bit 4
0 0 - - - - -
0 1 NRZ Internal Not Used * ** .. e
1 0 NR2 Internal Output® .. ..
1 1 NRZ External Input .. ..

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

** Bit 3is used for serial input f RE =" n TRCS.
Bit 4 is used for serial output if TE = **1"" 1n TRCS.
*** This pin can be used as 1/O port.

® Transfer Rate/Mode Control Register (RMCR)
The register controls the following serial 1/O functions:
+Bauds rate data format + clock source
+Port 2 bit 2 feature
It is 4-bit write-only register, cleared by RES. The 4 bits are
considered as a pair of 2-bit fields. The lower 2 bits control the
bit rate of internal clock while the upper 2 bits control the
format and the clock select logic.
gi: (1) gg?} Speed Select
These bits select the Baud rate for the internal clock. The
rates selectable are function of E clock frequency of the CPU.
Table 5 lists the available Baud Rates.
31123%%)1 } Clock Control/Format Select
They control the data format and the clock select logic.
Table 6 defines the bit field.

® Internally Generated Clock

If the user wish to use externally an internal clock of the
serial 1/0, the following requirements should be noted.

+CC1, CCO must be set to “10”.

+ The maximum clock rate must be E/16.

+ The clock rate is equal to the bit rate.

«The values of RE and TE have no effect.

® Externally Generated Clock
If the user wish to supply an external clock to the Serial
1/0, the following requirements should be noted.
+The CC1, CCO must be set to “11” (See Table 6).
+The external clock must be set to 8 times of the desired
baud rate.
+ The maximum external clock frequency is E/2 clock.

® Serial Operations

The serial 1/O hardware must be initialized by the software
before operation. The sequence will be normally as follows.

+Writing the desired operation control bits of the Rate and

Mode Control Register.

*Writing the desired operation control bits of the TRCS

register.

If Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be
kept set. When TE, RE bit are cleared during SCI operation,
and subsequently set again, it should be noted that TE, RE
must be kept “0” for at least one bit time of the current baud
rate. If TE, RE are set again within one bit time, there may be
the case where the initializing of internal function for trans-
mitter and receiver does not take place correctly.

® Transmit Operation
Data transmission is enabled by the TE bit in the TRCS

register. When set, the output of the transmit shift register
is connected with Port 2 bit 4 which is unconditionally con-
figured as an output.

After RES, the user should initialize both the RMC register
and the TRCS register for desired operation. Setting the TE bit
causes a transmission of ten-bit preamble of *“1"s. Following the
preamble, internal synchronization is established and the trans-
mitter is ready to operate. Then cither of the following states
exists.

(1) If the transmit data register is empty (TDRE = 1), the
consecutive *“17s are transmitted indicating an idle
states.

(2) If the data has been loaded into the Transmit Data
Register (TDRE = 0). it is transferred to the output
shift register and data transmission begins.

During the data transfer, the start bit (“0™) is first trans-
ferred. Next the 8-bit data (beginning at bit 0) and finally the
stop bit (““1”"). When the contents of the Transmit Data Register
is transferred to the output shift register, the hardware sets the
TDRE flag bit: If the CPU fails to respond to the flag within
the proper time, TDRE is kept set and then a continuous string
of 1’s is sent until the data is supplied to the data register.

® Receive Operation

The receive operation is enabled by the RE bit. The serial
input is connected with Port 2 bit 3. The receiver operation
is determined by the contents of the TRCS and RMC register.
The received bit stream is synchronized by the first “0” (start
bit). During 10-bit time, the data is strobed approximately at
the center of each bit. If the tenth bit is not *“1”" (stop bit),
the system assumes a framing error and the ORFE is set.

If the tenth bit is “1”, the data is transferred to the receive
data register, and the RDREF flag is set. If the tenth bit of the
next data is received and still RDRF is preserved set, then
OREFE is set indicating that an overrun error has occurred.

After the CPU read of the status register as a response to
RDRF flag or ORFE flag, followed by the CPU read of the
receive data register, RDRF or ORFE will be cleared.

® RAM CONTROL REGISTER
The register assigned to the address $0014 gives a status
information about standby RAM.

RAM Control Register

1 (] 5 4 3 2 1 [}
sT8Y
$0014 PWR  |RAME| X x x 3 X x J

Bit 0 Not used.
Bit 1 Not used.
Bit 2 Not used.
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Bit 3 Not used.
Bit 4 Not used.
Bit5 Not used.
Bit 6 RAM Enable.

Using this control bit, the user can disable the RAM. RAM
Enable bit is set on the positive edge of RES and RAM is
enabled. The program can write “I\or “0”. If RAME is
cleared, the RAM address becomes external address and the
CPU may read the data from the outside memory.

Bit 7 Standby Bit

This bit can be read or written by the user program. It is
cleared when the V.. voltage is removed. Normally this bit
is set by the program before going into stand-by mode. When
the CPU recovers from stand-by mode, this bit should be
checked. If it is <17, the data of the RAM is retained during
stand-by and it is valid.

" GENERAL DESCRIPTION OF INSTRUCTION SET

The HD6303R has an upward, object code compatible with
the HD68O1 to utilize all instruction sets of the HMCS6800.
The execution time of the key instruction is reduced to increase
the system through-put. In addition, the bit operation instruc-
tion. the exchange instruction between the index and the
accumulator, the sleep instruction are added. This section
describes:

* CPU programming model (See Fig. 20)

* Addressing modes

* Accumulator and memory manipulation instructions (See

Table 7)

*New instructions

+Index register and stack manipulation instructions (See

Table 8)

+ Jump and branch instructions (See Table 9)

-Condition code register manipulation instructions (See

Table 10)

*+Op-code map (See Table 11)

+ Cycle-by-cycle operation (See Table 12)

® CPU Programming Model

The programming model for the HD6303R is shown in Fig-
ure 20. The double accumulator is physically the same as the
accumulator A concatenated with the accumulator B, so that
the contents of A and B is changed with executing operation of
an accumulator D.

3
’ A N _1 881t Accumulators A and B
15 Q

o Or 16-Bit Double Accumulator D

[ X o] index Regsster (X)
[s sp o] Stack Pornter (sP)
s PC 0] Program Counter (PC)

7 [

l |] 1 u[ l[w[z v cI Condition Code Register (CCR)
L Carry/Borrow from MSB
Overflow

Zero
b Negative
Interrupt
Half Carry (From Bit 3)

Figure 20 CPU Programming Model

® CPU Addressing Modes
The HD6303R has seven address modes which depend on
both of the instruction type and the code. The address mode for

every instruction is shown along with execution time given in
terms of machine cycles (Table 7 to 11). When the clock
frequency is 4 MHz, the machine cycle will be microseconds.
Accumulator (ACCX) Addressing

Only the accumulator (A or B) is addressed. Either accumula-
tor A or B is specified by one-byte instructions.
Immediate Addressing

In this mode, the operand is stored in the second byte of the
instruction except that the operand in LDS and LDX, etc are
stored in the second and the third byte. These are two or
three-byte instructions.
Direct Addressing

In this mode, the second byte of instruction indicates the
address where the operand is stored. Direct addressing allows
the user to directly address the lowest 256 bytes in the machine;
locations zero through 255. Improved execution times are
achieved by storing data in these locations. For system
configuration, it is recommended that these locations should be
RAM and be utilized preferably for user’s data realm. These are
two-byte instructions except the AIM, OIM, EIM and TIM
which have three-byte.
Extended Addressing

In this mode, the second byte indicates the upper 8 bit
addresses where the operand is stored, while the third byte
indicates the lower 8 bits. This is an absolute address in
memory. These are three-byte instructions.
Indexed Addressing

In this mode, the contents of the second byte is added to the
lower 8 bits in the Index Register. For each of AIM, OIM, EIM
and TIM instructions, the contents of the third byte are added
to the lower 8 bits in the Index Register. In addition, the result-
ing “carry” is added to the upper 8 bits in the Index Register.
The result is used for addressing memory. Because the modified
address is held in the Temporary Address Register, there is no
change to the Index Register. These are two-byte instructions
but AIM, OIM, EIM, TIM have three-byte.
Implied Addressing

In this mode, the instruction itself gives the address; stack
pointer, index register, etc. These are 1-byte instructions.
Relative Addressing

In this mode, the contents of the second byte is added to the
lower 8 bits in the program counter. The resulting carry or
borrow is added to the upper 8 bits. This helps the user to
address the data within a range of —126 to +129 bytes of the
current execution instruction. These are two-byte instructions.
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Table 7 Accumulator, Memory Manipulation Instructions

Condition Code
Addressing Modes .

o N N , Register
IMMED | DIRECT | INDEX [EXTEND [ IMPLIED Arithmetic Operation s[a[3]2]1]o
OP [~|#|oP |~ |#|OP|~|#|OP|~|e|loOP|~|# H|1|N|jZ]v]C
Add ADDA (88 [2(2 |98 [3[2]aB[4[2 BB |4 [3 A+ M= A Tie|t|t]t |t
appB  |c[2[2|os|3[2]es[a[2FB a3 8+M~8 BOBRBE
Add Double ADDD [C3 [3(3|D3|4 (2 (€3 |5]|2 F3[5|3 A B+M:M+1—~A-B |ele|t[t]s]t
Add Accumulators ABA 1B[1/1[A+B—~A $let]s st
Add With Carry ADCA (89 [2(299 (3 (2 ]|A9|4 |2 B9 [43 A+M+C—A t{e{t{s]t]s
ADCB__ |C9 (22 D9|3 |2[E9 |42 |F9 |4 |3 B+M+C—8B tleltlt]s]s
AND ANDA (84 (21294 [3[2]A4|4 |2 [Ba a3 AM—A olelt[t]r]e
ANDB  |ca [2]2!pa|3 [2|eaa (2 [Fa a3 B-M— 8 elelt[t[RT]e
Bit Test BITA (852295 [3[2]a5]4]2 [R5 [a]3 AM eleftlt[R]e
BIT B cs{2]2/ps([3|2]es[a|2]F5]a |3 B-M ele[t]tIR]e
Clear CLR 6F 5|2 [7F [5 (3 00—+ M e|e|R|S|A|R
CLRA afF [1]1]00~A e|e[R[S[R|R
CLRB sF (1[1]o0—~8 e e |R|[S|R[R
Compare CMPA_ [81 [2[2 (91 [3]2]A1[4a[2[B1 (43 A-M ole [t [ttt
cMPB ci{2(2]o1]|3l2le1]|a|2]F1 a3 B-M eleltftltls
Campare  vs cea 1ni1]|1la-8 oleftft]e]s
Complement, 1's coM 63 6(2[73 |63 M-M ole[t]t[RTs
COMA a1 1 [A=-A e [e[T[T[R]S
CcOomB 5311 |1 |B —B ele|t|t|R|S
C ,2's NEG 60 |62 70 (63 00-M=M oo i1 ]2
(Negate) NEGA a0 [1[1]oo-A~nA oottt ]1 |2
NEGB 50 [1[1]00-8-8 o le|t]t|0]2
Oscma Acius. A | DAA 0 [2]s |G eneves oo o[ [ o
Decrement DEC 6A[6(2 (7A |6 (3 M-1-M ejleit|t|@]|e
DECA 4A 11 1V [A-1—~A LECHERERICIES
DECB 5A |11 /B-1—~8B ele |t |@]e
Exclusive OR EORA |88 [2|2 (98 [3 |2 ]a8]4a[2 (B8 [4][3 A@M—A ele[t|t|R]e
EORB  [c8 (2|2 [p8[3 [2[es [4[2 [F8 [4[3 B@®M~ B oo [t[t[R]e
Increment INC 6C|6|2|7C |6 |3 M+1 M LB RN ERIOIL]
INCA aC|1]1 |A+1 A ele (1]t |®|e
INCB SC|{1/1[B+1—+8B eje it |Ble
Load LDAA (86 |2 {2 |96 |3 |2 |A6|4 |2 |B6 [4 |3 M= A oottt [R]e
Accumulator LDAB _ |c6 |2 |2 |p6 |3 |2 |E6 |4 |2 [F6 |4 (3 M-8 oleft]t[R]e
Load Double LDD cc |3 |3 |oc|a |2 |ec|s |2 |Fc|s |3 M+1~8M=A elolsfs|r]e
Multiply Unsigned MUL 30| 7|1|AxB—~A:B elojejeje |
OR, Inclusive ORAA [8A[2]2(9a[3 [2]AaAla]2[BA]4]3 A+M=A ele T[T [R]e
ORAB |CA[2|2 |DA[3 [2 [EA[4 2 |[FA[4 3 B+M— B e (T[T R ]e
Push Data PSHA 36 (41 |A—=Msp,SP-1—~SP o eloe|olo|e
PSHB 37 |41 |B—~Msp, SP-1-5P clelelele e
Pull Data PULA 32{3|1|{SP+1—-SP Msp— A o|oloje]ele
PULB 33|3|1|SP+1—+SP,Msp—+8B o(o|efeofofe
Rotate Left ROL 69 |6]|2(79 [6]3 " eleft]t]®)
ROLA 4911A}Emoott©t
ROLS 59| 1[1]® v O O HBCE
Rotate Right ROR 666276 |613 M BOHEBE
RORA Jw11A}§:@5@..;z©:
RORB [ Ise[1[1]® oleltlt]0]?

Note) Condition Code Register will be explained in Note of Table 10.
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Table 7 Accumulator, Memory Manipulation Instructions

Addressing Modes Comg:l:;god e
Operations Mnemonic | ymmep [ oirecT | INDEX [ExTEND [ IMPLIED | . 8”"6’;,,‘50,, 5]4]3|2]1]0
OP |~ |# [OP |~ |#|OP|~|#|OP |~ |#|OP|~|# HiIIN|Z|V]C
Shift Left ASL 68 [6(2]78 [6[3 " - DOBGE
Arithmetic ASLA 48 |11 |a) OIITIITIT o [e e[t [®
ASLB 58 [1[1]s) © ¥ » -ot:%:_
Double Shift ASLD 05 | 1|1 |F_ACTATREE Jo0 | o |0 |1 3:
Left, Arithmetic A7 AG 87
Shift Right ASR 67 (6277 |63 " . HHASE
Arithmetic ASRA 47 |11 A] Q;CD:[D:D"{; B t{t1®
ASRB s ]® * oot t—t—
Shift Right LSR 64 (6274 [6]3 M . oo [r[: 1O
Logical LSRA a4 (11 A}O{EEEEEED-'Q oo [r[T 1O
LSR8 sa 118 ¥ 0 o s [R]®]F
N ——
2;;‘;5'7;3;3 LSRD 04 {1]1]0 0 |elelr sbs
Store STAA 97 [3]|2]a7]a2[B7[a |3 A=M o1t [R]e
Accumulator sTAB D73 |2 |€7 |4 |2 |F7 |43 B M eleft[t|R]e
T Doune sTD pb|4 |2 €D |5 2 |[FO |5 |3 ARG eleli|t|r]e
Subtract suBa |80 [2{2 90 [3|2]a0[a {2 B0 |43 A-M-A oleft]s]s]t
suBB__ |co|2|2|po|3 |2 eola 2 |Fo (a3 B-M—B oot [ttt
Double Subtract susD |83 [3[3 |93 |4 |2]|A3[5(2[B3][5]3 A:B-M:M+1-A:B |e|e|t|8|8|t
iuo?:::::mors SBA 10|11 |A-B—+A CECRERERERE]
Subtract seca |82 2292 [3]2]a2]a2[B2]a]3 A-M-C—A BOBBAE
With Carry s8CB  |C2 |22 |D2|3 |2 [€2 |4 |2 |[F2 |43 B-M-C—~8 OBBAE
Transfer TAB 16 |11 |A—+B ojeitis|Re
Accumulators TBA 17 {11 [B=A eje|t|t|R]e
Test Zero or TsT 6D |42 [70]4 |3 M- 00 elelt]|1|R]R
Minus TSTA a0 (11 |A-00 oo [t|1|R]R
TSTB 5D [1 (1B -00 e[e[t[T[R]R
And Immediate AIM 71]6]3]e1]7]3 M-IMM—M olet]t[r]e
OR Immediate oM 72| 6(3|62{7|3 M+IMM—M ejeil|1[R]e
EOR Immediate EIM 75(6(3|65]7(3 MBIMM—M oje[t|1]R]e
Test Immediate ™ 7B|4(3|6B|5]|3 M.IMM ele|l|lR|e®
Note) Condition Code Register will be explained in Note of Table 10.
® New Instructions TIM----(M) - (IMM)
In addition to the HD6801 Instruction Set, the HD6303R Evaluates the AND of the immediate data and the
has the following new instructions: memory, changes the flag of associated condition code
AIM----(M) - (IMM) > (M) register
Evaluates the AND of the immediate data and the Each instruction has three bytes; the first is op-code, the
memory, places the result in the memory. second is immediate data, the third is address modifier.

OIM---- (M) + (IMM) > (M) XGDX--(ACCD) ¢ (IX)
Evaluates the OR of the immediate data and the Exchanges the contents of accumulator and the index
memory, places the result in the memory. register.

EIM----(M) ® (IMM) > (M) SLP----The MPU is brought to the sleep mode. For sleep
Evaluates the EOR of the immediate data and the mode, see the “sleep mode” section.

contents of memory, places the result in memory.
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Table 8 Index Register, Stack Manipulation Instructions

Addressing Modes N ) “"gi";?;;‘?od’

Pownter Operations | Mnemonic [ \MmED. | DIRECT | INDEX |EXTEND |IMPLIED | Arithmetic Operation |5]4]3]2]1]0
OP |~ |#|OP |~ |#|[OP[~|#[OP|~|#|OP|~|# Hil[N|ZV]C

Compare Index Reg CPX 8C(3({3|9C (4|2 |AC5/2!/BC|5!3 X-MM+1 [ ARNENENE]
Decrement Index Reg DEX 09 (1|t (X—-1-X elefeltle]e
Decrement Stack Pntr DES 34 111 |SP—-1-+8SP ejojelofoie
Increment Index Reg | INX 08 |11 |X+1-X elele|t|e]e
Increment Stack Pntr INS 31 [1]1 [SP+1—SP (oo (oo e
Load Index Reg LDX CE|3|3|DE|4 |2 |EE|5|2|FE|5(3 M= Xy, (M+1) ~ X elei@®|t|Re
Load Stack Pntr LOS 8E 3|3 |9E |4 |2 |AE|5]|2|BE |53 M-+ SPy, (M+1)~SP_ (e [e DIt [R|e
Store Index Reg STX OF |4 |2 |(EF (5|2 |FF |53 X =M X = (M+1) elei®|t[R|e
Store Stack Pntr STS 9F 14 |2 |AF|5|2|BF |53 SPy =M, SP_~(M+1) e e |D|t|R|e
Index Reg ~ Stack Pntr| TXS 35 |1 |1 |[X-1-SP elejefeje|e
Stack Pntr ::BEQYRQ‘FFsXAM T 30 (1|1 [SP+1-X ololelofo]e
Add ABX 3A[1 |t |[B+X—X ejejeieiefe
Push Data PSHX 3C |51 XL~ Mg, SP-1-5P |e|o]e]e]e]e

Xp = Mgp, SP -1 SP
Pull Data PULX 38 (4 (1 |SP+1+SPMpz—~Xy (ejeee]e]e
SP 41— SP, Mgy = X
Exchange XGDX 18 {2 [1 [ACCD~IX eolojojojele

Note) Condition Code Register will be explained in Note of Table 10.

Table 9 Jump, Branch Instruction

Condition Code Register will be explained in Note of Table 10.

@ HITACHI

Addressing Modes Condition Code
Register
Operations Mnemonic qei aTive | DIRECT | INDEX | EXTEND | IMPLIED Branch Test s/a[3[2[1]0
OP|~|# |OP|~|#|OP|~|#|OP|~ |#|OP|~|# H{)|N|Z]V]|C
Branch Always BRA 201 3|2 None ole|e (oo fe
Branch Never BRN 21| 3(2 None elelojejo|e
Branch If Carry Clear BCC 24132 Cc=0 e|e|efejele
Branch If Carry Set 8CS 2532 i c=1 ejeelelele
Branch If = Zero BEQ 27132 Z=1 ejefo 0loe
Branch 1f > Zero BGE 20 3(2 N®V=0 ele|oe|eoje
Branch If > Zero BGT 2€)3)2 Z+IN®V)=0 oleo o 000
Branch If Higher BHI 221 3|2 C+2Z2=0 efeo|o|efefe
Branch If < Zero BLE 2F|(3(2 Z+IN@ W =1 oloejojejefe
Sranch If Lower Or BLS 23|32 c+z=1 o|olele]e]e
Branch If < Zero BLT 20| 3|2 N@®vV=1 olejeofe|e
Branch If Minus BMI 28(3|2 N=1 oo o (oiole
g::ch 1f Not Equal BNE %32 z=0 elolelelele
gun’cn 1f Overflow BvC 28132 V=0 olelelele]e
Branch If Overflow Set| BVS 29 (3|2 V=1 oo e 00
Branch If Plus BPL 2A13]|2 N=0 e oo (oo e
Branch To Subroutine BSR 8D|5 |2 ele(o]eiole
Jump JMP 6E (3 |2 |7E |3 3 eoje|oje(efe
Jump To Subroutine JSR 9D |5 |2 |AD|(5 |2 BD |6 (3 oo o jefe]e
No Operation NOP o1 {11 x;‘y‘"“‘ Prog.Cntr. g 1qg |6 o |e]|e
Return From Interrupt] RTI 3B (101 R —
Software Interrupt SWI 3F 121 o iS[e e e e
Wait for Interrupt® WAI 3€E (9 (1 o |@|e |o|o]e
__Sleep SLP A4 1 DOD00
Note) "WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state.
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Table 10 Condition Code Register Manipulation Instructions

A Mod Condition Code Register

Operations IMPLIED Boolean Operation 5|4 |3]2]1]0

oP | ~ # H I |[N]J]2Z2 |V IC

Clear Carry cLe oc |1 |1 0-C BEEERERERL
Clear Interrupt Mask Ccul 0E | 1 |1 o—1 e | R /e | e o o
Clear Overflow CcLvV 0A | 1 |1 0V HEREERERLEBK
Set Carry SEC 00 | 1 | 1-+C EREEEERNENE]
Set Interrupt Mask SEI OF 1 1 11 e|{S|e e e @
Set Overflow SEV 08 1 1 1=V e[ e e (e |S |e
Accumulstor A - CCR TAP - 06 1 1 A- CCR —_—_—
CCR ~ Accumulator A TPA 07 | 1 |1 CCR— A e e oo o ]e

[NOTE 1] Condition Code Register Notes: (Bit set if test is true and cleared otherwise)
1, (BitV)  Test: Result = 100000007
2 (BitC) Test: Result ¥ 000000007
@) (BitC) Test: BCD Character of high-order byte greater than 9? (Not cleared if previously set)
@& (BitV)  Test: Operand = 10000000 prior to execution?
8  (BitV)  Test: Operand = 01111111 prior to execution?
® (BitV) Test: Setequal to NeC=1 after the execution of instructions
@  (BitN)  Test: Result less than zero? (Bit 15=1)
8 (Al Bit)  Load Condition Code Register from Stack.
9: (Bit1) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait
state.
(0} (All Bit) Set according to the contents of Accumulator A.
4 (BitC)  Result of Multiplication Bit 7=1 of ACCB?
[NOTE 2] CL! instruction and interrupt.
If interrupt mask-bit is set (I="*1”") and interrupt is requested (TRQ; = 0" or TRQ; = “0"),
and then CL! instruction is executed, the CPU responds as follows.
The next instruction of CLI is one-machine cycle instruction.
Subsequent two instructions are executed before the interrupt is responded.
That is, the next and the next of the next instruction are executed.
The next instruction of CLI is two-machine cycle (or more) instruction.
Only the next instruction is executed and then the CPU jump to the interrupt routine.
Even if TAP instruction is used, instead of CLI, the same thing occurs.

Table 11 OP-Code Map

op Acc Tacc [\ TTEXT ACCA or SP ACCB or X
CODE A B DIR'| MM [ DIR [ IND [ EXT [ IMM | DIR | IND [ EXT
M| 0000 | o001 [ o010 [ oott | or00 | oror | o110 | o111 | te00 | 100t [ 1010 | tort | 1re0 | trer | 110 | nin
Lo 0 1 2 3 4 5 6 [ 71 8 9 A B c D € F
0000 [ 0 SBA | BRA | TSX NEG sus 0
0001 | 1 | NOP [ CBA | BRN |INS AIM CcMP 1
0010 2 BHI | PULA oM SBC 2
B BLS | PULB com SuBD ADDD 3
0100 4 [ LSRD BCC | DES LSR AND 4
0101 | 5 | ASLD BCS | TXS EIM [ 5
0110 6 | TAP | TAB | BNE | PSHA ROR LDA 6
o1 [7[TPA | TBA [BEQ |PSHB ASR STA _—1 STA 7
1000 | 8 [ INX | XGDX|BVC | PULX ASL EOR 8
1001 | 9 | DEX | DAA |BVS |RTS ROL ADC 9
1010[aCLv [stP [BPL | ABX DEC ORA A
10118 [SEV [ABA |BMI | ATI TIM ADD )
no | clcic BGE | PSHX INC CcPX LDD c
101 | o [ SEC BLT | MUL ST BSR | JSR STD )
MEE BGT | WAI JMP LDS LDX €
MEE BLE | SWI CLR sTS STX F
0 [ 2 3 4 [ 5 [ s [ 7 8 | 9 | A | B c o JeF

UNDEFINED OP CODE
* Only for instructions of AIM, OIM, EIM, TIM
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® |Instruction Execution Cycles

In the HMCS6800 series, the execution cycle of each instruc-
tion is the number of cycles between the start of the current
instruction fetch and just before the start of the subsequent
instruction fetch.

The HD6303R uses a mechanism of the pipeline control
for the instruction fetch and the subsequent instruction fetch
is performed during the current instruction being executed.

Therefore, the method to count instruction cycles used in
the HMCS6800 series cannot be applied to the instruction
cycles such as MULT, PULL, DAA and XGDX in the HD6303R.

Table 12 provides the information about the relationship
among each data on the Address Bus, Data Bus, and R/W status
in cycle-by-cycle basis during the execution of each instruction.

Table 12 Cycle-by-Cycle Operation

Ad|d ress Mode & Cycles | Cvcle Address Bus R'W Data Bus
nstructions #
IMMEDIATE
ADC ADD 1 Op Code Address+1 1 Operand Data
AND BIT 2 Op Code Address+2 1 Next Op Code
CMP EOR 2
LDA ORA
SBC SuB i
ADDD CPX 1 Op Code Address+1 "1 | Operand Data (MSB)
LDD LDS 3 2 Op Code Address+2 1 Operand Data (LSB)
LDX SUBD 3 Op Code Address+3 1 Next Op Code
DIRECT
ADC ADD 1 Op Code Address+1 1 Address of Operand (LSB)
AND BIT 2 Address of Operand 1 Operand Data
CMP EOR 3 3 Op Code Address+2 1 Next Op Code
LDA ORA
SBC SUB
STA 1 Op Code Address+1 1 Destination Address
3 2 Destination Address (0] Accumulator Data
3 Op Code Address+2 1 Next Op Code
ADDD CPX 1 Op Code Address+1 1 Address of Operand (LSB)
LDD LDS 4 2 Address of Operand 1 Operand Data (MSB)
LDX SUBD 3 Address of Operand+1 1 Operand Data (LSB)
4 Op Code Address+2 1 Next Op Code
STD STS 1 Op Code Address+1 1 Destination Address (LSB)
STX 4 2 Destination Address [o] Register Data (MSB)
3 Destination Address+ 1 (o] Register Data (LSB)
4 Op Code Address+2 1 Next Op Code
JSR 1 Op Code Address+1 1 Jump Address (LSB)
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer—1 [0} Return Address (MSB)
5 Jump Address 1 First Subroutine Op Code
TIM 1 Op Code Address+1 1 Immediate Data
a 2 Op Code Address+2 1 Address of Operand (LSB)
3 Address of Operand 1 Operand Data
4 Op Code Address+3 1 Next Op Code
AIM EIM 1 Op Code Address+1 1 Immediate Data
OoiMm 2 Op Code Address+2 1 Address of Operand (LSB)
6 3 Address of Operand 1 Operand Data
4 ‘FFFF 1 Restart Address (LSB)
5 Address of Operand 0] New Operand Data
6 Op Code Address+3 1 Next Op Code
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Table 12 Cycle-by-Cycle Operation (Continued)

Adlc:‘ I;?Zc'\t/i'g:se & Cycles Cy;le Address Bus R/W Data Bus
INDEXED
JMP 1 Op Code Address+1 1 Offset
3 2 FFFF 1 Restart Address (LSB)
3 Jump Address 1 First Op Code of Jump Routine
ADC ADD 1 Op Code Address+1 1 Offset .
AND BIT 2 FFFF 1 Restart Address (LSB)
CMmP EOR 4 3 IX+ Offset 1 Operand Data
LDA ORA 4 Op Code Address+2 1 Next Op Code
SBC suB
TST
STA 1 Op Code Address+1 1 Offset
a 2 FFFF 1 Restart Address (LSB)
3 IX+Offset o] Accumulator Data
4 Op Code Address+2 1 Next Op Code
ADDD 1 Op Code Address+1 1 Offset
CPX LDD 2 FFFF 1 Restart Address (LSB)
LDS LDX 5 3 IX+Offset 1 Operand Data (MSB)
SUBD 4 IX+Offset+1 1 Operand Data (LSB)
5 Op Code Address+2 1 Next Op Code
STD STS 1 Op Code Address+1 1 Offset
STX 2 FFFF 1 Restart Address (LSB)
5 3 IX+Offset (0] Register Data (MSB)
4 1X+Offset+1 o] Register Data (LSB)
5 Op Code Address+2 1 Next Op Code
JSR 1 Op Code Address+1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer 0 Return Address {LSB)
4 Stack Pointer—1 0 Return Address (MSB)
5 IX+Offset 1 First Subroutine Op Code
ASL ASR 1 Op Code Address+1 1 Offset
COM DEC 2 FFFF 1 Restart Address (LSB)
INC LSR 6 3 IX+Offset 1 Operand Data
NEG ROL 4 FFFF 1 Restart Address (LSB)
ROR 5 IX+Offset 0 New Operand Data
6 Op Code Address+1 1 Next Op Code
TM 1 Op Code Address+1 1 Immediate Data
2 Op Code Address+2 1 Offset
5 3 FFFF 1 Restart Address (LSB)
4 IX+Offset 1 Operand Data
5 Op Code Address+3 1 Next Op Code
CLR 1 Op Code Address+1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 IX+Offset 1 Operand Data
4 IX+Offset (o] 00
5 Op Code Address+2 1 Next Op Code
AlM EIM 1 Op Code Address+1 1 Immediate Data
[e]],V} 2 Op Code Address+2 1 Offset
3 FFFF 1 Restart Address (LSB)
7 4 IX+Offset 1 Operand Data
5 FFFF 1 Restart Address (LSB)
6 IX+Offset [0] New Operand Data
7 Op Code Address+3 1 Next Op Code
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Table 12 Cycle-by-Cycle Operation (Continued)

Address Mode &

Cycle

Instructions Cycles 4 Address Bus R/W Data Bus
EXTEND
JMP 1 Op Code Address+1 1 Jump Address (MSB)
3 2 Op Code Address+2 1 Jump Address (LSB)
3 Jump Address 1 ' Next Op Code
ADC ADD TST 1 Op Code Address+1 R T Address of Operand (MSB)
AND BIT a 2 Op Code Address+2 1 | Address of Operand (LSB)
CMP EOR 3 Address of Operand .| Operand Data
LDA ORA 4 Op Code Address+3 1 Next Op Code
SBC SuUB
STA 1 Op Code Address+ 1 "1 | Destination Address (MSB)
4 2 Op Code Address+2 1 Destination Address (LSB)
3 Destination Address (0] Accumulator Data
4 Op Code Address+3 1 Next Op Code
ADDD 1 Op Code Address+1 1 Address of Operand (MSB)
CPX LDD 2 Op Code Address+2 . Address of Operand (LSB)
LDS LDX 5 3 Address of Operand 1 Operand Data (MSB)
SUBD 4 Address of Operand+1 o Operand Data (LSB)
5 Op Code Address+3 o1 Next Op Code
STD  STS 1 Op Code Address+1 (N Destination Address (MSB)
STX 2 Op Code Address+2 1 Destination Address (LSB)
5 3 Destination Address 0 Register Data (MSB)
4 Destination Address+1 o] Register Data (LSB)
5 Op Code Address+3 1 Next Op Code
JSR 1 Op Code Address+1 1 ‘Jump Address (MSB)
2 Op Code Address+2 [ ; Jump Address (LSB)
6 3 FFFF 1 | Restart Address (LSB)
4 Stack Pointer 0 Return Address (LSB)
5 Stack Pointer—1 0 Return Address (MSB)
6 Jump Address 1 First Subroutine Op Code
ASL ASR 1 Op Code Address+ 1 1 Address of Operand (MSB)
COM DEC 2 Op Code Address+2 1 Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 Operand Data
NEG ROL 4 FFFF 1 Restart Address (LSB)
ROR 5 Address of Operand 0 New Operand Data
6 Op Code Address+3 1 Next Op Code
CLR 1 Op Code Address+1 1 Address of Operand (MSB)
2 Op Code Address+2 1 Address of Operand (LSB)
5 3 Address of Operand 1 Operand Data
4 Address of Operand (0] 00
5 Op Code Address+3 1 Next Op Code
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Table 12 Cycle-by-Cycle Operation (Continued)

AdId ress Mode & Cycles‘\ Cycle Address Bus R/W Data Bus
nstructions b4
IMPLIED
ABA ABX o Op Code Address+1 [ Next Op Code
ASL  ASLD : | :
ASR CBA !
cLC CLI i
CLR CLv 1
COM DEC
DES DEX
INC INS
INX LSR 1
LSRD ROL :
ROR  NOP :
SBA  SEC i
SEI SEV
TAB  TAP !
TBA  TPA i |
TST TSX |
TXS ’
" DAA XGDX 2 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
PULA PULB 1 Op Code Address+1 1 Next Op Code
3 2 FFFF 1 Restart Address (LSB)
3 Stack Pointer+1 1 Data from Stack
" PSHA PSHB T Op Code Address+1 1 Next Op Code
2 ‘i 2 FFFF 1 Restart Address (LSB)
.3 Stack Pointer (o] Accumulator Data
B I a4 Op Code Address+1 1 Next Op Code
PULX ] Op Code Address+1 1 Next Op Code
4 t 2 FFFF 1 Restart Address (LSB)
i 3 Stack Pointer+1 1 Data from Stack (MSB)
i 4 Stack Pointer+2 1 Data from Stack (LSB)
PSHX ! 1 Op Code Address+1 1 Next Op Code
i 2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer 0] Index Register (LSB)
4 Stack Pointer—1 0 Index Register (MSB)
5 Op Code Address+1 1 Next Op Code
RTS 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer+1 1 Return Address (MSB)
4 Stack Pointer+2 1 Return Address (LSB)
5 Return Address 1 First Op Code of Return Routine
MUL 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 FFFF 1 Restart Address (LSB)
7 4 FFFF 1 Restart Address (LSB)
5 FFFF 1 Restart Address (LSB)
6 FFFF 1 Restart Address (LSB)
7 FFFF 1 Restart Address (LSB)
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Table 12 Cycle-by-Cycle Operation (Continued)

Address Mode & Cycles ! Cycle Address Bus R/W Data Bus
Instructions | ®
IMPLIED
WAI 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer o] Return Address (LSB)
4 Stack Pointer—1 0 Return Address (MSB)
9 5 Stack Pointer—2 ] Index Register (LSB)
6 Stack Pointer—3 0 Index Register (MSB)
7 Stack Pointer—4 0 Accumulator, A
8 Stack Pointer—5 0 Accumulator B
9 Stack Pointer—6 0 Conditional Code Register
RTI 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer 1 Conditional Code Register
4 Stack Pointer+1 1 Accumulator B
10 5 Stack Pointer+2 1 Accumulator A
6 Stack Pointer+3 1 Index Register (MSB)
7 Stack Pointer+4 1 Index Register (LSB)
8 Stack Pointer+5 1 Return Address (MSB)
9 Stack Pointer +6 1 Return Address (LSB)
10 Return Address 1 First Op Code of Return Routine
SWi 1 Op Code Address--1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer — 1 0 Return Address (MSB)
5 Stack Pointer — 2 0 Index Register (LSB)
12 6 Stack Pointer — 3 0 Index Register (MSB)
7 Stack Pointer — 4 [o] Accumulator A
8 Stack Pointer — 5 0 Accumulator B
9 Stack Pointer — 6 0 Conditional Code Register
10 Vector Address FFFA 1 Address of SWI Routine (MSB)
11 Vector Address FFFB 1 Address of SWI Routine (LSB)
12 Address of SWI Routine 1 First Op Code of SWI Routine
SLP 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
I FFFF High Impedance-Non MPX Mode
i Address Bus -MPX Mode
4 Slelep
3 FFFF Restart Address (LSB)
4 Op Code Address+1 Next Op Code
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Table 12 Cycle-by-Cycle Operation (Continued)

Ad;‘:) ;ettzc'\t/ilg:se & Cycles Cv;;le Address Bus R/W Data Bus
RELATIVE
BCC BCS 1 Op Code Address+1 1 Branch Offset
BEQ BGE 3 2 FFFF 1 Restart Address (LSB)
BGT BHI { Branch Address--Test="1" 1 First Op Code of Branch Routine
BLE BLS | Op Code Address+1-Test="0" Next Op Code
BLT BMT
BNE BPL
BRA BRN
_BVC  BVS
BSR 1 Op Code Address+1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer—1 (o] Return Address (MSB)
5 Branch Address 1 First Op Code of Subroutine

s LOW POWER CONSUMPTION MODE
The HD6303R has two low power consumption modes; sleep
and standby mode.

©® Sleep Mode

On execution of SLP instruction, the MPU is brought to the
sleep mode. In the sleep mode, the CPU sleeps (the CPU clock
becomes inactive), but the contents of the registers in the CPU
are retained. In this mode, the peripherals of CPU will remain
active. So the operations such as transmit and receive of the
SCI data and counter may keep in operation. In this mode,
the power consumption is reduced to about 1/6 the value of a
normal operation. o

The escape from this mode can be done by interrupt, RES,
STBY. The RES resets the MPU and the STBY brings it into the
standby mode (This will be mentioned later). When interrupt is
requested to the CPU and accepted, the sleep mode is released,
then the CPU is brought in the operation mode and jumps to
the interrupt routine. When the CPU has masked the interrupt,
after recovering from the sleep mode, the next instruction of
SLP starts to execute. However, in such a case that the timer
interrupt is inhibited on the timer side, the sleep mode cannot
be released due to the absence of the interrupt request to the
CPU.

—q vee

—{ i
HDB303R
STBY

> Stack registers
© RAM control
register set

Figure 21 Standby Mode Timing

Oscillator |
stabilizing
time

restart
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This sleep mode is available to reduce an average power
consumption in the applications of the HD6303R which may
not be always running.

® Standby Mode

Bringing STBY “Low”, the CPU becomes reset and all
clocks of the HD6303R become inactive. It goes into the
standby mode. This mode remarkably reduces the power con-
sumptions of the HD6303R.

In the standby mode, if the HD6303R is continuously sup-
plied with power, the contents of RAM is retained. The standby
mode should escape by the reset start. The following is the
typical application of this mode.

First, NMI routine stacks the CPU’s internal information and
the contents of SP in RAM, disables RAME bit of RAM control
register, sets the standby bit, and then goes into the standby
mode. If the standby bit keeps set on reset start, it means that
the power has been kept during stand-by mode and the contents
of RAM is normally guaranteed. The system recovery may be
possible by returning SP and bringing into the condition before
the standby mode has started. The timing relation for each line
in this application is shown in Figure 21.
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= ERROR PROCESSING

When the HD6303R fetches an undefined instruction or
fetches an instruction from unusable memory area, it generates
the highest priority internal interrupt, that may protect from
system upset due to noise or a program error.

e Op-Code Error

Fetching an undefined op-code, the HD6303R will stack the
CPU register as in the case of a normal interrupt and vector to
the TRAP ($FFEE, $FFEF), that has a second highest priority
(RES is the highest).

® Address Error

When an instruction is fetched from other than a resident
RAM, or an external memory area, the CPU starts the same
interrupt as op-code error. In the case which the instruction is
fetched from external memory area and that area is not usable,
the address error can not be detected.

The address which cause address error are shown in Table
13.

This feature is applicable only to the instruction fetch, not to
normal read/write of data accessing.

Transitions among the active mode, sleep mode, standby
mode and reset are shown in Figure 22.

Figures 23, 24 show a system configuration.
The system flow chart of HD6303R is shown in Figure 25.

Table 13 Address Error

Address Error
$0000 ~ $001F

] HD6303R Enable
=
- | MPU
Address
8 Strobe | g
16 8
ROM
RAM
PIA
GPIA
PTM

Address Bus Data Bue

Figure 23 HD6303R MPU Multiplexed Mode

HD6303R,HD63A03R,HD63BO3R

Figure 22 Transitions among Active Mode, Standby Mode,
Sleep Mode, and Reset

= HD6303R MPU |Enable
T |
16 8
ROM
RAM
PIA
GPIA
PTM
Address Bus Data Bus

Figure 24 HD6303R MPU Non-Multiplexed Mode
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RESET

PC — PC-1
PC « PC-1

STACK

PCL — MSP

PCH — MSP-1

IXL — MSP-2
IXH — MSP-3
ACCA — MSP-4

ACCB — MSP-5

CCR — MSP-6|

NO
EXECUTE

SUEEP Flag
CLEAR

L |
—
T
e
T
1

Lo JLe= 0= [l JL -

VECTORING| [vecToriNG] [vecToring] [VEcToRING] [vecToring] [VEcTORING] [VECTORING] [VECTORING

FFEE, FFEF | | FFFC, FFFD | | FFFA, FFFB | | FFF8, FFFo | | FFFe, FFF7 | [ FFFa, FFFs | [ FFF2, FFF3 | [ FFFO, FFF1
T

NMI INTERRUPT

REQUEST FLAG
CLEAR

I

I

'INTERRUPT REQUEST FLAG
EXCEPT NMI CLEAR

®

Figure 26 HDG6303R System Flow Chart
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= PRECAUTION TO THE BOARD DESIGN OF OSCILLA-
TION CIRCUIT
As shown in Fig. 26, there is a case that the cross talk dis-
turbs the normal oscillation if signal lines are put near the
oscillation circuit. When designing a board, pay attention to
this. Crystal and Cp must be put as near the HD6303R as
possible.

-4 ---Signal line

¥

—ememmm—oc}--—-}-- - Signal line

XTAL

[

EXTAL
Co

HD6303R

Do not use this kind of print board design.

Figure 26 Precaution to the boad design
of oscillation circuit

® PIN CONDITIONS AT SLEEP AND STANDBY STATE
® Sleep State

The conditions of power supply pins, clock pins, input pins
and E clock pin are the same as those of operation. Refer to
Table 14 for the other pin conditions.

® Standby State

Only power supply pins and STBY are active. As for the
clock pin EXTAL, its input is fixed internally so the MPU is
not influenced by the pin conditions. XTAL is in “1”" output.
All the other pins are in high impedance.

Table 14 Pin Condition in Sleep State

. Mode Non Multiplexed Mode Multiplexed Mode
Pin
Function 1/0 Port 1/0 Port
P20 ~ P2 = PTS
Condition Keep the condition just before sleep -—
Ao/P1o ~ Function Address Bus (Ag ~A5) 1/0 Port
A7/P17 Condition Output 1" Keep the condition just before sleep
As ~ Aus Function Address Bus (Ag ~Ays) Address Bus (Ag ~As)
Condition Output 1" —~—
Do/Ao ~ Function Data Bus (Do ~D~) E: Address Bus (Ag~A-), E: Data Bus
D7/A7 Condition High Impedance E: Output “1”, E: High Impedance
R Function R/W Signal R/W Signal
Condition Output 1" ——
AS - Output AS
Table 15 Pin Condition during RESET
Mode
pi Non-Multiplexed Mode Multiplexed Mode
in
P20 ~ P2a High Impedance -—
Ao/P1o ~ A7/P17 High Impedance -—
As ~ Ais High Impedance o —
E : "1 Output

Do/Ao ~ D7/A7

High Impedance

E : High Impedance

R/W

1" Qutput

-—

AS

E : 1" Output
E : “0” Output
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= DIFFERENCE BETWEEN HD6303 AND HD6303R

Table 16 Difference between HD6303 and HD6303R

The HD6303R is an upgraded version of the HD6303. The
difference between HD6303 and HD6303R is shown in Table

16.

Item HD6303 HD6303R
. ' Mode 2: Multiplexed
agg:tmg Mode 2: Not defined Mode
(Equivalent to Mode 4)
. The electrical character- | Some characteristi
lect o ? cs
(E:f?acr ;::(t:::- istics of 2MHz version are improved.
istics .(B version) are not spec- | The 2MHz version is
ified. guaranteed.
Has problem in output
. compare function. .
Timer (Can be avoided by soft- The problem is solved.
ware.)
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CMOS MPU (Micro Processing Unit)
—PRELIMINARY—

HD6303XP, HD63A03XP,
HD63B0O3XP

The HD6303X is a CMOS 8-bit microprocessing unit (MPU)
which includes a CPU compatible with the HD6301Vl, 192
bytes of RAM, 24 paralle! I/O pins, a Serial Communication
Interface (SCI) and two timers on chip.

® FEATURES
® |nstruction Set Compatible with the HD6301V1
® Abundant On-chip Functions
192 Bytes of RAM
24 Parallel 1/O Ports
16-Bit Programmable Timer
8-Bit Reloadable Timer
Serial Communication Interface (DP-64S)
Memory Ready
Halt HD6303XF, HD63A03XF,
Error-Detection (Address Trap, Op Code Trap) HD63BO3XF
® |[nterrupts ... 3 External, 7 Internal
Up to 65k Words Address Space
® | ow Power Dissipation Mode
Sleep
Standby
® Wide Range of Operation
Vec=3~6V (f=0.1~0.5MHz).

=05~ 1.0MHz; HD6303X )

Vee =5V10%( f=0.5~ 1.5MHz; HD63A03X
f=0.5~2.0MHz; HD63B0O3X

= PIN ARRANGEMENT
® HD6303XP, HD63A03XP, HD63BO3XP ® HD6303XF, HD63A03XF, HD63BO3XF

(FP-80)

(Top View) (Top View)
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® BLOCK DIAGRAM
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= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -0.3~+7.0 \%
Input Voltage Vin -0.3~Vcct0.3 )
QOperating Temperature Topr 0~+70 °c
Storage Temperature Teo -56~ +150 °c

(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field.
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection
circuits. To assure the normal operation, we recommend Vi, Vout: Vs S (Vi or Voue) £ Vee.

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vg = 5.0V£10%, Vs = OV, Ta = 0 ~+70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
RES, STBY Vce-05 — v
Input ““High"’ Voltage EXTAL Vin Veex0.7 - +;§ \
Other Inputs 2.0 — )
Input “‘Low’’ Voltage All Inputs Vo -0.3 - 0.8 \'%
NMI, RES, STBY, - ~ _ _ -
Input Leakage Current MP, . MP, . Port § linl Vin=0.5~Vcc-0.5V 1.0 MA
Three State (offstate)  [Ag~A;s, Do~D-, RD, O E~
Leakage Current WR, R/W Port 2,Port 6| Il7sil Vin=0.5~Vcc-0.5V - - 1.0 UA
) Ion = - 200uA 24 - Z v
Output ““High”” Voltage All Outputs Vv
put "t 9 P OoH lon = ~104A Vee 07 | = z v
Output “Low’’ Voltage All Outputs Voo loL = 1.6mA - - 0.4 \%
Darlington Drive -
Current Ports 2,6 -lon Vout = 1.5V 1.0 - 10.0 mA
Input Capacitance All Inputs Cin ¥;n:2°5‘£éf = 1MHz, _ — 125 pF
Standby Current Non Operation lste - 3.0 15.0 MA
Sleeping (f = TMHz**) — 1.5 3.0 mA
lsLp Sleeping (f = 1.5MHz**) - 2.3 45 mA
ing (f = N — ] )
Current Dissipation*® Sleepm‘g (f = 2MHz *)* 3.0 6.0 mA
Operating (f = TMHz*¥) - 7.0 10.0 mA
lee Operating (f = 1.5MHz**) - 10.5 15.0 mA
Operating (f = 2MHz**) - 140 20.0 mA
RAM Standby Voltage VRram 2.0 - - \Y

*Vinq min=Vce-1.0V, V|_max = 0.8V , All output terminals are at no load.

**Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max.
values about Current Dissipations at x MHz operation are decided according to the following formula;

typ. value (f =x MH2) = typ. value (f=1MHz) x x
max. value (f =x MHz) = max. value (f=1MHz) x x

(both the sleeping and operating)
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HD6303X,HD63A03X,HD63BO3X

® AC CHARACTERISTICS (V¢ =5.0V£10%, Vgs =0V, Ta=0 ~+70°C, unless otherwise noted.)

BUS TIMING
Test HD6303X HD63A03X HD63B03X .
t | T Unit
Item Symbol | ¢ongition min | typ | max | min | typ | max | min | . typ | max !
Cycle Time toye 1 - 10 |0.666| -— 10 | 05 - 10 us
Enable Rise Time ter - - 25 - - 25 - - 25 ns
gnable Fall Time tes - - 25 - - 25 - - 25 ns
Enable Pulse Width “High”* Level* | PWgy 450 - - 300 - - 220 - - ns
Enable Pulse Width “Low” Level* | PWg_ 450 — — 300 - - 220 - - ns
Address, R/W Delay Time* tap — - 250 - - 190 — - 160 | ns
Data Delay Time Write tpow - - 200 - - 160 - - 120 ns
Data Set-up Time Read tosr Fig. 1 80 - - 70 - - 70 — - ns
Address, R/W Hold Time* tan ' 80 | -~ | — |80 | — | — |3 ]| - | - |ns
i Write* thw 80 - - 50 - - 40 - - ns
Data Hold Time Road e 0 — — 0 — — o — — -
RD, WR Pulse Width* PWrw 450 | — - |30 - - | 220]| - - ns
RD, WR Delay Time trRwD - — 40 — — 40 - - 40 ns
RD, WR Hold Time tHRW — - 30 - - 30 - - 25 ns
LIR Delay Time toLR - - 200 - - 160 - - 120 ns
LIR Hold Time tHLR 10 | — — 10 | — — 10 | - — ns
MR Set-up Time* tsmr 400 [ — - 280 | — — | 230 - - ns
MR Hold Time* thmR Fig. 2 - - 90 — - 40 - - 0 ns
E Clock Pulse Width at MR PWemr — - 9 — — 9 — — 9 us
Processor Control Set-up Time tres f@3 lao| - | - 20| - | - J200| - | = | ns
Processor Control Rise Time tecr Fig.2 3 - - 100 — - 100 - - 100 ns
Processor Control Fall Time tpes 9- & - - 100 | — — 100 | — - 100 | ns
BA Delay Time tga Fig. 3 - - 250 - - 190 - — 160 ns
Oscillator Stabilization Time tre Fig. 11 20 - - 20 - - 20 - - ms
Reset Pulse Width PWgsTt 3 - - 3 - - 3 - - teye
* These timings change in approximate proportion to teyc. The figures in this characteristics represent those when teyc is minimum
(= in the highest speed operation).
PERIPHERAL PORT TIMING
|tem Symbol Te?’t. HD6303X HD63A03X HD63B03X Unit
Condition [ min | typ | max | min | typ | max | min | typ | max
Peripheral Data H
Set-up Time Ports 2,5, 6 tepsu Fig. 5 200 - - 200 - - 200 - - ns
Peripheral Dat .
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