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TYPE AND PACKAGE INFORMATION

The Hitachi Microcomputer LSI are classified into 3 types;
plastic mold type, side-brazed ceramic type and flat package,
according to the type of material and outline used for the pack-
age. Therefore, after taking into consideration the operating
environment and other conditions, please select the optimum

[ Division of Package Material |

Types which have side-brazed ceramic and plastic mold package.

s, bienes define diarly when ordering the pckage Side-brazed Ceramic Plastic Mold

materil code € or F) (S thefllowing ble) As LIt o08/16. " ingecnip Ls1_[Dssng

changed from HD468XX to HD68XX (standard number). But Multichip LS! | HDE8XX g i o HDBBXXP

as for original products of Hitachi, the type numbers are not ndication

changed.

® List of 8/16-bit Microcomputer LS| Package
»*
Chip Division Type No. 0ld type No. Function P NG, Pacckage 5 =
HD6801S0 - 40 ® °
HD6801S5 - 40 )
HD6801V0 = Microcomputer Unit 20 .
HD6801V5 - 40 B
:32221 ___ Micro Processing Unit :g ° :
HD6805S1 - 28 L]
HD6805U1 - 40 °
HD6805V1 - 40 B
:gzzg:‘:(lg : Microcomputer Unit ;2 :
8-bit Singlechip

HD6301V0 - 40 .
HD63A01V0 - 40 L]
HD63B01V0 - 40 L
HD6303 - 40 B
HD63A03 - 40 L)
HD63B03 - . i . 40 .
HD6333 — Micro Processing Unit 20 .
HDG63A33 - 40 L4
HD63B33 — 40 [
HD63L05 - 60 )
HD68P0O1S0 - 40%* | o
HD68P01V05 - . . 40" | e
HD68PO1VO7 — Microcomputer Unit 20" .
HD68PO5V05 - 40** | o
HD68PO5VO7 - 40" | o

* The package codes of C, P, and F are applied to the package materials as follows.

C: Side-brazed Ceramic DIP, P: Plastic DIP, F: Flat Package.
** EPROM on the package.

(to be continued)



TYPE AND PACKAGE INFORMATION

*
Chip Division Type No. Old type No. Function P o, Pacckage B
HD6800 HD46800D 40 L] °
HD68A00 HD468A00 Micro Processing Unit 40 ° o
HD68B00 HD468B00 40 B O
HD6802 HD46802 Microprocessor with Clock 40 b hd
HD6802W - and RAM 40 ]
HD6809 - 40 ° °
HD68A09 -~ 40 ] L]
:gggggz : Micro Processing Unit :(0) : :
HDG6SAOQ9E - 40 . L]
HD68BO9E - 40 [ °
HD6821 HD46821 40 [ ]
HD68A21 HD468A21 Peripheral Interface Adapter 40 [ o
HD68B21 HD468B21 40 L] ®
HD6840 - 28 (] L]
HD68A40 - Programmable Timer Module 28 o o
¢ Multichi HD68B40 - 28 . 0
it Mltienip HD6843 HD46503S Floppy Disk Controller 40 hd °
HD68A43 HD46503S-1 40 [ o
HD6844 HD46504 Direct Memory Access 40 ° :
HD68A44 HD46504-1 Controller 40 . hd
HD68B44 HD46504-2 40 * d
HD6845S HD46505S 40 . 0
HD68A45S HD46505S-1 CRT Controller 40 L] L]
HD68B45S HD46505S-2 40 L] L]
HD6846 HD46846 Combination ROM 1/O Timer 40 (4 L4
HD6850 HD46850 Asynchronous Communications 24 ® *
HD68A50 HD468A50 Interface Adapter 24 . .
HD6862 HD46852 Synchronous Serial Data 24 ° .
HD68A52 HD468A52 Adapter 24 . °
HD46508 - 40 °
HD46508 1 — Analog Data Acquisition Unit 40 e
HD46508A - 40 D
HD46508A-1 - 40 °
HD146818 - Real Time Clock Plus RAM 24 L]
HD68000-4 - 64 .
. . HD6B000-6 _ Micro Processing Unit 64 *
16-bit Multichip HD68000-8 —~ 64 o
HD68000-10 - 64 .
HD68450 - Direct Memory Access Controller 64 o

* The package codes of C, P, and F are applied to the package materials as follows.

C: Side-brazed Ceramic DIP, P: Plastic DIP, F: Flat Package,




TYPE AND PACKAGE INFORMATION

8 Package Information (Dimensions in mm)
o Side-brazed Ceramic DIP

e DC-28

T
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_Joz o3

S S
e DC-40 ® DC-40P (EPROM on the package)
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33
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] 54
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78.74
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SEL25 8L
81.28
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2 35
3 £
2 -
22.56
e A 02-038

Applicable LSis

DC-24 HD6850, HD68AS0, HD6852, HD68A52

DC-28 HD6840, HD68A40, HD68B40 )

HD6801S0C, HD6803C, HD6800, HD68A0O, HD68B0O, HD6802, HD6809, HD68A09, HD68BO9, HDGBOIE,
DC-40 HD68A09E, HD68BO9E, HD6821, HD68A21, HD68B21, HD6843, HDEBA43, HD6844, HD68A44, HD68BA44,
HD6845S, HD68A45S, HD68BAS, HD6846

DC-40P | HD68P01S0, HD68PO1V05, HD68PO1V07, HD68PO5V05, HDESPOSVO7

DC-64 HD68000-4, HD68000-6, HD68000-8, HD68000-10, HD68450
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TYPE AND PACKAGE INFORMATION

o Plastic DIP

[ ] DP,-24 ® DP-28

OAR£00

v
%
1.2

2.54120.25

53.3
2

o

1.78+0.25

2RLRESZBBUREY

048+0.1

o4

AMAAAMAANAANAAANAAAANAAAANAANAA
A A AN

Be

1908 ———

f
4

0.20~0.36 0 ~is*

Applicable LSis

DP-24 HD6850P, HD68A50P, HD6852P, HD6BAS52P, HD146818P

DP-28 HD6805S1P, HD6840P, HD68A40P, HD68B40OP

HD6801SOP, HD6801S5P, HD6801VOP, HD6801V5P, HD6803P, HD6803P-1, HD6805U1P, HD6805V 1P,
HD6805WOP, HD6301V0P, HD63A01VOP, HD63B01VOP, HD6303P, HD63A03P, HD63BO3P, HD6333P,
DP-40 HD63A33P, HD63B33P, HD680OP, HD6BA00P, HD68BOOP, HD6E802P, HD6802WP, HD68B09P, HD6BAOSP,

HD68B09P, HD6809EP, HD6BAOSEP, HD68BO9EP, HD6821P, HD68A21P, HD68B21P, HD6843P, HD68A43P,
HD6844P, HD68A44P, HD68B44P, HD6845SP, HD68A45SP, HD68B45SP, HD6846P, HD46508P, HD46508P-1,
HD46508PA, HD46508PA-1

DP-64 HD6805X0P




TYPE AND PACKAGE INFORMATION

® Flat Package

e FP-60A s [ + T

AL T

osto1s

170433

14202

90 )

}

|

Applicable LSI
FP-60A | HDB3LOS5

® Marking
There are two kinds of marking. One has a new ordering only new ordering No. listed in the List of 8/16-bit Micro-
No. (Case I) and the other has both new and old ordering No. computer LSI Package and Case I is applied to the LSI
(Case II). They are listed on the List of 8/16-bit Micro- which has both Ordering No.

computer LSI Package. Case I is applied to the LSI which has

Case 111 (Example of marking on Single<chip)

Case I (Indicated an ordering No.)
(b)

®)

@ ©
r 1T J o b '
P~ e o~
@1z O
aleolale alola Y
-HDBB0OBP -HDBBOISOP
("N (7N
- 0mPAN « AOQ
Case II (Indicated a New & Old ordering No.) @ @ B N
9, -

@ (®)
f 1T 1

ieie
‘4
*HDY SP
k.4 Q) AL ™M R
eaning of each mark
(a) | Hitachi mark
@ @ B@ N (b} | Lot Code

{c) | New type No.

ARURQP
< (d) | Japan mark
© @ b, - {e) | Old type No.

{f} { ROM Code
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RELIABILITY AND QUALITY ASSURANCE

1. INTRODUCTION

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

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

2. PACKAGE AND CHIP STRUCTURE
2.1 Package

Packages are generally classified into 2 types; one is the
hermetic sealed type using metal or glass and the other is the
plastic molded type. Hitachi 8-bit microcomputer are produced
in plastic package or side-braze package.

Selection of package type should be done considering the
application, environment, reliability, cost and other factors of
the system.

The reliability of plastic molded type has been greatly im-

proved, recently their applications have been expanded to auto-
mobiles measuring and control systems, and computer terminal
equipment operated under relatively severe conditions.

Actually, field application data has revealed that their failure
rates in a commercial environment are equivalent to those
of the hermetic sealed type.

However, in a view of reliability guarantee, the hermetic
sealed type passes a leak test 100%. Due to poor screening
technology, the plastic type may exhibit moisture absorption or
permeation inherent to their plastic materials.

Therefore, Hitachi recommends users employ the hermetic
sealed type for certain systems which require high durability
against severe conditions, long service life and high reliability.

On the other hand, production output and application of
plastic molded type continue to increase.

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

Plastic and side-braze package type structure are shown in
Figure 1 and Table 1.

Bonding wire

(1) Side-braze (2) Plastic
Lid Bonding wire
Chip Ceramic Chip

Plastic

Figure 1 Package Structure

Table 1 Package Material and Properties

Item Side-braze Plastic
Package Alumina epoxy
Lead Tin plating Brazed Alloy 42 Solder dipping Alloy 42
Seal Au-Sn Alloy N.A
Die bond Au-Si Au-Si
Wire bond Ultrasonic Thermo compression
Wire Al Au

12



2.2 Chip Structure

HMCS6800 family are produced in NMOS E/D technology or
low power CMOS technology. Si-gate process is used in both

RELIABILITY AND QUALITY ASSURANCE

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

Si-Gate N-channel E/D

Si-Gate CMOS

PSG

%

é\'\'\er I' NS

Gate

Drain  Source Source Si0, Source Drain
FET1 FET2 FET2
N-channel P-channel
DMOS EMOS
N-channel
N-channel EMOS
EMOS

Figure 2 Chip Structure and Basic Circuit

3. QUALITY QUALIFICATION AND EVALUATION

3.1 Reliability Test Methods

Reliability test methods shown in Table 2 are used to qualify

Table 2 Reliability Test Methods

and evaluate the new products and new process.

~ 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 Cc 95%RH 1000hr
Steady State Humidity Biased 85°C 85%RH, 1000hr
Temperature Cycling -55 Cc~ 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 sec, 3 times/X, Y, 2 2002,2
Vibration Fatigue 60Hz 20G, 32hrs/X, Y, Z 2005,1
Valiable Frequency 20~2000Hz 20G,4 min/X, Y, Z 2007,1
Constant Acceleration 20000G, 1 min/X, Y, 2 2001,2
Lead Integrity 225gr, 90° 3 times 2004,3

13



RELIABILITY AND QUALITY ASSURANCE

3.2 Reliability Test Results
3.2.1 Dynamic Life Test
The reliability for chip design is evaluated by dynamic life shown in Table 3. Depend on these test results, the 70°C
test. The test results of HMCS6800 microcomputer family are failure rate is determined 0.007%/1000hrs (confidence level
60%, activation energy 0.7¢V)

Table 3 Dynamic Life Test Result

Device Sample Size Component Hour Failure

HD6800 248 248000 0

HD6802 452 153712 1

HD6809 85 85000 0

HD6801 146 146000 0

HD6803 45 45000 0

HDegos "4 114000 o -
MPU Total 1090 791712 I A
HD6821 399 266368 1

HD6850 158 168000 0

HD6852 170 125816 0

HD6846 69 69000 0

HD6843 66 55000 0

HD6844 80 69000 0

HD6845S 88 55000 0

HD6840 64 64000 0

HD46508 140 140000 0

Peripheral Total 1234 1002184 1

Total 2324 1793896 2

3.2.2 Temperature-Humidity Bias Test
The moisture resistance of plastic package is evaluated by temperature-humidity bias test, 85°C/85% RH biased condi-
tion. The result of this test is shown in Table 4.

Table 4 85°C/85%RH Bias Test Result

Device Sample Size Component Hore Failure

MPU 132 132000 0
Peripheral 226 204000 0

Total 358 336000 0

3.2.3 Storage Life Test

These tests evaluate the effect of storage at high tempera-
ture, low temperature or high humidity without bias.
(1) Plastic Package

Table 5 Storage Life Test on Plastic Package

Test Items Condition Sample Size Failure
High Temp, High Humidity 65°C/95%RH, 1000hrs 288 0
High Temp, High Humidity 80°C/90%RH, 1000hrs 88 0
Presser Cooker 2atm 121°C, 100hrs 266 0
High Temp, Storage Ta = 150°C, 1000hrs 85 ]
Low Temp, Storage Ta = -55°C, 1000hrs 34 0

14
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(2) Side-braze

Table 6 Storage Life Test on Side-braze Package

Test 1tems Condition Sample Size Failure
High Temp, High Humidity 65°C/95%RH, 1000hrs 90 0
High Temp, Storage Ta= 150°C, 1000hrs 313 0
Low Temp, Storage Ta=-65°C, 1000hrs 86 0
3.2.4 Mechanical & Environmental Test
Table 7 Mechanical & Environmental Test Results
Plastic Side-braze
Test item Condition
Sample Size Failure Sample Size Failure
Temperature Cycling -56°C ~ 150°C 10 cycles 4159 0 4920 1
-556°C~ 150°C 200 cycles 826 1 359 )
Thermal Shock 0°C~100°C 10cycles 110 0 175 0
Soldering Heat 260°C, 10sec 180 0 177 0
Mechanical Shock 1500G 0.5 ms 110 0 189 0
3times/X, Y, Z
Vibratior Fatigue 60Hz, 20G 110 0 167 0
32hrs/X, Y, 2
Vibration Variable Freq. 20 ~ 2000Hz 20G 110 0 167 0
4min/X, Y, 2Z
Lead Integrity Bending Tention Fatigue 65 pins 0 102 pins 0
3.3 Reliability Test Results on 16-bit MPU
Table 8 Reliability Test Results on 16-bit MPU HD6800O (Side-braze)

Test Items Condition Sample Size Failures
Operation Life Test (1) Ta=125°C, V¢c = 6.5V 1000hrs 30 0
Operation Life Test (2) Ta=150°C, Ve = 5.5V 1000hrs 20 0
High Temperature Storage Ta=295°C, 1000hrs 20 0
Temperature Cycling (1) -565°C ~ 150°C, 10 cycles 105 0
Temperature Cycling (2) -20°C ~ 125°C, 500 cycles 45 0
Thermal Shock -65°C ~ 125°C, 15 cycles 22 0
Soldering Heat 260°C, 10 sec 22 0
Mechanical Shock 1500G, 5 msec 3 times/X, Y, Z 22 0
Vibration Variable Freg. 20G, 100~ 2000Hz 3 times/X, Y, Z 22 0
Constant Acceleration 20000G, 1 min/X, Y, Z 22 0
Solderability 230°C, 5sec 22 0

15
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4. QUALITY CONTROL IN PROCESS

Process quality control plays an extremely important role in

quality assurance for semiconductor devices.
control items are shown in Figure 3 and Figure 4.

Examples of

Flow

Process

Inspection & QC Item

Wafer process

Probe test

Dicing/Break

Chip visual

Die bonding

Wire bonding

Internal visual

Molding

Temperature cycling

Lead trim & form

Solder dipping

External visual

Mark

Burn-in

Electrical test

External visual

Lot acceptance

Warehouse

100% Electrical test

100% visual inspection

Patroll inspection
once/day/machine visusl

once/day/machine visudl
once/week/machine bond dimension
bond strength

100% visual inspection

100%, Cond. -65°C ~ 160°C, 10 cycles

100% visual inspection

100% Burn-in, 125°C static
100% DC, AC & Functional test

100% visual inspection

Test/Inspection process
Production process
O QC and QA operation

Figure 3 Quality Plan in Plastic Package Process
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Flow Process Inspection & QC Item

Wafer process

Probe test 100% Electrical test
Dicing/Break

Chip visual 100% visual inspection
Die bonding Patrol inspection

once/day/machine Visual

Wire bonding Patrol inspection

once/day/machine visual

once/week/machine bond dimention
bond strength

Internal visual 100% visual inspection

Seal

Temperature cycling 100%, Cond. -56°C ~ 160°C, 10 cycles
Leak test 100% Fine leak (He)

100% Gross leak (Bubble)

Plating

Lead cutting

External visual 100% visual inspection

Mark

Burn-in 100% Burn-in, 125°C static
Electrical test 100% DC, AC & Functional test
External visuat 100% visual inspection

Lot acceptance

Warehouse

[0 Test/inspection process
Production process
<> QC and QA operation

Figure 4 Quality Plan in Side-braze Package Process
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5. QUALITY DATA FROM FIELD USE

Field failure rate is estimated in advance through produc-
tion process evaluation and reliability tests. Past field data on
similar devices provides the basis for this estimation. Quality
information from the users are indispensable to the improve-
ment of products quality. Therefore, field data on products
delivered to the users are followed up carefully. On the basis of
information furnished by the user, failure analysis is conducted
and the results are quickly fed back to the design and produc-
tion divisions.

Failure analysis result on 8-bit microcomputer returned to
Hitachi from April '80 to March ’81 is shown in Figure 5.

Damaged by

Excessive Voltage

and/or Current
(26.2%)

Good Devices
(46.5%)

Assembly
4.6%),
Marginal
(9.8%)

Chip Visual (2.1%)
Poor Functional
Test Pattern (1.0%)

Figure 5 Failure Analysis Result

6. PRECAUTION
6.1 Storage

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

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

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

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

(4) Store without any physical load.

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

(6) If the chips are unsealed, store them in a cool, dry, dark,
and dustless place. Assemble them within 5 days after un-
packing. Storage in nitrogen gas is desirable. They can be
stored for 20 days or less in dry nitrogen gas with a dew
point at -30°C or lower. Unpacked devices must not be
stored for over 3 months.

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

6.2 Transportation

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

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

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

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

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

6.3 Handling for Measurement

Avoid static electricity, noise and surge-voltage when semi-
conductor devices are measured. It is possible to prevent break-
age by shorting their terminal circuits to equalize electrical
potential during transportation. However, when the devices are
to be measured or mounted, their terminals are left open to
provide the possibility that they may be accidentally touched
by a worker, measuring instrument, work bench, soldering iron,
belt conveyor, etc. The device will fail if it touches something
which leaks current or has a static charge. Take care not to
allow curve tracers, synchroscopes, pulse generators, D.C.
stabilizing power supply units etc. to leak current through their
terminals or housings. :

Especially, while the devices are being tested, take care no
to apply surge voltage from the tester, to attach a clamping
circuit to the tester, or not to apply any abnornal voltage
through a bad contact from a current source.

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

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

6.4 Soldering

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

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

6.5 Removing Residual Flux

To insure the reliability of electronic systems, residual flux
must be removed from circuit boards. Detergent or ultrasonic
cleaning is usually applied. If chloric detergent is used for the
plastic molded devices, package corrosion may occur. Since
cleaning over extended periods or at high temperatures will

18
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cause swollen chip coating due to solvent permeation, select the
type of detergent and cleaning condition carefully. Lotus
Solvent and Dyfron Solvent are recommended as a detergent.
Do not use any trichloroethylene solvent. For ultrasonic clean-
ing, the following conditions are advisable:

e Frequency: 28 to 29 kHz (to avoid device resonation)

e Ultrasonic output: 15W/2

® Keep the devices out of direct contact with the power
generator.

@ Cleaning time: Less than 30 seconds

19



DESIGN PROCEDURE AND SUPPORT TOOLS
FOR 8-BIT SINGLE-CHIP MICROCOMPUTER

The cross assembler and the hardware simulator using various delivered as the LS by the company.

types of computer are prepared by the company as supporting Fig. 1 shows the typical program design procedure and Table
systems to develop user’s programs. 1 shows the system development support tools for the HD6801
User’s programs are mask programed into the ROM and and HD680S Family which are used in these processes.

itor ditor
Evaluation Kit
H68SDS
intel MDS
1BM370

Artwork

Cross Assembler

Evaluation Kit
H68SD5

Intel MDS
1BM370

Pattern Generator

Mask
I
Trial
Production

I

Sample

Engineering
Approval

(5)-—|
Evaluation Kit

Evaluation Board

H68SDS

EPROM on the Package
HD68P01S0
HD68P0O1V05
HD68P01V07

! HD68PO5V05

e - HD68PO5V07

{Explanation)
ngzll::rtnign @ When the user programs the system, the predetermined functions are
assigned to the 1/O pin and the RAM before the programming.

@ A flow chart is designed to achieve the predetermined functions and the flow
chart is coded by using the prenumeric code.

@ The coded flow chart is punched into the card or the paper tape or written into
the floppy disk, to generate a source program,

@ The source program is assembled by the resident system (evaluation kit) or the
cross system, to generate the object program. In this case, errors during
the assembling are also detected.

@ Hardware simulation is performed to confirm the program.
The company provides three kinds of hardware, H68SD5, the evaluation kit and
the evaluation board. The consumers are able to choose the best suitable tool.

@ The completed program is sent to the company in the form of EPROM or the
object tape.

@ Optioas such as ROM is masked by the company, LS| is testatively produced
and the sample is handed in to the user. After the user has evaluated the

sample and confirmed that the program is correct, mass production is
started.

Figure 1 Program Design Procedure
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DESIGN PROCEDURE AND SUPPORT TOOLS
FOR 8-BIT SINGLE-CHIP MICROCOMPUTER

Table 1 System Development Support Tools

Resident System Cross System
Type No. - HITAC M
. . Evaluation EPROM on | H68SD5 + Emulator Set Intel
Evaluation Kit Board the Package (Hardware + Software) 18BM370] MDS220/230
HB61EVT2* (Hardware)
pgerdbed + HB1EVO0* | HDEBPOISO | HEBSDS + HETMIX1* o o
S31MIX-R (Software)
H61EVT2* (Hardware)
hoeg0Ive + He1Ev01* | DE8R01VOS | HeasDs + HeIMIX1* o o
S31MIX1-R (Software)
H65EVT2 (Hardware)
M HD68P0O5V05
HD6805S1 + HG5EV00 HDB8PO5VO7 H68SD5 + HE5M1X 1 O

S65MIX1-R (Software)

HB65EVT2 (Hardware)

HD6805U1 « | HD68PO5V05
+ HB5EVO01 HB8SD5 + HE5MIX1 o
HD6805V1 S65MIX1-R (Software) HD68P0O5V07 :

HB5EVT3* (Hardware)
+

HD6805WO0 HB5EV02* - H68SD5 + HE5MIX2 (@]
S65MIX1-R (Software)
HD6301VO0 H31EVT1* (Hardware)
HD63A01V0 + H31EV00* - H68SD5 + H31MIX1* (@] o]
HD63B01V0 S31MIX1-R (Software)}
H3LSEVT1* (Hardware)
HD63L05 + H3LBEVO00* - H68SD5 + H3L5MIX1* o]

S65MIX1-R {Software)

* Under development
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DESIGN PROCEDURE AND SUPPORT TOOLS
FOR 8-BIT SINGLE-CHIP MICROCOMPUTER

m Single-Chip Microcomputer Development System

The H68SDS is a development system for Hitachi 4-bit series.
and 8-bit single-chip microcomputers. ® Disk based low cost syste
It is an allinone type compact HD6800 based CRT/Key o oo oo OXoosseem
board microcomputer terminal with one Floppy disk driver and ovides the itor, Assembler, Emulator and EPROM
has standard interface for the TTY (RS-232C or TTL level) and Writer controlled by FDOS-11
printer (Centronics parallel interface). The EPROM Writer and ® 56k-byte RAMs

the sécond Floppy disk driver are optionally available. ® Allows linking between the HE8SD5 and the 1/0 devices

(TTY and Printer)
® Easy to debug user’s prototype system using the Emulator
Module

Features
® Supports the system development for 8-bit and 4-bit single
chip microcomputers — HD6801/6805 family and HMCS40

System Configuration

H68SD5

FDD* FDD

EPROM Writer*

HD6801/6805 family
Emulator Module* {
HMCS40 series

* Option
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HMCS6800 FAMILY INSTRUCTION SET

@® Accumulator and Memory Operations

Operations

Mne-
monic

Boolean/
Arithmetic
Operation

HD6801S
HD6801V
HD6803

HD6805S

HD6301V

HD63L05

HD6800
HD6802
HD6802W

HD6809
HD6B09E

T T T

IMPL

.

RELATIVE

IMPL
RELATIVE

IMPL

RELATIVE

T

IMPL

RELATIVE

IMPL

RELATIVE

IMPL
RELATIVE

Add

ADDA

A+M—A

O} IMMED
O} INDEX
QO] EXTND

O} IMMED
O] DIRECT
O] INDEX
O EXTND

ADDB

B+M—B

Q|O] IMMED
O}O| DIRECT
0O{O] INDEX
O|Of EXTND

Add
Double

ADDD

AB+M:M+1
—AB

O |0|0O] IMMED
O O[O} DIRECT

O |O|O] INDEX
O |O]O] EXTND

O OO} IMMED
O |O[O] DIRECT

O JOJO] INDEX

O |OJO] EXTND

O 0|0} IMMED
O |O|O] DIRECT

O OO} INDEX

O 00| EXTND
O_|OIO] EXT INDIRECT

Add
Accumulators

ABA

A+B—A

Add with
Carry

ADCA

A+M+C—A

ADCB

B+M+C—B

Subtract

SUBA

A-M—A

SUBB

B—M—-B

00|00
e](e][e}[e)]

Subtract
Double

SuUBD

AB-M:M+1
—A:B

[oli(e][e)[e](e]
[oR(e]l[e](e](e]
C {O|0|0|0
O 100100

[oN{e](e)e](e]
Q 10|0C|C
O 10]0|0|C
O 10]00|0

O _10|10|0|0
O _[0]0[0|0
[o))(e](e](e][®)
(o)) le](e](e][e)
O 110|000

Subtract
Accumulator

SBA

A—B—A

Subtract with
Carry

SBCA

A-M-C—A

SBCB

B—M-C-B

00
00
Q[0
[e][e)

[e][e)
Olo

00
e)ie)

[0}{®)
[e}{e)

e)[e)
o0

Qo
olo

Olo
Qlo
00

Multiply

MUL

AxXB—AB

O

®)

o

Decimal
Adjust A

DAA

Decimal Adjust
Accumulator

o

o

O

Increment

INC

M+1-M

INCA

A+1—-A

INCB

B+1-B

Decrement

DEC

M-1-M

DECA

A—1-A

DECB

B—-1-B

Clear

CLR

0—M

CLRA

0—A

CLRB

0-B

OlO] _10]O] 10]O

Olo] 100 {O]O

Olo] |00 [0lo

Olo] _10|0] 1010

Compare

CMPA

A-M

CMPB

B-M

0|0
00
o0
@)[6)

o](e]
O[O
[e][e)

[@)()]

[e}[®)
[e][e)
@}{®)
o[|0

o]{e]
e]{®]
00

e][e]

Compare
Double

CMPD

AB-M:M+1

Compare
Accumulators

CBA

A-B

Test Zero or
Minus

ST

M-00

©)

o

©

®)

TSTA

A-00

TST8

B-00

Olo

0|0

Qlo

Clo

And

ANDA

A-M—A

ANDB

B-M—B

Or

ORAA
ORA

A+M—A

ORAB
ORB

B+M—B

Exclusive Or

EORA

ABM—A

EORB

BOM—B

O|0] O | O |00
OOl © | O |00

O[C O | O O

o0l O | O[O0

Olo] O | O 10lO

Ol0] O | O |00

Complement
1's

CcoMm

M—-M

Q|00 O | O GO
000 O | O 0|0

Qloj0] O | O 0|0
Ql0|0] O | © 10O

Q|00 O | © |0]O
OO O | © OO

O|0I0] O 1 O |00
Olo|0] © | O 0[O
OlO|0} © | O 100

COMA

A—A

CoMB

B-8

Complement
2's (Negate)

NEG

00-M—M

O

o

NEGA

00-A—A

NEGB

00-B-B

[o](e]ie](e]

O[0!l 1010

[o](e]lle](e]

OO _10]0

Bit Test

BITA

Q1010

BITB

B-M

Olo
[e)[s]
(o]}
OO

OO

Olo
Olo
Qlo

Olo
olC
e][e)
[@}[®)

[o]ie)

[o]{]

Q100
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HMCS6800 FAMILY INSTRUCTION SET

Operation

Mne-
monic

Boolean/
Arithmetic
Operation

HD6809
HD68CYE

IMMED
DIRECT
INDEX
EXTND
IMPL
RELATIVE
IMMED
INDEX
EXTND
IMPL
RELATIVE
IMMED
DIRECT
INDEX
EXTND
IMPL
RELATIVE
IMMED
INDEX
EXTND
IMPL
RELATIVE
IMMED
DIRECT
INDEX
EXTND
IMPL
RELATIVE
IMMED

DIRECT
INDEX
EXTND

EXT INDIRECT
IMPL
RELATIVE

Bit Clear

BCLRn

0—M:Bit(n)

it Set

BSET n

1—-M-Bit (n)

O]O]| DIRECT
O|O| DIRECT

SEX

Sign Extend B
into A

o

| Load

LDA

LDAA

M—A

o
o

LDB

LDAB

M—-B

®)
O
®]

LDD

M:M+1—-AB

Store

STA

STAA

LSlB

STAB

STD

A:B—>M:M+1

0L C | 0100 |0
OO O 000
0,010 00O }0
OO0 0O 1O
0010100010
O 1000 |0
o
OO0 |00 0 |0
OO0 |0 0O |0
ClOo {000 |0
OO0 0|00 O

Transfer

TFR

Register 1
—Register 2

TAB

ASB

TBA

B--A

O|0
olo
Qlo

Exchange

EXG

Register 1
—Register 2

 Push Data

PSHA

A—Ms
S—1-8

PSHB

B—Ms
S$—-1-8

PSHS s

Registers—Ms

—-n—o

PSHU

Registers—Mu

U-n—-U

Pull Data

PULA

Ms~>Am
S+1-8

PULB

Ms—B
S+1-8

Ms—Registers
S+n—-S

Mu—Registers
U+n—

‘Shift Left
Arithmetic

>@>Z

w

[a s s )
C MSB LSB

o)(e]

olo

Shift Right
Arithmetic

Logical

| Shift Left  |L

[ >iz|

s )

MSB LSB C

0|01 _10/0|0
Ol0] 0|00

Qlo

€ MSB LSH

e
]

ShiftRight
Logical

[e)(e)

Olo| _[Ol0] {00

Rotate Left

C MSB LSB

Rotate Right

TP>I®PIZI>D>ID>IZ
o]

o

€ MSB LSB

O[O0 _|O|0] 1000
Oi0! |0[0] 0|00

OO [O]O

OO _|0IO

(to be continued)




HMCS6800 FAMILY INSTRUCTION SET

HD6805S
HD6801S
HDeso1v | HB8S05Y HD6301V HDB3LO05 e
HD6803 HDBSO5W
. BOolean/ T T T T T T T T T
Operations Mng Arithmetic w w w w w E w
monic [ Operation alel la Zlale o 2|l a =1l a >{ >l o g >
e MR AR e R R W e JlRleRixlzlz L)k
SxokElaldlZgialEaldlElelaEln|diZicialelaldl2 e b o T -
=5z X2|8)12|5)2|5|12 (8|2 |5 |2|8 |12 ||2(5|2|X|2 (8|2 2|H|2(5|2\1X 5|2 8
And Immediate [AIM_ |M:IMMED—M e)e]
OR Immediate [OIM | M+MMED—M 010
EOR lmmediate_glM MDIMMED—-M [e)[e)
Test Immediate [TIM__| M -IMMED olo] IR
@®@Jump and Branch Instructions
HD6805S
HD6801S
HDE801V | D80S HDB301V HD63L05 g8
HD6803 HD6805W
Operations Mne_- Branch Test w w w w w c:.] w
mone o= lal 1Zlal=lolal Blaiulal (Zlal-olal 1Zlal- Zlale HRE
s = = z ol |E alal |&
WS IZ |2 Q1% 12 o 2R Z o 22 Q1E 12 o k|2 Q)% Z | L |2 R1E|Z 12| L%
2ol |dlZielalElaldlZlgiais|dlbdlZle|alEiaHliZ2gloER|d|2 2 ol -E-
HEEWE FEEEERNEEE S EWEEE EEE R EE EEE R EEE RN EE
Branch if BCC Cc=0 O O O O O O
Carry Clear [LBCC @)
Branch if [BCS jC=1 O O O O @] O
Carry Set LBCS O
Branch BEQ |Z=1 O O O O O O
if=2ero LBEQ O
Branch if Not |[BNE _ |Z=0 o O ®) O O O
Equal Zero LBNE ' O
Branch BGE |[N®V=0 O O O O
if=Zero LBGE [@)
Branch BGT |Z+(N®V)=0 O O O o
if>Zero LBGT O
Branch BLT |N@V=1 O O @) O
if<Zero LBLT @)
Branch BLE |Z+(NDV)=1 @) [e) e} O
if<Zero LBLE L o
Branch BHI _|C+Z=0 O O O O [@) @)
if Higher LBHI @)
Branch if Higher |BHS | C=0 @) e 5
or same(unsigned) | LBHS [ @)
Branch if BLS |C+Z=1 O O @) @) @)
Lower or Same |LBLS @)
Branch if LoweBLO _{C=1 O @) @)
(unsigned) LBLO [@)
Branch if BPL |N=0 @) O O @) @) @)
Plus LBPL ®)
Branch if BMI [N=1 O O @) @) @) @)
Minus LBM! O
Branch if BVC |v=0 O O ©) O
Overflow Clear[LBVC O
Branch if BVS V=1 @) @) @) @)
Overflow Set [LBVS @)
Branch if Half —
Carry Clear BHCC |H=0 O O
Branch if Half _
Carry Set BHCS | H=1 O o
Branch if Interrupt #
Mask Clear BMC |1=0 o o
Branch if Interrupt _
Mask Set BMS fi=1 o o
Branch f Interrupt | g, INT=1 O O
Line High

(to be continued)




HMCS8800 FAMILY INSTRUCTION SET

1iBagg1v HD63LO5 | HDABOS HD6809
HD6803 HD6802W HDB809E
Operations’ Mne- | o onch Test [ 5
monie ol 18 SRR g g g |y
= 2 [ =2 = [ = =
I e e e R e I A T
A IR SRS PR P EHEEE R EHEE R S Tt e e
HHEREEHEEREEEEEEEEEEEEEE HEEREE BEEREE
Branch if Interrupt =
Ling Low BIL |INT=0 o o
prapchif Btnof | gACLR | M(n)=0 ® o
Branchf Btnof | gaseT n| Min)=1 o o
Branch BRA ®) O @)
Always LBRA 6]
Branch Never|BRN O O O
LBRN O
Branch to BSR @) e} O
Subroutine [LBSR O
Jump JMP Q|0 Olo Q10 Q|0|0|O
Jump to
Subroutine [YSR ojolo olo olo olojojo
Return from
Subroutine |RTS o O O
No Operation | NOP O O O O ] O
Software SWiI @) O @) O @) O
Interrupt SWi2 [8)
SWI3 O
Return from
Interrupt RTI o O O
Wait WAI O O
CWAI O
Synchronize
to Interrupt SYNC o
Sleep SLP
@®Index Register and Stack Pointer Instructions
HD6801S HD6800
HD6809
HD6801V HD63L0S HD6802
HD6803 HD6802W HD6BOSJE
! Mne- | Boolean/ [ i 7 [
Operations monic 8rpr;l:g:leotx: § § g g ‘;’ @ w
albixial Elg o [Eleibixiel [ElRibixel ERlLIxiel |[Elelbixialdl |E
e R e R e e e R e R e e
SIESxI3IZEIE 2 x5 mIEIE S IS5 S5 EEE S xsms ESxks T
o sjus|xis uslris0fjlusriE0sldislc|=0slwS @i=0<iWl<]C
Increment  JINX [ X+1-X @) O O O @]
Decrement [DEX [X—1—-X @) @) @] O O
ADD withB |ABX |B+X—X O ] O
Clear CLRX | 0—X O O
Negate NEGX | 00—X—X Q ]
Comp 15| COMX] FF—X—X O O
Shift Left o
. . }o{ 0
Arithmetic  |ASLX c v e O O
Shift Right ‘
Arithmetic | ASRX | “E= -0 |
Ms8  LSB ¢
Shift Right T
i | o~ "1+0
Logical LSRX e |

(to be continued)




HMCS6800 FAMILY INSTRUCTION SET

HD6805S
HD6801S HD6800
HDe801v | HDE8OSY | nHpesoiv | HDe3Los | HD6802 HDes0s .
__HDGBOS HDB8OBW HD6802W
Mne- | Boolean/ | l =
Operations | érithmetic w w w w w Qi |w
peration > > > > > < >
R e T e I e I s T S e S
HEE M EEE R S e B e e e R e e R e et e e
2512 %|2|2|2 (5|2 |8|2|E|2|5|2 |8 |2 /8|2 52|85 |2 8|25 2|8 2|k 2|0|12 |5 s 2§
Shift Left o
Logical LsLx | Gt A3 o O
C MSB LSB
Rotate Left G
ROLX | =TT TH @) O
¢ MSB LSB
Rotate Right -
RoRx | TT=
¢ MsB 1sB
Test TSTX |[X-00
Compare  1CPX Ix—m:m+1 [olojolol | [olojojo| | |olololo] | lolojolol | Jolololo] | |olololclo
CMPY [Y—M:M+1 oloplol] T
Load LDX {M:M+1-X [O/000 [e}ie][e])is] O e](e][e)(e] o010 000010
LDY [M:M+1-Y 01010010
Store STX |X—>M:M+1 Q0 O O O OO0 |
STY [Y-M:M+1 ] 0lol00
Load effective Effective_,
Address LEAX ] Address X © ‘
Effective |
LEAY Address Y ° I
Push PSHX { X—Ms O O
Pull PULX [Ms—X O O
Transfer X,A |[TAX |A-X . O @)
TXA [X—A O @)
Transfer X,.§ |TSX |S—X | ©) O QoL
TXS |X-S @] ] O
Increment INS |S+1-8 ] O ]
Decrement |DES [S—-1-S§ O @) o
Reset RSP {$7F—S O @]
Compare CMPS|{S—-M:M+1 Ol0|01010
CMPUIU-M:M+1 Ol0I000
Load LDS [M:M+1-S [O|0|0|O ) Q|00 0|00 O001010
DU _[MM+1—U ololc|olo
Store STS |S—M:M+1 Olojo oL opo] ololo Olo[olo
STU _|U-M:M+1 I 1 olololo
Load effective Effective
Address LEAS | Address S O
Effective 1
LEAU | Address —Y | o l
Exchange  |XGDX|ACCD<X [ )
@ Condition Code Register Instructions
HD6805S
HD6801S HD6800
HD6801V | HDEBISY HD6301V | HD63LOS | HDEBO2 HDe80oE
HD6803 HDBSOSW HD6802W
) Mne- | Boolean ! ! ! =
Operations | nic Operation w w w w IS § W
ol lal ElalklLlal [Zlalk a Z|alr ol [BlalkiLlal [Blolkiklald 2
muﬁz_,Emoﬁz_lzmoﬁz_,;moéz_,Emoéz_‘zuoézz_,';:
Sigialciz SiSlEipEla|SSiglaleizlSEglalelziS|ERa ElaiSisiEialealalS
2/5|2/d 2|x|210|2 & 2|2|2|5|2)5 |2 €[2)5|2/8|2 #|25|2|&|2|¢(2|5|2| &5 |2 |
Clear Carry |[CLC_|0—C 0 O ¢ o i O
!
Clear Interrupt .,
Moot cL |o—1 O 1 ° o |o } O

(to be continued)
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HMCS6800 FAMILY INSTRUCTION

SET

HD6801S | HDEBOSS HDB80O
HDsgolv | HDES05Y HD6301V | HD63LO5 | HDEBO2 HDe80s
HD6803 HDE8O5W HD6802W
Operations | ™ne- | Boolean T 5
P monic| Operation - g § l;l l;' g-l @ g
=la|- =lal+ =lol- Zlai- =lal~ al |=
I e e I e e I e I I st =
EEo;mdﬁgo;mdsmQ;ldigo;mdi&"ol—mdi&'ol—im_|
2\0|2|5|2|2|2|5\2|8|2|&|2|5)2|8|2|E|2|0| 2|5 |2 |& |20 2|5 |2 22|52 |& x| 2 | %
Clear .
Overflow CLv 10—~V O o o
Set Carry SEC (1—C O ®) O @) o
Set Interrupt -
Mask SEi 11 O O O @] @]
Set Overflow [SEV |1V O O O
Transfer A, [TAP |A—CC @) O O
cc TPA [CC—A 0 @) ®)
| And CC AND CC| CC-imm—CC o
Or CC ORCC | CC+imm—CC O
LEGEND
A Accumulator A H Half Carry from 3 bit
B Accumulator B | Interrupt Mask
X Index Register N Negative
Y Index Register (6809 only) z Zero
S Stack Pointer v Overflow
V) User Stack Pointer (6809 only) C Carry Bit from 7 bit
ad Transfer into MSB Most Signification bit
+ Arithmetic Plus LS8 Least Signification bit
- Arithmetic Minus IMMED Immediate
. Boolean AND DIRECT Direct
+ Boolean Inclusive OR INDEX Indexed
@ Boolean Exclusive OR EXTND Extended
: Connection Area EXT INDIRECT Extended indirect
M Complement of M IMPL Implied (Inherent, Accumulator)
Ms  Stack area pointed by S. RELATIVE Relative
Mu  Stack area pointed by U.
CC  Condition Code Register
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o 8-BIT Single-chip Microcomputer Characteristics

8-BIT MICROCOMPUTERS FOR
INDUSTRIAL APPLICATION

For industrial application which needs wider operating
temperature range (from -40°C to +85°C), Hitachi has the fol-
lowing devices for both the 8-bit single-chip microcomputers

and the 8-bit multi-chip microcomputers.
“J” indicates industrial grade devices (Example HD6801S0PJ).

Type No. o150y | voesotvops | HOSE03PS | HpEaossIPs | HDEBOSUIPS | HD6BOSVIPY | HDBBOSWOP)+ |HOSIOTVOR:
Process NMOS NMOS NMOS NMOS NMOS NMOS NMOS CMOS
Package e DP40 o P28 DP-40 DP40 DP-40 oP40
Vee 6V 1 0.26V 5V + 0.25V 5V t 0.26V 5,25V £ 0.6V 6.25V + 0.5V 5.26V + 0.5V 5.25V + 0.5V 5V : 0.5V
Topr -40~+85°C —40~+856°C -40~+85°C -40~+85°C -40~+85°C -40~+85°C -40~+86°C —-40~+85°C
Electrical** | Pp 800mW 800mW 800mW
Characteristics VIH (EXTAL) 2.2V 2.2V 2.2V
Hinl (EXTAL) 1.2mA 1.2mA 1.2mA
Isee 10mA 10mA 10mA B
ROM (k Byte) 2 4 - 11 2 4 4 4
Memory
RAM (Byte) 128 128 128 64 96 96 96 128
{1{e] 29 29 13 20 32 32 29 29
< Timer (bit) 16 16 16 - St - M g e 8***x2 16
2/sci Yes Yes Yes No No No No Yes
g e Data ® Data ® Mulitiplexed ® Vectored o Voltage ® Voltage ® Voltage o Sleep
[ Retention Retention Address and Interrupts Comp:! C p: 0 i
Capability Capability Data o Selfcheck o Vectored ® Vectored ® Vectored ® Low power
Other Features Mode Interrupts Interrupts Interrupts Consumption
® Master o Selfcheck ® Selfcheck ® Selfcheck
Reset Mode Mode Mode
® Master Reset | ® Master Reset | ® Master Reset

*  Preliminaly

** Electrical Characteristics shown here is for the industrial grade which is different from standard specification. So refer to each data sheet for details.

*** Timer; 8-Bit programmable timer with 7-Bit programmable pre-scaler.

® 8-BIT Multi-chip Microcomputer Characteristics

Tyoe N Functi Electrical Characteristics* * .
. n P

ype No unctio Voo Topr P

HD6800PJ Micro Processing Unit 5V +0.25v -40 ~ +85°C DP-40

HD6802PJ Micro Processor with Clock and RAM (128 byte) 5V + 0.25v -40 ~ +85°C DP-40

HD6802WPJ Micro Processor with Clock and RAM (256 byte) 5V £ 0.26v -40 ~ +85°C DP-40

HD6809PJ* .

HD68A09PJ* Advanced Micro Processing Unit 5V + 025V -40 ~ +85°C DP-40

HD68BOSPS*

HDG6809EPJ* ' .

HD68AOIEPJ* Advanced Micro Processing Unit SV + 0.25v -40 ~ +85°C DP-40

HD68BOYEPJ*

HD6821PJ Peripheral Interface Adapter 5V + 026V -40 ~ +86°C DP-40

HD6840PJ N

HD68A40PJ Programmable Timer Module SV £ 0.26Vv -40 ~ +85°C oP-28

HD68B40PJ

HD6846PJ Combination ROM 1/0 Timer 5V 025V -40 ~ +85°C 1000mwW DP-40
5V 1 0.25v

Do Analog Data Acquisition Unit ( Analog Input ) -40 ~ +85°C DP-40
5V + 026V

ggﬁgg::ﬁlq Analog Data Acquisition Unit ( OAT?% \I/nput) -40 ~ +85°C DP-40

* Under development

#+ Ejectrical Characteristics shown here is for the industrial grade which is different from standard specification,
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Preliminary data sheets herein contain information on new products. Speci-
fications and information are subject to change without notice.

Advance Information data sheets herein contain information on a product

under development. Hitachi reserves the right to change or discontinue these
products without notice.
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HD6801S0, HD6801S5

MCU (Microcomputer Unit)

The HD6801S MCU is an 8-bit microcomputer system
which is compatible with the HMCS6800 family of parts. The
HD6801S MCU is object code compatible with the HD680O
with improved execution times of key instructions plus several
new 16-bit and 8-bit instructions including an 8x8 unsigned
multiply with 16-bit result. The HD6801S MCU can operate
as a single - chip microcomputer or be expanded to 65k
words. The HD6801S MCU is TTL compatible and requires
one +5.0 volt power supply. The HD6801S MCU has 2k
bytes of ROM and 128 bytes of RAM on chip. Serial Com-
munications interface (S.C.1.), and parallel 1/O as well as a
three function 16-bit timer. Features and Block diagram of
the HD6801S 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

® Single Chip Or Expandable To 65k Words

® 2k Bytes Of ROM

® 128 Bytes Of RAM (64 Bytes Retainable On Power
Down)

® 29 Parallel 1/0 Lines And 2 Handshake Control Lines

® [nternal Clock/Divided-By-Four Circuitry

® TTL Compatible Inputs And Outputs

® Interrupt Capability

® Compatible with MC6801

BLOCK DIAGRAM

P30 P2
P3y ol Port Pa
P ] A P
P
Pl Port B
Pise—e 3
P3¢ +—f
Pé,“ )
gcf: Timer{™ |
P
Sci
Pag=— "o
Pay 1SS fo———e P11
Pap=—el P12
P”:j Port Port f———-=Py3
Pas 1 pp———=Pu
e Py
[ 16
fo——— P17

HD6801S0C

(DC-40)

HD6801S0P
HD6801S5P

(DP-40)

® PIN ARRANGEMENT

Vss(i] g
xTAL(Z] B9 sc,
exTaL(3] Bg sc,
NMI Py
iRQ, 8 P
RES 3 P,
Vee pd e,
P B3 P..
Pil 9 P);
Pa : 31 Py
P, HD6801S e,
>

P 3 P
Pro 128 .,
Py 27 P.,y
P 28 °.
Py § P
P pa p,,
Py 3 P.,
i 3 p,,

P

R Vec standby

(Top View)

m TYPE OF PRODUCTS

MCU Bus Timing
HD6801S0 1 MHz
HD6801S5 1.25 MHz
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= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
_Supply Voltage Vee * -0.3~+7.0
Input Voltage Vin * -0.3~+7.0
Operating Temperature Topr 0 ~+70
Storage Temperature Teg - 55 ~+150

*  With respect to Vgg (SYSTEM GND) .
[NOTE] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating
conditions. If these conditions are exceeded, it could aftect reliability of LSI.

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

Item Symbol | Test Condition min typ max Unit
s e RES 4.0 - Vee
Input “*High’’ Voltage Other input® Vin >0 — Veo v
Input ““Low"” Voltage All inputs* ViL -0.3 - 0.8 Y
P4o ~ P47 - - 0.5
Input Load Current SC, llin} Vin =0~24V - - 0.8 mA
EXTAL Vin =0~ Ve - - 0.8
Input Leakage Current | NMI, IRQ, , RES [linl Vin =0~ 526V - - 25 MA
Three State (Offset Pio ~Py7,P0 ~P - - 10
Leakage Cur:ent ) P:: ~ P:.Z = llrsil | Vin =05~24V - - 100 HA
Py ~ Py 1 oap = -205 uA 24 = -
Output “High Voltage | P4 ~ P4;, E, SC,;, SC; Von leoap = -145 uA 24 - - v
Other Outputs I oap = -100 A 24 - -
Output ““Low’’ Voltage | All Qutputs VoL lLoap = 1.6 mA - - 0.5 \
Darlington Drive Current | P1o ~ Py7 -lon | Vour=158V 1.0 - 10.0 mA
Power Dissipation Pp _ -— 1200 | mW
. P ~ P33, Psg ~ Paq, SC, Vin =0V, Ta=25°C, | — - 125
Input Capacitance Cin pF
Other Inputs f=1.0MHz - - 10.0
Ve Standby Powerd'own Vsge 4.0 - 5.25 v
Operating Vss 4.75 - 5.25
Standby Current Powerdown lssg | Vses = 4.0V - — 8.0 mA

*Except Mode Programming Levels.
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® AC CHARACTERISTICS

BUS TIMING (Vge = 5.0V+5%, Vss = 0V, Ta =0 ~ +70°C, unless otherwise noted.)

HD6801S0, HD6801S5

Item Symbol | Test Condition - HD680150 - HD680155 Unit
min typ max | min typ max
Cycle Time toye 1 - 10 0.8 - 10 s
Address Strobe Pulse Width "“High*’ PWagH 200 - - 150 — — ns_v
Address Strobe Rise Time tase 5 - 50 5 | — 50 ns
Address Strobe Fall Time tast 5 | — 50 5 - 50 ns
Address Strobe Delay Time tasD 60 - - 30 - ns
Enable Rise Time ter 5 - 50 5 — 50 ns
Enable Fall Time tes 5 — 50 5 - 50 ns
Enable Pulse Width ‘‘High’’ Time PWen 450 - - 340 - - ns
Enable Pulse Width “Low’’ Time PWe 450 | — - 350 - - ns
Address Strobe to Enable.Delay Time taseD 60 | — - 30 | -~ - ns
Address Delay Time tao Fig. 1 - - 260 - — 260 ns
Address Delay Time for Latch (f = 1.0MHz) tapL Fig. 2 - - 270 - - 260 ns
Data Set-up Write Time tosw 225 | - - 115 | — - ns
Data Set-up Read Time tosh 80 - — 70 - - ns
Data Hold Time Read L LA Sl S LB S N
Write thw 20 | — - 20 | - -

Address Set-up Time for Latch tast 60 | — - 50 | — - ns
Address Hold Time for Latch tAHL 20 | - - 20 | — - ns
Address Hold Time taAn 20 | — — 20 | - - ns
Peripheral Read Non-Muitiplexed Bus {tacen) - — (610} | ~ — 410 ns
Access Time Muitiplexed Bus (taccm) - — | (600) | — — | (400}
Oscillator stabilization Time tre Fig. 10 100 | — — 100 | — — ms
Processor Control Set-up Time tecs Fig. 11 200 - - 200 | — - ns

PERIPHERAL PORT TIMING (Vcc = 5.0V 6%, Vgs = OV, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit

Peripheral Data Setup Time | Port1,2,3,4 trbsu Fig. 3 200 - - ns
Peripheral Data Hold Time Port1,2,3,4 tpoK Fig. 3 200 - - ns
Delay Time, Enable Positive Transition .
to 518'3 Neg;tive Transition tosor Fig. 5 - - 3%0 ns

el ime, Enable Positive Transition .
2) (%;Pr:si,tiv: aTransic:si:)tn ? Trensitio tosoz Fig. 5 - - 350 ns
Delay Time, Enable Negative
Transition to Peripheral Data| Port 1, 2*,3,4 tewp Fig. 4 - - 400 ns
Valid
Delay Time, Enable Negative .e
Transition to Peripheral Port 2**, 4 temos Fig. 4 - - 2.0 us
CMOS Data Valid
Input Strobe Pulse Width tewis Fig. 6 200 - - ns
Input Data Hold Time port 3 L Fig. 6 50 - - ns
Input Data Set-up Time Port 3 tis Fig. 6 20 - - ns

*Except P,,

**10k$2 pull up register required for Port 2
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TIMER, SCI TIMING (V¢c = 5.0V £6%, Vgs = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Timer Input Pulse Width towT teyc +200| - - ns
Delay Time, Enable Positive Transition to R .
Timer Out trop Fig. 7 -~ - 600 ns
SCI Input Clock Cycle tseye 1 - - teye
SCI Input Clock Pulse Width twsck 0.4 — 0.6 tscyc

MODE PROGRAMMING (Ve = 5.0V 5%, Vgs = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Mode Programming Input “Low’’ Voltage VmpL - — 1.7 \'
Mode Programming Input “High’ Voltage VmpH 4.0 - - v
RES “Low’’ Puise Width PWgstL Fig. 8 3.0 - - teye
Mode Programming Set-up Time tmes 2.0 - - teye
Mode Programming Hold Time tMPH 150 - - ns
teve
Address Strobe
{AS)
—
[e—tast
[t asED}+—
24vy A
PWey
Enable o
(E) Wer
0.5v l 7 N
—s |e—tgr —| JetEf
fo——taAD——=|
Eaad - taH
— £22v
R
sy | —-—< Address Valid Q.____
0.6V
tasL —+ |
=+ letam
[ losw——=| —> [*trw
MPU Write r ij;’ e 22V
D,~D,,A,~A ress al:
“rons Ve }————< Data Vatd }——
0.6V 4 0.6V
taL TSR T fetua
MPU Read vy f-2.0v R
D,~D,, A,~A, fddress Data Valid
{Port 3) 0.6V 0.8v
{tacem!)

Figure 1 Expanded Multiplexed Bus Timing
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teye
oo £ " B
Enable EH
(E)
) PWg 1
0.5v K
— +~—tgy —_— - tEf
[ 4— t oD —— — —t AN
Ag-A4Port4) 22v4 X
RW (SC) Address Valid
08 (sC) 0.6V % 4
tosw
— et
) 2.2v4
M;U w;"' _i Data Valid
o ~ ?
{Port 3) 0.6v
lo——— tDSR—*
((ACCN) — - tyR
2.0V
M::J f::d
o i
{Port 3) o.8v

Figure 2 Expanded Non-Multiplexed Bus Timing

Enable(E) 2.4V
0.5V
tPoSU |
P~ Py
2.0V 2.0V
Py ~P i
on - P" 0.8V Datas Valid BV
40 41 ‘PDN
Inputs trosu
Py ~ Py, 2.0v i 2.0V
inputs*® 0.8V Data Valid 08V

*Port 3 Non-Latched Operation (LATCH ENABLE = 0)

Figure 3 Data Set-up and Hold Times
(MPU Read)

1— MPU access of Port 3*

Enable(E) 24v 24v
g™ (s0008) X X

— > tosp1 ~{ +-t0sD2
0s3 2.2v
0.6V

* Access matches Output Strobe Select (0SS = 0, a read;
OSS = 1, a write)

Figure 5 Port 3 Output Strobe Timing
(Single Chip Mode)

Port Outputs

P!O

Inputs
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!— MPU Write
Enable(E) \‘__—_/—-—
0.5v

+—tcMOs—|

t
PWD

-—==0.7V¢c

/
7

ngz Data Valid
(NOTE}

1. 10 k& Pullup resistor required for Port 2 to reach 0.7 Ve
2. Not applicable to P,,
3. Port 4 cannot be pulled above Vee

Al Data

Figure 4 Port Data Delay Timing
(MPU Write)

is3

~P,, 20V
0.8v

2.0v
0.8v

Data Valid

Figure 6 Port 3 Latch Timing
(Single Chip Mode)



HD6801S0O, HD6801S5

Enable

Timer Output Compare
Counter Matched

I Mode Inputs
oo} Pro. Pry. Pry)
Py, 2.2V
Output 0.6V
r Figure 8 Mode Programming Timing
Figure 7 Timer Output Timing
Vee
R_=2.2k0
Test Point
Test Point
152074 @
30pF or Equiv.

C =90 pF for P,,~P,, P,,~P,, E, SC,,SC,
= 30 pF for P, ~P 110 P20 ™

R= 12k 1orP Prr Poa~P,r E, SC,.SC,
'24kﬂlorP,, ~P . Pro~P,,

(a} CMOS toad (b) TTL Load
Figure 9 Bus Timing Test Loads

Cvcle

«10 (2l "2

o]l

el

Last Instruction ——»‘

1-8it Set

internal
m,,‘BUDCX__X__X__X__L_)C__LJC_X_)Q_X__X X O
OpCode Op Code  SPin) SP(n-1) SP(n-2} SP(n-3) SPin4) SP(n5) SP(n6) SPin-7) Vector Vector NewPC
MSB Addr  LSB Addr Address

Addr Addr + t

G,

-—" o tpcsg

e
Nt or TRQ,

——| [*—rpcs

lnmna':x j x

Data Bus

X8~X15 ACCA ACCB TCR lrielevant Vector  Vector  Fast lml.o;

Op Code Op Code PCO~PC? PCB~PC1S X0~X7
Datz MSB LSB interrupt Routine

*IRQ2--+- Internal Interrupt

Internal R/W

Figure 10 Interrupt Sequence

Veo
| tac *—1pcs Y
)ﬂW‘. - 1

Address Bus FFFE FFE FFFE FFFE FFFF  New PC FFFE

ERTILAN ATA KA HAANRIANENANANVANRAR AR v AL

Data Bus
Instruction

AN ~or vang
Figure 11 Reset Timing
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= SIGNAL DESCRIPTIONS

® Vcc and Vss

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

These connections are for a parallel resonant fundamental
crystal, AT cut. Divide 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 divide 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 clock source at a 4 MHz rate to run at
1 MHz with a 40/60% duty cycle. It is not restricted to 4 MHz,
as it will divide by 4 any frequency less than or equal to 4 MHz.
XTAL must be grounded if an external clock is used. The
following are the recommended crystal parameters:

Nominal Crystal Parameter

Crystal .
Y 4 MHz 5 MHz
Item
Co 7 pF max. 4.7 pF max.
Rs 6052 max. 3082 typ.
XTAL
Cpq=Cp2 =22pF £ 20%
== (3.2 ~ 5 MHz)
[Note] These are representative
EXTAL AT cut paralle! resonance
crystal parameters.

Figure 12 Crystal Interface

® 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
Vgpp 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 Ve Standby greater than Vgpp.

V¢ Standby Power Line

T

Figure 13 Battery Backup for V¢ Standby
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® 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 MPU does the follow-
ing:
1) All the higher order address lines will be forced “High”.

2) 1/0 Port 2 bits, 2, 1, and O are latched into programmed
éontrol bits PC2, PC1 and PCO.

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

4) The interrupt mask bit is set, must be cleared before the
MPU can recognize maskable interrupts.

Enable (E)

This supplies the external clock for the rest of the system

when the internal oscillator is used. It is a single phase, TTL

compatible clock, and will be the divide by 4 result of the
crystal 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 MPU to branch to a non-maskable interrupt
service routine in memory.

A 3.3 k§ external resistor to VCC should be used for
wire-OR and optimum control of interrupts.

Inputs TRQ, and NMI are hardware interrupt lines that are
sampled during E and will start the interrupt routine on the
E following the completion of an instruction.

® |Interrupt Request (iRQ,)

This level sensitive input requests that an interrupt sequence
be generated within the machine. The processor will 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 MPU 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 MPU to branch to an inter-
rupt routine in memory.

The IRQ; requires a 3.3 kS external resister to Voc 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).
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Table 1 Interrupt Vector Location
Vector Interrupt
MSB LSB
Highest  FFFE | FFFF T RES
Priority FFFC | FFFD N1
FFFA | FFFB Software Interrupt (SWI)
FFF8 | FFF9 7RQ, (or iS3)
FFF6 FFF7 ICF (input Capture)
FFF4 | FFF5 OCF (Output Compare)
FFF2 FFF3 TOF (Timer Overflow)
Lowest FFFOQ | FFF1 | SC, (RDRF + ORFE + TDRE)
Priority

The following pins are available in the Single Chip Mode, and
are associated with Port 3 only.

® Input Strobe (IS3) (SC,) -

This sets an interrupt for the processor when the IS3 Enable
bit is set. As shown in Figure 6 Input Strobe Timing, IS3 will
fall tig minimum after data is valid on Port 3. If IS3 Enable is
set in the I/O Port 3 Control/Status Register, an interrupt will
occur. If the latch enable bit in the I/O Port 3 Control/Status
Register is set, this strobe will latch the input data from another
device when that device has indicated that it has valid data.

® Output Strobe (OS3) (SC; )

This signal is used by the processor to strobe an external
device, indicating valid data is on the I/O pins. The timing for
the Output Strobe is shown in Figure 5 1/O Port 3 Control/
Status Register is discussed in the following section.

The following pins are available in the Expanded Modes.

® Read/Write (R/W) (SC,)

This TTL compatible output signals the peripherals and
memory devices whether the MPU 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.

® /O Strobe (I0S) (SC,) s

In the expanded non-multiplexed mode of operation, 108
internally decodes Ay through A,s as zero’s and Ag as a one.
This allows external access of the 256 locations from $0100 to
$01FF. The timing diagrams are shown as figure 2.

® Address Strobe (AS) (SC; )

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 19, Expanded Muitiplexed Mode. Address
Strobe signals the latch when it is time to latch the address lines
s0 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, tsgp before the data is enabled to
the bus.
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= PORTS

There are four I/O ports on the HD6801S MCU; three 8-bit
ports and one 5-bit port. There are two control lines associated
with one of the 8-bit ports. Each port has an associated write
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
four ports: Port 1, Port 2, Port 3, and Port 4. 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

Ports Port Address F? : ;ﬂgﬁ rx::;::s s
1/0 Port 1 $0002 $0000
1/0 Port 2 $0003 $0001
1/O Port 3 $0006 $0004
1/O Port 4 $0007 $0005
® 1/0Port 1

This is an 8-bit port whose individual bits may be defined as
inputs or outputs by the corresponding bit in its data direction
register. The 8 output buffers have three-state capability,
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 a logic “1”° and less than 0.8 V for a logic “0”. As out-
puts, 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 I/O lines are configured as inputs. In all
three modes, Port 1 is always parallel 1/0O.

® /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
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 (pins 10, 9, and 8 of the chip) are used
to program the mode of operation during reset. The values of
these pins at reset are latched into the three MSB’s (bits 7, 6,
and S) of Port 2 which are read only. This is explained in the
Mode Selection Section.

In all three modes, Port 2 can be configured as 1/0 and
provides access to the Serial Communications Interface and the
Timer. Bit 1 is the only pin restricted to data input or Timer
output.

e I/OPort3

This is an 8-bit port that can be configured as I/O, a data bus,
or an address bus multiplexed with the data bus — depending on
the mode of operation hardware programmed by the user at
reset. As a data bus, Port 3 is bi-directional. As an input for
peripherals, it must be supplied regular TTL levels, that is,
greater than 2.0 V for a logic “*1” and less than 0.8 V for a logic
N-O?!



Its TTL compatible three-state output buffers are capable of
driving one TTL load and 90 pF. In the Expanded Modes, after
reset, the data direction register is inhibited and data flow
depends on’ the state of the R/W line. The input strobe (IS3)
and the output strobe (OS3) used for handshaking are explained
later.

In the three modes,Port 3 assumes the following charac-
teristics:

Single Chip Mode: Parallel Inputs/Outputs as programmed by
its associated Data Direction Register. There are two control
lines associated with this port in this mode, an input strobe and
an output strobe, that can be used for handshaking. They are
controlled by the I/O Port 3 Control/Status Register explained
at the end of this section. Three options of Port 3 operations
are sumarized as follows: (1) Port 3 input data can be latched
using IS3 (SC,) as a control signal, (2) OS3 can be generated by
either an MPU read or write to Port 3’s Data Register, and (3)
and TRQ; interrept can be enabled by an IS3 nagative edge.

Port 3 latch and strobe timing is shown in Fig. 5 and Fig. 6.

Expanded Non-Multiplexed Mode: In this mode, Port 3
becomes the data bus (Dy~D-).

Expanded Multiplexed Mode: In this mode, Port 3 becomes
both the data bus (Dy~D,) and lower bits of the address bus
(Ao~A7). An address strobe output is true when the address is
on the port.

1/0 PORT 3 CONTROL/STATUS REGISTER
7 6 5 4 3 2 1

IS3 X 0ss

183 IRQ1
FLAG JENABLE

LATCH | X X X

$000F ENABLE

Bit 0; Not used.

Bit 1; Not used.

Bit 2; Not used.

Bit 3; LATCH ENABLE. This controls the input latch for 1/O
Port 3. If this bit is set “High” the input data will be
latched with the falling edge of the Input Strobe, IS3.
This bit is cleared by reset, and the latch is “‘re-opened”
with MCU read Port 3.

Bit 4; OSS. (Output Strobe Select) This bit will select if the
Output Strobe should be generated at 053 (SC,) by a
write to I/O Port 3 or a read of I/O Port 3. When this bit
is cleared the strobe is generated by a read Port 3. When
this bit is set the strobe is generated by a write Port 3.

Bit 5; Not used. '

Bit 6; 1S3 TRQ; ENABLE. When set, interrupt will be enabled
whenever IS3 FLAG is set; when clear, interrupt is
inhibited. This bit is cleared by RES.

Bit 7; 1S3 FLAG. This is a read only status bit that is set by
the falling edge of the input strobe, IS3 (SC,). It is
cleared by a read of the Control/Status Register fol-
lowed by a read or write of 1/O Port 3. Reset will clear
this bit.

® |/OPort4
This is an 8-bit port that can be configured as I/O or as
address lines depending on the mode of operation. 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, each line is TTL compatible and can drive 1 TTL

HD6801S0. HD6801S6

load and 90 pF. After reset, the lines are configured as inputs.
To use the pins as addresses, therefore, they should be
programmed as outputs. In the three modes, Port 4 assumes the
following characteristics:

Single Chip Mode: Paralle] Inputs/Outputs as programmed by
its associated Data Direction Register.

Expanded Non-Multiplexed Mode: In this mode, Port 4 is
configured as the lower order address lines (A¢~A7) by writing
one’s to the data direction register. When all eight address lines
are not needed, the remaining lines, starting with the most
significant bit, may be used as 1/O (inputs only).

Expanded Multiplexed Mode: In this mode, Port 4 is
configured as the higher order address lines (Ag~A,s) by writ-
ing one’s to the data direction register. When all eight address
lines are not needed, the remaining lines, starting with the most
significant bit, may be used as I/O (inputs only).

= OPERATION MODES

The mode of operation that HD6801S will operate in after
Reset is determined by hardware that the user must wire on pins
10, 9, and 8 of the chip. These pins are the three LSB’s (1/0 2,
1/0 1, and 1/O O respectively) of Port 2. They are latched into
programmed control bits PC2, PC1, and PCO when reset goes
high. 1/0 Port 2 Register is shown below.

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0

$0003
/0 0

PC2 | PC1{ PCO | 1/O4 {1/O3 | 1/O2 | 1/O1

An example of external hardware that could be used for
Mode Selection is shown in Fig. 14. The HD14053B provides
the isolation between the peripheral device and MCU during
Reset, which is necessary if data conflict can occur between
peripheral device and Mode generation circuit.

As bits 5, 6 and 7 of Port 2 are read only, the mode cannot
be changed through software. The mode selections are shown in
Table 3.

The HD6801S is capable of operating in three basic modes;
(1) Single Chip Mode, (2) Expanded, Multiplexed Mode (com-
patible with HMCS6800 peripheral family) (3) Expanded Non-
Multiplexed Mode.

® Single Chip Mode
In the Single Chip Mode the Ports are configured for 1/O.
This is shown in Figure 16 the single Chip Mode. In this
mode, Port 3 will have two associated control lines, an input
strobe and an output strobe for handshaking data.

o Expanded Non-Multiplexed Mode

In this mode the HD6801S will directly address HMCS6800
peripherals with no external logic. In this mode Port 3 becomes
the data bus. Port 4 becomes the A,~A, address bus or partial
address and I/O (inputs only). Port 2 can be parallel 1/O, serial
1/0, Timer, or any combination of them. Port 1 is parallel 1/O
only. In this mode the HD6801S is expandable to 256 locations.
The eight address lines associated with Port 4 may be
substituted for I/O (inputs only) if a fewer number of address
lines will satisfy the application (See Figure 17).
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Vce
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o8 C HD6801S
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Y, X P,, (PCO)
2, P,, (PC1)
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P X, Z P,, (PC2)
Pn Y.
Pz Z, inn  |HD140538
c 1 o] 5 é) [NOTES] 1) Mode 7 as shown
Mode 2) RC=~Reset time constant
Control 3) R, =10k2
Switch
Figure 14 Recommended Circuit for Mode Selection
Truth Table
? Vob
Control Input On Swi
Inho - . Soieet n Switch
AO— Level Bg\ary to 1-0f-2 Inhibit
BO—| Converter [ Decoder with c[8]a[HD140538
CO— Inhibit 0 |olojo]| z[v]x,
(g g——' o Jofo[1] Z,vY,x,
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Y, 0— Jé%} ov 0 10| z|v]x,
Z,0- {%- 2 o [1[1[1] z]V,x,
2,0 é@_o 1 [x]x[x _
Figure 15 HD14053B Multiplexers/Demultiplexers
Vee Vee
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N 7 402 Enable g Enable
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= |, sle—onmi — e—ONMI
—_ Vee Standby 0——» 1RG.
Vec Standoy 0——=>{ 21 sf=—o0RQ, cc FTE—; [<—0 IRQ,
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RES 6 "oy . HD6801S
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81/0 Lines <:> 2‘0 32) @ 81/0 Lines " 8 Data Lines
1 N S, AN
39— J Port 3 RO_/:’
38— ) 1/0 Strobes Port 2 !
29 8 5 Paratiel 1/0 <E> Port 4
Port 4 § < Port 2 sc‘m' e <F\:> To 8 Address
8 1/0O Lines 22 1 12 51/0 Lines Time Lines or To
I sci mer mr 71/0 Lines
Timer (Inputs Only)

Vss

Figure 16 HD6801S MCU Single-Chip Mode

Vss

Figure 17 HD6801S MCU Expanded Non-Multiplexed Mode
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® Expanded Muitiplexed Mode

In this mode Port 4 becomes higher order address lines with
an alternative of substituting some of the address lines for I/O
(inputs only). Port 3 is the data bus multiplexed with the lower
order address lines differentiated by an output called Address
Strobe. Port 2 is 5 lines of Parallel 1/O, SCI, Timer, or any

combination of them. Port 1 is 8 Paralle! I/O lines. In this mode

it is expandable to 65k words. (See Figure 18).

® Lower order Address Bus Latches

Since the data bus is multiplexed with the lower order
address bus in Port 3, latches are required to latch those address

bits. The 74L8373 Transparent octal D-type latch can be used
with the HD6801S to latch the least significant address byte.

Figure 19 shows how to connect the latch to the HD6801S.
The output control to the 74LS373 may be connected to

ground,
GND »
AS
Port 3
Address/Data

7418373

D, Q,

Vee

i
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L

=

g v—
V¢ Standoy O—>]

RES O—> HD6E8O1S
MCu

Port 1
8 1/O Lines
Port 2
51/0 Lines
SCt
Timer

——>== Enable
FE—0 NMI
le——O0 IRQ,

—> R/W

Port 3

8 Lines
Multiplexed
Data/Address
[——> Address Strobe

Port 4
To 8 Address
Lines or To

7T

Vss

7 H/O Lines
(Inputs Only)

Figure 18 HD6801S MCU Expanded Multiplexed Mode

Address: A, ~A,

Data: D,~D,

Figure 19 Latch Connection

® Mode and Port Summary MCU Signal Description

Function Table

Output Enable Output
Control G D Q

L H H H

L H L L

L L X Q,

H X X z

This section gives a description of the MCU signals for the various modes. SC; and SC, are signals which vary with the mode

that the chip is in.

PORT 1 PORT 2 PORT 3 PORT 4
SC
MODE Eight Lines Five Lines Eight Lines Eight Lines SC, 2
SINGLE CHIP 110 1/0 1/0 1/0 iS3(1) | ©S3(0)
ADDRESS BUS
(As~Aq) ADDRESS BUS* A RAV
EXPANDED MUX 1/0 1/0 DATA BUS (Ag~Ays) S(0) /W(0)
(Do~D5)
DATA BUS ADDRESS BUS* e T
| 10S(0 R/W(O)
EXPANDED NON-MUX /0 1/0 (Do~Ds) (Ag~A,) )
*These lines can be substituted for 1/O (Input Only) statting with the most significant address line.
| = Input = input Strobe SC = Strobe Control
O = Output = Qutput Strobe AS = Address Strobe
R/W = Read/Write i0S = 1/0 Setect
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Table 3 Mode Selection Summary

Mode | iy | @i | oty | ROM | Ram " Vectors Mode O ode
7 H H H | I I t Single Chip
6 H H L ' 1 [} MUX(6). Muitiplexed/Partial Decode
5 H L H ] 1 [ NMUX(6) Non-Multiplexed/Partial Decode
4 H. L L 102) 11) 1 1 Single Chip Test

'3 L H H E E E MUX Multiplexed/No RAM & ROM
2 L H L E i E MUX Multiplexed/RAM
1 L L H I [} E MUX Multiplexed/RAM & ROM
0 L L L ! | 113) MUX Multiplexed Test

LEGEND: [NOTES]

| — internal 1)} tnternal RAM is addressed at $X X80
E — External 2) l_nlgrnal ROM is disabled o
MUX — Multiplexed 3) RES vector is externai for 2 cycles after RES goes “High**
NMUX — Non-Multiplexed 4) Addresses associated with Ports 3 and 4 are considered external in Modes 0,
L — Logic 0" 1,2,and 3
H — Logic 1" 5) Addresses associated with Port 3 are considered external in Modes 5 and 6

6) Port 4 defauit is user data input; address output is optional by writing to Port 4
Data Direction Register

s MEMORY MAPS

The MCU can provide up to 65k byte address space depend-
ing on the operating mode. A memory map for each operating

® INTERRUPT FLOWCHART

mode is shown in Figure 20. The first 32 locations of each map
are reserved for the MCU’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*** o1
Port 1 Data Register 02
Port 2 Data Register 03
Port 3 Dats Direction Register*** 04*
Port 4 Data Direction Register*** 05**
Port 3 Data Register 06*
Port 4 Data Register o7**
Timer Control and Status Register 08
Counter (High Byte) 09
Counter (Low Byte) 0A
Output Compare Register (High Byte) /-]
Output Compare Register {Low Byte) oc
Input Capture Register (High Byte) [1]5]
Input Capture Register (Low Byte) OE
Port 3 Control and Status Register OF*
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 Modes 0, 1, 2, 3, 5, 6; cannot be

accessed in Mode 5 (No. iOS)

** External addresses in Modes 0, 1, 2,3
*** 120utput, 0=Input.
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The Interrupt flow chart is depicted in Figure 24 and is com-
mon to every interrupt excluding reset.



HD6801S
Mode

O

Multiplexed Test mode

(1) g
$0:ZZ1 . %////% } Internal Registers
- } External Memory Space
$0080 % q
soore /% Internal RAM
External Memory Space
$F800 7// ‘ .
$FFFF(2) % Internal Interrupt Vectors(2
INOTES}

1) Excludes the following addresses which may

be used externally: $04, $05, $06, $07 and $OF.
Addresses $FFFE and $FFFF are considered
external if accessed within 2 cycles alter a
positive edge of RES and internal at all other
times.

After 2 MPU cycles, there must be no over-
lapping of internal and external memory

spaces to avoid driving the data bus with more
than one device.

This mode is the only mode which may be used
to examine the interrupt vectors in internal
ROM using an external Reset vector.

2

3

4

HD6801S
Mode

Multiplexed/RAM & ROM

so:z::: % Internal Registers
External Memory Space
$0080 b A
$0OFF ] Internal RAM
l External Memory Space
$F800 ,//
SFFEF } Internal ROM
:::;g } External Interrupt Vectors
[NOTES]

1) Excludes the following addresses which may
be used externally: $04, $05, $06, $07 and
$SOF.

2} Internal ROM addresses $FFFO to $FFFF are
not usable.

Figure 20 HD6801S Memory Maps
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HD6801S HD6801S
Mode Mode

Mutltiplexed/RAM Multiplexed/No RAM or ROM

$0000(1) gy $0000(1)
W ] Internal Registers W} Internal Registers
$001F 4 $001F
- } External Memory Space
$0080 %
/ / Internal RAM
$00FF 7
External Memory Space
External Memory Space
$FFFO
} External Interrupt Vectors $FFFO
$FFFF External Interrupt Vectors
SFFFE
[NOTE) [NOTE]
1) Excludes the following addresses which may 1} Excludes the following addresses which may
be used externally: $04, $05, $06, $07, and be used externally: $04, $05, $06, $07 and
$OF. $OF.

Figure 20 HD6801S Memory Maps (Continued)
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HD6801S
Mode
Single Chip Test

$0000
} Internal Registers
$001F

Unusabte(1)(4)

$xx80 } Internal RAM
$XXFF Internal Interrupt Vectors

[NOTES]

1} The internal ROM is disabled.

2} Mode 4 may be changed to Mode 5 without
having to assert RESET by writinga 1 into
the PCO bit of Port 2 Data Register.

Addresses Ay to A, are treated as “'don’t
cares’’ to decode internal RAM.

internal RAM will appear at $XX80 to $XXFF.

3

4

HD6801S
Mode

Non-Multiplexed/Partial Decode
$0000( 1)

} internal Registers
$001F
Unusable
$0080

} Internal RAM
$00FF
$0100 }

External Memory Space

$O1FF

Unusable

Internal ROM

$FFFF /j Internal Interrupt Vectors

{NOTES]

1} Excludes the following addresses which may
not be used externally: $04, $06, and $OF.
(No i08)

This mode may be entered without going
through RES by using Mode 4 and sub-
sequently writing a *'1”" into the PCO bit of
Port 2 Data Register.

Address lines A, ~ A, will not contain address-
es until the Data Direction Register for Port 4
has been written with *“1’s” in the appropriate
bits, These address lines will assert “*1's’ until
made outputs by writing the Data Direction
Register.

2

3

Figure 20 HD6801S Memory Maps (Continued)
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HD6801S
Mode

Multiplexed/Partial Decode

Y,
]

$00001( 1)
$001F

Internal Registers

External Memory Space

$0080
Internal RAM

$O00FF

External Memory Space

$F800

Internal ROM

Internal Interrupt Vectors

SFFEF

1) Excludes the following address which may be
used externally: $04, $06, $OF.

Address lines A, ~A, ¢ will not contain
addresses until the Data Direction Register for
Port 4 has been written with **1's” in the
appropriate bits. These address lines will
assert “‘1's’’ until made outputs by writing the
‘Data Direction Register.

2

HD6801S
Mode

Single Chip
$0000 X
} Internal Registers
$001F
Unusable
$0080
} Internai RAM
$O00FF
Unusable
$F800
Internal ROM
Internal Interrupt Vectors
$FFFF

Figure 20 HD6801S Memory Maps (Continued)
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= PROGRAMMABLE TIMER

The HD6801S 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 registess is shown in Figure 21.
® 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 MPU software at
any time. The counter is cleared to zero on RES and may be
considered a read-only register with one exception. Any MPU
write to the counter’s address ($309) will always result in preset
value of $FFF8 being loaded into the counter regardless of the
value involved in the write. This preset figure is intended for
testing operation of the part, but may be of value in some
applications.
® Output Compare Register ($000B:000C)

The Output Compare Register is a 16-bit read/write register
which is used to control an output waveform. The contents of
this register are constantly compared with the current value of
the free running counter. When a match is found, a flag is set
(OCF) in the Timer Control and Status Register (TCSR) and the
current value of the Output Level bit (OLVL) in the TCSR is
clocked to the Output Level Register. Providing the Data
Direction Register for Port 2, Bit 1 contains a *“1” (Output),

the output level register value will appear on the pin for Port 2
Bit 1. The values in the Output Compare Register and Output
level bit may then be changed to control the output level on the
next compare value. The Output Compare Register is set to
$FFFF during 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.
® Timer Control and Status Register (TCSR) ($0008)

The Timer Control and Status Register consists of an 8-bit
register of which all 8 bits are readable but only the low order 5
bits may be written. The upper three bits contain read-only
timer status information and indicate 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 HD6801 internal
bus (IRQ,) with an individual Enable bit in the TCSR. If the

HD6801S Internal Bus

Output Compare| Free Running
Reguster 16-811 Counter

QOutput Compare

Overflow Detect]

input Capture

\/F

RAegister

I Edge Detect l

b0 Qutput

Timer b7§§
Convol[iceJocFToFEiciEocteTo{iEndoua) Lo
Status J

Register

$08

______ L
iRQ,
Output Compare Pulse |  _ _ _ __ ! Output Input
Level £dge
Bit1 BitO
Port 2 Port 2
Figure 21 Block Diagram of Programable Timer
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Timer Control and Status Register

7 5 4

3

2 1 0

l ICF [ OCF l TOF I EiCI 1 EQCI l ETOI FEDG I OLVLI $0008

I-bit in the HD6801S 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 | is set, the value will

appear on the output pin.

Input Edge — This bit controls which transition of
an input will trigger a transfer of the counter to

the input capture register. The DDR for Port 2 Bit

0 must be clear for this function to operate. IEDG

= 0 Transfer takes place on a negative edge

(“‘High”-to-“Low” transition).

IEDG = 1 Transfer takes place on a positive edge

(“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 TRQ, 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 $0000. It is cleared by
a read of the TCSR (with TOF set) followed by an

MPU read of the Counter (309).

Output Compare Flag — This read-only bit is set

when a match is found between the output

compare register and the free running counter. It is
cleared by a read of the TCSR (with OCF set)
followed by an MPU write to the output compare

register (0B or $0C).

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 MPU read of the Input Capture Register ($0D).

Bit 1 IEDG

Bit2 ETOI

Bit 3 EOCI

Bit4 EICI

Bit 5 TOF

Bit 6 OCF

Bit 7 ICF

m SERIAL COMMUNICATIONS INTERFACE

The HD6801S 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

MPU via the data bus and with the outside world via pins 2, 3,
and 4 of Port 2. The hardware, software, and registers are ex-
plained in the following paragraphs.

® Wake-Up Feature

In a typical multi-processor application, the software
protocol will usually contain a destination address in the initial
byte(s) of the message. In order to permit non-selected MPU’s
to ignore the remainder of the message, a wake-up feature is
included whereby all further interrupt processing may be
optionally inhibited until the beginning of the next message.
When the next message appears, the hardware re-enables (or
“wakes-up”) the for the next message. The “wake-up” is
automatically 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 HD6801S serial I/O section are

programmable:

« format — standard mark/space (NRZ)

* Clock — external or internal

* baud rate — one of 4 per given MPU ¢, 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 (Bit 2)

* 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 22. 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 I/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 is initialized to $20 on RES. The bits in the TRCS
register are defined as follows:

Transmit/Receive Control and Status Register

7

LRDREJORFEITDRE[ RIEJ RE I TlEl TE 1 wu ]ADDR',SOOH
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Bit 0 WU

Bit 1 TE

Bit 2 TIE

Bit 3 RE

Bit 4 RIE

Bit 5 TDRE

Bit7

Rate and Mode Control Register

Bit 0

rcm ICCOI $§1 I S50 ISIO

Transmit/Receive Control and Status Register

[romeonrdfond e | me [ e | 7e [wo]on

Receive Data Register
I I I | I | I ] |$'I 2

Port2 . (Not Addressable)
Rx 1"
Bit Receive Shift Register
3
Clock 10 Bit Rate
5&‘ Generator (¢——E
(Not AddressableY
l Transmit Shift Register ]
Tx I
Bit 12
4

L1 ] 1

[ ] Jes

Transmit Data Register

Figure 22 Serial 1/0 Registers

“Wake-up” on Next Message — set by HD6801S
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
MPU set of WU flag.

Transmit Enable — set by HD6801S 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.

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. .

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.

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 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.

Over-Run-Framing Error — set by hardware when
an overrun or framing error occurs (receive only).
An overrun is defined as a new byte received with
last byte still in Data Register/Buffer. A framing

error has occurred when the byte boundaries in bit
stream are not synchronized to bit counter. The
ORFE bit is cleared 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. The RDRF bit is
cleared by reading the status register, then reading
the Receive Data Register, or by RES.

Bit 6 ORFE

Rate and Mode Control Register

The Rate and Mode Control register controls the following
serial 1/O variables:

* Baud rate

* 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 two bits control the
format and clock select logic. The register definition is as
follows:

Rate and Mode Control Register

7 6 5 4

3 2 1 0

LX LX l X [ X I CC1|CCO I Ss1 I SS0 I ADDR : $0010
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Bit 0 8S0 Speed Select — These bits select the Baud rate for Bit 2 €CCO Clock Control and Format Select — this 2-bit field
Bit 1 SS1 the internal clock. The four rates which may be Bit 3 CC1 controls the format and clock select logic. Table 6
selected are a function of the MPU ¢, clock defines the bit field.
frequency. Table 5 lists the available Baud rates.
Table 5 SCI Bit Times and Rates
XTAL 2.4576 MHz 4.0 MHz 4.9152 MHz*
SS1 : SSO 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 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 33.3 us/1,200 Baud
1 1 E + 4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud
* HD6801S5 Only
Table 6 SCI Format and Clock Source Control
CC1,CCo Format Clock Source Port 2 Bit 2 Port 2 Bit3 Port 2 Bit 4
00 —_— — — *n * %
01 NR2Z Internal Not Used * i
10 NRZ Internal Output*® o *
1 NRZ External Input i »x

* 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 seriaf output if TE = **1*" in TRCS.

Internally Generated Clock

If the user wishes for the serial I/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 Ix 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.

® Serial Operations
The serial I/O hardware should be initialized by the
HD6801S 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.
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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 ten-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 Registér has
been emptied, the hardware sets the TDRE flag bit.

If the HD6801S 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 ’s will be sent while TDRE remains a 1.



Receive Operation

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

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

The approximate center of each bit time is strobed during
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing
error is assumed, and bit ORFE is set. If the tenth bit as a 1, the
data is transferred to the Receive Data Register, and interrupt
flag RDRF is set. If RDREF is still set at the next tenth bit time,
ORFE will be set, indicating an over-run has occurred. When the
HD6801S 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 $0014, gives status
information about the standby RAM. A 0 in the RAM enable
bit (RAM E) will disable the standby RAM, thereby protecting
it at power down if Vcc Standby is held greater than Vspp
voits, as explained previously in the signal description for V¢c
Standby.

RAM Control Register

sTBY

$0014 PWR RAME| X X X X X X

Bit0 Not used.

Bit 1 Not used.

Bit2 Not used.

Bit 3 Not used.

Bit4 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 uner pro-
gram control. When the RAM is disabled, data is
read from external memory.

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

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

® GENERAL DESCRIPTION OF INSTRUCTION SET

The HD6801S is upward object code compatible with the
HD6800 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:

* MPU Programming Model (Figure 23)

* Addressing modes

* Accumulator and memory instructions — Table 7

* New instructions

* Index register and stack manipulations instructions — Table

8

* Jump and branch instructions — Table 9
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» Condition code register manipulation instructions — Table 10

« Instructions Execution times in machine cycles — Table
1

« Summary of cycle by cycle operation — Table 12

+ Op codes Map — Table 13

® MPU Programming Model

The programming model for the HD6801S is shown in Figure
23. 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.

7 A 0| I 7 B O] 8.8it Accumulators A and B

15 D o] Or 16:Bit Double Accumulator ©

Fj X j Index Register {X)
lf sp 0| stack Pomter (5P)

Es PC ol Program Counter (PC

|1 \IH RN zlv. Condition Code Register {CCR)

Carry/Borrow from MSB

Overflow

e Zero

Negative

interrupt

—— Half Carry {From Bit 3)

Figure 23 MCU Programming Model

® MPU Addressing Modes

The HD6801S eight-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 MCU 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

Condition Code
Addressing Modes .
Operations Mnemonic Boolean/ Register
IMMED, | DIRECT | INDEX |EXTEND |IMPLIED |  Arithmetic Operation | 5[4 [3[2]1]0
OP |~ |#|OP |~ |#|OP |~ # OP |~ |#|OP |~ |# H|I{N|Z([V]C
Add ADDA 88 {22 (98 2 (AB|41!2|BB |43 A+B- A tje |ttt
ADDB csl2l2|poB|312{EB|4}2}FB |43 B+M-—B tlejt |ttt
Add Double ADDD C3)413|D3|5)2E3|6(2|F3 3 A:B+M:M+1->A:B [RCRER RN
Add Accumulators ABA 1Bl2[1|A+B—»A tlefjtl(s sl
Add With Carry ADCA 89 {2[2]99 [3/2(A9/4(2/B9[43 A+M+C—- A $leftisjeis
ADCB C9|2{2 D932 E9 |42 |F9 |43 B+M+C—B tle |ttt
AND ANDA 84 (2{2(94 {3 (2{A4(412 (B4 |43 AM-—A eje|tlt[R}e
ANDB C4 (22 D4{3 |2 |E4{4{2|F4 4,3 B-M~8 oo |ti3 RIS
Bit Test BIT A 85 [2]2{95 {3 |2 |A5|4[2|B5 |4 |3 A-M eie(t ({3 (Rie
BIT B C52)2 D53 |2|E5 |42 |F5|4|3 B-M e e|ll1(R|e
Clear CLR 6F |6 |2 [7F {6 |3 00—+ M e e [R[SIRIR
CLRA 4F {2 (1 |00 A e e |R|{SRI|R
CLRB 5F{2|1|00—8B e )e|RIS|RIR
Compare CMPA 81 |22 (91 |32 ([A1{4 81 (4|3 A-M LRCEERERERE]
CMPB C1(2!2|D1(3 .21E1{41{2|F1 |43 B-M oot |ttt
e tors cea 1|2|1(a-8 ololtlsle]s
Complement, 1's COM 63 |62 173 1613 M->M ele(t|t|R|S
COMA 43 |2 [1 [A-A efe[t{t|R[S
coms 53|21 |8 -8B oot itIR|S
Complement, 2's NEG 60 |62 |70 |6 |3 00-M—-M eje 3!t DD
{Negate) NEGA 40 |2 (1 (00-A— A e loitit MDD
NEGB 50 |2 (1{00-B—B ele |t} |D|@
Decimal Adjust, A | DAA 19 |2 |1 | Gomerte by e ooy (o o [+t [t @
Decrement DEC 6A |62 {7A |6 |3 M~-1->M eje 1}t |@e
DECA A2 1 |A-1-A ele(t|t]@le
DEC8 5A12|1|B~1->B [RCREAERIOIC]
Exclusive OR EORA 88 (212198 |32 A84 ]2 |B8 |43 A@M-A oo |t |R|e
EORB C8 |2|2:D8|3 |2 |E8 |42 |F8 |4 |3 B® M- B oo (|l |R[e
Increment INC 6C{6]2|7C {63 M+1-M ele (it (®le
INCA ' ac (2|1 (A+1-A e ie|t{t|®]e
INCB 5C|(2{1[{B+1~>8B eje |l |®|e
Load LDAA 86 {22 ({96 {3 (2 {A6{412 |B6 |43 M- A ele |t |3 R|e
Accumulator tpaB _ |ce |2 |2 |o63 |2 ]e6 {4 |2 [F6 [a]3 M-8 elo[t|t|R]e
5o2d Double LDD cc (3|3 |ocla |2 [ec|s |2 [rc|s |3 M+1-B M- A efe|t{t|R]e
Multiply Unsigned MUL 3D|10/1 |[AxB—>A:B elejofefe @
OR, inclusive ORAA 8A 2|2 |9A |3 |2 |AA[4 |2 |BA|4 (3 A+M— A e (e |ttt Rje
ORAB CA|2|2 |DAI3 [2|EA}I4|2 FA|4 (3 B+M- B eje(tit IR e
Push Data - PSHA" 36 |31 [{A—>Msp,SP-1—SP o |efelelote
PSHB 37 {3|1{B—>Msp,SP-1—85P ejoloelejele
Pull Data PULA 32{411|SP+1->SP Msp— A ej|ojeieie e
PULB 33/4}1|SP+1-SP,Msp—B e|(oje|ojo|e
Rotate Left ROL . 691612)79 163 M ele|tit|®|
ROLA 49 2] A}E:D:‘—E[_E—E-ﬂ BB
; ROLB , 56 2f1]s’ © Y7 Y HEGE
Rotate Right ROR 66 {62 (76 |63 M m oleftiti@®|t
RORA 46 [ 2 {1 A} e & o efle it it I®|?
RORB 56 |2(1]® . BECE
The Condition Code Register notes are listed after Table 10. (Continued)
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Table 7 Accumulator & Memory Instructions (Continued)

Addressing Modes CD"‘#;:::':‘:"“

Operations Mnemonic | \mmeD. | DIRECT | INDEX |EXTEND | IMPLIED A,ith"?;‘i’c'eg’;fmﬁon 5[4]3]2]1]0
OP [~ |# 0P|~ (# 0P|~ |#|OP]|~lsl0P|~]|2 H{1|N|z|v]c

i?:::\rl;\eeft‘nc ASL 68 (6278 {63 " — slelt|t|®t
ASLA 4821A] oo et |T|®F
ASLB 58 [21]8) C 7 ¥ Telet T ®F

- —

g ASLD 05 (3 |1 |[_ACCATACTE oo | o |08 |4 (@)
shift Right ASR 67 |62 (77 |63 M N BBRGE
Arithmetic ASRA 27 12 1 A} LT;L.LLU_LIJ—-@ sle 1t @t
ASRB s7 218 » NBRAE

Shift Right LSR 646|274 |63 ™ — eleitit Bt
Logical LSRA 44 {21 A}o—-[:[ [TIITT) fefe[t]t @]t
LSRB sa|2]1]8 ™ % NARCE

. —

gic;‘;:'iz‘agl LSRD 04 {310 (1 ]lele|R|t|®|t
Store STAA 97 [3 |2 [A7|a |2 |87 |43 A M elelt|t|R]|e
Accumulator STAB D7]3 |2 |E7 |4 |2 |F7 |4 |3 BoM eleft|t|R|e
Store Double sTD oo|4 |2 [ED|5 |2 [FD|5 |3 B M elelt|t|R|e
Subtract SUBA |80 (2|2 (90 {3 {2 (A0]4 |2 |BO |4 |3 A-MoA oltlt|t]s
SUBB col2]2|pool3[2]eo|a]2]Fo a3 B-M-B BABBE

Double Subtract susD |83 |a|3]93 |5 |2|A3|6|2|B3 |63 A:B-M:M+1-A:B |ele[t|t[s]s
A ators sBA 10 |2]1]|a-B-A eloft|t|s]s
Subtract sBCA |82 |22 |92 |3 |2 ]Aa2]|a 2|82 |43 A-M-C—A BOBBBE
With Carry SBCB  |C2|2]|2|D2|3 |2 |€2|4 |2 |F2 |4 |3 B-M-C—8 NOBBAE
Transfer TAB 16 |2 {1 |A~B oo it|t[R]e
Accumulators TBA 17 |211[|B- A e (ejti{t|Rfe
Test Zero or TST 6D |6 |2 [70 |6 (3 M - 00 e e |t} |R|R
Minus TSTA ap |2 [1 A -00 ole]t]t]R]R
TSTB sD |2 |1[B-00 eleit|t[R|R

The Condition Code Register notes are listed after Table 10.

Direct Addressing

In direct addressing, the address of the operand is contained
i:\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 eight-bits of the
address of the operand. The third byte of the instruction is used
as the lower eight-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
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eight bits in the MCU. The carry is then added to the higher
order eight 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
eight bits plus two. The carry or borrow is then added to the
high eight bits. This allows the user to address data within a
range of -126 to +129 bytes of theé 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 HD6801S Microcomputer.

ABX

ADDD

ASLD

LDD

LSRD

MUL

PSHX

PULX

STD

SuBD

CcPX

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 + 1 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

Addressing Modes Oongiet;?sr;e(r:ode
Pointer Operations | Mnemonic [yMED. | DIRECT | INDEX | EXTND |IMPLIED | Arithmetic Operation (5|43 {210
OP [~ |#|OP |~ [# [OP [~ |#[OP |~ |#|OP|~|# Hil[NJZ|V]C
Compare Index Reg CPX 8C|4|3|9C|5(2|AC)6(2]BC63 X—M: M +1 eleltitit|t
Decrement Index Reg DEX 09 [3 (1 [|[X=1-X e({e|o|tie]|e
Decrement Stack Pntr DES 34 (3 (1 [sSP—-1->8P sjejejesjole
Increment Index Reg INX 08 |3 {1 {X+1->X ejleleltie]e
Increment Stack Pntr INS 31 (3|1 |SP+1—->SP (A EENERE NE
Load Index Reg LDX CE|313|DE}4 |2 |EE|5|2]|FE|5]3 M- Xy, IM+ 1) X efe|@Dlt[R]e
Load Stack Pntr LDS 8E |3|3|9E (4|2 |AE|5(2|BE[5|3 M~ SPy, (M+1)>SP |ele [Pt |R|e
Store Index Reg STX DF (4 (2 [EF |5 {2 [FF |53 Xu=M XL+ M+1) |e|e|D[t|R]e
Store Stack Pntr STS 9F |4 |2 |AF |52 |BF 5|3 SP =M, SP > (M+1) |e e @[t [R]e
Index Reg — Stack Pntr| TXS 35 (3|1 [X-1—SP elejojeloe
Stack Pntr - Index Reg| TSX 30 (3|1 |SP+1-X ele|eojejoie
Add ABX 3A13 |1 |B+X—+X ejleioje|e]e
Push Data PSHX 3C 4|1 XL~ Mg, SP-1->SP eojeojele]|o]e
Xp— Mgp, SP - 1> SP
Pull Data PULX 38 {5 {1 [SP+ 1~ SP, Mgp—> Xy |o|ojejeiee
SP+ 1 SP, Mg, —~ Xy

The Condition Code Register notes are listed after Table 10.
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Addressing Modes Condition Code
Register

Operations Mnemonic ' ge| ATIVE | DIRECT | INDEX |EXTND | IMPLIED Branch Test s[ala2]1]0

OP| ~|{# |OP|~|# |OP|~|#IOP |~ |#|OP|~| & HlIINjZ|VI[C

Branch Always BRA 20(3(2 None ojeo e o|ele
Branch Never BRN 21 (32 None e|oe|ejo|0le
Branch {f Carry Clear BCC 24 ({3(2 C=0 o oo e 00
Branch If Carry Set BCS 2532 c=1 o|ele o|oie
Branch If = Zero BEQ 2732 Z=1 eje|o e jole
Branch If > Zero BGE 2C( 32 N®V=0 e|ejeoje|oie
Branch If > Zero BGT 2E| 32 Z+(N® V)I=0 eloeje|oele
Branch If Higher 8HI 22|32 C+Z2=0 ejo e o|eje
Branch If < Zero BLE 2F | 32 Z+IN@ V) =1 ojejeoiseje
g;:::h If Lower Or BLS 23132 cC+Z=1 oo/ oo e
Branch If < Zerc BLT 20(3]2 N@®V=1 . oo e
Branch If Minus 8MI l28{3f2] | | T N=1 oo e oo
Branch If Not Equal BNE 26|32 z-0 ololele|o]e
(B:;':;ch If Overfiow BVC 28132 =0 ejo o e oo
Branch If Overflow Set BVS 29312 V=1 o (e o 0lele
Branch If Plus BPL 2A13 |2 N=0 oo o |efoie
Branch To Subroutine BSR 8D|6 |2 | oo e (e 0 e
Jump JMP 6E |3 |2 [7E[3 |3 \See Special Operations [@ [e (e (e [o [e
Jump To Subroutine JSR 9D |5 |2 |AD{6 |2 BD|6 (3 oo o (0efoe
No Operation NOP 0121 S:Y;nces Prog. Cntr. oo o |o]o]e
Return From Interrupt| RTI 3B [10|1 A — ] —
g:é‘:‘;:‘:'::m RTS 95! See Special Operations ‘10 °l°
Software Interrupt SWI 3F (121 e |S|e e ]
Wait for Interrupt WAI 3E |9 |1 o |@|e (o |o}e

Table10 Condition Code Register Manipulation Instructions

IAddressingModes| Condition Code Register

Operations Mnemonic IMPLIED Boolean Operation 5|4 (32 1 0

OoP | ~ # H i N | Z \ C

Clear Carry CcLC oc | 2 |1 0-C e e o e ]e R

Clear Interrupt Mask CLi OE 2 |1 01 e  Rjojoeo e {0

Ctear Overflow CcLv 0A [ 2 |1 00—V e | e o |0 R |e

Set Carry SEC oD | 2 |1 1-C e | oe e | e e (s

Set Interrupt Mask SEI OF 2 |1 11 e | Sje e e o

Set Overflow SEV 0B | 2 |1 1>V o | o |o | e |S |e
Accumulator A~ CCR TAP 06 |2 |1 A— CCR (D)

CCR ~ Accumulator A TPA 07 |2 |1 CCR— A eJe[efeJeTe

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

® (BitV) Test:
@ (BitC) Test:
@ (BitC) Test:
@ (BitV) Test:
® (BitV) Test:
® (BitV) Test:
@ (BitN) Test:
® (Al

(Bit 1)

@ (All)

@ (Bit C)

Result = 10000000?
Result * 000000007
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@ 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 Cycles

Table 11

. Ex- In- Im- Re-
Direct tended dexed plied lative

Iimme-
diate

ACCX

imme- " Ex- in- Im- Re-
diste DIt tended  dexed plied fative

ACCX

INX

ABA
ABX

JMP
JSR

ADC

LDA

ADD

LDD
LDS

ADDD
AND
ASL

LDX
LSR

ASLD
ASR
8CC
BCS
BEQ
BGE

LSRD
MuUL
NEG
NOP

10

ORA
PSH

BGT
BHI
BIT

PSHX
PUL

PULX .

3

BLE
BLS
BLT
BMI

ROL
ROR
RTI

10

RTS
SBA
S8C

BNE
BPL

BRA

SEC
SE|

BRN
BSR

SEV

svC
BVS
CBA
CLC
cul

STA

STD
STS

STX

sus

CLR
cLv
CcmpP

SUBD
swi

12

TAB
TAP
TBA
TPA
TST

com
cPX

DAA
DEC
DES

TSX

DEX
EOR
INC

TXS
WAI

INS
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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-
ceptions are indicated in the table).

o Summary of Cycle by Cycle Operation

Table 12 provides a detailed description of the information
present on the Address Bus, Data Bus, and the Read/Write line
(R/W) during each cycle for each instruction.

This information is useful in comparing actual with expected

results during debug of both software and hardware as the

Table 12 Cycle by Cycle Operation

Address Mode & Cycle R/W
Instructions Cycles i 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)
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

L.DD 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 Order 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 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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HD6801S0O, HD6801S6

Table 12 Cycle by Cycle Operation (Continued)

A(‘:g:::xlz?‘es & Cycles Cy;le Address Bus LR.i/rYZ 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
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.

60

{Continued)



HD6801S0O, HD6801S5

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?::ters: c“t/:ggz & Cycles CV;Q Address Bus E/Xz 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
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 A 4 1 Op Code Address 1 Op Code
STA B 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

Address of Operand (High Order Byte)

*In the TST insiruction, R/W line of the sixth cycle is 1" level, and AB=FFFF, DB=Low Byte of Reset Vector,
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HD6801SO, HD6801S6

Table 12 Cycle by Cycle Operation (Continued)

Ac,’g:ff::ﬁgﬂ: & Cycles Cy;le Address Bus ﬁlx Data Bus
IMPLIED
ABA DAA SEC 2 1 Op Code Address 1 Op Code
ASL DEC SE! 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 o
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 lrrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Index Register (High Order Byte)
5 Stack Pointer +2 1 index Register (Low Order Byte)
RTS 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Address of Next Instruction
(High Order Byte)
5 Stack Pointer + 2 1 Address of Next Instruction
(Low Order Byte)
WAI** 9 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Return Address {(Low Order Byte)
4 Stack Pointer — 1 0 Return Address

{High Order Byte)
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Table 12 Cycle by Cycle Operation (Continued)

HD6801S0, HD6801S6

At::;i::c'f;dr\i & Cycles Cs;;:le Address Bus T_{Y‘Ve Data Bus
WAL** 5 Stack Pointer — 2 0 Index Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 o} Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
MUL 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 Address Bus FFFF 1 Low Byte of Restart Vector
RTI 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Contents of Cond. Code Reg.
from Stack
5 Stack Pointer + 2 1 Contents of Accumulator B
from Stack
6 Stack Pointer + 3 1 Contents of Accumulator A
from Stack
7 Stack Pointer + 4 1 index Register from Stack
(High Order Byte)
8 Stack Pointer + 5 1 Index Register from Stack
(Low Order Byte)
9 Stack Pointer + 6 1 Next Instruction Address from
Stack (High Order Byte)
10 Stack Pointer + 7 1 Next Instruction Address from
Stack (Low Order Byte)
Swi 12 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 irrelevant Data
3 Stack Pointer 0 Return Address {Low Order Byte)
4 Stack Pointer — 1 0 Return Address
(High Order Byte)
5 Stack Pointer — 2 0 Index Register {Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
10 Stack Pointer — 7 1 Irrelevant Data
1" Vector Address FFFA (Hex) 1 Address of Subroutine
{High Order Byte)
12 Vector Address FFFB (Hex) 1 Address of Subroutine

(Low Order Byte)

**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 WAl ins~

truction,
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Table 12 Cycle by Cycle Operation (Continued)

AddrMode s | oy | O | pggomis | O
RELATIVE
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 Code 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

When the op codes (4E, SE) are used to execute, the MPU

The HD6801S has 36 undefined instructions. When these are continues to increase the program counter and it will not stop
‘¢arried out, the contents of Register and Memory in MPU until the Reset signal enters. These op codes are used to test the

change at random.

LSI

Table 13 Op codes Map

HD6801S MICROCOMPUTER INSTRUCTIONS
opP acc| Acclinp | ext ACCA or SP ACCB or X
CODE A B IMM | DIR| IND | EXT | IMM | DIR | IND | EXT
Hi 0000 0001 | 0010 0011 01000101 {0110| 0111{ 1000| 1001} 10101071} 1100|1101 1110|1111
Lo 0 1 | 2 3 4 |5 6| 7|8 |9 |AlB|c|D]E]CF
0000 [0 SBA | BRA | TsX NEG suB 0
0001 1 NOP CBA | BRN INS CMP 1
o010 | 2 BHI [PULA (+1) . SBC 2
0011 3 BLS {PULB (+1) COM * : SUBD (+2) [ * . ADDD {+2) 3
0100 | 4 [ LSRD (1) BCC | DES LSR AND 4
0101 5 ASLD (+1) BCS TXS BIT 5
o110 [ 6 TAP_ | TAB | BNE | PSHA ROR LDA 6
0111 7 TPA TBA | BEQ PSHB ASR STA VI 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 B
1100 [ CLC BGE |PSHX (+1) INC » 1 CPX(+2) « | LDD(+1) C
1701 | D SEC BLT | MUL (+7) TST Pnl  JsR(+2)  rt+1)  sTO@N | D
1110 E cLl BGT | WAI (+6) »* ﬂ IJMP(-3) | * LDS (+1) * | LDX(+1) E
1| F SEI BLE | SWI (+9) CLR s+f))  sTS(+1) r+f)]  sTX(+ | F
BYTE/CYCLE 172 12 23 | 13 |12z 2] 36| 22 23] 24 [3a ] 22| 23] 214 ] 34

[NOTES] 1) Undefined Op codes are marked with _—— 1.
} indicate that the number in parenthesis must be added to the cycle count for that instruction,

3) The instructions shown below are all 3 bytes and are marked with ***".
:glmediatéa;!dressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes
F, CD, CF).

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

2) (
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|ITMP—»II
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PC, X, A, B,CC

Vector = PC

RESET|FFFE: FFFH

EXECUTE

WAI

Condition Code Register
Olrde]rIn]z]v]c]

ITMP

Figure 24 Interrupt Flowchart

1= ITMP
11

Vector — PC
NMI | FFFC FFFD
|_swi_[ FFFA FFFB
IRQ, | FFF8 FFF9
{CF FFF6 FFF7
OCF | FFFAFFF5
TOF | FFF2 FFF3
SCiI FFFO FFF1

®

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

Non-Maskable Interrupt

Software Interrupt

Maskable Interrupt Request 1

Input Capture interrupt

QOutput Compare Interrupt

Timer Overflow Interrupt

SCI Interrupt {TDRE + RDRF + ORFE)
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HD6801S0O., HD6801S5

Vee Vee
E_ Enable r p——>> Enable
[ —] PE— | | be———— M1
f=—— 1RQ, fes——— TRQ,
Ve Stendby ———>»1 porta  Vec Standby ———3
RES T i::nsler AEs
Port 1 HD6801S HD6801S Port 1
81/0 ” 81/0 Lines
Lines
Port 4
Port 4 Port 2 Port 2
81/0 Lines 51/0 Lines 5 1/0 Lines 81/0 Lines
SCH sci 4
16 Bit Timer 16 Bit Timer
Vss Vss

Figure 26 HD6801S MCU Single-Chip Dual Processor Configuration

L] HD6801S Enable :r— HD6801S Enable
=< Mcu = | Mcu
Address
8 Strobe |, g
1 Latch <o
16 8

Random

Access ROM
Memory
Peripheral

Interface RAM
Adapter

(PSeneral oa
urpose
>1  Interface
Adapter

Address Data
Bus Bus GPIA
Figure 26 HD6801S MCU Expanded Non-Multiplexed Mode
PTM
Address Bus Data Bus

- Figure 27 HD6801S MCU Expanded Multiplexed Mode
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HD6801V0, HD6801V5
M CU (Microcomputer Unit) — PRELIMINARY

The HD6801V MCU is an 8-bit microcomputer system which
is compatible with the HD6801S except the ROM size. The HD6801VOP
HD6801V MCU is object code compatible with the HD6800 HD6801V5P
with improved execution times of key instructions plus several
new 16-bit and 8-bit instructions including an 8x8 unsigned
multiply with 16-bit result. The HD6801V MCU can operate as
a single chip microcomputer or be expanded to 65k words. The
HD6801V MCU is TTL compatible and requires one +5.0 volt
power supply. The HD6801V MCU has 4k bytes of ROM and
128 bytes of RAM on chip. Serial Communications interface
(SCY), and parallel I/O as well as a three function 16-bit timer.
Features and Block diagram of the HD6801V include the
following:

(DP-40)

= FEATURES
® Expanded HMCS6800 Instruction Set = PIN ARRANGEMENT
® 8 x 8 Multiply
® On-Chip Serial Communications Interface (SCI) v
e Object Code Compatible With The HD6800 MPU AL w
® 16-Bit Timer EXTAL g sc‘,
® Single Chip Or Expandable To 65k Words i (4] Pl
® 4k Bytes Of ROM 'aR%' = P
® 128 Bytes Of RAM (64 Bytes Retainable On Power Vee :"
Down) Ps0 [B] E3 P,
® 29 Parallel 1/0 Lines And 2 Handshake Control Lines Pu Pas
® internal Clock/Divided-By-Four Circuitry :“ HD6801V :"’
® TTL Compatible Inputs And Outputs Poe ,,:
® Interrupt Capability Pio g Pu
® Compatible with MC6801 (except ROM size) :" 27 :“
» BLOCK DIAGRAM o =N
m Py Pu
555 B P =
6a Frm2 P Y Ve standoy
L ] moe] :
(Top View)
cPu
Pag +— P20
= _ L] PE
P~ O X Pozn :;, TY OF PRODUCTS
;;::: Port | P23
B3 ) iRQ, | Pa MCU Bus Timing
B
gcf: Timer |~ HD6801V0 1 MHz
g‘ T HD6801V5 1.25 MHz
SCt
Pio o Pio
";:;:: b—.su
:ﬁ: Port Port oL p13
P:s: 4 1 -————.P:;
Pys as] +___.P,‘$

V¢ Standby
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HD6801V0, HD6801V6

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee * -0.3~+7.0
Input Voltage Vin * -0.3~+7.0
Operating Temperature Topr 0 ~+70
-Storage Temperature Tag - 55 ~+150

*  With respect to Vgg (SYSTEM GND) .
[NOTE] Permanent LS| damage may occur if maximum ratings are exceeded. Normal operation shouid be under recommended operating
conditions. If these conditions are exceeded, it could affect reliability of LS).

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

Item Symbol | Test Condition min typ max Unit
Input “High” Voltage RES V, 4.0 — Vee \Y
Other Inputs® tH 2.0 - Vee
Input “Low"” Voltage All Inputs® ViL -0.3 - 0.8 \Y
Pao ~ P4q - _ 05
Input Load Current SCy [inl Vin =0~24V - — 0.8 mA
EXTAL Vin =0~ VCC - - 0.8
Input Leakage Current | NMI, TRQ, , RES Minl Vin =0~ 525V - ~ 25 A
Three State (Offset Pyo ~ P, P3g~ P. ) - = 10
Leakage Curf’ent ) P:g ~ Pz E— Ilrsi Vin =05~ 24V — — 100 HA
P3o ~ Py lLoap = ~205 HA 2.4 = -
Output ““High” Voltage (P4 ~ P4y, E, SC;, SC, Vou |lioap =-145pA 2.4 - - Y
Other Outputs lLoap = -100 A 2.4 - -
Output “Low’’ Voltage | All Outputs Vou lLoap = 1.6 mA - - 0.5 \%
Darlington Drive Current | Pyo ~ P4 ~lon | Vour=15V 1.0 - 10.0 mA
Power Dissipation Pp - - 1200 | mw
. Pso ~ P37, Pag ~ P47, SC; Vin =0V, Ta=25°C, | — - 12.5
Input Capacitance Other Inputs Cin | ¢o1.0MHz _ — 100 | °F
Vee Standby Powerd‘own Vses 4.0 - 5.26 v
Operating Vss 4,75 - 5.25
Standby Current Powerdown lseg | Vsee 4.0V — — 8.0 mA

*Except Mode Programming Levels.
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HD6801V0, HD6801V5

® AC CHARACTERISTICS
BUS TIMING (Vcc = 5.0Vt5%, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.)

item Symbol | Test Condition — HDE801v0 - HD6BO1V5 Unit
min_| typ max | min typ max
Cycle Time teye 1 — 10 | 0.8 - 10 us
Address Strobe Pulse Width 