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MEDICAL APPLICATIONS

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

When using this manual, the reader should keep the following in mind:
1. This manual may, wholly or partially, be subject to change without notice.

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

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

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

5. Circuitry and other examples described herein are meant merely to indi-
cate characteristics and performance of Hitachi semiconduétor—applied
products. Hitachi assumes no responsibility for any patent infringements
or other problems resulting from applications based on the examples
described herein.

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

= NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6801 SERIES

Tvpe No HD6801S0 HD6801V0 HD6803
ype No. HD6801S5 HDB801V5 HD6803-1
Bus Timing (MHz) 1.0/1.25 1.0/1.25 1.0/1.25
LSI Supply Voltage (V) 5.0 5.0 5.0
Characteristics Operating Temperature * (°C) 0~ +70 0 ~+70 0~ +70
Package DP-40 DP-40 DP-40
Memory ROM (k byte) 2 4 -
RAM (byte) 128 128 128
1/0 Port 29 29 13
External 2 2 2
Interrupt Soft ! ! !
Timer 3 3 3
Functions Serial 1 1 1
® Free running counter 16-bit x 1
Timer e Qutput compare register  16-bit x 1
® [nput capture register 16-bit x 1
SCI Full double step-stop type

External Memory Expansion

* Address/data non-multiple mode

(256 bytes)

e Address/data multiple mode

* Address/data
multiple mode
(65k bytes)

(65k bytes)
Clock Pulse Generator Built-in (External clock useable)
Built-in RAM Holding Yes (64 bytes)
e HD68PO1V07 HD68P01V0O7
EPROM on the Package Type HD68POTVO7-1 | HDEBPOTVOT-1 -
- MC6801 MC6803
Compatibility MC6801-1 - MC6803-1
Reference Page 43 77 111
* Wide Temperature Range (-40 ~ +85°C) version is available.
** HD68PO1MO and HD68BPO1MO-1 are useable.
@ HITACHI
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QUICK REFERENCE GUIDE

8 NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6805 SERIES

Type No. HD6805S1 HD6805S6 HD6805U1
Clock Frequency (MHz) 1.0 1.0 1.0
Lsl Supply Voltage (V) 6.25 5.25 5.25
Characteristics Operating Temperature** (°C) 0~ +70 0~ +70 0~ +70
Package DP-28 DP-28 DP-40
M ROM (k byte) 1.1 1.8 2
emory RAM (byte) 64 64 96
1/0 Port 20 20 24
1/0 Port 20 20 32
Input Port — - 8
Nesting 6 6 6
External 1 1 1
Interrupt
Soft 1 1 1
Timer 1 1 1
Functions Timer ® 8-bit timer with 7-bit prescaler
® Event counter
® Resistor
Clock Pulse Generator ® Crystal
Low-voltage Automatic Reset (LV1) Yes Yes Yes
Self-check Mode Available Available Available
Other Features
EPROM on the Package Type - - HD68POSVO7
Compatibility MC6805P2 MC6805P6 -
Reference Page 138 158 209
* Preliminary
** Wide Temperature Range (-40 ~ +85°C) version is available.
8 @ HITACHI
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HD6805V 1 HD6805T2* HD6805W1
1.0 1.0 1.0
5.25 5.256 5.25
0~ +70 0~ +70 0~ +70
bP-40 DP-28 DP-40
4 2.5 4
96 64 96
24 19 23
32
P 19 — 29 5
6 6 12
1 1 2
1 1 1
1 1 4
® 8-bit timer
with 7-bit
prescaler
® Event counter
® 8-bit
comparator
® Crystal
Yes Yes Yes
Available Available Available
PLL logic ® 8-bit x
for RF l}-channel
. internal
synthesizer A/D converter
® 8 bytes of
standby RAM
HD68PO5V0O7 — HD68POSWO
— MC6805T2 -
230 178 251
G HITACHI
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QUICK REFERENCE GUIDE

= CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6301 SERIES

Type No.

HD6301V1
HD63A01V1
HD63B01V1

HD6301X0
HD63A01X0
HD63801X0

Bus Timing (MHz)

1.0 (HD6301V1)
1.5 (HD63A01V1)
2.0 (HD63BO1V 1)

1.0 (HD6301X0)
1.5 (HD63A01X0)
2.0 (HD63B01X0)

LS!
Characteristics Supply Voltage (V) 5.0 5.0
Operating Temperature ***(°C) 0~ +70 0~+70
Package DP-40, FP-54, CG-40 DP-64S, FP-80
Memory ROM (k byte} 4 4
RAM (byte) 128 192
1/O Port 29 24
1/0 Port Input Port 29 - 53 8
Output Port - 21
External 2 3
Interrupt Soft 2 2
Timer 3 4
Functions Serial 1 1
16-bit x 1 16-bit x 1
Free running counter x 1 Free running counter x 1
Qutput compare register x 1 Output compare register x2
Timer Input capture register x 1 Input capture register x1
8-bit x 1
(B-bit up counter x 1 )
Time constant register x 1
SCI Asynchronous Asynchronous/Synchronous
External Memory Expansion 65k bytes 65k bytes

Other Features

oError detection
eLow power consumption
modes (sleep and standby)

oError detection

eL.ow power consumption
modes (sleep and standby)

*Slow memory interface

eHalt

HD63P0O1M1

HD63PAOIM1T™ HD63701X0t*
EPROM on the Package Type HD63PBOIM1* HDB37A01X01*
(EPROM On-Chip Type) HD63701V0**"* HD637B01X01*

HD637A01VOT""

HD637BO1VOT" "
Reference Page 279 319

* Preliminary  ** Under d
1EPROM on-chip type
10

°** Wide T

Range (-40 ~ +86°C) version is available.

G HITACHI
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QUICK REFERENCE GUIDE

HD6301Y0 HD6303R HD6303X HD6303Y
HD63A01Y0 HD63A03R HD63A03X HD63A03Y
HD63B01Y0 HD63BO3R HD63B03X HD63BO3Y

1.0 (HD6301Y0) 1.0 (HD6303R) 1.0 (HD6303X) 1.0 (HD6303Y)

1.5 (HD63A01Y0)
2.0 (HD63B01Y0)

1.5 (HD63A03R)
2.0 (HD63BO3R)

1.5 (HD63A03X)
2.0 (HD63B03X)

1.5 (HD63A03Y)
2.0 (HD63BO3Y)

5.0 5.0 5.0 5.0
0~+70 0~ +70 0~ +70 0~+70
DP-64S DP-40, FP-54, CG-40 DP-64S, FP-80 DP-64S

16 - - -

256 128 192 256

48 13 16 24
53 - 13 - 24 8 24 -
5 — —_ —

3 2 3 3

2 2 2 2

4 3 4 4

1 1 1 1
16-bit x 1 16-bit x 1 16-bit x 1 16-bit x 1

Free running counter x1
Output compare register x 2
I nput capture register x 1

|

Free running counter x 1
Output compare register x 1
Input capture register x 1

(

)

Free running counter x1
Output compare register x 2
Input capture register x 1
8-bit x 1
( 8-bit up counter x 1 )
Time constant register x 1,

)

Free running counter x 1

(Output compare register x 2

(

Input capture register x 1
8-bit x 1

8-bit up counter x 1

Time constant register x 1

)

|

8-bit x 1
Asynchronous/Synchronous

Asynchronous

Asynchronous/Synchronous

Asynchronous/Synchronous

(Sbit up counter x 1
65k bytes

65k bytes

65k bytes

65k bytes

Time constant register x 1

eError detection

e ow power consumption
modes (sleep and standby)

oSlow memory interface
eHait

eError detection
oL ow power consumption
modes (sleep and standby)

eError detection

e ow power consumption
modes (sleep and standby)

eSlow memory interface

oHait

oError detection

eLow power consumption
modes (sleep and standby)

eSlow memory interface

eHalt

358

406

440

G HITACHI
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QUICK REFERENCE GUIDE

s« CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6305 SERIES

HD6305U0" HD6305V0* HD6305X0
Type No. HD63A05U0" HD63A05V0* HD63A05X0
HD63B0O5U0* HD63BO5VO" HD63B05X0
1.0 (HD6305U0) 1.0 (HD6305V0) 1.0 (HD6305X0)
Clock Frequency (MHz) 1.5 (HD63A05U0) | 1.5 (HD63A05V0) | 1.5 (HD63A05X0)
LS| 2.0 (HD63B0O5UC) | 2.0 (HD63BO5VO) |2.0 (HDE3BO5X0)
Characteristics Supply Voltage (V) 5.0 5.0 5.0
Operating Temperature *** (°C) 0~+70 0~ +70 0~ +70
Package DP-40 DP-40 DP-64S, FP-64
Memory ROM (k byte) 2 4 4
RAM (byte) 128 192 128
1/0 Port 31 31 32
1/0 Port Input Port 31 - 3 - 56 7
Output Port - - 16
External 2 2 2
Interrupt Soft ! 1 1
Timer 2 2 2
Serial 1 1 1
Functions
Timer
SCI
External Memory Expansion - T - -
Other Features
EPROM on the Package Type :ggg;g%\g?/};. . HD63P05Y0
(EPROM On-Chip Type) . HD63PA0O5Y0
HD637805V0*T HD63PBO5Y0
Evaluation Chip - - -
Reference Page 520 546 572

* Preliminary ** Under development *** Wide Temperature Range {-40 ~ +85 °C) version is available.

TEPROM on-chip type

GO HITACHI
Hitachi America Ltd. ¢ 2210 O’Toole Ave. * San Jose, CA 95131 e (408) 435-8300




QUICK REFERENCE GUIDE

HD6305X1 HD6305X2 HD6305Y0 HDB6305Y1 HD6305Y2
HDB3A05X1 HD63A05X2 HD63A05Y0 HDB63A05Y1 HD63A05Y2 HD63LOSF1
HD63B05X1 HD63B05X2 HD63B05Y0 HD63B05Y 1 HD63B05Y2
1.0 (HD6305X 1) 1.0 (HD6305X2) 1.0 (HD6305Y0) 1.0 (HD6305Y 1) 1.0 (HD6305Y2)
1.6 (HD63A05X1) | 1.5 (HD63A05X2) | 1.5 (HD63A05Y0) |1.5(HD63A0SY1) | 1.5 (HD63A05Y2) 0.1
2.0 (HD63B05X1) (2.0 (HD63BO5X2) |2.0 (HD63BOSYD) | 2.0 (HD63BO5Y1) |2.0 (HD63BO5Y2)
5.0 5.0 5.0 5.0 5.0 3.0
0~ +70 0~ +70 0~+70 0~ +70 0~ +70 -20~+75
DP-64S, FP-64 DP-64S, FP-64 DP-64S, FP-64 DP-64S, FP-64 DP-64S, FP-64 DP-64S, FP-80
4 - 8 8 — 4
128 128 256 256 256 96
24 24 32 24 24 20
31 7 31 7 55 7 31 7 31 7 20 -
- - 16 - - (19)
2 2 2 2 2 1
1 1 1 1 1 1
2 2 2 2 2 1
1 1 1 1 1 -
® 8-bit x 1 (with 7-bit prescaler) *8-bit x 1 (with
® 15-bit x 1 {combined with SCI} 7-bit prescaler)
Synchronous —-
T 12k bytes l 16k bytes I - 8 k bytes 16k bytes -
e Low power consumption modes 8-bit A/D converter
{Wait, stop and standby) e LCD driver
(6 x 7 segment)
e Low power con-
sumption modes
(Standby and halt)
HD63P0O5Y 1* HD63P0O5Y0 HD63P05Y 1"
HD63PAOSY1* - HD63PAO5Y0 HD63PAO5Y 1" - -
HD63PBO5SY 1* HD63PBO5YO HD63PBO5Y1*
- = - - _ HD63LO5EOD
599 599 628 655 655 684
@ HITACHI 13
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QUICK REFERENCE GUIDE

s NMOS 8-BIT SINGLE-CHIP MICROCOMPUTER EPROM ON THE PACKAGE TYPE

Type No. HD68PO1V07 [HDBBPO1VO7-1 | HDEBPOTMO [HDEBPOTMO-1 | HDBBPOSVO? |  HDEBPOSMO
Ls! Supply Voltage (V) 5.0 5.0
Characteristics | Operating Temperature (°C) 0~+70 0~ +70
Package DC-40P DC-40pP
i i HD6801S0 1HD6801S5 _ _ HD6805U1 -
Equivalent Device HD6801V0 HD6801VS HD6805V1
Mount-~ble EPROM HN482732A-30| HN482732A.30 | HN482764-3 | HN482764.3 [HN482732A-30] HN482764-3
Reference Page 717 717 717 717 756 756

= CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER EPROM ON THE PACKAGE TYPE

Type No. HDG3PO1M1_|HD63PAOTM1*[HDE3PBOIM1* [ HDE3POSY0 |[HDE3PAOS5YO [HDE3PBOSYO
LS Supply Voltage (V) 5.0 5.0
Characteristics |Operating Temperature (°C) 0~ +70 0~ +70
Package DC-40pP DC-84SP
. . HD6305X0 HD63A05 X0 HD63B05X0
Equivalent Device HDE6301V1 HD63A01V1 HD63801V 1 HD6305Y0 HDB3A05Y0 HD63B05Y0
HN482732A-30 HN482732A-30 HN482732A-25 HN482732A-30 HN4B2732A-30 HN482732A.25
Mountable EPROM HMN482764-3 HN4B2764-3 HN4B2764 HN482764.3 HN482764 -3 HN482764
HN27C64.30 HN27C64-30 HN27C64.25 HN27C64-30 HN27C64.30 HN27C64.25
Reference Page 807 807 807 847 847 847
® CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER EPROM ON-CHIP TYPE
Type No. HD63701V0 ** HD63701X0 * HD63705v0**
LS Clock Frequency (MHz) 1.0,15,20 1.0,1.5,20 1.0,15,20
Characteristics |_SuPPlY Voltage (V) 5.0 5.0 5.0
DC-40 DC-64S DC-40
Package DP-64S
4
Memory EPROM {(k byte) 4 4
RAM (byte) 192 192 192
4 3
1/0 Port 1/0 Port 29 2
Input Port 29 - 53 8 31 -
Output Port - 21 -
External 2 3 2
Functions tnterrupt Soft 2 2 !
Timer 3 4 2
Serial 1 1 1
Y™
Times 16 bitx1 g 8 bit x 1
- UART Synchronous
Serial I/0 UART synchronous
E:;ear’:\sai:)':lemory Possible {65k byte) Possible (65k byte) -
o Error detection o Error detection * Low power consump-
e Low power consump- |  Low power consump- tion modes
Others tion modes (Sleep and tion modes (Sleep and {Wait, Stop and Stand-
Standby) Standby) by)
* Slow memory inter-
face
27C256, 27256 2732A 27C256, 27256
(Vpp = 12.5V) (Vpp = 21V) (Vpp = 12.5V)
Equivalent EPROM Type High Performance Pro- High Performance Pro-
gramming algorithm gramming algorithm
EPROM available available
Programming HE7PWAOIA H35VSAQ0A
Socket Hitachi {under develapment) HE7PWA018 H35VSA008
Adapter HD63701X0 HD63705V
Data I/0 - (for 29A/298} (for 29A/298)
Reference Page 904 904 904
* Preliminary ** Under development
14 @ HITACHI
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HDE8POSWO
5.0
0~ +70
DC-40P
HDB805W1

HN482732A-30
HN482764-3

778

HDB3PO5Y1* [H D63PAOSY1* |HD63PBO5Y1*

5.0
0~ +70
DC-64SP
HD6305X1 | HD63A05X1 [ HD63BO5X1
HD6305Y1 | HD63A05Y1 | HD6E3BOSY1
HN482732A-30| HN482732A-30 | HN482732A-25
HN482764-3 |HN482764-3 |HN482764
HN27C64-30  |HN27C64-30  [HN27C64-25
874 874 874
*Preliminary
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INTRODUCTION OF PACKAGES

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

1. Package Classification

When selecting suitable packaging, please refer to the
Package Classifications given in Fig. 1for pin insertion, surface
mount, and multi-function types, in plastic and ceramic.

Standard Qutline

Pin Insertion Type

}——q Ceramic DIP

|

Shrink Outline

S-DIP Shrink Type Piastic DIP“I
PGA Shrink Type Ceramic DI1

Package Classification ',__

Flat Package

FLAT- DIP]-———L SOP (Plastic)

-

Surface Mounting Type|

F'—QS]P l.——.[ FPP (Plastic)

|

el ol

Chip Carrier

PLCC {Plastic)

|

(Glass Sealed Ceramic} 1

. f EPROM on the
L_l Multi-function Type H Package Type j

DIP; DUAL IN LINE PACKAGE

S-DIP; SHRINK DUAL IN LINE PACKAGE
PGA:PIN GRID ARRAY

FLAT-DIP; FLAT DUAL IN LINE PACKAGE
FLAT-QUIP; FLAT QUAD IN LINE PACKAGE
CC: CHIP CARRIER

SOP;SMALL OUTLINE PACKAGE

FPP; FLAT PLASTIC PACKAGE
PLCC;PLASTIC LEADED CHIP CARRIER
LCC ; LEADLESS CHIP CARRIER

Fig. 1 Package Classification according to Material and Printed Circuit Board Mounting Type

G HITACHI
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INTRODUCTION OF PACKAGES

2. Type No. and Package Code Indication tified by code as follows, illustrated in the data sheet of each
Type No. of Hitachi single-chip microcomputer device is device,

followed by package material and outline specifications, as When ordering, please write the package code beside the type
shown below. The package type used for each device is iden- number.

[Type No. Indicatiil

HDXXXXE

Package Classification
C : Ceramic DIP

(Note) The type No. of EPROM on the package type and P Plastic DIP
EPROM on-chip type microcomputers is described F ; FPP
as follows. CG; LCC

EPROM on the package type : HDXXPXXXX
EPROM on-chip type 1 HDXXZXXXXC
L Package Code Indication ‘

1‘— T }_ T
Outline Materials Number of Additional Outline
D ;DIP P ;Plastic Pins S; Shrink type

C;CC G ;Glass sealed P; EPROM on the package type
F ;FLAT ceramic

C ;Ceramic

|O)

G HITACHI
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INTRODUCTION OF PACKAGES

3. Package Dimensional Outline ages shown in Table 1 according to the mounting method on
Hitachi single-chip microcomputer device employs the pack- the PCB.

Table 1 Package List

Mounting method Package classification Package material Package code
Plastic DP-28
Standard outline (DIP) DP-40
Pin insertion type Ceramic DC-40
Plastic DP-64S
Shrink outline (S-DIP)
Ceramic DC-64S
FP-54
Surf . Flat package (FPP) Plastic iggg
ace mounting type
urfac unting typs £P100
Chip carrier {LCC) Glass sealed ceramic CG-40
Muiti-tunction type EPROM on the package type Ceramic DD((;:;;OSF;:

e DP-28

254:025 « -~ 0482010

134
15 24

|

0 51min~r

5 Bmax =
2 54min

0~ 020~038

(Unit: mm)

® DP.40

3

2

8

2
048:0 10

531
AAAAAAAAANAAAAAAA

\AAAAAAAAAAAR

2

M

134 0 61mn
574

b— < 2 S4min
5 08max
02
%o 38 o -\
- (Unit: mm)
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INTRODUCTION OF PACKAGES

Ceramic DIP

® DC-40

5026

0.20~0.36

(Unit: mm)
Shrink Type Plastic DIP—I
® DP-64S |
L= P>
1 do0 | >s¢
< >
4 | =
Ee P 1
< -
L= =
< P>
p: E 8
< B> <
g ) P o
< P~
< P -
b E 3
s B 2
< e
Le =
b= B
<] B>
: 0 B
< B 2
e = :
E = o ES i
s B :’#: L
32 33 F k
}
pr——17.0 ——=! -t 51mit
1 5. max 2.54min
E4 19.06
°
7
&
s
! H 0““‘;
(Unit: mm)
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INTRODUCTION OF PACKAGES

Shrink Type Ceramic DIP j

® DC-64S

oo

0.20~0.36

{Unit: mm}
® FP-54
e T
2 ¥ K
*° o 32
M
{Unit: mm)
G HITACHI ”n
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INTRODUCTION OF PACKAGES

® FPg4
IR
b m.‘n
= =
J | = =
il = =
) | = =
= i
= =
inl=‘> Fo—1s
T
Foseon
{Unit: mm)
® FP-80
- o
H
L
e
(Unit: mm)
® FP-100
| _!
: 5l
t
{Unit: mm)
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INTRODUCTION OF PACKAGES

Leadless Chip Carrier

® CG-40

12.19

12.18

{Unit: mm)
EPROM on the Package Type
e DC-40P
Fa:-——l—;—
b= f': 2
4@ o) 0= i
& i 25
' e
i@y ==
=
@ =
@ g B ===
k=
©] i I -
() i
=
A=
o) is o S
@ A= 3
Ch——t
==
" 50 -r——-{-—zum
020 ouﬁ% e ;,
(Unit: mm)
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INTRODUCTION OF PACKAGES

® DC-64SP

!
|
|

17038

RREPRORRERIRRT

YTV VVTTRVV DT VTV RT TV VT Y

IJLI

EBE0L0EOYnDT

i

-+ apoeuaopoanos

_Hee

cw0m

3

5=

osima

(Unit: mm})

4. Mounting Method

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

4.1 Mounting Methods of Pin Insertion Type Package
Insert lead pins into the PCB through-holes (usually about
#0.8mm). Soak leads in a wave solder tub.

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

4.2 Mounting Method of Surface Mount Type Package

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

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

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

24

(1) The temperature of the leads should be kept at 260°C
for 10 minutes or less.

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

(3) Below is shown the temperature profile when soldering a
package by the reflowing method.

10 sec max

235°C max
140 ~ 160°C \

1~ 4°C/sec

Temperature —»

1~ 5°C/sec

Time———

Fig. 2 Reflowing Furnace Adjustment
for FPP

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

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

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

@ HITACHI
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5. Package Marking

The Hitachi trademark and product type No. are printed on
packages, as shown in the following examples. Customer
marking can be added to single-chip devices upon request.

(a) (b)

*HDB8OIS 0P
o AOQD «0APBN

GO HITACHI

INTRODUCTION OF PACKAGES

Meaning of each mark

(a)

Hitachi Trademark

(b)

Lot Code

(c)

Type No.

(d)

ROM Code

(e)

Japan Mark

25
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1. VIEWS ON QUALITY AND RELIABILITY

Basic views on quality at Hitachi are to meet the

individual uers’ required quality level and maintain a

general quality level equal to or above that of the

general market. The quality required by the user may

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

case, efforts are made to assure reliable performance

in actual operating circumstances. Quality control

during the manufacturing process, and quality aware-

ness from design through production lead to product

quality and customer satisfaction. Our quality assur-

ance technique consists basically of the following

steps:

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

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

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

(4) Enhance quality leveis through field data feed
back.

(5) Cooperate with research laboratories for higher
quality and reliabilit/yA

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

2. RELIABILITY DESIGN OF
SEMICONDUCTOR DEVICES

2.1 Reliability Targets

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

(1) End use of semiconductor device.

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

(4) End user manufacturing techniques.

(5) Quality control and screening test methods.

(6) Reliability target of system.

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

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

(2

-

Device Design

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

(3

-~

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

The objectives of Functional Test are:

@ Determining the fundamental failure mode.

@ Analysis of relation between failure mode and
manufacturing process.

® Analysis of failure mechanism.

@ Establishment of QC points in manufacturing
process.

2.3 Design Review

Design Review is an organized method to confirm that

a design satisfies the performance required and

meets design specifications. In addition, design review

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

Items discussed and considered at design review are:

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

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

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

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

(5) Preparation for production.

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

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

3. QUALITY ASSURANCE SYSTEM

3.1 Activity of Quality Assurance

General views of overall quality assurance in Hitachi

are as follows:

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

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

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

QUALITY ASSURANCE

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

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

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

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

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

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

3.3 Quality and Reliability Control at Mass
Production

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

Step Contents Purpose
Target J] Design Review
Specification
Design t n Characteristics of Material and Confirmation of
Trial - Materials, Parts Parts Characteristics and
Production Approval Appearance Reliability of Materials
Dimension and Parts
Heat Resistance
Mechanical -
Electrical
Others
.
(Characteristics Approval Electrical Confirmation of Target
Characteristics Spec. Mainly about
Function Electrical Characteristics
Voltage
Current
Temperature
Others

Appearance, Dimension

[Quality Approval (1)~ = Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress

Others

Confirmation of Quality
and Reliability in Design

Aonroval (91 |

Quality Approval (2} = Confirmation of Quality

and Reliability in Mass

Reliability Test
Process Check same as

. Quality Approval (1) Production
Mass .
Production Figure 1 Flow Chart of Quality Approval
@ HITACHI 27
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Process

Material.
Parts

Inspection of
Material and Parts

Material, Parts

Quality Control

Inspection on Material and
Parts for Semiconductor
Devices

Method

Lot Sampling,
Confirmation of
Quality Level

Manufacturing Equipment,
Environment, Sub-material,
Worker Control

Confirmation of
Quality Level

Inner Process
Quality Control

Lot Sampling,
Confirmation of
Quality Level

Products

Products
Inspection

Receiving

-9
1 ] J
| Manufacturing :—— -
|
! 1
! I
| |
: Screening r==-
1 |
] |
|
! |
————— | 100% Inspection | IS
1 |
| RN (-

100% Inspection on
Appearance and Electrical
Characteristics

Testing,
Inspection

Sampling Inspection on
Appearance and Electrical
Characteristics

Lot Sampling

Reliability Test

Confirmation of
Quality Level, Lot
Sampling

[ o |

Quality Information 1
Claim '
Field Experience [E—
General Quality :
Information '
_________________ )

Feedback of
Information

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

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

The other activities of quality assurance are as
follows:

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

(3) Chemical analysis and test.

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

Table 1 Quality Control Check Points of Material and Parts

(Example)
Material, Important .
Parts Cont’:ol Items Point for Check
Appearance Damage and Contamina-
tion on Surface
Dimension Flatness
Wafer Sheet Resistance | Resistance
Defect Density Defect Numbers
Crystal Axis
Appearance Defect Numbers, Scratch
M Dimension Dimension Level
ask Resi .
esistoration
Gradation Uniformity of Gradation
Fine Appearance Contamination, Scratch,
Wire for . ) Bend, Twist
Wire Dlmens|on .
. Purit Purity Level
Bonding Y . Y L
Elongation Ratio | Mechanical Strength
Ap C ination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
App Cor ination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderabiiity
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
Characteristics
. Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics

G HITACHI

3.3.2 Inner Process Quality Control

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

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

Products

Potential failure factors of semiconductor devices

are removed in the manufacturing process. To

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

cess and products which have potential failure

factors are not moved to the next process step.

Manufacturing lines are rigidly selected and tight

inner process quality controls are executed—rigid

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

tion to remove failure factors caused by manufac-

turing variables and high temperature aging and

temperature cycling. Elements of inner process

quality control are as follows:

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

® Suggestion system for improvement of work.

® Education of workers.

® Maintenance and improvement of yield.

® Determining quality problems, and implement-
ing countermeasures.

® Transfer of quality information.

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

(3

Quality Control of Manufacturing Circumstances
and Sub-Materials

The quality and reliability of semiconductor devices
are highly affected by the manufacturing process.
Therefore, controls of manufacturing circum-
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QUALITY ASSURANCE

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

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

Process

Y Purchase of Material

—Wafer —1

> Surface Oxidation

Inspection on Surface
Oxidation
Photo Resist

Wafer

Oxidation

Photo
Resist
Inspection on Photo Resist
¢ PQC Level Check
Diffusion Diffusion
Inspection on Diffusion
¢ PQC Level Check

Evapora-
tion

Evaporation

Inspection on Evaporation
¢ PQC Level Check

Wafer Inspection Wafer

Inspection on Chip
Electrical Characteristics
Chip Scribe
Inspection on Chip
Appearance

¢ PQC Lot Judgement

Chip

rFrame

Assembling Assembling

¢ PQC Level Chack

inspection after
Assembling
© PQC Lot Judgement

~— Package

Sealing Sealing

¢ PQC Level Check
Final Electrical Inspection
¢ Failure Analysis

Marking

Appearance Inspection

Sampling Inspection on
Products

Receiving

Shipment

Figure 3 Example of Inner Process Quality Control
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attention to buildings, facilities, air conditioning
systems, delivered materials, clothes, work envir-
onment, and periodic inspection of floating dust

concentration.

3.3.3 Final Product Inspection and Reliability

Assurance

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

Control Point

Characteristics, Appearance

Appearance, Thickness of
Oxide Film

Dimension, Appearance

Diffusion Depth, Sheet
Resistance
Gate Width

Characteristics of Oxide Film
Breakcown Voltage

Thickness of Vapor Film,
Scratch, Contamination

Thickness, VTH Characteris-
tics
Electrical Characteristics

Appearance of Chip

Appearance after Chip
Bonding

Appearance after Wire
Bonding

Pull Strength, Compression
Width, Shear Strength
Appearance after Assembling

Appearance after Sealing
Outline, Dimension

Marking Strength

Analysis of Failures, Failure
Mode, Mechanism

@ HITACHI

Purpose of Control

Scratch, Removal of Crystal
Defect Wafer

Assurance of Resistance
Pinhole, Scratch

Dimension Level
Check of Photo Resist
Diffusion Status

Control of Basic Parameters
(VTH, etc.) Cleanness of surface,
Prior Check of V|4

Breakdown Voltage Check
Assurance of Standard

Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip
Bonding

Quality Check of Wire
Bonding

Prevention of Open and
Short

Guarantee of Appearance
and Dimension

Feedback of Analysis Infor-
mation
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department for products which were judged good quality factors. Lot inspection is executed based
in 100% test . . . the final process in manufac- on MIL-STD-105D.

turing. Though 100% vield is expected, sampling (2) Reliability Assurance Tests

inspection is executed to prevent mixture of bad To assure the reliability of semiconductor devices,
product by mistake. The inspection is executed not reliability tests and tests on individual manufac-
only to confirm that the products have met the turing lots that are required by the user, are peri-
users’ requirements but also to consider potential odically performed.

Customer
Claim

(Failures, Information)

Sales Dept.
Sales Engineering Dept.

Failure Analysis
Quality Assurance Dept.

l
! !

Sales Engineering Dept.

Reply

Customer

Figure 4 Process Flow Chart of Field Failure
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Hitachi America Ltd. ¢ 2210 O’Toole Ave. ¢ San Jose, CA 95131 e (408) 435-8300

QUALITY ASSURANCE

Countermeasure
Manufacturing Dept. Design Dept. Execution of
Countermeasure
Report
Quality Assurance Dept. Follow-up and Confirmation
of Countermeasure Execution
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RELIABILITY TEST DATA

1. INTRODUCTION

Microcomputers provide high reliability and quality to meet
the demands of increased functions, enlarging scale, and wid-
ening application. Hitachi has improved the quality level of
microcomputer products by evaluating reliability, building
quality into the manufacturing process, strengthening inspection
techniques, and analyzing field data.

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

2. PACKAGE AND CHIP STRUCTURE
2.1 Packaging

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

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

{1) Plastic DIP

(2} Plastic Flat Package

Bonding wire

Chip

Plastic

Chip

Bonding wire Plastic

Figure 1

Package Structure

Table 1 Package Material and Properties

Item Plastic DIP Plastic Flat Package
Package Epoxy Epoxy
Lead Solder dipping Alloy 420r Cu| Solder plating Alloy 42
Die bond Au-Si or Ag paste Au-Si or Ag paste
Wire bond Thermo compression Thermo compression
Wire Au Au
32
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2.2 Chip Structure

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

Si-Gate N-channel E/D

Si-Gate CMOS

PSG Al Gate

P-Well

N‘"N\\

T I

[

Drain  Source

FET1

Drain Source

FET2

Si0, Source

Drain

N-channel
DMOS

N-channel
EMOS

P-channel
EMOS

N-channel
EMOS

Figure 2 Chip Structure and Basic Circuit

3. QUALITY QUALIFICATION AND EVALUATION

3.1 Reliability Test Methods

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

Table 2 Reliability Test Methods

RELIABILITY TEST DATA

in both types to achieve high reliability and density. Chip struc-
ture and basic circuitry are shown in Figure 2.

Test ltems

Test Condition

MIL-STD-8838 Method No.

Operating Life Test

125°C, 1000hr

1005,2

High Temp, Storage

Low Temp, Storage

Steady State Humidity
Steady State Humidity Biased

Tstg max, 1000hr
Tstg min, 1000hr
65 CQS%HH 1000hr
85°C 85%RH, 1000hr

1008,1

Temperature Cycling
Temperature Cycling
Thermal Shock
Soldering Heat
Mechanical Shock
Vibration Fatigue
Variable Frequency
Constant Acceleration
Lead Integrity

—55 C~ 150°C, 10 cycles

-20 c~ 125 C /200 cycles

0°C ~ 100°C, 100 cycles

260°C, 10 sec

1500G 0.5 msec, 3 times/X, Y, 2
60Hz 20G, 32hrs/X, Y, Z
20~2000Hz 20G, 4 min/X, Y, Z
20000G, 1 mun/X Y, 2

225gr, 90° 3 times

1010,4
1011,3

2002,2
2005,1
2007,1
2001,2
2004,3
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RELIABILITY TEST DATA

3.2 Reliability Test Results
Reliability Test Results of 8-bit single-chip microcomputer
devices are shown in Table 3 to Table 7.

Table 3 Dynamic Life Test

Device Type Sample Size Component Hours Failures
HD6801P 191 pcs. 191000 0
Hpesosp | . M4 .. 114000 ___9
HD6301P 182 182000 0
HD6305P 77 77000 0
HD63LO05P L 40 40000 0
HDB8PO1 | T 22 T T T T T TTATTTT T T TTa000 T T T T 1T T T T o 77
HD63PO1 32 32000 ]

HD68P05 22 22000 0

Estimated Field Failure Rate

= 0.016%/1000 hrs at Ta = 75°C for NMOS {HD6801P, HD6805P)
=0.037%/1000 hrs at Ta = 75°C for CMOS (HD6301P, HD63LO5P)
(Activation Energy 0.7eV, Confidence Level 60%)

Table 4 High Temperature, High Humidity Test (Moisture Resistance Test)

(1) 85°C 85%RH Bias Test

Device Type V¢ Bias 168 hrs 500 hrs 1000 hrs
HD6801P 5.5V 0/22 0/22 0/22
HD6805P 5.5V 0/22 0/22 0/22
HD6301P 5.5V 0/176 0/131 0/131
HD6305P 5.5V 0/22 0/22 0/22

(2) High Temperature-High Humidity Storage Life Test

Device Type Condition 168 hrs 500 hrs 1000 hrs
HD6801P 65°C 95%RH 0/45 0/45 0/45
HD6805P 65°C 95%RH 0/45 0/45 0/45
HD6301P 65°C 95%RH 0/603 0/603 0/603
HD6301P 85°C 95%RH 0/234 1*/234 0/233
HD6305P 65°C 95%RH 0/112 0/112 0/112
HD63L05P 65°C 95%RH 0/160 0/160 0/160
HD63LO05P 85°C 95%RH 0/160 1*/160 0/159

* Aluminum corrosion

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

Device Type 40 hrs 60 hrs 100 hrs 200 hrs
HD6801P 0/45 0/45 0/45 0/45
HD6805P 0/44 0/44 0/44 0/44
HD6301P 0/135 0/135 0/135 0/135
HD6305P 0/32 0/32 0/32 0/32
HD63L05P 0/80 0/80 1*/80 2**/79

*Leakage current
**Leakage current and Aluminum corrosion
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(4) MIL-STD-883B Moisture Resistance Test
(Condition; 65°C~ -10°C, over 90%RH)

RELIABILITY TEST DATA

Device Type 10 cycles 20 cycles 40 cycles
HD6801P 0/50 0/50 0/50
HD6805P 0/32 0/32 0/32
HD6301P 0/75 0/75 0/75
HD63L05P 0/22 0/22 0/22
Table 5 Temperature Cycling Test
(Condition; -55°C ~ 26°C ~ 160°C)
Device Type 10 cycles 100 cycles 200 cycles
HD6801P 0/102 0/102 0/102
HD6805P 0/442 0/45 0/45
HD6301P 0/258 0/258 0/258
HD6305P 0/45 0/45 0/45
HD68PO1 0/44 0/44 0/44
HD63PO1 0/45 0/45 0/45
HD68P0O5 0/68 0/19 0/19
Table 6 High Temperature, Low Temperature Storage Life Test
Device Type Ta 168 hrs 500 hrs 1000 hrs
150°C 0/22 0/22 0/22
e | I T S S o2 __ | ____ 02 __
150°C 0/44 0/44 0/44
HDE8OSP -55°C 0/22 022 | 022
150°C 0/22 0/22 0/22
HDB8O3P -56°C 0/22 0/22 0/22
150°C 0/45 0/45 0/45
HD6301P -55°C 0/22 0/22 0/22
150°C 0/22 0/22 0/22
HD6305P -55°C 0/22 0/22 0/22
150°C 0/22 0/22 0/22
HD63L05P -56°C 0/22 0/22 0/22
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RELIABILITY TEST DATA

Table 7 Mech | and Envir | Test
Test Item Condition Plastic DIP Flat Plastic Package
Sample Size Failure Sample Size Failure
(-] ~ o
Thermal Shock ?(fcydlgo c 110 0 100 0
Soldering Heat 260°C, 10 sec. 164 0 22 0
o
Salt Water Spray 3 o Nact b% 110 0 2 0
O
Solderability 230 C. 5 sec. 159 0 34 0
Drop Test ;Stfg‘résmaple board 110 0 22 0
Mechanical Shock 18006, /?(’5{'(“2 110 0 22 0
Vibration Fatigue o200 110 0 22 0
. . . 100 ~ 2000H2
Vibration Variable Freq. 20G, 4 times/X, Y, Z 110 0 22 0
0
Lead Integrity gﬁi%'"?gs times 110 0 22 0

4. PRECAUTIONS

4.1 Storage

To prevent deterioration of electrical characteristics, solder-
ability, appearance or structure, Hitachi recommends semicon-
ductor devices be stored as follows:
(1) Store in ambient temperatures of 5 to 30° C, with a relative

humidity of 40 to 60%.

(2) Store in a clean, dust- and active gas-free environment.
(3) Store in conductive containers to prevent static electricity.
(4) Store without any physical load.
(5) When storing devices for an extended period, store in an
unfabricated form, to minimize corrosion of pre-formed
lead wires.
Unsealed chips should be stored in a cool, dry, dark and
dust-free environment. Assembly should be performed
within 5 days of unpacking. Devices can be stored for up to
20 days in dry nitrogen gas with a dew point at -30° C or less.
Prevent condensation during storage due to rapid tempera-
ture changes.

©)

)]

4.2 Transportation

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

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

36

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

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

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

3

()

4.3 Handling for Measurement

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

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

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

@ HITACHI
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4.4 Soldering

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

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

4.5 Removing Residual Flux

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

@ HITACHI

RELIABILITY TEST DATA

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

The following conditions are advisable for ultrasonic
cleaning:

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

e  Ultrasonic output: 15W/¢

e Keep devices from making direct contact with power
generator

e (Cleaning time: Less than 30 seconds.
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DESIGN PROCEDURE AND SUPPORT TOOLS FOR
8-BIT SINGLE-CHIP MICROCOMPUTERS

The cross assmebler and hardware simulator using various delivered as the LSI by the company.
types of computers are prepared by Hitachi as supporting sys- Fig. I shows the typical program design procedure and Table
tems to develop user’s programs. 1 shows the system development support tools for the 8-bit
User’s programs are mask programmed into the ROM and single-chip microcomputer family used in these processes.

Aliocation of
RAM and /0O, 1 Edi CRT Editor
Evaluation Kit

HE8SD5A
@ intel MDS

PDP-11

VAX-11
€] 1BM370

Artwork

(:)._. Cross Assembler

Evaluation Kit
H68SDSA
Intel MDS
PDP-11
VAX-11
1BM370

Assemble
List
Pattern Generator

Trial
Production

Evaluation Kit
Evaluation Board

H68SD5A
EPROM on the Package Type
Microcomputer

HD68P01VO7
HD68PO5VO7
HD68POSWO
HD63PO1M1
HD63PO5YO
No HD63PO5Y 1
EPROM on-chip Type
Microcomputer
HD63701V0
HD63701X0
{Explanation) HD63705V0

(1) When the user programs the system, the predetermined functions are
assigned to the 1/O pin and the'RAM before the programming.

Hardware
Simulation

No

Volume
Production

(2) A fiow chart is designed 10 achieve the predetermined functions and the flow
chart is coded by using the prenumeric code.

(3 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 1s 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 1s performed to confirm the program. )
The company provides four kinds of hardware, the H68SD5A, the evaluation kit,
the evaluation board and the EPROM on the package type microcomputer. The
consumers are able to choose the best suitable tool.

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

(7) Options such as ROM 1s 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 s correct, mass production is
started.

Figure 1 Program Design Prored:re
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DESIGN PROCEDURE AND SUPPORT TOOLS

Table 1 System Development Support Tools

FOR 8-BIT SINGLE-CHIP MICROCOMPUTER

Resident System

Cross System

Type No. :
. . Evaluation EPROM on  [H68SD5A+Emulator Set Intel PDP-11/
Evaluation Kit Board the Package (Hardware + Software) IBM370 MDS220/230 [VAX-11
HD6801S0 | HETEVT2 (Hardware) Saen
HDB8O1VO + - HDBBPO1VO7 | HBBSDSA + HBIMIXT | S31XSY 1T (3 iicr O
S61MIX2-R (Software) (CP/M)
By | HBBEVT2 (Hardware) - - - -
" | + H68SD5A + HE5MIX1 _—
HD6805U1 . §35MDS1-F
S65MIX1-R (Software) - HD68PO5V07 - (ISI1S-11) -
HD6805V 1 S35MDS2-F ——
HB5EVT3 (Hardware) (CP/M)
HD6805W1 + - HD68PO5WO HB68SD5SA + HE5MIX2 — -
S65MIX1-R {Software)
H31EVT1 (Hardware) HD63POTM1
HD6301V1 + — : t#+| HE8SDBA+H31MIX1 @]
S31MIX1-R (Software) H0637°1V01 S31XSY1.T Sf",’s'\,ﬂst_),slg'}:
HD6301X0 . - HD63701X0 HB8SDSA + H31MIX2 S31MDS2-F O
HD6301Y0 - - —_ H68SD5A + H31MIX3 (CP/M) o
HD6305U0" - = HD63705VOT**| .
H06305V0* = — HDS3705VOT** H68SD5A+H35MIX3 — _
HD6305X0 _ HD63P05Y0
HD6305X1 | H35EVT1 HD63PO5Y 1" - S35MDS1-F -
HD6305Y0 | (Hardware + Software) _ HD63P0sYQ | /'0BSDOA * H3SMIXI {ISIS-11)
HD6305Y 1 HD63PO5Y 1" - 53?&?&%’: -
H3L5EVT1 (Hardware)
HD63LO5F1 + H3L5EV00 - H68SDBA + H3LEMIX1 - —
S3L5MIX1-R (Software
* Preliminary ** Under development t EPROM On-chip Type O Auvailable from Microtec.
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DESIGN PROCEDURE AND SUPPORT TOOLS

FOR 8-BIT SINGLE-CHIP MICROCOMPUTER

® SINGLE-CHIP MICROCOMPUTER DEVELOPMENT

SYSTEM
H68SD5A is a completely integrated hardware and software

development system for Hitachi’s 4-Bit and 8-Bit single-chip
microcomputers. It offers high-level functions such as operation
by CRT display, assembler (based on floppy disk), easy debug-
ging (in-circuit emulator) and simulation.

FEATURES
® Upward version of the H68SD5
® CRT Display, keyboard and two floppy disk drives
® Easy to debug user’s prototype system by in-circuit emula-
tors suited for each kind of MCU.
® The H68SD5A can perform system development by CRT
editor, assembler, linkage editor, emutator and simulator.
® Parallel and/or serial interface ports are available for easy
printer interface.
® EPROM programmer interface software is provided. DATA
1/0’s EPROM programmers (29A, 22A and 22B) are applica-
ble.
® User's program developped by using the H68SD5 is usable.
® Emulators for the H68SD5 are usable.
40

System Configuration

HB8SD5A

8-bit single-chip micro-
Emulator Modull computer family
u(:)p;ion) "¢ 1 AMCS40 series
HMCS400 series

@ HITACHI
Hitachi America Ltd. 2210 O'Toole Ave. ¢ San Jose, CA 95131 e (408) 435-8300



DATA SHEETS



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.




HD6801S0, HD6801S5

M C U (Microcomputer Unit)

The HD6801S MCU is an 8-bit microcomputer unit which is
compatible with the HMCS6800 family of parts. The HD6801S
MCU is object code compatible with the HD6800 with im-
proved 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 bytes. 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 Communication interface
(8.C.1), and parallel /O as well as a three function 16-bit timer.
Features and Block diagram of the HD6801S include the follow-
ing:

FEATURES

Expanded HMCS6800 Instruction Set

8 x 8 Multiply

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

Single Chip Or Expandable To 65k Bytes

2k Bytes Of ROM

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

29 Parallel 1/0 Lines And 2 Handshake Control Lines
Internal Clock/Divided-By-Four Circuitry

TTL Compatible Inputs And Outputs

Interrupt Capability

Compatible with MC6801 and MC6801-1

= BLOCK DIAGRAM

HD6801S0P
HD6801S5P

Vss[1] O 3
xT1aL(Z] SCy
xTac(3] SC,

wmi (2] P30
IRQy Pa

RES Paz

Vee Pa3

Pao[8] P

P2y Pag

P22 (10] 133 Pas

P oo {1l HD6801S Pa

Pae 12 Rd P

P o3 Par

P[] Pa

Paz2[ig] Pas

P13 [16] Paa

P17 R4| Pys

Ps (i8] R3 Pas

Pae p3 pyy

3 {Top View)
Mode
cPy = TYPE OF PRODUCTS
P30 Pz MCU Bus Timing
Pay s Port fa
il K Mux 2 bz HDB801S0 | 1 MHz
. ort | ___ 4
Ei‘:: Y |G | Pu HD6801S5 | 1.25 MHz
P)s::: )
gg%: K— Tm\erL
sC!
Pag +— Fw
g:;:: [es t::":;
Puy =] Port Port .____."———':u
1 P———.P‘I;
j—"Pi¢
jo—= Py
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HD6801S0,HD6801S5

8 ABSOLUTE MAXIMUM RATINGS

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

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

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

Item Symbol [ Test Condition min typ max Unit
i RES 4.0 - Vee
Input ‘‘High” Voltage V A
P g g Other Inputs® H 2.0 - Vee
Input *‘Low” Voltage All Inputs* ViL -0.3 - 0.8 \Y
Pao ~ P47 - - 0.5
Input Load Current SC, linl Vin =0~24V — - 0.8 mA
EXTAL Vin =0~ V¢e — - 0.8
Input Leakage Current | NMI, iIRQ,, RES Wil Vi, =0~ 5,26V - - 2.5 MA
Three State (Offset) Pio ~Pyq, P ~P3y _ - - - 10
Leakage Current P20 ~ Paa llrsil | Vin =05~24V - - 100 HA
| Pso ~P3y I oap = ~205 A 24 — _
~ Output “High” Voltage |Ps ~ P4q, E, SC,, SC; Von lLoap = -145 uA 24 - - \%
Other Outputs I oap = -100 A 24 - -
Output “Low’" Voltage | All Outputs Vouo I oap = 1.6 mA - - 0.5 \
Darlington Drive Current | Py ~ Py -lon | Vour =15V 1.0 - 10.0 mA
Power Dissipation Po - — 1200 | mw
Py ~P3; Py ~P = = 25° - —
Input Capacitance 0 ™ Py, Pao ™ Pay, SC; Cin Vin =0V, Ta=25°C, 12.5 pF
Other Inputs f=1.0MHz - - 10.0
Vee Standby Powercfown Vsgs 4.0 - 5.25 v
Operating Vsg 4.75 - 5.25
Standby Current Powerdown lses Vggg = 4.0V - — 8.0 mA
*Except Mode Programming Levels.
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® AC CHARACTERISTICS

BUS TIMING (V¢c = 5.0V5%, Vgs = OV, Ta = 0 ~ +70°C, unless otherwise noted.)

HD6801S0,HD6801S5

Item Symbol | Test Condition - HD680150 - HD68BO1S5 Unit
min_typ [ max | min [ typ | max
Cycle Time teye 1 - 10 08 | — 10 Hs
Address Strobe Pulse Width “High”'* PWAasH 200 - - 150 - - ns
Address Strobe Rise Time tasr 5 — 50 5 | — 50 ns
Address Strobe Fall Time tass 5 | — 50 5 | — 50 ns
Address Strobe Delay Time* taso 60 | — - 30 | - - ns
Enable Rise Time ter 5 - 50 5 - 50 ns
Enable Fall Time te¢ 5 — 50 5 — 50 ns
Enable Pulse Width “'High’’ Time* PWey 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 tosr 80 | — - 70 | — — ns
Data Hold Time  |— a0 L LU e e L B ol
Write thw 20 — - 20 — —
Address Set-up Time for Latch* tasL 60 | — - 50 | — — ns
Address Hold Time for Latch tAHL 20 | — — 20 | — — ns
Address Hold Time tAH 20 | — — 20 | — — ns
Peripheral Read Non-Multiplexed Bus® (tacen) — - | 610) ] — — _11(420) ns
Access Time Multiplexed Bus* {tacem) - | - |600)| — | — {420
Oscillator stabilization Time tRre Fig. 10 100 — - 100 - — ms
Processor Control Set-up Time tpcs Fig. 11 200 | - - 200 | — - ns
*These timings change in approximate proportion to tcyc. The figures in this characteristics represent those when tcyc
is minimum {= in the highest speed operation}.
PERIPHERAL PORT TIMING (V¢ = 5.0V 5%, Vgg = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)
item Symbol Test Condition min typ max Unit
Peripheral Data Setup Time | Port1,2,3,4 tppsu Fig. 3 200 - - ns
Peripheral Data Hold Time Port1,2,3,4 tpoOH Fig. 3 200 - — ns
Delay Time, Enable Positive Transition R
to C.)_;—S Negative Transition tosor Fig. 5 - - 3%0 ne
Delay Time, Enable Positive Transition )
to ()%3 Positive Transition tosp2 Fig. 5 - - 380 ns
Delay Time, Enable Negative
Transition to Peripheral Data| Port 1, 2%, 3,4 tpwD Fig. 4 - - 400 ns
Valid
Delay Time, Enable Negative .
Transition to Peripheral Port 2**, 4 temos Fig. 4 - - 20 us
CMOS Data Valid
input Strobe Pulse Width tewis Fig. 6 200 - - ns
Input Data Hold Time port3 i 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

G HITACHI
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HD6801S0,HD6801S5
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TIMER, SCI TIMING (Vg = 5.0V 5%, Vg = OV, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Timer Input Pulse Width tewT 2teyc+200] -~ - ns
Delay Time, Enable Positive Transition to .
Timer Out troo Fig. 7 - - 600 ns
SCI Input Clock Cycle tseye 1 - - teye
SCI Input Clock Pulse Width tpwsck 0.4 — 0.6 tseyc
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 \' - — 1.7 \"
Mode Programming Input “High” Voltage VmpH 4.0 - - v
RES “Low"’ Pulse Width PWgstL Fig. 8 3.0 - - teye
Mode Programming Set-up Time tmps 20 - - teye
Mode Programming | RES Rise Time 2 tus | N N R
Hold Time RES Rise Time < 1us 100 - -
tove
Address Strobe
(AS)
- X
re—tast
Maseo]+—
2.4v i X
PWen
Enabl
("Ea) ) PWg(
0.5V
\ / \
— —tg, — le— tES
tAp——
— jo—t AN
- f22v N
?s/g (Apf;&'; _< Address Vatid
0.6V
tasL |
— -t AHL
fe————topgw——>| —| |*—trw
MCU Write ﬁ.:;/ N 22V P
0,~D, A, ~A, dress }——{ Data Valid >——
Valid
(Port 3) 06V 4 0.6V
taoL
tHR
MCU Read ‘i-}(}’{m \ 20v
D,~D,, A,~A, Valid Data Valid
(Port 3) 0.8V 0.8V
|
(tacem!

Figure 1 Expanded Multiplexed Bus Timing
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HD6801S0,HD6801S5

teye
2.4v ow A
Enable €H
(€) ’ PWeL ,
0.5V ‘
— g, — - tEf
le——taop ——| —|  |e—tan
AﬁA;(PorM) 2.2v
R (SC2) Address Valid
105 (SCy 0.6V X
[+ tosw—*}
— lo—tm
MCU Write 2.2v
D,~D, Data Valid
{Port3) 0.6V
{tacen!
MCU Read
0,~D,
{Port 3)

Figure 2 Expanded Non-Multiplexed Bus Timing

r——MCU Read

Enabie(E)

24V 24V
0.5V¥ . 0.5V
P OSU fe—>! PDH
Py ~Pys
2.0V . 2.0v
Py ~P g Val
P“ N p“ 0.8V Data Valid By
© v l tPDH
Inputs tposSU
Py, ~P,, 2.0V . 2.0v
“Input:‘ 0.8V Data Valid 08V

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

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

MCU access of Port 3*

[— MCU Write

Enable(E)
0.5v

+—tcmos —]

|+—tPwo—> ——em0.7 Vg
’
i

All Data 2.2v
Data Vatid
Port Outputs o6V oY

(NOTE)

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

Figure 4 Port Data Delay Timing
(MCU Write)

Enable(E) 24v 24v4F - is3
Address
g is0008 X X
553 > toso1 - t0SD2
e _U Pio = Py 20V Data Valid 20v
0.6V inputs g gy 08V

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

Figure 5 Port 3 Output Strobe Timing
{Single Chip Mode)
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Figure 6 Port 3 Latch Timing
(Single Chip Mode)
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HD6801S0,HD6801S5

Enable

Timer Output Compare
Counter Matched
Mode Inputs

I"TOW Pyo. Pyy Py)

[ 2.2V
Output 0.6V

E VmeH
VmprL

Figure 8 Mode Programming Timing

Figure 7 Timer Output Timing

Vee

Ry =2.2k01

Test Point o———-j
Test Point
152074
30pF ®

or Equiv.

C =90 pF for.P,,~P,, P,,~P,, E, SC,, SC,
=30 pF for P,y ~P,, P,y ~P,,

R =12k for P,, ~P,, P, ~P,, E,SC,.SC,
= 24N for P, ~P

110 P20~ P,

(a) CMOS Load {b) TTL Load
Figure 9 Bus Timing Test Loads
wlalofa]al [ - |
Last Instruction ——| " ” < - 6 © 7 »8 L) "o Eall 12
e _]'_
1-Bit Set

Address Bus
Op Code Op Code  SP(n) SP(n-1)  SP(n-2) 'SP(n-3} SPIn4} SP(n5) SP(n6) SP(n-7) Vector Vector NewPC
T\ Addr  Addr MSB Addr LS8 Addr Address
1RO,
——“I | tpcs

I Y —_—
NMi or TRQ,

—| |*—trcs

Intecnal y X Y X

Data Bus O Code Op Code PCO-PC? PCB-PCIS X0-X7 XB~X15 ~ACCA~ ACCE . —CCA™ ‘ielewant Vector: “Vector. Frwstinmt,
Data MS8 LS8 Interrupt Routine

/

Internat RAR

*|RQ2--- Internal Interrﬁ

Figure 10 Interrupt Sequence

—5.25V

—
a.75v
Vee | fo—1, —e| |o—tpes
l tAC 1 PCS Py

OV 08V
ATs x5 —4 ¥ 2
Address Bus FFFE FFE FFFE FFFE FFFF  New PC FFFE FFFE
N
[
2t Bus PC8~PC15 PCO~PCT  First

Instruction
AANWY vor 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%.
® 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. An example
of the crystal interface is shown in Fig. 12. EXTAL may be
driven by an external clock source at a 4 MHz rate to run at
1 MHz with 45% to 55% duty cycle. It is not restricted to 4
MHz, as it will divide by 4 any frequency less than or equal to 5
MHz. XTAL must be grounded if an external clock is used.

Nominal Crystal Parameter

Crystal
Y 4 MHz 5 MHz
item
Co 7 pF max. 4.7 pF max.
Rs 6082 max. 3082 typ.
XTAL
Cpq =Cyg =22pF * 20%
= {3.2 ~ 56 MH2)
{Note] These are representative
EXTAL AT cut parailel 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 Vo Standby does not go below
Vspp during power down.
To retain information in the RAM during power down the
following procedure is necessary:
1) Write “0” into the RAM enable bit, RAME. RAME is bit
6 of the RAM Control Register at location $0014. This
disables the standby RAM, thereby protecting it at power
down.
2) Keep Vcc Standby greater than Vspp.

Ve Standby Power Line

T

Figure 13 Battery Backup for Vcc Standbv

HD6801S0,HD6801S5

® Reset (RES)

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

When a “High” level is detected, the MCU does the follow-
ing:

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

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

control bits PC2, PC1 and PCO.

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

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

® Enable (E)

This supplies the external clock for the rest of the system
when the internal oscillator is used. It is a single phase, TTL
compatible clock, and will be the divide-by-4 result of the
crystal oscillator frequency. It will drive one TTL load and
90 pF capacitance.
® Non-Maskable Interrupt (NM1)

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 NML.___

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 $FFFC and $FFFD. An address loaded at these loca-
tions causes the CPU to branch to a non-maskable interrupt
service routine in memory.

A 3.3 kQ external resistor to 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 complete
the current instruction before it recognizes the request. At that
time, if the interrupt mask bit in the Condition Code Register is
not set, the machine will begin an interrupt sequence. The Index
Register, Program Counter, Accumulators, and Condition Code
Register are stored on the stack. Next the CPU will respond to
the interrupt request by setting the interrupt mask bit “High”
so that no further maskable interrupts may occur. At the end of
the cycle, a 16-bit address will be loaded that points to a vector-
ing address which is located in memory locations $FFF8 and
$FFF9. An address loaded at these locations causes the CPU
to branch to an interrupt routine in memory.

The TRQ, requires a 3.3 k2 external resistor to Ve 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 SFFF7. 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 I).
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Table 1 Interrupt Vector Location
Vector Interrupt
MSB Lss
Highest FFFE | FFFF RES
Priority FFFC | FFFD NMi
FFFA | FFFB Software Interrupt {(SWI)
FFF8 FFF9 iRQ, (or 1S3)
FFF6 FFF7 ICF {Input Capture)
FFF4 FFF5 OCF (Output Compare}
FFF2 | FFF3 TOF (Timer Overflow)
Lowest FFFO | 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 tjg 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 1/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.

® OQutput Strobe (0S3) (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 CPU is in a Read (“High”) or a
Write (“Low”™) state. The normal standby state of this signal is
Read (“High”). This output can drive one TTL load and 90 pF
capacitance.

® /O Strobe (iOS) (SC,) o

In the expanded non-multiplexed mode of operation, I0S
internally decodes Ay through A;s as “0”s and Ag asa “1".
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. So I/O Port 3 can become data bus during
the E pulse. The timing for this signal is shown in Figure 1 of
Bus Timing. This signal is also used to disable the address from
the multiplexed bus allowing a deselect time. tagp 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 I/O line to be
programmed to act as an input or an output*. A “1” in the
corresponding Data Direction Register bit will cause that I/O
line to be an output. A “0” in the corresponding Data Direction
Register bit will cause that /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 lgeag‘ias grir:?;?gss
1/0 Port 1 $0002 $0000
1/0 Port 2 $0003 $0001
/0 Port 3 $0006 $0004
1/O Port 4 $0007 $0005
® |/OPort 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 /O lines are configured as inputs. In all
three modes, Port 1 is always parallel 1/O.

® 1/O Port2

This port has five lines that may be defined as inputs or
outputs by its data direction register. The S output buffers have
three-state capability, allowing them to enter a high impedance
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 5) 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 I/O and
provides access to the Serial Communications Interface and the
Timer. Bit 1 is the only pin restricted to data input or Timer
output.
® |/OPort3

This is an 8-bit port that can be configured as 1/0, 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
g
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Its TTL compatible three-state output buffers can drive one
TTL load and 90 pF capacitance. In the Expanded Modes, after
reset, the data direction register is inhibited and data flow de-
pends 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). 083 can be generated by
either an CPU read or write to Port 3’s Data Register, and (3)
and IRQ1 interrupt can be enabled by an 1S3 negative 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~D7).

Expanded Multiplexed Mode: In this mode, Port 3 becomes
both the data bus (Doy~D-) and lower bits of the address bus
(Ao~A,). 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

w3 x | oss

1S3 TRGT
FLAG |ENABLE

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 [/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 CPU read Port 3.

Bit 4; OSS. (Output Strobe Select) This bit will select if the
Output Strobe should be generated at 0S3 (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 to Port 3.

Bit 5; Not used.

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

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 I/O Port 3. Reset will clear
this bit.

® {/OPort4

This is an 8-bit port that can be configured as 1/O or as
address output 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
aQ»

As outputs, each line is TTL compatible and can drive 1 TTL

HD6801S0,HD6801S5

load and 90 pF capacitance. 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: Parallel Inputs/Outputs as programmed by
its associated Data Direction Register.

Expanded Non-Multiplexed Mode: Port 4 is configured as the
lower order address lines (Ao~A,) by writing “1”’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).

Expanded Multiplexed Mode: Port 4 is configured as the
higher order address lines (Ag~A;s) by writing “1”’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).

= OPERATION MODES

The operation modes that HD6801S will operate 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 0 respectively) of Port 2. They are latched into
programmed control bits PC2, PC1, and PCO when reset goes
high. I/O Port 2 Register is shown below.

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

$0003
PC2 | PC1 | PCO | 1/O4 | 1/O3 | 1/0O2 [ I/O1 [1/O O

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 can operate 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 Portsare configured as 1/0.
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.

® 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 1/O (inputs only). Port 2 can be parallel 1/0, serial
1/0, Timer, or any combination of them. Port 1 is parallel I/O
only. In this mode the HD6801S is expandable to 256 locations.
The eight address lines associated with Port 4 may be
substituted for 1/O (inputs only) if a fewer number of address
lines wil! satisfy the application (See Figure 17).
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Vee
R 4
<, "Rx‘ Rl« R,
[ p—
RES T 9 RES
ABC HD6801S
XO
8
Y, X P,, (PCO)
z, Y, P,, (PC1)
10
Pao X, P,, (PC2)
Py Y,
P Z . |norecs3s
cd & [NOTES] 1) Mode 7 as shown
> Mode 2) RC=~Reset time constant
Control 3) R, =10k
Switch
4
Figure 14 Recommended Circuit for Mode Selection
Truth Tabie
Vob
Control input On Switch
n Switcl
Inh O: Binary to 1-of-2 .| Select
A Level Decoder with Ioibit C|B| A| HD140538B
B O—{ Converter [ Inhibit
C O o |ofolo] z|vYe|x,
J) g—l 0 |o|of1| zZ,Yelx,
Vss OVgg o [of1]o] z,v.[x,
X O— 0 |O0|1]1] Z,JY,X
0 —5< of Y™
X, Ko }—ox o [1|o]o] z,[v[x,
Y ,o— £ y o |1]ol1] z|v]x,
Y, 0— & O o (1|1lo]| z|v,|x,
Z,0— Jég—@ 2 o [1]1[1] z]vlx,
Z,0— 1 x[x]x —
Figure 15 HD14053B Multiplexers/Demultiplexers
Vee Vi;‘:
| ——>
12 7 40> Enable CJ—‘: Enable
= —_ -] l<—O0 NMi
—E 4=—ONM
3 I V, Standby O—=» l«—0 JRQ.
Ve Standby O—=>1 21 5<=—0 IRQ, ce — 'RQ,
REs 0—] g HD68O1S RES O—>=
mMcu HD6801S
P 1 13 37 Por‘ 3 Por‘ 1 @ MCU @ Port 3
ort 8 Parallel 1/O i
8 1/0 Lines 2‘0 32) 81/0 Lines 8 Data Lines
—= R/W
39— } Port 3 A
—= 10§
38—/ /0 Strobes Port 2 y
Port 4
Port 4 2‘9 ? Port 2 :(;ara"el 110 <::> K > To 8 Address
8 1/0 Lines 22 1 12 6 1/O Lines . Lines or To
Timer .
7;7_ sci ﬂr 8 1/0 Lines
Timer (Inputs Only)

Vss

Figure 16 HD6801S MCU Single-Chip Mode
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Vss

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

In this mode Port 4 becomes higher order address lines with
an alternative of substituting some of the address lines for 1/O T
(inputs only). Port 3 is the data bus multiplexed with the lower

Vee

. . |——=> Enable
order address lines differentiated by an output called Address = —
Strobe. Port 2 is 5 lines of Parallel 1/O, SCI, Timer, or any T <0 NmI
combination of them. Port 1 is 8 Parallel I/O lines. In this mode =
it is expandable to 65k bytes. (See Figure 18) Vec Standby © ° IRq,
RES 0—>{ HD6801S b—=> R/W
® Lower order Address Bus Latches Mcu Port 3
Since the data bus is multiplexed with the lower order Port 1 8 Lines
address bus in Port 3, latches are required to latch those address 81/0 Lines Multiplexed
bits. The 74LS373 Transparent octal D-type latch can be used Data/Address
with the HD6801S to latch the least significant address byte. Address Strobe
Figure 19 shows how to connect the latch to the HD6801S. :""/:)2’__ Port 4
The output control to the 74LS373 may be connected to scl Ines<‘_L:'\> <::> To 8 Address
ground, Timer Lines or To
7 8 1/0 Lines

Vgs {Inputs Only)

Figure 18 HD6801S MCU Expanded Multiplexed Mode

GND »
AS
G 0OC
Dl Ql 3
e
Functi
Port 3 7aLs373 [ | Addressi Ag~A, unetion Teble
———
Address/Data Output Enable Output
L 5 Control G D Q
D, Q, L H H H
N L H L L
L L X qQ,
H X X z
Data: D,~D,

Figure 19 Latch Connection

® Mode and Port Summary MCU Signal Description

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
MODE Eight Lines Five Lines Eight Lines Eight Lines SC, SC,
SINGLE CHIP 1/0 1/0 1/0 110 iS3(1) | OS3(0)
ADDRESS BUS
(Ag~A;) ADDRESS BUS* —
EXPANDED MUX 1/0 1/0 DATA BUS (Ag~Ars ) AS(0) R/W(0O)
(Do~D+)
DATA BUS ADDRESS BUS* = =
EX ED NON-MUX 1/0 1/0 10S(0 R/W(O)
PANDED NO / / {Dy~D) (Ao~As) (0) (
*These lines can be substituted for 1/0 (Input Only) starting with the most significant address line.
| = tnput = Input Strobe SC = Strobe Control
O = Qutput OS3 = Output Strobe AS = Address Strobe
R/MW = Read/Write 10S = 1/O Select
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Table 3 Mode Selection Summary

Mode | oty | @Eh) | ko) | ROM | RAM "ectors Mode rode®
7 H H H | ! | | Single Chip
6 H H L 1 | | Mux(6) Muitiplexed/Partial Decode
5 H L H 1 | i NMUX(6) Non-Multiplexed/Partial Decode
4 H L L 112) 101} 1 1 Single Chip Test
3 L H H E E E MUX Muitiplexed/No RAM & ROM
2 L H L E 1 E MUX Multiplexed/RAM
1 L L H \ ! E MUX Multiplexed/RAM & ROM
0 L L L | 1 143 MUX Muttiplexed Test
LEGEND: [NOTES]
| — Internal 1) Internal RAM is addressed at $X X80
E — External 2) Internal ROM is disabled

MUX — Multiplexed
NMUX — Non-Multiplexed
L — Logic “0"

H — Logic 1"

= MEMORY MAPS

The MCU can provide up to 65k bytes address space depend-
ing on the operating mode. A memory map for each operating
mode is shown in Figure 20. The first 32 locations of each map

3) RES vector is external for 2 cycles after RES goes "“High*’
4) Addresses associated with Ports 3 and 4 are considered external in Modes 0,

1,2,and 3

5) Addresses associated with Port 3 are considered external in Modes 5 and 6
6) Port 4 default is user data input; address output is optional by writing to Port 4

Data Direction Register

= INTERRUPT FLOWCHART

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***
Port 2 Data Direction Register***
Port 1 Data Register
Port 2 Data Register

00
01
02
03

Port 3 Data Direction Register***
Port 4 Data Direction Register***
Port 3 Data Register
Port 4 Data Register

04°
05°*
06°

o7°*

Timer Control and Status Register
Counter (High Byte)

Counter {Low Byte)

Output Compare Register (High Byte)

08
09
0A
oB

Output Compare Register {Low Byte)
Input Capture Register {High Byte)
Input Capture Register {Low Byte)
Port 3 Control and Status Register

oc
0D

Rate and Mode Control Register
Transmit/Receive Control and Status Register
Receive Data Register

Transmit Data Register

RAM Control Register
Reserved

14
15-1F

* External address in Modes 0, 1, 2, 3, 5, 6; cannot be

accessed in Mode 6 (No. I0S)

** External addresses in Modes 0, 1,2, 3
*** 1=Output, 0=Input-
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HD6801S
Mode

Multiplexed Test mode

$0000(") p
} Internal Registers
$001F
External Memory Space
$0080 P
Internal RAM
$00FF

External Memory Space

Internal ROM

Internal Interrupt Vectors(2

{NOTES)
1} Excludes the following addresses which may

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

3

4

HD6801S
Mode

Multiplexed/RAM & ROM

$0000(1) %/////%

] Internal Registers

$001F
- } External Memory Space
$0080 2
//% ] Internal RAM
$00FF Z
J External Memory Space
$F800 %
Internal ROM

E xternal Interrupt Vectors

[NOTES]

1) Excludes the foltowing addresses which may
be used externaliy: $04, $05, $06, $07 and
$OF.

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

Figure 20 HD6801S Memory Maps
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HD6801S
Mode

Multiplexed/RAM

$0000(1)
Internal Registers

“

$001F

$0080
Internal RAM

$O0FF

External Memory Space

External Interrupt Vectors

$FFFO }
$FFFF

[NOTE]

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

HD6801S
Mode

Multiplexed/No RAM or ROM

$0000(1) W ] \nternal Registers

$001F

External Memory Space

$FFFO

] External Interrupt Vectors
$FFFF

[(NOTE]

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

Figure 20 HD6801S Memory Maps (Continued)
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$XX80
$SXXFF

[NOTES]

Single Chip Test

Unusabte(1)(4)

)

1) The internal ROM is disabled.
2) Mode 4 may be changed to Mode 5 without

HD6801S
Mode

Internal RAM
Internal Interrupt Vectors $FFFF

HD6801S
Mode

5

Non-Multiplexed/Partial Decode

$0000(1)

Zzz:x: W } " $001F W

Unusable
$0080

$O0OFF
$0100

$OtFF

Unusable

$F800

[NOTES]

having to assert RESET by writinga 1" into (No 108)
the PCO bit of Port 2 Data Register. 2)
3) Addresses A, to A, are treated as "don’t
cares” to decode internal RAM.
4) Internal RAM will appear at $XX80 to $XXFF. Port 2 Data Register.

3|

Register.

} Internal RAM

Internal ROM

} internal Registers

J External Memory Space

Internal Interrupt Vectors

1) Excludes the following addresses which may
not be used externally: $04, $06, and $OF.

This mode may be entered without going
through RES by using Mode 4 and sub-
sequently writing a 1" into the PC0 bit of

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

Figure 20 HD6801S Memory Maps (Continued)

@ HITACHI

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

HD6801S0.HD6801S5

57



HD6801S0,HD6801S5

58

HD6801S
Mode

Multiplexed/Partial Decode

$0000¢1) p ,
$001F W Internal Registers
_ External Memory Space

$0080 %////% internal RAM

$00FF

External Memory Space

$F800 P

Internal ROM

internal Interrupt Vectors

$SFFFF

{NOTES]

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

Address lines Ag~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

$0000 X
} Internal Registers
$001F
Unusable
$0080
] Internal RAM
$00FF
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 CPU software at
any time. The counter is cleared to zero by reset and may be
considered a read-only register with one exception. Any CPU
write to the counter’s address (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 valie will appear on the pin for Port 2

HD6801S0,HD6801S5

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.

@ |nput Capture Register ($000D:$000E)

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

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

* With Port 2 Bit 0 conﬁgured as an output and set to “1”, the

external input will still be seen by the edge detect unit.
® Timer Control and Status Register (TCSR) ($0008)

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

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

*a match has been found between the value in the free
running counter and the output compare register, and

+ when $0000 is in the free running counter.

Each of the flags may be enabled onto the HD6801 internal
bus (TRQ;) with an individual Enable bit in the TCSR. If the

HD6801S Internal Bus )

Timer b7§ ™ §

Register

Status

Register
$08

C:r:lzonl|CF|0¢F|TOFF|C|}Eoc‘gToq,Eanvq Level
— |

Output Compare Pulse

i Output Input

Level Edge
Bit1  Bit0
Port2 Port2

Figure 21 Block Diagram of Programmable Timer

@ HITACHI 59
Hitachi America Ltd. ® 2210 O’Toole Ave. ® San Jose, CA 95131 ¢ (408) 435-8300



HD6801S0,HD6801S5

Timer Control and Status Register

7 6 5 4

3

2 1 0

[ ICF l OCF | TOFI EICI] EOCII ETOIFIEDGlOLVLl $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 1 is set, the value will
appear on the output pin.

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

IEDG = 1 Transfer takes place on a positive edge
(“Low”-to-““High” transition).

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

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

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

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

Output Compare Flag — This read-only bit is set
when a match is found between the output
compare register and the free running counter. It is
cleared by a read of the TCSR (with OCF set)
followed by an CPU write to the output compare
register (0B or $0C).

Input Capture Flag — This read-only status bit is
set by a proper transition on the input; it i§ cleared
by a read of the TCSR (with ICF set) followed by
an CPU read of the Input Capture Register (S0D).

Bit 1 1EDG

Bit 2 ETOI

Bit 3 EQCI

Bit 4 EICI

Bit 5 TOF

Bit 6 OCF

Bit 7 ICF

® SERIAL COMMUNICATION INTERFACE

The HD6801S contains a full-duplex asynchronous serial
communication interface (SCI) on chip. The controller
comprises a transmitter and a receiver which operate independ-
ently or each other but in the same data format and at the same
data rate. Both transmitter and receiver communicate with the

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

® Wake-Up Feature

In a typical multi-processor application, the software
protoco! will usually contain a destination address in the initial
byte(s) of the message. In order to permit non-selected MCU’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 CPU ¢, 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 Communication Hardware

The serial communication 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 by reset. The bits in the TRCS
register are defined as follows:

Transmit/Receive Control and Status Register

7 6 5 4

3

2 1 0

IEDRE'ORFEITDRE' RIE I RE ] TIE | TE l wu IADDR:SOO‘H
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Bit 0 WU

Bit 1 TE

Bit 2 TIE

Bit 3 RE

Bit 4 RIE

Bit 5 TDRE

Port 2

Rx
Bit ‘;1———4
3

Bit7 Rate and Mode Control Register Bit 0

l cc JECOI §§1 [SSO |$I0

Transmit/Receive Control and Status Register

[rovefosrdrond me | ve [e] ve [wo]on

Receive Data Register

CLT T [ TTT

{Not Addressable)

Jsre

Receive Shift Register

S—
Clock 10 Bit Rate
B; Generator  [*—E
S
J (Not Addressable)
I Transmit Shift Register ]
Tx
Bit 12
4

L1 ] | |

Transmit Data Register

T

Figure 22 Serial 1/O Registers
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“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
CPU 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 1/O has no effect on Port 2
bit 4.

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

Transmit Interrupt Enable — when set, will permit
an IRQ; interrupt to occur when bit 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 I/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 | by reset.

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

reset.

Bit 7 RDRF Receiver Data Register Full — Set by hardware
when a transfer from the input shift register to the
receiver data register is made. The RDRF bit is
cleared by reading the status register, then reading
the Receive Data Register, or by reset.

Bit 6 ORFE

Rate and Mode Control Register

The Rate and Mode Control register controls the following
serial I/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 by reset. The 4 bits in the register may be considered as
a pair of 2-bit fields. The two low order bits control the bit rate
for internal clocking and the remaining 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

I x] X I x I X ICC1ICCO|SS1rSSO]ADDR:$001O
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Bit 0 SSO} Speed Select — These bits select the Baud rate for
the internal clock. The four rates which may be

Bit 1 $$1

selected are a function of the CPU ¢, clock
frequency. Table 5 lists the available Baud rates.

Bit 3 CC1

Table 5 SCI Bit Times and Rates

Bit 2 CCO} Clock Control and Format Select — this 2-bit field
controls the format and clock select logic. Table 6
defines the bit field.

XTAL 24576 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 833.3 us/1,200 Baud
1 1 E + 4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud
* HDBBO1S5 Only
Table 6 SCI Format and Clock Source Control
CC1:CCO Format Clock Source Port 2 Bit 2 Port 2 Bit3 Port 2Bit4
0 0 had — —_— * **
0 1 NRZ Internal Not Used *w b
1 0 NRZ Internal Output® - **
1 1 NRZ External Input o b

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

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

Internally Generated Clock

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

* the values of RE and TE are immaterial.

* CC1, CCO must be set to 10

* the maximum clock rate will be E + 16.

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

edge at mid-bit.

Externally Generated Clock
If the user wishes to provide an external clock for the serial
1/0, the following requirements are applicable:
« the CC1, CCO, field in the Rate and Mode Control Register
must be set to 11,
« the external clock must be set to 8 times (x8) the desired
baud rate and
* the maximum external clock frequency is 1.0 MHz.

® Serial Operations
The serial 1/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.

62

Transmit Operations

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

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

At this point one of two situation exist:

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

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

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

If the 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 0’s will be sent while TDRE remainsa 1.
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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 RDRF 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.

s RAM CONTROL REGISTER

This register, which is addressed at $0014, gives status
information about the standby RAM. A “0” in the RAM enable
bit (RAME) will disable the standby RAM, thereby protecting
it at power down if Voc Standby is held greater than Vsgp
volts, as explained previously in the signal description for Ve
Standby.

RAM Control Register

STBY

$0014 PWR RAME| X X X X X X

Bit 0 Not used.

Bit 1 Not used.

Bit 2 Not used.

Bit 3 Not used.

Bit 4 Not used.

Bit 5 Not used.

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

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:

* CPU 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

HD6801S0,HD6801S5

« Condition code register manipulation instructions — Table 10

« Instructions Execution times in machine cycles — Table
11

+ Summary of cycle by cycle operation — Table 12

- Op codes Map — Table 13

® CPU 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 DI I’ 8 O] 881t Accumulators A and B
s o o| ©or 16:81t Double Accumuiater D
Es X 0] Index Register (X)
I15 sp o] Stack Pointer (SP)
[15 PC o] Program Counter (PC)
7 )

I1i1 HIVIN|2ZIV Cl Condition Code Register (CCR)

1 t Carry/Borrow from MSB
Overflow
———— Zero

Negative
Interrupt
—=— Half Carry (From Bit 3)

Figure 23 CPU Programming Model

® CPU 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 CPU addresses this location when it fetches the immediate
instruction for execution. These are two or three-byte instruc-
tions.
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Table 7 Accumulator & Memory Instructions

Addressing Modes

Condition Code

64

. - . Register
Operations "¢ [ IMMED. | DIRECT | INDEX |EXTEND [IMPLIED |  arithrouc oreration |5 14 [3]2[1]0
OP [~ [#|OP [~ {#|OP |~ |# [OP [~ [#{OP |~ # HII{N{Z[|V]C
Add ADDA [8B[2|2 |98 |3 [2]|AB|4 2 (BB |43 A+M A tle|t]t[s]¢
ADDB cel2|2|oB|3|2]/eB|4a{2 [FB|4 |3 B+M—B tleft]s]e ]t
Add Double ADDD (C3 (4|3 (D3{5 {23 |6(2|F3]6|3 A:B+M:M+1—>A:B |ejelt|slt]t
Add Accumulators ABA 1B|2{1|A+B— A ettt
Add With Carry ADCA 89 {212(99 |3 |2|A9|4a[2 (B9 |43 A+M+C—A O EEIERE
ADCB Cc9 |2|2|D9|3]2(E9|a|2]|F9 |43 B+M+C—B DA EAERE
AND ANDA |84 |2!2 |94 |32 |A4]4|2|B4 |43 A-M— A ele|t|t|R]|e
ANDB c4|2(2'Da{3|2|Ea|a|2|Fa 4|3 B-M~B efe|tltiR|[e
Bit Test BIT A 85 |2 (295 [3[2]a5[a]2[B5 |43 A-M efe[t[t[R]e
BIT B c5 2|2 |D5 (3 (2 |E5 |4 (2 (F5 |43 B:M eleftTtR]e
Clear CLR 6F (62 [7F |6 |3 00— M elo|R[s[R[R
CLRA aF [2]1]o0—~A e|e|R[S|R[R
CLRB 5F [2 {1 [00-8 e |e|R[s[R[R
Compare CMPA 81 [2]2 91 |3 [2]A1]4a B1 |4 (3 A-M oot |t]s]s
CMPB c1|2]2|p1|3 €142 |F1]4]3 B-M efeft|tlt]s
Compare ors ceA 1mi2|1]a-8 oot |s|t]s
Complement, 1's COM 63 [6(2 |73 |6 (3 M-M efeft|t[R]S
coMA a3 {2 (1 [A—>A ofeftTt RS
comB 832 (1|B ~8 eje|tlt|R]S
Complement, 2's NEG 60 [6[2 [70 [6 (3 00-M—M efe[t|t[®]2
(Negate) NEGA 40 |2{1[00-A=A eje|t|t|d]|2
NEGB 50 |21 ]00-8-8 R HECE
Decimal Adjust, A | DA 19 2 [1 |Soprerisnarvasg oteco Ta o o1 [ o
Decrement DEC | 6A (62 [7A |6 |3 M-1-M e o |t} @@
DECA anl2|1|aA-1>A e e [t|t @]e
DECB 5A(2[1{B-1-8 eleftit|@le
Exclusive OR EORA 88 [2 2|98 [3 {2 |Aa8 |42 [B8 [4 3 A@M-A efeft[t]R]e
EORB c8 |22 /p8 |3 [2(e8 {a|2[F8 |43 B® M-~ B DBOHBGED
Increment INC 6C |6 7C |6 |3 M+1 M e le(t (3 |B]|e
INCA ac |21 |A+1-A e le it [®|e
INCB 5C|2]1[B+1—~B BOHBEED
Load LDAA |86 |2 |2 |96 |3 |2 A6 |4 (2 [B6 |4 |3 M- A efoeft[1]R]e
Accumu lator LDAB  [C6 |2 [2 |D6 |3 [2 [€6 |4 |2 [F6 [4 {3 M- B eloft]|t[R]e
Load Double LDD cc |3 |3 |pc|a |2 |ec|s |2 |Fc |5 |3 M+1=8 M~A oloft|t|r|e
Muitiply Unsigned MuUL 3D|[10|1 |AxB—+A:B ® o ofe|o|@
OR, Inclusive ORAA (8A |22 (oA |3 (2]AA[4]2BA[4 (3 A+M— A efeft[t[R]e
ORAB cal2[2 [DA[3 [2[eala |2 [FA4 |3 B+M— B e e (T[T IR e
Push Data PSHA 36 3|1 A~ Msp,SP-1—+SP o (e jefofee
PSHB 37 {3(1|B = Msp,SP-1-8P e|ejee]e]e
Pull Data PULA 32[4|1|SP+1—-SP,Msp— A oo |ojeie|e
PULB 3314(1({SP+1—-SP,Msp—B ole|e|eo|ele
Rotate Left ROL 69 |6|2(79 |63 " efeft|t|s]t
ROLA 49 | 2{1 (A m oo |t|tis|?
ROLB s92]718 © ¥ OO HBOE
Rotste Right ROR 66 |62 (76 |63 M DRBEDE
RORB 56218 ofelt]t]e]t

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

Addressing Modes Con(g;igci)sn'ecroda
Operations Mnemonic [ \mMmeD, | DIRECT | INDEX |EXTEND |IMPLIED Amh:e"‘?c'eg"‘,gra“on 5(4(3(2]1]0
OP |~ |#|oP |~ |#]op |~ |# |OP |~ |#|oP|~ |2 Hi|njz(vic
shift Left ASL 686|278 |63 " - elet]t®
ASLA 4821A)gm"‘000$3©t
ASLB 58 |2 |18 o7 L0 o [t1¢|®[t
E:f‘:fﬂ:rist’;\lrfv:etic ASLD 0531 <—o slefrt ©¢
Shift Right ASR 67 |62 (77 |63 ™ . olelt|t|®f2
Arithmetic ASRA 47 [2111A o (o3|t $
ASRB s 2]7]% ©0 NRRGE
Shift Right LSR 64 (62|74 |63 ™ N oo [R[t B¢
Logical LSRA 44 |2 1 A‘O"{:LLLLJ_LJ_)"’Q NOCRGE
‘ LSRB sal2]1]|8 » NRCBCE
. —
Right Logica LsRo 04 [3]1 ] O felelr]: @)
Store STAA 97 |3 |2 |A7]4 2 |B7 43 A M ele|t|t|R]|e
Aceumulator STAB D73 |2 |E7 |4 |2 |F7 |4 |3 B M oo [t[1[R]s
Sore Dauble sTD po|4 {2 |en|s |2 |FD |5 |3 gy ole|t|t|R]e
Subtract SUBA |80 |2|2 90 |3 |2]a0la2]B04a]3 A-M_A efeftitt]e
SUBB__ | CO |2 |2 |D0|3 |2 |E0 |42 [F0 |43 B-M—B NBERE
Double Subtract SUBD |83 |4 |3 |93 |5 |2|A3|62 836 |3 A:B-M:M+1-A:8 |e|e|t|s %]t
ihc':tézr:glators SBA 10 |2]1]A-B=A ML
Subtract SBCA |82 2|2 |92 |3 |2 |A2]|4 |2 |B2 |4 |3 A-M-C—A NORAE
With Carry SBCB | C2 |22 D23 |2 |E2|4 |2 |F2 [4 |3 B-M-CoB DB RAE
Transfer TAB 16 2 |1]|A—B e[e[t[t|R]e
Accumulators TBA 17 (2 [1 B> A e e |tit |Rje
Test Zero or TST 6D |6 |2 |7D |6 |3 M - 00 e e t|t|R|R
Minus TSTA 4D |2 |1 |A-00 el 1]t IRIR
TSTB 5D 2 |1 B - 00 ele|t]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
in_the second byte of the instruction. Direct addressing allows
the user to directly address the lowest 256 bytes in the machine
i.e., locations zero through 255. Enhanced execution times are
achieved by storing data in these locations. In most configura-
tions, it should be a random access memory. These are two-byte
instructions.
Extended Addressing

In extended addressing, the address contained in the second
byte of the instruction is used as the higher 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

@ HITACHI

eight bits in the CPU. 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 thé 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
sSuBD

BRN

CPX

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

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

Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is
loaded from the most significant bit of ACCD.

Loads the contents of double precision memory location into the double
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 + I 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 Congi!io_n Code
Boolean/ egister
Pointer Operations | Mnemonic | yyMeD, | DIRECT | INDEX |EXTND |IMPLIED | Arithmetic Operation |6 |4]3[2]1 [0
OP |~ |#|OP |~ [# |OP |~ |#|OP |~ |#|OP|~ |# HiliN|Z|V|C
Compare Index Reg CcPX 8C (4|3 |9C |5[2|AC|6|2|BC|6|3 X—M: M +1 ofel it ]|t
Decrement index Reg DEX 09 |31 [X=1t—=>X ojele(t|e]|e
Decrement Stack Pntr DES 34 {3 |1 {SP—1—+SP olejo(olefe
Increment Index Reg INX 08 (3|1 |X+1-X ejejcit|o|e
Increment Stack Pntr INS 31 |3 |1 [SP+1->SP efe[eefe|e
Load Index Reg LDX ce|3(3|pefa|2|ee|s|2]|FE|5]3 M= Xy, M+ =X, e e[D[t[R]e
Load Stack Pntr LDS 8E |3 |3 |9E (4|2 |AE|5|2[BE|5|3 M= SPy, {M+1)>SP_ |e e @ ${|R|e
Store Index Reg STX DF |4 |2 [EF [5]|2 [FF (5|3 Xy—=>M X ~>(M+1) [e|e(@D]t[R]e
Store Stack Pntr S§TS "|9F {4 |2 |AF |52 |BF |5|3 SPy—+M,SP_ > {M+1) |e]e @ 1R e
Index Reg —~ Stack Pntr| TXS 35 |3 (1 [X-1—>SP o(o oo e o
Stack Pntr — Index Reg| TSX 30|3|1(|SP+1—X e(o|eje[e]e
Add ABX 3A{3 (1 |B+X—>X o (oo o0 |e
Push Data PSHX 3C {4 [ [X Mg, SP-1—+SP ojo|o|ofele
Xy~ Mgp, SP = 1 - SP
Pull Data PULX 38 {5 (1 [SP+1+SP, M, > Xy (@ e|e e e (e
SP+ 1 SP, Mgy~ X
The Condition Code Register notes are listed after Table 10.
e @ HITACHI
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Table 9 Jump and Branch Instructions

Addressing Modes Condition Code
Register
Operations Mnemonic ' gl ATIVE | DIRECT | INDEX |EXTND |IMPLIED Branch Test sla][3]2]1]0
QP! ~|# |OP|~|#|OP |~ |#|OP |~ |#|OP|~|# Hi1|N|Z|V]|C
Branch Always BRA 2032 None elo|ojoje|e
Branch Never BRN 21|32 None e oo |oe|e
Branch If Carry Clear BCC 241312 cC=0 eloj|e|o 0|
Branch |f Carry Set B8CS 251312 C=1 e|(e[efe|e|e
Branch If = Zero BEQ 27[3)2- Z=1 e|e|e o |ele
Branch If > Zero BGE 2C| 3|2 N@V=0 elofejoleje
Branch If > Zero BGT 2E| 3|2 Z+IN®V)=0 ele|e|oe|e
Branch If Higher BHI 22(3|2 C+Z=0 e|o(e|eja|e
Branch If < Zero BLE 2F 3|2 Z+IN@ V)=t e(ejo o oo
Branch If Lower Or BLS 23|32 c+z=1 olofoleie|e
Branch If < Zero BLT 20|32 N®V=1 ejoje o |ale
Branch If Minus BMI 2B13 |2 N=1 ojeleo o |o|e
Branch If Not Equal | gng 26|32 z-0 ololelofele
g;':an::h If Overflow BVC 8132 =0 elelele|ole
Branch If Overflow Set BVS 29|32 V=1 oo |0 oo
Branch if Plus BPL 2A13 (2 N=0 e/eje (o ale
Branch To Subroutine BSR 8D |62 o (oo (o 0|0
Jump JMP 6E (3 (2 |7E |3 |3 o|o|oiefe]e
Jump To Subroutine JSR 9D 512 |AD{6 |2 BD |6 |3 eje |0 |o(0oie
No Operation NOP o121 S:rvances Prog.Cntr. |4 |e lo e |e|e
Return From Interrupt RTI 3B (101 —_® —
Seturn from RTS 39 |5 [1 ololofefo]e
Software Interrupt SWI 3F 121 e (Sle (e |esle
Wait for Interrupt WAL 3E|9 1 . ) oo
Table10 Condition Code Register Manipulation Instructions
ddressingModes Condition Code Register
Operations Mnemonic IMPLIED Boolean Operation 514 |3 [2111}0
OP | ~ [ # H 1 N|lZ |V |C
Clear Carry CLC ocC 2 1 0—+C e . . ° . R
Clear Interrupt Mask [oi ] 113 2 1 0-1 e | R |[e | e o | o
Clear Overflow CLV 0A 2 1 o0—-V . . . . R .
Set Carry SEC oD |2 |1 1-C [ BEREEEAERE]
Set Interrupt Mask SEI oF 2 1 11 e[ S |e|e | e e
Set Overflow SEV 0B 2 |1 1-V el e e o |S |6e
Accumulator A — CCR TAP 06 | 2 |1 A— CCR — @ ———
CCR — Accumulator A TPA 07 |2 |1 CCR— A efelefoefeTe

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

® (BitV) Test: Result = 100000007
@ (BitC) Test: Result ¥ 00000000?
@ (BitC) Test: Decimal value of most significant BCD Character greater than nine? {Not cleared if previously set)
@ (BitV) Test: Operand = 10000000 prior to execution?
® (BitV) Test: Operand =01111111 prior to execution?
@ (BitV) Test: Setequal to result of N@C after shift has occurred.
(Bit N)  Test: Result less than zero? (Bit 156 = 1)
® (Al Load Condition Code Register from Stack. (See Special Operations)
® (Bit1) Set when interrupt occurs, If previously set, a Non-Maskable interrupt is required to exit the wait state.
(All) Set according to the contents of Accumulator A,
@ (BitC)  Setequal to result of Bit 7 (ACCB)
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Instruction Execution Times in Machine Cycles

Table 11

Re-
lative

In- Im-
plied

Ex-
tended dexed

Imme "
diate Direct

ACCX

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

Imme-
diate

ACCX

INX

ABA
ABX
ADC
ADD

JMP
JSR

LDA
LDD
LDsS
LDX
LSR

ADDD
AND
ASL

ASLD
ASR
BCC
BCS

LSRD
MUL
NEG
NOP
ORA
PSH

10

[ 2

BEQ
BGE
BGT
BHI
BiT

PSHX
PUL

PULX

BLE
BLS
BLT
BMI

ROL
ROR
RTI

10

RTS
SBA
SBC

BNE
BPL

BRA
BRN
BSR

SEC
SEI

SEV

BVC
BVS

STA

STD
STS
STX

CBA
CcLC
cLi

suB

CLR

SUBD
swi

cLv
CMP

12

TAB
TAP
TBA
TPA
TST

COM
CPX

DAA
DEC
DES

TSX
TXS
WAI

DEX

EOR
INC

INS
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e Summary of Cycle by Cycle Operation

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

This information is useful in comparing actual with expected

HD6801S0,HD6801S5

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).

results during debug of both software and hardware as the

Table 12 Cycle by Cycle Operation

Address Mode & Cycle RW
Instructions Cycles # Address Bus Line Data Bus
IMMEDIATE

ADC EOR 2 1 Op Code Address 1 Op Code

ADD LDA 2 Op Code Address + 1 1 Operand Data

AND ORA

BIT SBC

CMP SUB

LDS 3 1 Op Code Address 1 Op Code

LDX 2 Op Code Address + 1 1 Operand Data (High Order Byte)

LDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)

CPX 4 1 Op Code Address 1 Op Code

SUBD 2 Op Code Address + 1 1 Operand Data {High Order Byte)

ADDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector

DIRECT

ADC EOR 3 1 Op Code Address 1 Op Code

ADD LDA 2 Op Code Address + 1 1 Address of Operand

AND ORA 3 Address of Operand 1 Operand Data

BIT SBC

CMP SuB

STA 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address
3 Destination Address 0 Data from Accumulator

LDS 4 1 Op Code Address 1 Op Code

LDX 2 Op Code Address + 1 1 Address of Operand

LDD 3 Address of Operand 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)

STS 4 1 Op Code Address 1 Op Code

STX 2 Op Code Address + 1 1 Address of Operand

STD 3 Address of Operand 0 Register Data (High Order Byte)
4 Address of Operand + 1 0 Register Data {Low Order Byte)

CPX 5 1 Op Code Address 1 Op Code

SUBD 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)

@ HITACHI
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Table 12 Cycle by Cycle Operation (Continued}

Ac::;:rs::tﬂigies & Cycles Q’#de Address Bus Ei/r:Ael 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
a4 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.
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Table 12 Cycle by Cycle Operation (Continued)

Address Mode &

R/W

Instructions Cycles Cv;!e Address Bus Line Data Bus
EXTENDED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Jump Address (High Order Byte)
3 Op Code Address + 2 1 Jump Address {Low Order Byte)
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
AND ORA 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
BIT SBC 4 Address of Operand 1 Operand Data
CMP SUB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address (High Order Byte)
3 Op Code Address + 2 1 Destination Address (Low Order Byte)
4 Operand Destination Address 0 Data from Accumutlator
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 Op Code Address + 1 1 Address of Subroutine {(High Order Byte)
3 Op Code Address + 2 1 Address of Subroutine {Low Order Byte)
4 Subroutine Starting Address 1 Op Code of Next Instruction
5 Stack Pointer 0 Return Address {L.ow Order Byte)
6 Stack Pointer - 1 0 Return Address (High Order Byte)

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

GO HITACHI
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Table 12 Cycle by Cycle Operation {Continued)

Address Mode & Cycle RW
Instructions Cycles p Address Bus Line Data Bus
IMPLIED
ABA DAA SEC 2 1 Op Code Address 1 Op Code
ASL DEC SEI 2 Op Code Address + 1 1 Op Code of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLI NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
ABX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Op Code Address 1 Op Code
LSRD 2 Op Code Address + 1 1 frrelevant 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 Operand Data from Stack
PSHX 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Index Register (Low Order Byte)
4 Stack Pointer - 1 0 Index Register (High Order Byte)
PULX 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Index Register {High Order Byte)
5 Stack Pointer +2 1 Index Register {Low Order Byte)
RTS 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Address of Next Instruction
(High Order Byte)
5 Stack Pointer +2 1 Address of Next instruction
{Low Order Byte)
WAI** 9 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Return Address {Low Order Byte)
4 Stack Pointer — 1 0 Return Address (High Order Byte)
(Continued)
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Table 12 Cycle by Cycle Operation {(Continued)

Address Mode &

Cycle

R/W

Instructions Cycles, W Address Bus Line Data Bus
WALI** 5 Stack Pointer — 2 0 Index Register (Low Order Byte)
6 Stack Pointer — 3 0] Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
MUL 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 Address Bus FFFF 1 Low Byte of Restart Vector
RTI 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Contents of Cond. Code Reg.
from Stack
5 Stack Pointer + 2 1 Contents of Accumulator B
from Stack
6 Stack Pointer + 3 1 Contents of Accumulator A
from Stack
7 Stack Pointer + 4 1 Index Register from Stack
(High Order Byte)
8 Stack Pointer + 5 1 Index Register from Stack
{Low Order Byte)
9 Stack Pointer + 6 1 Next Instruction Address from
Stack (High Order Byte)
10 Stack Pointer + 7 1 Next Instruction Address from
Stack (Low Order Byte)
Swi 12 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address (Low Order Byte)
4 Stack Pointer — 1 0 Return Address (High Order Byte)
5 Stack Pointer — 2 0 Index Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
10 Stack Pointer — 7 1 Irrelevant Data
1 Vector Address FFFA {Hex) 1 Address of Subroutine
(High Order Byte)
12 Vector Address FFFB (Hex) 1 Address of Subroutine

(Low Order Byte)

*+While the MCU is in the ‘'Wait" state, its bus state will appear as a series of MCU reads of an address which is seven [ocations less than the
original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAl ins—

truction,
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Table 12 Cycle by Cycle Operation (Continued)

Adl?\rsetisuxio::s& Cycles C\;;le Address Bus E'/:‘el Data Bus
RELATIVE

BCC BHT BNE 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 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
The HD6801S has 36 undefined instructions. When these are
carried out, the contents of Register and Memory in MCU

change at random.

LSIL

Table 13 Op codes Map

When the op codes (4E, 5E) are used to execute, the MCU
continues to increase the program counter and it will not stop
until the Reset signal enters. These op codes are used to test the

HD6801S MICROCOMPUTER INSTRUCTIONS
op AcC] ACC]p | ey I 2CCA o S AGCE or X
CODE A B IMM | DIR | IND | EXT [ IMM [ DIR | IND [ EXT
HI 0000 | 00010010 ] 0011 | 0100|0101 |0110[ 0111] 1000] 1001|1010 1011] 1100|1101 [1110] 1111
Lo 0 1] 2 3 4 |5 |6] 7] 8| 9] A|B|C|D]|E]CF
0000 |0 SBA | BRA | TsSX NEG suB 0
0001 1 NOP CBA | BRN INS CMP 1
oot0_ | 2 BHI_[PULA (+1] sBC 2
0011 | 3 BLS |PULB {+1) com + 1 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 LT 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
01| 8 SEV__| ABA | BMI | RTI (+7) ADD 8
1100 [ ¢ cLe BGE | PSHX (+1] INC + | cPX(+2) ~ 1 _LDD (+1) c
1101 | D SEC BLT | MUL (+7) ST BSR|  Jsmi+2) |*t1)]  sTo@n | D
Mo | E cLl BGT |WAI(+6) | =+~ | uMP(3) | * | LDS(+1) * DX ) E
[ F SEI BLE | swi (+9) CLR seil  sTsen [redl]  sTxen [ F
BYTE/CYCLE 12 | 12 23 s [wzfuz]ae] e 222324 3] 22] 23 24 ] 34
[NOTES] 1) Undetined Op codes are marked with [——].

2) (

74

) 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 ****.
:gg‘%dti)“é a;!dressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes
, CD, CF).

4) The Op codes (4E, 5E) are 1 byte/« cycles instructions, and are marked with ' **"
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00€8-GEY (B0Y) o LELSE YO ‘9SO UEBS o "OAY SJ00L,0 0122 ¢ P11 BOUSWY iyoelH

IHOVLIH®

SZ

1- ITMP
11

Vector - PC

RESET[FFFE: FFF

Y
N
Y
N

EXECUTE

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

Condition Code Register
(LD NZIVIE]

IT™MP

Figure 24 Interrupt Flowchart

I = 1TMP
11

Vector — PC
NMI | FFFC FFFD
Swi FFFA FFFB
TRQ, | FFFB FFF9
ICF FFF6 FFF7
OCF | FFF4 FFF5
TOF | FFF2 FFF3
SCI FFFO FFF1

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

Non-Maskable Interrupt

Software Interrupt

Maskable Interrupt Request 1

Input Capture Interrupt

Output Compare Interrupt

Timer Overflow Interrupt

SCI interrupt (TDRE + RDRF + ORFE)

GS1089AH'0S10890H



HD6801S0,HD6801S5

Vee

Vee

r‘ ——=> Enable :— Enable
= e Wi = S vT]
e
le— iAo, le — "
Ve Standby ———>>1 Port 3 Ve Standby ~———2»
A5 S 8 Transfer a5
Lines
Ell"/.(: 81/0 Lines
Port 4 Port 2 Port 2 Port 4
81/0 Lines 61/0 Lines  51/0 Lines 81/0 Lines
sC sct
16 Bit Timer 16 Bit Timer
Vss Vss
Figure 256 HD6801S MCU Single-Chip Dual Processor Configuration
HD6801S Enable _J__J HD6801S Enable
= (=]
- MCcu - | Mcu
Address
8 Strobe | g
Latch [<—@
16 8
Random
Access ROM
Memory
Peripheral
interface RAM
Adapter
General
Purpose PIA
Interface
Adapter
Address Data
Bus Bus GPIA
Figure 26 HD6801S MCU Expanded Non-Multiplexed Mode
PTM
Address Bus Data Bus

® Caution for the HD6801 Family SCI, TIMER Status Flag

Figure 27 HD6801S MCU Expanded Multiplexed Mode

Table 14 Status Flag Reset Conditions

The flags shown in Table 14 are cleared by reading/writing | .
(flag reset condition 2) the data register corresponding to each S’E_?;us Cf,ﬁﬂ;tﬁizfﬁ F'ag(g‘:steaté:%?gt:;‘)’" 2
flag after reading the status register (flag reset condition 1). g (Status Register)

To Ic{lea‘; t}l:e flag correctly, take the following procedure: ICF | When each flag is ICR/Read

1. Read the status register -

TIMER| OCF | 1" OCR/Write
2. Test the flag .
3. Read the data register TOF | TRCSR/Read TC/Read
RDRF | When each flag is RDR/
SCI | ORFE | 1", Read
TDRE | TRCSR/Read TDR/Write
76
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HD6801VO0, HD6801V5
M C U (Microcomputer Unit)

The HD6801V MCU is an 8-bit microcomputer unit which
is compatible with the HD6801S except the ROM size. The
HD6801V MCU is object code compatible with the HD6800
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 bytes. 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
(8CI), and parallel 1/O as well as a three function 16-bit timer.
Features and Block diagram of the HD6801V include the
following:

FEATURES

Expanded HMCS6800 Instruction Set

8 x 8 Multiply

On-Chip Serial Communication Interface (SCI)
Object Code Compatible With The HD6800 MPU
16-Bit Timer

Single Chip Or Expandable To 65k Bytes

4k Bytes Of ROM

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

29 Parallel 1/0 Lines And 2 Handshake Control Lines
internal Clock/Divided-By-Four Circuitry

TTL Compatible Inputs And Outputs

Interrupt Capability

Compatible with MC6801 (except ROM size)

BLOCK DIAGRAM

Pio = sn

2
Pyy el MUX P<>2rl P2
Pree—| Port | ___ F;zz
Pyse—- 3 1ROy 2

Timer

SCie—f

SCI

Pay=—s| Port

Port fe—————+ Py,

HD6801VOP
HD6801V5P

(DP-40)

= PIN ARRANGEMENT

T T T® Y VD VUV UV DU

HD6801V P

1 Vcc Standby

(Top View)

= TYPE OF PRODUCTS

MCU Bus Timing
HD6801V0 1 MHz
HD6801V5 1.25 MHz

@ HITACHI
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HD6801VO,HD6801V5

® ABSOLUTE MAXIMUM RATINGS

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

*  With respect to Vgg (SYSTEM GND)

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

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

item Symbol | Test Condition min typ max Unit
. R—ES. 4'0 - vcc
Input ““High” Voltage Vi
P 9 9 Other Inputs™® ™ 20 - Vee v
Input ““Low’’ Voltage EXTAL 03 - 06
g Other Inputs* Vie -0.3 - 08 v
Pao ~ P47 - - 05
Input Load Current SC, il Vin =0~24V — — 0.8 mA
EXTAL Vin=0~Vee - = 12
Input Leakage Current NMI, IRQ,, RES Hinl Vin =0~ 5.25V - - 25 HA
Three State (Offset) | Pio ~ P12, Pao ~ Paz o5~ - 10
Leakage Current Pyo ~ P4 lhrsil | Vin =05~ 2.4V — - 100 KA
Py ~P3; I oap = ~205 HA 2.4 - —
Output “High’’ Voltage | P4 ~ Psq, E, SC,, SC; Von lLoap = -145 A 24 - - \'
Other Outputs fLoap = -100 uA 24 - -
Output “Low’’ Voltage | All Outputs Vou lLoap = 1.6 mA - - 0.5 \
Darlington Drive Current | Pyo ~ Py, “fon | Vour =15V 1.0 - 10.0 mA
Power Dissipation Po - — 1200 | mW
. P3o ~ P37, Pag ~ P47, SC, Vin =0V, Ta=25°C, | — - 12.5
Input C: t: Ci F
nput Bapacttance Other Inputs " f=1.0MHz _ - 100 "
P .0 - 5.25
Ve Standby owerd-own Vsss 4 v
Operating Vsg 4.75 - 5.25
Standby Current Powerdown lsgs | VsBe =4.0V — — 8.0 mA
*Except Mode Programming Levels.
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® AC CHARACTERISTICS

BUS TIMING (Ve = 5.0V5%, Vss = 0V, Ta= 0 ~ +70°C, unless otherwise noted.)

Item Symbol | Test Condition - HD6801v0 - HDG6801V5 Unit
min_|typ | max | min | typ | max
Cycle Time teye 1 - 10 | 08 — 10 Hs
Address Strobe Pulse Width “High’’ * PWasH 200 — - 150 — - ns
Address Strobe Rise Time tasr 5 | — 50 5 — 50 ns
Address Strobe Fall Time tast 5 - 50 5 — 50 ns
Address Strobe Delay Time * tasp 60 | — - 30 | - - ns
Enable Rise Time e, 5 — 50 5 - 50 ns
Enable Fall Time tet 5 — 50 5 = 50 ns
Enable Pulse Width ““High’* Time * PWey 450 — - 340 - — ns
Enable Pulse Width *‘Low" Time * PWe, 450 | — - | 3% | - - ns
Address Strobe to Enable Delay Time * taseD 60 - — 30 — — ns
Address Delay Time taD Fig. 1 - — 260 - - 260 ns
Address Delay Time for Latch * tabpL Fig. 2 - — 270 - - 260 ns
Data Set-up Write Time tosw 225 | — - 115 - - ns
Data Set-up Read Time tpsk 80 | — - 80 | — — ns
Data Hold Time Read LI 10 - — 10 - — ns
Write thw 20 — — 20 — —

Address Set-up Time for Latch * tasL 60 - — 50 | — — ns
Address Hold Time for Latch taAHL 20 — — 20 — — ns
Address Hold Time tan 20 | — — 20 — — ns
Peripheral Read Non-Multiplexed Bus* (tacen) - |- .| - | - 1o

Access Time Multiplexed Bus* {tacem) - — | (600} [ — — (410) "
Oscillator stabilization Time trc Fig. 10 100 | — — 100 | — — ms
Processor Control Set-up Time tpcs\ Fig. 11 200 - — 200 — — ns

HD6801VO,HD6801V5

*These timings change in approximate proportion to tcyc. The figures in this characteristics represent those when tcyc is
minimum (=in the highest speed operation).

PERIPHERAL PORT TIMING (Ve = 5.0V 5%, Vgg = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Peripheral Data Setup Time | Port1,2,3,4 teosu Fig. 3 200 - - ns
Peripheral Data Hold Time Port1,2,3,4 troH Fig. 3 200 - - ns
Delay Time, Enable Positive Transition .
to 053 Negative Transition tospi Fig. 5 - - 350 ns
Delay Time, Enable Positive Transition .
to OS3 Positive Transition tosp2 Fig. 5 - - 350 ns
Delay Time, Enable Negative
Transition to Peripheral Data| Port 1, 2*,3,4 trwD Fig. 4 — - 400 ns
Valid
Delay Time, Enable Negative *
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 puil up register required for Port 2
G HITACHI
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HD6801V0O,HD6801V5

80

TIMER, SCI TIMING (V¢c = 5.0V 5%, Vgg = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Timer Input Pulse Width tewT 2t +200| — - ns
Delay Time, Enable Positive Transition to .
Timer Out troo Fig. 7 - - 600 ns
SCi Input Clock Cycle tseye 1 - - teye
SC! Input Clock Pulse Width tewsck 0.4 — 0.6 tscye

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

Item Symbo! Test Condition min typ max Unit
Mode Programming Input “Low’’ Voltage VampL - - 1.7 v
Mode Programming Input “High’’ Voltage VmpH 4.0 - - v
RES ““Low’’ Pulse Width PWgste Fig. 8 3.0 - - teye
Mode Programming Set-up Time tmps 2.0 - - teye
Mode Programming RES Rise Time > Tus twpH 0 - - ns
Hold Time RES Rise Time < tus 100 = -

toye

Address Strobe
(AS)

24v

Enabie
(E)}

R/W, ArAg
(SC3 (Port4)

MCU Write
Do~D,,A,~A,
(Port 3)

MCU Read
0,~D,. A,~A,
(Port 3)

0.5v
\

e tast
hseT—
X
PWey
PWg,
——{ ter —o‘ o—te¢
— jo— (AN
Address Valid

L‘AHL

e toew—{ ]

E §hzv
A 0.6V

Data Valid

fe—— tpgR —|

22v N F2.0v

0.8v

Data Vatid

T

{tacem!

Figure 1 Expanded Multiplexed Bus Timing
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HD6801V0O,HD6801V5

24v

teye

tap —»

Enable * PWEH
(E) f PWe |
05v ‘
tgr — [+ Ef

AfPort4) 2.2v
R (SC2) ——-<
105 (sCy 0.6V Y-

Address Valid

[

[+ tosw —*

) 22vf
MCU Write 7 Data Valid
0,~0, v
(Port3) oevE
| «— tpgR ——*f
{tacen!
MCU Read 2V Data Valid
ata Valu
D,~D.
(Port 3) oev

Figure 2 Expanded Non-Multiplexed Bus Timing

r——- MCU Read

Enable(E) 24v l———tuv
o.sv} 0.5V

it

POSU—= POH
FIl'l ~ PI'l
. o OV
Pio ~ Py ::\\/’ Data Valid g :V
PCO ~ Pl? - . 7S
inputs tppsu |¢—~l "
Py ~P 2.0V ) 2.0V
”.,.pu.zz 08V Data Valid 08V
} k

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

Figure 3 Data Set-up and Hold Times;,
(MCU Read)

r—MCU access of Port 3*

[— MCU Write

Enable(E)

B
Alt Data 2.2V .
Port Outputs wto.sv Data Valid

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

Figure 4 Port Data Delay Timing
{MCU Write)

is3
Enable(€) \ 21’/ \ 2-‘VJ
Add
aadre 100080 X
] toso1 tosD2 ~ 70 30V
0s3 2.2V P‘f,‘wz“ 0.8:’/ Data Valid 08
0.6V ‘

*Access matches Output Strobe Select (0SS = 0, a read;

0SS =1, awrite)
Figure 5 Port 3 Qutput Strobe Timing Figure 6 Port 3 Latch Timing

(Single Chip Mode) (Single Chip Mode)
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HD6801VO,HD6801V5

Enable

(E) / 24V \ f
Tumer X Output Compare
Matched x
Counter atc! Mode Inputs

troowl (P, Py Pyy)

Py, 2.2V
Output 0.6V

Figure 8 Mode Programming Timing
Figure 7 Timer Output Timing
Vee

R =22k0

Test Point Test Point
152074 @)

30pF or Equiv,

C =90 pF for P,y ~P,, P, ~P,, E,SC,,SC
b e e R S 1. SC,

Pra i Pro~Pyy

(b} TTL Load

{a} CMOS Load

Figure 9 Bus Timing Test Loads

Last Insiruction —e Iy 0

Cycte
- ” o - '3 ©

L] I #9

1 Bit Set
Internal

OpCode OpCode SPin)  SPin1) SP(n2]  SPin3) SPIn4) SPIn5) SP(n6) SPin7) Vector Vector NewPC
— T\ Addr  Addr MSB Addr  LSB Addr Address
"G,

i o1 T \
—{ [+— tecs

Internal

Data Bus Op Code Op Code. PCO-PCT PCB-FCTS XO<X7 XB=X15 ~ACCA~ AceE . —CCR ‘mreievant

Internal R L /

* IRQ, - Internal Interrupt

Vector  Vector  Fust inst. of
Data MSB LS8 Interrupt Routine

Figure 10 Interrupt Sequence

tac o | tocs

2
L TN o8V
REs 7 £

- ,
Address Bus FFFE FFE FFFE FFFE FFFF  New PC FFFE FFFE
PRTZ AT AII AR RAARRAR AW Ny

Internat
Data Bus
PC8~PC15 PCO~PC?  First

BN wor vatia tstruction

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%.
® 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 dividé-by-4 circuitry allows for use of the
mexpensive 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. An example
of the crystal interface is shown in Fig. 12. EXTAL may be
driven by an external TTL compatible clock source with a 45%
to 55% duty cycle. It will divide by 4 any frequency less than or
equal to 5 MHz. XTAL must be grounded if an external clock is
used.

Nominal Crystal Parameter

Crystal
4 MHz 6 MHz
Item
Co 7 pF max. 4.7 pF max.
Rs 60£2 max. 308 typ.
XTAL
CLq =Cya = 22pF £ 20%
= (3.2 ~ 5 MHz)
[Note] These are representative
EXTAL AT cut parallel 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
Vggp during power down.
To retain information in the RAM during power down the
following procedure is necessary:
1) Write “0” into the RAM enable bit, RAME. RAME is bit
6 of the RAM Control Register at location $0014. This
disables the standby RAM, thereby protecting it at power
down.
2) Keep Ve Standby greater than Vspg.

Ve Standby Power Line

*

Figure 13 Battery Backup for V¢ Standby

HD6801VO,HD6801V5

® Reset (RES)

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

When a “High” level is detected, the MCU 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
control bits PC2, PC1 and PCO.

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

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

e Enable (E)

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

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 NML.

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 $FFFC and $FFFD. An address loaded at these loca-
tions causes the CPU to branch to a non-maskable interrupt
service routine in memory.

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

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

® Interrupt Request (IRQ, )

This level sensitive input requests that an interrupt sequence
be generated within the machine. The processor will complete
the current instruction before it recognizes the request. At that
time, if the interrupt mask bit in the Condition Code Register
is not set, the machine will begin an interrupt sequence. The
Index Register, Program Counter, Accumulators, and Condition
Code Register are stored on the stack. Next the CPU will res-
pond to the interrupt request by setting the interrupt mask bit
“High” so that no further maskable interrupts may occur. At
the end of the cycle, a 16-bit address will be loaded that points
to a vectoring address which is located in memory locations
SFFF8 and $FFF9. An address loaded at these locations causes
the CPU to branch to an interrupt routine in memory.

The TRQ, requires a 3.3 k{2 external resistor to Ve 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 IRQ, 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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HD6801VO,HD6801V5

Table 1 Interrupt Vector Location
Vector Interrupt
MSB LS8
Highest FFFE FFFF RES
Priority FFFC | FFFD NI
FFFA FFFB Software Interrupt (SWI)
FFF8 | FFF9 iRQ, (or iS3)
FFF6 FFF7 ICF (Input Capture)
FFF4 FFF5 OCF (Output Compare)
FFF2 FFF3 TOF (Timer Overflow)
Lowest FFFO | FFF1 | SC, (RDRF + ORFE + TDRE)
Priority L

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

® Input Strobe (iS3) (SC,)

The tunction of the IS3 signal depends on the 1/O Port 3
Control/Status Register. If IS3 Enable bit is set, an interrupt
will occur by the fall of the IS3 signal. If the latch enable bit is
set, the data in the I/O Port 3 will be latched at the I/O Port 3
Data Register. The timing condition of the IS3 signal that is
necessary to be latched the input data normally is shown in
Figure 6.

e Output Strobe {0S3) (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. I/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 CPU is in a Read (“High”) or a
Write (“Low”) state. The normal standby state of this signal is
Read (“High”). This output can drive one TTL load and 90 pF
capacitance.

® /0 Strobe (iOS) (SC;) o

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 expinded 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. So 1/O port 3 can become data bus during
the E pulse. The timing for this signal is shown in Figure 1 of
Bus Timing. This signal is also used to disable the address from
the multiplexed bus allowing a deselect time, tosp before the
data is enabled to the bus.

® PORTS

There are four I/O ports on the HD6801V 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 I/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 1/0
line to be an output. A “0” in the corresponding Data Direction
Register bit will cause that 1/O line to be an input. There are
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 RD ea ;;‘B:rz‘i:g::ss
1/0 Port 1 $0002 $0000
1/0 Port 2 $0003 $0001
1/0 Port 3 $0006 $0004
1/0 Port 4 $0007 $0005
® 1/OPort 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 1/O lines are configured as inputs. In all
three modes, Port 1 is always parallel 1/O.

® |/OPort2

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 5) 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 I/O and
provides access to the Serial Communications Interface and the
Timer. Bit 1 is the only pin restricted to data input or Timer
output.
® 1/OPort3

This is an 8-bit port that can be configured as 1/0, 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
o
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Its TTL compatible three-state output buffers can drive
one TTL load and 90 pF capacitance. 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 1/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 CPU read or write to Port 3’s Data Register, and (3)
and IRQ, interrupt can be enabled by an 1S3 negative 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~A4). 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 0

is3 X | oss
IRQy
FLAG |[ENABLE

o LATCH | x [ x | x
is3

$000F ENABLE

Bit 0; Not used.

Bit 1; Not used.

Bit 2; Not used.

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

Bit 4; OSS. (Output Strobe Select) This bit will select if the
Output Strobe should be generated at OS3 (SC,) by a
write to 1/O Port 3 or a read of [/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 to Port 3.

Bit 5; Not used.

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

Bit 7; IS3 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 I/O Port 3. Reset will clear
this bit.

e |/OPort4

This is an 8-bit port that can be configured as 1/O or as
address output 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 fora
logic “0”.

As outputs, each line is TTL compatible and can drive 1 TTL
load and 90 pF capacitance. 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: Parallel Inputs/Outputs as programmed by
its associated Data Direction Register.

Expanded Non-Multiplexed Mode: Port 4 is configured as
the lower order address lines (Aq ~A ) by writing “1”’s to the
data direction register. When all eight address lines are not need-
ed, the remaining lines, starting with the most significant bit,
may be used as I/O (inputs only).

Expanded Multiplexed Mode: Port 4 is configured as the
higher order address lines (Ag ~ A;s) by writing “1”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).

= OPERATION MODES

The operation modes that HD6801V will operate 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/O
1, and 1/O O respectively) of Port 2. They are latched into
programmed control bits PC2, PC1, and PCO when reset goes
high. I/O Port 2 Register is shown below.

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

$0003

PC2 | PC1| PCO | /O4 | /O3 | 1/O2 | I/O1 |I/O O

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 HD6801V can operate three basic modes; (1) Single Chip
Mode. (2) Expanded Multiplexed Mode (compatible with
HMCS6800 peripheral family) (3) Expanded Non-Multiplexed
Mode.

® Single Chip Mode
In the Single Chip Mode the Ports are configured as 1/0.
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.

e Expanded Non-Multiplexed Mode

In this mode the HD6801V 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 1/O (inputs only). Port 2 can be parallel 1/0, serial
1/0, Timer, or any combination of them. Port 1 is parallel 1/O
only. In this mode the HD6801V is expandable to 256 loca-
tions. The eight address lines associated with Port 4 may be
substituted for 1/O (inputs only) if a fewer number of address
lines will satisfy the application (See Figure 17).
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Vee

6] ——
RES T T RES
o ¢ HD68O1V
0
8
Y, X P,, (PCO)
z, P,, (PC1)
. 10
Py X, P,, (PC2)
P?I Yl
Pya Z, HD140538
Inh
[NOTES] 1) Mode 7 as shown

S, 0,0
¢ Mode
Control
Switch

.

2) RC=Reset time constant
3) R,=10k§2

Figure 14 Recommended Circuit for Mode Selection

Truth Table
Vpbp
Control Input On Switch
n Switcl
'"X O: Level || Binary to 1-0f-2 Inhibit |2 ¢t
Decoder with C|B|A| HD14053B
B O— Converter [ Inhibit
CO— nhibi o [o]ofo] z|vx,
é é__l 0 |0]0[1] Z,|Y,X,
Vss OVeg o [of1]e] z|v,[x,
X yO— 3 o fof1]{1] z|v.|x,
X,0 % o x o [1]ofo] z]v,x,
Y,0— 0 [1]of1] Z,|v,|x,
Y, o Jé%} oY o Jtr]1|o]| zZ|v,x,
Z,0- o (1]|1]1] zZ]v,|x,
Z,0 z 1 Ix]x|{x —
Figure 16 HD14053B Multiplexers/Demultiplexers
Y
Vee fj:,c
T | — = Enabl
—fz 7w Enable = e
= — - | l—0O NMI
- 4 |=——ONMI
3 JR— Ve Standby 00— le—0 m
Ve Standby 0——>4 21 5 <—O0 IRQ, AES 1
RES O——>| gHDEBOTV HD68O1V
13 37 Port 1 MCu Port 3
Port 1 ( § Port3 8 Parallel 1/0 8 Data Lines
8 1/0 Lines 2 30 81/0 Lines
39 ke —=> R/W
38 ———>} f/ocgtszrobes 108
Port 2 Port 4
Port 4 259 % Port 2 Z(;ara“e‘ 110 <;:> <::[[> To 8 Address
81/0 Lines 2 1 12 51/0 Lines Time Lines or To
scl imer " 81/0 Lines
Th’ Timer Vs (Inputs Only)

Vss

Figure 16 HD6801V MCU Single-Chip Mode
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Figure 17 HD6801V MCU Expanded Non-Multiplexed Mode
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® Expanded Muitiplexed Mode Vee
In this mode Port 4 becomes higher order address lines with
an alternative of substituting some of the address lines for 1/O T

(inputs only). Port 3 is the data bus multiplexed with the lower N e —= Enable
order address lines differentiated by an output called Address = i
Strobe. Port 2 is 5 lines of Parallel 1/0, SCI, Timer, or any T C
combination of them. Port 1 is 8 Parallel I/O lines. In this mode Ve Standby O—> <o iRG,

it is expandable to 65k bytes. (See Figure 18). .
RES 0—= HD6801V |—= R/W

® Lower order Address Bus Latches Mcu Porf 3

Since the data bus is multiplexed with the lower order Port1 <::> fA'-"‘_es
address bus in Port 3, latches are required to latch those address 81/0 Lines D::;}”A'Z’;f:ss
bits. The 74LS373 Transparent octal D-type latch can be used
with the HD6801V to lalt)ch the least sig)r?i)ﬁcam address byte. Address Strobe
Figure 19 shows how to connect the latch to the HD6801V. Z"l"/‘ozunes Port 4
The output control to the 74LS373 may be connected to sl <::1\> \//\:‘:> To 8 Address
ground. Timer Lines or To

7# 81/0 Lines

Vss (tnputs Only)

Figure 18 HD6801V MCU Expanded Multiplexed Mode

GND »—
AS »——
G OC
D] Q! h
————
— 3
Port 3 7415373 R Address: Ay ~A, Function Table
Address/Data l———————> Output Enable Output
— Control G D - Q
D, 9 L H H H
L H L L
L L X Q,
H X X z
Data: D,~D,
Figure 19 Latch Connection
® Mode and Port Summary MCU Signal Description
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
MODE
°© Eight Lines Five Lines Eight Lines Eight Lines G SC,
SINGLE CHIP 1/0 1/0 110 1/0 1S3 (1) | OS3(0)
. ADDRESS BUS
(Ao ~A;) ADDRESS BUS” o
EXPANDED MUX
1/0 1/0 DATA BUS (Ag~Ars ) AS(0) R/W(O)
(Do~D~)
»*
EXPANDED NON-MUX 1/0 1/0 DATA BUS | ADDRESS BUS® | i55(0) | RAW(O)
{Do~D4) (Ag~A;)
*These lines can be substituted for |/O {Input Only) starting with the most significant address line.
| = Input 153 = input Strobe SC = Strobe Control
O = Output OS3 = Output Strobe AS = Address Strobe
R/W = Read/Write tOS = 1/0 Select
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Table 3 Mode Selection Summary

Mode | (£t | pEh) | ooy | ROM | Ram | I"UTREL Mode Otode
7 H H H ] | ! | Single Chip
6 H H L 1 1 | Mux(6) Multiplexed/Partial Decode
5 H L H 1 1 1 NMUX(6) Non-Multiplexed/Partial Decode
4 H L L 12) [ | 1 Single Chip Test
3 L H H E E E MUX Multiplexed/No RAM & ROM
2 L H L E 1 [3 MUX Muitiplexed/RAM
1 L L H | | E MUX Multiplexed/RAM & ROM
[} L L L I | 113) MuUX Muitiplexed Test
LEGEND: [NOTES]
| — Internal 1) Internal RAM is addressed at $X X80
E — External 2) Internal ROM is disabled o
MUX — Multiplexed 3) RES vector is external for 2 cycles after RES goes “High”’
NMUX — Non-Muitiplexed 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 default is user data input; address output is optional by writing to Port 4
Data Direction Register
®» MEMORY MAPS ® INTERRUPT FLOWCHART

The MCU can provide up to 65k bytes address space depend- The Interrupt flowchart is depicted in Figure 24 and is com-
ing on the operating mode. A memory map for each operating mon to every interrupt excluding reset.
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*** 01
Port 1 Data Register 02
Port 2 Data Register 03
Port 3 Data Direction Register*** 04"
Port 4 Data Direction Register*** 05**
Port 3 Data Register 06*
Port 4 Data Register o7**
Timer Cantrol and Status Register 08
Counter {High Byte) 09
Counter (Low Byte) 0A
Output Compare Register (High Byte) 0B
Output Compare Register (Low Byte) oC
Input Capture Register (High Byte) oD
tnput 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 16-1F

* External address in Modes 0, 1, 2, 3, 5, 6; cannot be
accessed in Mode 5 (No. I0S}

** External addresses in Modes 0, 1, 2, 3
*** 1=Qutput, O=Input-
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HD6801V HD6801V
Mode Mode

|

Multiplexed Test mode Multiplexed/RAM & ROM
$0000( 1) Y // } $oo00( ) }
tnternal Registers Internal Registers

$001F

] External Memory Space External Memory Space

$0080 $0080

internal RAM

}
|
}

$00FF

] internal RAM

$O00FF

External Memory Space

$FO00 Internal ROM
Internat ROM SFFEF
$FFFO External Interrupt Vectors

$FFFF(2) Internal Interrupt Vectors(2 $FFFF
[NOTES] [NOTES]
1) Excludes the following addresses which may 1) Excludes the foliowing addresses which may

be used externally: $04, $05, $06, $07 and $OF. be used externally: $04, $05, $06, $07 and
2} Addresses $SFFFE and $FFFF are considered $OF.

external if accessed within 2 cycles aiter a 2} Internal ROM addresses $FFFO to $FFFF are

positive edge of RES and internal at all other not usable.

times.

After 2 CPU cycles, there must be no over-

lapping of internal and external memory

spaces to avoid driving the data bus with more

than one device.

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

3

Figure 20 HD6801V Memory Maps
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90

HD6801V
Mode

Multiplexed/RAM

$0000(%) %////%

] Internal Registers

$001F

- } External Memory Space
$0080 7

% Internal RAM
$O0FF 24
External Memory Space
$FFFO
SFEFF } External Interrupt Vectors
[NOTE]

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

HD6801V
Mode

Multiplexed/No RAM or ROM

$0000(1) W ] Internal Registers

$001F

External Memory Space

$FFFO

External Interrupt Vectors

$FFFE

[NOTE]

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

Figure 20 HD6801V Memory Maps (Continued)
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HD6801V HD6801V
Mode Mode

Single Chip Test Non-Multiplexed/Partial Decode
$0000 $0000(1)
} Internal Registers } Internal Registers
$001F $001F
Unusable
$0080
Internal RAM
$0OFF
$0100
External Memory Space
$01FF
Unusable(1)(4)
Unusable
$FO00
Internal ROM
$xx80 ) e e
$XXFF /// Internal Interrupt Vectors $FFFF Internal Interrupt Vectors
[NOTES] [NOTES]
1} The internal ROM is disabled. 1) Excludes the following addresses which may
2) Mode 4 may be changed to Mode 5 without not be used externally: $04, $06, and $OF.
having to assert RESET by writinga 1" into {No 10S)
the PCO bit of Port 2 Data Register. 2) This mode may be entered without going
3) Addresses A; to A, ; are treated as “‘don’t through RES by using Mode 4 and sub-
cares’’ to decode internal RAM. sequently writing a “1"" into the PCO bit of
4) Internal RAM will appear at $XX80 to $XXFF. Port 2 Data Register.

3

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.

Figure 20 HDB8801V Memory Maps (Continued)
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HD6801V HD6801V
Mode Mode

Multiplexed/Partial Decode Single Chip

$0000(1) p $0000
$oz": %////////A Internal Registers $001F } Internal Registers
_ External Memory Space Unusable
$0080 7 $0080
/% Internal RAM } Internal RAM
$00FF 7 $00FF
External Memory Space Unusabte
$F000 $FO00
Internal ROM Internal ROM
Internal Interrupt Vectors Internal Interrupt Vectors
$FFFF $FFFF

[NOTES]

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

Address lines Ag~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

Figure 20 HD6801V Memory Maps (Continued)
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8 PROGRAMMABLE TIMER

The HD6801V contains an on-chip 16-bit programmable
timer which may be used to perform measurements on an input
waveform while independently generating an output waveform.
Pulse widths for both input and output signals may vary from a
few microseconds to many seconds. The timer hardware consists
of
«+ an 8-bit control and status register,

« a 16-bit free running counter,

+ a 16-bit output compare register, and

« a 16-bit input capture register

A block diagram of the timer registers is shown in Figure 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 CPU software at
any time. The counter is cleared to zero by reset and may be
considered a read-only register with one exception. Any CPU
write to the counter’s address ($09) will always result in preset
value of $FFF8 being loaded into the counter regardless of the
value involved in the write. This preset figure is intended for
testing operation of the part, but may be of value in some
applications.
® Output Compare Register ($0008:$000C)

The Output Compare Register is a 16-bit read/write register
which is used to control an output waveform. The contents of
this register are constantly compared with the current value of
the free running counter. When a match is found, a flag is set
(OCF) in the Timer Control and Status Register (TCSR) and the
current value of the Qutput 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

HD6801V0,HD6801V5

Bit 1. The values in the Output Compare Register and Output
level bit may then be changed to control the output level on the
next compare value. The Output Compare Register is set to
$FFFF during reset. The Compare function is inhibited for
one cycle following a write to the high byte of the Output
Compare Register to insure a valid 16-bit value is in the register
before a compare is made.

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

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

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

* With Port 2 Bit O 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 S
bits may be written. The upper three bits contain read-only
timer status information and indicate the followings:

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

+a match has been found between the value in the free
running counter and the output compare register, and

« when $0000 is in the free running counter.

Each of the flags may be enabled onto the HD6801V internal
bus (IRQ,) with an individual Enable bit in the TCSR. If the

HD6801V Internal Bus

$08 : 0C

Output Compare Free Running
Register 16-81t Counter

Input Capture

\/V

[Output Compare

herllowDﬂeclI l Edge De!ect]

Timer b7¢ § 20 Output

Convol[icFJocF[ToFfEicEodETofiendo] Foaer

Status J

Register

$08

AQ,
Output Compare Pulse | _ . . __ ! Output Input
Level Edge
Bit1 Bit0
Port2 Port2
Figure 21 Block Diagram of Programmable Timer
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Timer Control and Status Register

7 6 5 4 3

2 1 0

l lCFl OCF I TOFI EICI I EOCI | ETOII IEDGIOLVLl $0008

I-bit in the HD6801V Condition Code Register has been cleared,
a priority vectored interrupt will occur corresponding to the flag
bit(s) set. A description for each bit follows:

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

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

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 $FFFF.It is cleared by
a read of the TCSR (with TOF set) followed by an
CPU read of the Counter ($09).

Output Compare Flag — This read-only bit is set
when a match is found between the output
compare register and the free running counter. It is
cleared by a read of the TCSR (with OCF set)
followed by an CPU write to the output compare
register ($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 CPU read of the Input Capture Register ($0D).

Bit 1 IEDG

Bit 2 ETOI

Bit 3 EOCI

Bit 4 EICI

Bit 5 TOF

Bit 6 OCF

Bit 7 ICF

m SERIAL COMMUNICATION INTERFACE

The HD6801V contains a full-duplex asynchronous serial
communication interface (SCI) on chip. The controller com-
prises a transmitter and a receiver which operate independently
or each other but in the same data format and at the same data
rate. Both transmitter and receiver communicate with the

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

® Wake-Up Feature

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

® Programmable Options

The following features of the HD6801V serial 1/O section are
programmable:

- format — standard mark/space (NRZ)

+ Clock — external or internal

* baud rate — one of 4 per given CPU ¢, clock frequency or
external clock %8 input

+ wake-up feature — enabled or disabled

* Interrupt requests — enabled or masked individually for
transmitter and receiver data registers

* clock output — internal clock enabled or disabled to Port

2 (Bit2)
+ Port 2 (bits 3 and 4) — dedicated or not dedicated to serial
1/0 individually for transmitter and receiver.
® Serial Communication Hardware

The serial communication hardware is controlled by 4 regis-
ters 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 (serfal 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 by reset. The bits in the TRCS
register are defined as follows:

Transmit/Receive Control and Status Register

7

IRDRElORFElTDREI RIE l RE I TIE I TE | wu |ADDR:$0011
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Bit 0 WU

Bit 1 TE

Bit 2 TIE

Bit 3 RE

Bit 4 RIE

Bit S TDRE

Bit7

Rate and Mode Control Register

HD6801V0O,HD6801V5

Bit0

l cc ICCO

ss1 lSSO |$10

Transmit/Receive Control and Status Register

[RDRFIORF;]TDREI RIEI RE ITiE I TE W:Js'“

Receive Data Register

L1 |

[ 1 e

Port2 (Not Addressable)
1 Receive Shift Register
Clock Bit Rate
> 10 E
a_‘.’x Generator [« N

(Not Addressable)

[ Transmit Shift Register

]

: 1|1|$|1|

T

Transmit Data Register

Figure 22 Serial 1/0 Registers

“Wake-up” on Next Message — set by HD6801V
software and cleared by hardware on receipt of
ten consecutive 1’s or reset of RE flag. It should
be noted that RE flag should be set in advance of
CPU set of WU flag.

Transmit Enable — set by HD6801V to produce
preamble of nine consecutive 1’s and to enable
gating of transmitter output to Port 2, bit 4
regardless of the DDR value corresponding to this
bit; when clear, serial 1/O has no effect on Port 2
bit 4.

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

Transmit Interrupt Enable — when set, will permit
an IRQ, interrupt to occur when bit 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 I/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 2 new byte into the transmit data register,

TDRE is initialized to 1 by reset.

Bit 6 ORFE Over-Run-Framing Error — set by hardware when
an overrun or framing error occurs (receive only).
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. If WU
flag is set, the ORFE bit will not be set. The
ORFE bit is cleared by reading the status register,
then reading the Receive Data Register, or by
reset.

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

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 by reset. The 4 bits in the register may be considered as
a pair of 2-bit fields. The two low order bits control the bit rate
for internal clocking and the remaining two bits control the
format and clock select logic. The register definition is as
follows:

Rate and Mode Control Register

5 4 3

2 1 0

=1

x rx I cc [cco | sst I $50 | ADDR : $0010
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Bit 0 sso} Speed Select — These bits select the Baud rate for

Bit 2 CCO} Clock Control and Format Select — this 2-bit field

Bit 1 S$S1) the internal clock. The four rates which may be Bit 3 CC1J controls the format and clock select logic. Table 6
selected are a function of the CPU ¢, clock defines the bit field.
frequency. Table $ lists the available Baud rates.
Table 5 SCI Bit Times and Rates
*
SS1 : SS0 XTAL 2.4576 MHz 4.0 MHz 4.9152 MHz
E 614.4 kHz 1.0 MHz 1.2288 MHz
0 0 E+16 26 ps/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 833.3 us/1,200 Baud
1 1 E + 4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud
*HD6801V5 Only
Table 6 SCI Format and Clock Source Control
CC1: CCo Format Clock Source Port 2 Bit2 Port 2 Bit 3 Port 2Bit 4
o o - — - - —
0 1 NRZ Internal Not Used * A
1 0 NRZ Internal Output™ b *
1 1 NRZ External Input » *

* 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 seriat output if TE = 1" in TRCS.

Internally Generated Clock

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

» the values of RE and TE are immaterial.

*CC1, CCO must be set to 10

« the maximum clock rate will be E + 16.

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

edge at mid-bit.

Externally Generated Clock
If the user wishes to provide an external clock for the serial
1/0, the following requirements are applicable:
« the CC1, CCO, field in the Rate and Mode Control Register
must be set to 11,
» the external clock must be set to 8 times (X8) the desired
baud rate and
* the maximum external clock frequency is 1.0 MHz.

@ Serial Operations
The serial 1/O hardware should be initialized by the
HD6801V 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.

96

Transmit Operations

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

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

At this point one of two situation exist:

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

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

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

If the HD6801V 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 O’s will be sent while TDRE remains a 1.
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Receive Operation

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

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

The approximate center of each bit time is strobed during
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing
error is assumed, and bit ORFE is set. If the tenth bit asa 1, the
data is transferred to the Receive Data Register, and interrupt
flag RDREF 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
HD6801V responds to either flag (RDRF or ORFE) by reading
the status register followed by reading the Data Register, RDRF
(or ORFE) will be cleared.

s RAM CONTROL REGISTER

This register, which is addressed at $0014, gives status
information about the standby RAM. A 0 in the RAM enable
bit (RAME) will disable the standby RAM, thereby protecting
it at power down if Ve Standby is held greater than Vgpp
volts, as explained previously in the signal description for Ve
Standby.

RAM Control Register

STBY

$0014 pwr  |RAME] X X X X X X

Bit 0 Not used.

Bit 1 Not used.

Bit 2 Not used.

Bit 3 Not used.

Bit 4 Not used.

Bit 5 Not used.

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

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.

8 GENERAL DESCRIPTION OF INSTRUCTION SET
.The HD6801V 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:

« CPU 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

HD6801V0,HD6801V5

* Condition code register manipulation instructions — Table 10

* Instructions Execution times in machine cycles — Table
11

» Summary of cycle by cycle operation — Table 12

* Summary of undefined instructions operation

* Op codes Map — Table 13

® CPU Programming Model

The programming model for the HD6801V 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.

’ A om B O] 8-8it Accumulators A and B

15 o o| Or 16-Bit Double Accumulator D
|15 X ol Index Register (X)
['s sp of Stack Pointer (5P)

PC ol Program Counter (PC)

I 1|1 Hi 1 IN[ZlV CI Condition Code Register (CCR)}
L Carry/Borrow from MSB

Overflow
Zero
——== Negative
Interrupt
Half Carry (From 8it 3}

Figure 23 CPU Programming Model

® CPU Addressing Modes

The HD6801V 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 CPU addresses this location when it fetches the immediate
instruction for execution. These are two or three-byte instruc-
tions.
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Table 7 Accumulator & Memory Instructions

. Condition Code
Addressing Modes .

Operations Mr Boolean/ Register
IMMED. [ DIRECT | INDEX |EXTEND | IMPLIED Arithmetic Operation s{a]3[2]1]0
OP |~ |#|OP|~ |#|OP |~ |#|OP |~ |#|OP |~ |# H|1|N]jZ|V]|C
Add ADDA [8B [2|2]9B[3 [2]|AB|4|2|BB |4 |3 A+M>A tleft]t|t]s
ADDB ce|2]|2]|pB|3|2|eB|4 |2 |FB[4 |3 B+M—B RBEEBEE
Add Double ADDD c3|4|3|D3|5|2|E3|6|2|F3 |63 A:B+M:M+1->A:B |e e[|t |82
Add Accumulators ABA 1B[(2|1|A+B—~A e e[ttt
Add With Carry ADCA 89 [2/2 |99 [3|2|A9|4]2 (B9 |43 A+M+C—A tle [ttt ]t
ADCB co|2|2|p9|3[2]|E9|a|2|F9 |43 B+M+C—~B t el |t]s
AND ANDA |84 |2|2|94|3{2]|A4|4|2|B4 |4 |3 AM—A eleit|t|R]|e®
ANDB C4 [2|2]|Da|3]2[Eaja|2|F4 4|3 BM-B efeit|t|R|e
Bit Test BIT A 85 2|2 |95 |3 ]|2|A5|4|2|B5 (4|3 A-M efejt|t|R|e
BIT B c5 (2|2 |p5|3 |2 |EB |42 [F5 (4|3 B:M oo |t |t |R|e
Clear CLR 6F (6|2 [7F 6 (3 00~>M ele[R[S[R|R
CLRA 4F [2 |1 |00~ A e[e[R[s]RIR
CLRB sF [2|1]|00-B e|e R[S|RIR
Compare CMPA 81 |2[2191 3|2 1A11]4 B1 |4 A-M eleit |ttt
CMPB C1 (2|2 |D1{3,2|E1|4(2|F1|4]3 B-M LR R EREN R
Compare o cBA 11|2)1|a-8 elet|t|s|s
Complement, 1's COM 63 {6(2 (73 |63 M-M ele[t[t[R]S
COMA 4321 [A-A ele T[T [R]S
COMB 53 (2|1 [B->B ele(t[s|R|S
Complement, 2's NEG 60 |6 ]2 [70 |6 [3 00-M—>M ele]t[t]|®®
(Negate) NEGA 40 |2 |1 |00-A—>A oo |t|t|®D®@
NEGB 50 |2 |1 |00~-B=8B e ettt |®®
Decimal Adjust, A |  DAA 19 |2 |1 | Graracrors mio 860 sormat |* |* ]2 [* @
Decrement DEC 6A |6 |2 [7A |6 |3 M-1->M oot |t (@
DECA 4A{2 1 [A-1-A oleft[t|@|e
DECB sA(2|1(B-1-B oleltlt (@l
Exclusive OR EORA 88 (2 (298 |3 |2 |AB |4 |2 B8 |4 |3 A@M-—A o(e(t[s[R]e
EORB c8 [2|2]|os |3 |2|E8|a ]2 [F8 [4 |3 B@® M- B efeft[t]R]e
increment INC 6C|61{2|7C |6 |3 M+1->M oo (t|t (B
INCA ac (2|1 [A+1->A eleft|t[|®]e
INCB 5C|[2({1]|B+1- B e left[t]|Ofe
Load LDAA 86 |2 ]2 (96 |3 |2 |A6]4]2[B6 |43 M- A elejt[t|R]|e
Accumulator LoAB  |c6 |2 |2 |D6|3 |2 [E6 |4 |2 |F6 [4 |3 M-B ofeft]t[r]e
koad Double LDD cc |3 |3 |pc|al2 [Ec|s |2 [Fc|5 |3 M+1-8 M- A ele|t|t|r]|e
Multiply Unsigned MUL 3D (10({1 |AxB—>A:B oo |efo|e|®
OR, inclusive ORAA |8A|2|2|9A |3 |2]|AA|4|2|BA|4|3 A+M— A eje|t|t|R]e
ORAB cA[2[2|pAa[3 |2 {EA[4a 2 [FA]a |3 B+M—> B efe[t]t[R]e
Push Data PSHA 36 (3|1 |A—>Msp,SP-1—SP e |efelee e
PSHB 37 [3]1|B~—~Msp,SP-1-5P oe]e|e|e|e
Pull Data PULA 32[4[1|SP+1->SP, Msp— A olejo|eiefe
PULB 33|4{1|SP+1->SP,Msp—B ejeje|ele|e
Rotate Left ROL 69 (62|79 {63 ™ ejleit|t|@|s
ROLA 49 21A] elelt]|t[®ft
ROLB 59218 b7 ° STe [T [T (BT
Rotate Right ROR 66 |6|2(76 |63 M - ofe(t[t]|E(?
R?l?A 46 |2 (1 :}W.o::@t
RORB 56212 ejejiit|B|t

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

Addressing Modes Con%i;i;:;:iode

Operations Mnemonic |"\MMED. | DIRECT | INDEX |EXTEND [ IMPLIED | pnnmene onsration | 5]213] 21110
OP [~ |#|OP |~ |#|OP|~|#|OP|~ |#|OP|~|# HIIIN|Z|V]C

Shift Left ASL 68 (6 (2|78 |6 (3 M - ole|t|t @
Arithmetic ASLA 48 |21 A} OIITIIT 1o [e}e|t[! B¢
ASLB sg [2]1]e) € ©7 L0 DEEGCE

Doubie Shift ASLD 05 |3 |1 o DCRERAER GiE

Left, Arithmetic A7 A0 B7 BO

Shift Right ASR 67 61277 |63 M s ole|t]t Bt
Arithmetic ASRA 47 [2 1 AJ AR CE
ASRB s z1]® & BNOBRGCE

Shift Right LSR 64 [6(2 |74 |63 M N o le|R[t B2
Logical LSRA 44 [2 1 A}o-’EED:D:ED*lQ BRERGCE
LsRe sal2[1]8 * o [« [RIT @7

N —

3%73'7_05:& LSRD 04 (310 1 |ele|r|t®¢
Store STAA 97 [3]2]a7]4]2]B7]4a |3 A M eleft|t|R]e
Accumuiator STAB p7l3l2le7lal2]F7]a 3 B->M eflet |t IR e
Store Double STD op|4 |2 |ep|s |2 |FD |5 |3 A ele|t|t|R]e
Subtract SUBA |80 |2{2 |90 |3 |2|A0|4 |2 |B0 |43 A-M-A ofeit|t]t]t
suBB col2|2|po[3]2]eo[a]2]Fol4]3 B-M-B OBEBRBRE

Double Subtract suBD |83 (4|3 (93 |5 |2|A3]|6 |2 (B3 |63 A:B-M:M+1—A:B |o[e[t[t [t
i‘i‘:ﬁ'ﬁﬁlamr; SBA 10(2|1|A-B—>A CRCREAERERE]
Subtract SBCA 82 |2]2]92 |3 |2]a2[4]2[B2]4]3 A-M-C—A ele (8|t |t
With Carry sBcB  |C2 |22 |p2[3 |2 |e2|4 |2 |F2[a 3 B-M-C-B BBERE
Transfer TAB 16 |2 |1 |A->B ej|e |t |t |Rje
Accumulators TBA 1712 (1{B=>A e e[t |1 |Rle
Test Zero or TST 6D |6 |2 |7D |6 |3 M - 00 eie |1t |R|R
Minus TSTA 4D |2 {1 |A-00 oielt|t[R]R
TST8 sp |2 [1][B-00 ele|t|¢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
in the second byte of the instruction. Direct addressing allows
the user to directly address the lowest 256 bytes in the machine
i.e., locations zero through 255. Enhanced execution times are
achieved by storing data in these locations. In most configura-
tions, it should be a random access memory. These are two-byte
instructions.
Extended Addressing

In extended addressing, the address contained in the second
byte of the instruction is used as the higher 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

G HITACHI

eight bits in the CPU. 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 the present instruction. These
are two-byte instructions.
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o New Instructions
In addition to the existing 6800 Instruction Set, the following new instructions are
incorporated in the HD6801V Microcomputer.

ABX
ADDD
ASLD
LDD
LSRD
MUL
PSHX
PULX
STD
SUBD

BRN

CPX

*ACCD is the 16 bit register (A:B) formed by concatenating the A and B ac

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 instru-
ction.

ors. The A -

lator is the most significant byte.

Table 8 Index Register and Stack Manipulation Instructions

Addressing Modes Congitign Code
Pointer Operations Mnemonic ., Boolean/ : s
IMMED. | DIRECT | INDEX |EXTND [IMPLIED | Arithmetic Operation [5/4:3 (2|1 |0
OP |~ |#|OP |~ |#|OP |~ |#|OP|~|#]|OP|~ |# HlIIN[Z|V]|C
Compare Index Reg CPX 8Cl4|3[9C |5]|2|AC(6]2|BC|6|3 X-=M:M+1 elelt ittt
Decrement Index Reg DEX 09 {3 (1 |X—-1—+X eo|ele(t|o|e
Decrement Stack Pntr DES 34 |3 (1 |SP-1->8P o|e 0o 0|0 e
Increment Index Reg INX 08 |3 (1 |X+1—>X ole|ec!tlo]|e
Increment Stack Pntr INS 311311 |SP+1->SP eje|lejoleie
Load Index Reg LDX CE|3|3|DE|4|2 |EE|5|2(|FE|5(3 M= Xy, (M+1)= X oo (@Dt [R]|e
Load Stack Pntr LDS 8E|3|3|9E |4{2 |AE|5|2[BE|5|3 M- SPy, (M+1)>SP |e[e (@Dt [R]e
Store Index Reg STX OF |4 |2 |EF [5|2([FF (53 Xp=>M X —~(M+1) (elei@Dit|R|e
Store Stack Pntr STS 9F |4 (2 [AF 5|2 |BF |5|3 SPL—>M,SP_ —»(M+1) (e |e (@Dt |R]e
Index Reg — Stack Pntr| TXS 36 (3|1 |X~1—>58P o le|oefofe
Stack Pntr — Index Reg| TSX 30 (3|1 |SP+1->X o(le|e|ofofe
Add ABX 3A|3 (1 [B+X—>X o|e(o(ojoie
Push Data PSHX 3C |41 X >Mg, SP-1->SP eo(efe|oie|e
Xy~ Mgy, SP -1~ SP
Pull Data PULX 381511 1SP+1+>SP, Mgz > Xy |ejeje a0 e
SP+1- 8P, Mgy > X_
The Condition Code Register notes are listed after Table 10.
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Table 9 Jump and Branch Instructions

Addressing Modes Oonditiqn Code
Register
Operations Mnemonic [ ge| ATIVE | DIRECT | INDEX |EXTND |IMPLIED Branch Test s[a]3]2]1]0
OP{ ~ | #{OP|~|#|OP|[~|#|OP |~ |#|OP|~|# H{I[N|Z|V|C
Branch Always BRA 20| 32 None [ AERE R RE N
Branch Never BRN 21 3|2 None e|leje oflo]e
Branch If Carry Clear BCC 24 (3|2 c=0 elejeoleofofe
Branch If Carry Set BCS 25(3|2 c=1 e|[o|oje|e]e
Branch If = Zero BEQ 27(13|2 Z=1 e|le|o 0ojoie
Branch If > Zero BGE 2C| 3|2 N®V=0 eleo|o|0fe
Branch If > Zero BGT 2E} 32 Z+IN@® V)=0 e|loe|oe|o]e
Branch if Higher BHIi 22132 C+2=0 eleloejejo]|e
Branch If < Zero BLE 2F| 312 Z+(IN@ V) =1 e|oe|o|so]e
Sranch If Lower Or BLS 23|32 c+z=1 olojofefo]e
Branch If < Zero BLT 2D| 3|2 N@V=1 o|o|efofele
Branch If Minus BMI 2B| 3|2 N=1 e|e o |o|o]|e
g;anr;ch If Not Equal BNE 26132 Z=0 o|e|e 0olole
g:'ea:rch 1f Overflow BVC 8|32 =0 elelole|ele
Branch if Overfiow Set BVS 2913 (2 V=1 e (0|0 (000
Branch If Plus BPL 2A1 32 N= e oo oole
Branch To Subroutine BSR 8D| 6|2 e|e|o(o|oe
Jump JMP 6E [3 (2 |7E [3 |3 oo o0 o|e
Jump To Subroutine JSR 9D |6 (2 |AD|6 (2 |[BD |6 oo |e o oo
No Operation NOP 01 (21 ﬂo\g\llyances Prog.Cntr. 1, g e (0|0 |e
Return From Interrupt RTI 3B (101 — (§ B
gjg‘:g:t?;gm RTS 39 |5 11 olo (o (o le|e
Software Interrupt SWI 3F (12 |1 e [(S|e (o (oo
Wait for Interrupt WAI 3E |9 |1 o Qe |o |00
Table10 Condition Code Register Manipulation Instructions
ddressingModes Condition Code Register
Operations Mnemonic iIMPLIED Boolean Operation 5 4 3|2 1 0
OoP | ~ | # H| | vV ]|C
Clear Carry CLC oc 2 1 0->C . . . . . R
Clear Interrupt Mask cLuil OE 2 1 0—+1 . R . L) . .
Clear Overflow CcLvV 0A | 2 |1t o0V o o e | e |R |eo
Set Carry SEC oD 2 1 1->C . [ ° . ° S
Set Interrupt Mask SEI OF 2 1 11 . S|e e e |e@
Set Overflow SEV 0B 2 i1 1>V oo (e | e |S |e
Accumulator A - CCR TAP 06 | 2 |1 A- CCR — ) —
CCR — Accumulator A TPA 07 |2 |1 CCR— A efefefe]e]e
Condition Code Register Notes: (Bit set it test is true and cleared otherwise)
@ (BitV)  Test: Result = 10000000?
@ (BitC) Test: Result ¥ 000000007
@ (BitC) Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set)
@ (BitV) Test: Operand = 10000000 prior to execution?
® (BitV) Test: Operand = 01111111 prior to execution?
® (BitV) Test: Set equal to result to N ® C after shift has occurred.
@ (BitN)  Test: Result less than zero? (Bit 15=1)
(Alt} Load Condition Code Register from Stack. (See Special Operations)
{Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state.
(All) Set according to the contents of Accumuiator A.
@ (BitC) Set equal to result of Bit 7 (ACCB)
G HITACHI ‘ 101

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



HD6801V0O,HD6801VS

Instruction Execution Times in Machine Cycle

Table 11

Direct . EX- In- Im- Re-
reCt tended dexed Plied lative

Imme-
diate

ACCX

Direct Ex- In- im- Re-
IreCt  tended dexed plied lative

Imme-
diate

ACCX

INX

ABA
ABX
ADC
ADD

Jmp
JSR

LDA

LDD
LDs

ADDD
AND
ASL

LDX
LSR

ASLD
ASR
BCC
BCS

LSRD
MUL
NEG
NOP

10

BEQ
BGE
BGT
BHI
BIT

ORA
PSH

PSHX
PUL

3

PULX

3

BLE

BLS

ROL
ROR
RTI

BLT
BMI

10

RTS
SBA

BNE
BPL

SBC
SEC
SEI

BRA
BRN
BSR

SEV

BVC
BVS

STA

STD
sTS

CBA
cLc
cLl

STX

CLR
CcLv
CcmP

SUB |

SuBD
SWI

12

TAB
TAP

comMm
CPX

TBA
TPA
TST

DAA
DEC
DES

TSX
TXS
WAI

DEX
EOR
INC
INS
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e Summary of Cycle by Cycle Operation

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

HD6801VO,HD6801V5

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).

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 # Address Bus Line Data Bus
IMMEDIATE

ADC EOR 2 1 Op Code Address 1 Op Code

ADD LDA 2 Op Code Address + 1 1 Operand Data

AND ORA

BIT SBC

CMP SUB

LDS 3 1 Op Code Address 1 Op Code

LDX 2 Op Code Address + 1 1 Operand Data (High Order Byte)

LDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)

CPX 4 1 Op Code Address 1 Op Code

SUBD 2 Op Code Address + 1 1 Operand Data (High Order Byte)

ADDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector

DIRECT

ADC EOR 3 1 Op Code Address 1 Op Code

ADD LDA 2 Op Code Address + 1 1 Address of Operand

AND ORA 3 Address of Operand 1 Operand Data

BIT SBC

CMP SUB

STA 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address
3 Destination Address 1} Data from Accumulator

LDS 4 1 Op Code Address 1 Op Code

LDX 2 Op Code Address + 1 1 Address of Operand

LDD 3 Address of Operand 1 Operand Data {High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)

STS 4 1 Op Code Address 1 Op Code

STX 2 Op Code Address + 1 1 Address of Operand

STD 3 Address of Operand 0 Register Data (High Order Byte)
4 Address of Operand + 1 0 Register Data (Low Order Byte)

CPX 5 1 Op Code Address 1 Op Code

SuBD 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)

@G HITACHI
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Table 12 Cycle by Cycle Operation (Continuea)

Address Mode & Cycle R/W
Instructions Cycles i Address Bus Line Data Bus
INDEXED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 Index Register Plus Offset 1 Operand Data
CMP SUB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data
LDS 5 1 On 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
CcPX 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. (Continued)
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Table 12 Cycle by Cycle Operation {Continued)

Address Mode &

R/W

Op Code Address + 1

Op Code Address + 2
Subroutine Starting Address
Stack Pointer

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

Return Address (Low Order Byte)

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

Stack Pointer - 1

o

Return Address (High Order Byte)

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

G HITACHI

{Continued)

105

Hitachi America Ltd. ¢ 2210 O’Toole Ave. ¢ San Jose, CA 95131 e (408) 435-8300



HD6801VO,HD6801V5

Table 12 Cycle by Cycle Operation (Continued)

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

Address Mode &

Cycle

R/W

Instructions Cycles # Address Bus Line Data Bus
WAI** 5 Stack Pointer — 2 0 Index Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register {High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
MUL 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 Address Bus FFFF 1 Low Byte of Restart Vector
RTI 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Contents of Cond. Code Reg.
from Stack
5 Stack Pointer + 2 1 Contents of Accumulator B
from Stack
6 Stack Pointer + 3 1 Contents of Accumulator A
from Stack
7 Stack Pointer +4 1 Index Register from Stack
(High Order Byte)
8 Stack Pointer + 5 1 Index Register from Stack
(Low Order Byte)
9 Stack Pointer + 6 1 Next Instruction Address from
Stack (High Order Byte)
10 Stack Pointer + 7 1 Next Instruction Address from
Stack (Low Order Byte)
Swi 12 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address {Low Order Byte)
4 Stack Pointer — 1 0 Return Address (High Order Byte)
5 Stack Pointer — 2 0 Index-Register {Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
10 Stack Pointer — 7 1 Irrelevant Data
1 Vector Address FFFA (Hex) 1 Address of Subroutine
(High Order Byte)
12 Vector Address FFFB (Hex) 1 Address of Subroutine

(Low Order Byte)

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

uction,
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Table 12 Cycle by Cycle Operation (Continued)

Ads.:s‘isrig?:: & Cycles Cg"le Address Bus E{XZ Data Bus
RELATIVE

BCC BHT BNE 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

8GE BLT BVC

BGT BMT BVS

BRN

BSR 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)

a O
S o

change at random.

sary of Undefined |
The HD6801V has 36 undefined instructions. When these are
carried out, the contents of Register and Memory in MCU

NSTUCL

0 Operations

When the op codes (4E, 5E) are used to execute,the MCU

LSIL

Table 13 Op codes Map

HD6801V MICROCOMPUTER INSTRUCTIONS

continues to increase the program counter and it will not stop
until the Reset signal enters. These op codes are used to test the

108

op ACC| ACC| i | Exy —ACCA TSP ACCB or X
CODE A |l B mm [ DIR [ IND [EXT [ IMM [ DIR [ IND [EXT
HI 0000 | 0001|0010 | 0011 |o0100|0101 [0110[0711] 1000{1001[ 1010] 1011|1100 {1101 [1110| 1111
Lo 0 1 2 3 45 | 6] 7/ 89| Aa]B|lCc]|D]|E]|F
0000 ) SBA | BRA | TSX NEG SuB 0
0001 1 NOP | CBA | BRN | INS CMP
0010 2 BHI |PULA (+1) SBC
0011 3 BLS |PULB (+1) Com » | SUBD (+2) [ = 7 ADDD (+2) 3
0100 4 LSRD (+1) BcC | DES LSR AND 4
0101 5 ASLD (+1) BCS | TXS BIT 5
0110 6 TAP | TAB | BNE | PSHA ROR LDA 6
0111 7 TPA | TBA | BEQ | PSHB ASR STA L1 STA 7
1000 8 INX (+1) BVC |PULX (+2) ASL EOR 8
1001 9 DEX (+1) | DAA | 8vS | RTS (+2) ROL ADC 9
1010 A cLv BPL | ABX DEC ORA A
1011 ) SEV | ABA | BMI | RTI (+7) ADD B
1100 c cLC BGE |PSHX (+1) INC » | CPX(+2) « | LDD(+1) [
1101 D SEC BLT | MUL (+7) TST J*iij)‘] JSR (+2) *(+1) STD (+1) D
1110 E cLl BGT | WAI (+6) s | UMP(3) | * | LDS{+1) DX (+1) E
1111 F SEI BLE | swi (+9) CLR = (+1) STS (+1) *+1)] STX (+1) F
BYTE/CYCLE v2 [ 2 {23 | 13 [12fz[aue]am][ 22|23 2a]3m]22 2321 3
[NOTES] 1) Undefined Op codes are marked with .
2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction,

3) The instructions shown below are all 3 bytes and are marked with “**’.

Immediate addressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes

(

8F, CD, CF).

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

G HITACHI
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PC, X, A, B, CC
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Figure 24 Interrupt Flowchart

| > ITMP
11

Vector -+ PC
NMI | FFFC FFFD
SWI | FFFA FFFB
1RQ, [ FFF8 FFF9
ICF_| FFF6 FFF7
OCF_| FFF4 FFF5
TOF | FFF2 FFF3
SCI_| FFFO FFF1

®

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

Non-Maskable Interrupt

Software Interrupt

Maskable Interrupt Request 1

Input Capture interrupt

Qutput Compare Interrupt

Timer Overflow Interrupt

SCI Interrupt (TDRE + RDRF + ORFE)
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Vee

Vee

_I__— |———=> Enable —E—‘_ |———=> Enable
= pes——— NMI e fe=———— NMI
S __ T ]
l<—— 1RQ, ls—— TRQ,
Ve Standby ———>>1 Port 3 Ve Standby ———=»1
AES 8 Transfer J—
RES ——>> L RES ——=
Port 1 HDB8OTV HDE8OTYV Port 1
81/0 81/0 Lines
Lines
Port 4 Port 2 Port 2 Port 4
aolr/‘o Lines §1/0 Lines  51/0 Lines 81/0 Lines
sCl sct
16 Bit Timer 16 Bit Timer
Vss Vss
Figure 25 HD6801V MCU Single-Chip Dual Processor Configuration
. HD6801V Enable L HD6801V |Enable
-} mcu ) = | mcu |
Address
8 Strobe | g
le—{ Latch |<—®
16 8
Random
Access ROM
Memory
Peripheral
Interface RAM
Adapter
“General
Purpose PIA
Interface
Adapter
Address Data
Bus Bus GPIA
Figure 26 HD6801V MCU Expanded Non-Multiplexed Mode
PTM
Address Bus Data Bus

® Caution for the HD6801 Family SCI, TIMER Status Flag
The flags shown in Table 14 are cleared by reading/writing
(flag reset condition 2) the data register corresponding to each
flag after reading the status register (flag reset condition 1).
To clear the flag correctly, take the following procedure:

1. Read the status register
2. Test the flag
3. Read the data register

110

Figure 27 HD6801V MCU Expanded Multiplexed Mode

Table 14 Status

Flag Reset Conditions

S't:zlltus C’:IﬁZi:zsnetI Flag Reset Condition 2
a9 (Status Register) (Data Register)
ICF | When each flag is ICR/Read
TIMER| OCF |“1”, OCR/Write
TOF | TRCSR/Read TC/Read
RDRF | When each flag is RDR/
SCI ORFE |"1”, Read
TDRE | TRCSR/Read TDR/Write
@ HITACHI
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MPU (Micro Processing Unit)

The HD6803 MPU is an 8-bit micro processing unit which

is compatible with the HMCS6800 family of parts. The HD6803 HD6803P
MPU is object code compatible with the HD6800 with improved HD6803P-1
execution times of key instructions plus several new 16-bit and
8-bit instruction including an 8 x 8 unsigned multiply with
16-bit result. The HD6803 MPU can be expanded to 65k bytes.
The HD6803 MPU is TTL compatible and requires one +0.5
volt power supply. The HD6803 MPU has 128 bytes of RAM,
Serial Communications Interface (S.C.1.), and parallel 1/O as
well as a three function 16-bit timer. Features and Block
Diagram of the HD6803 include the following:
= FEATURES (DP-40)
® Expanded HMCS6800 Instruction Set
o 8 x8 Multiply = PIN ARRANGEMENT
® On-Chip Serial Communications interface {S.C.1.) vss(i{ O
® Object Code Compatible with The HD6800 MPU L] @ £
o XTAL E AS
® 16-Bit Timer extaL[3] TR
® Expandable to 65k Bytes i Gl 3 DAZVA
® Multiplexed Address and Data iRG T DU/AD
® 128 Bytes of RAM (64 Bytes Retainable On Power REs E9 D I,Al
Down) B
Vee B4 0,/A,
® 13 Parallel 1/0 Lines P, B3 0,/A,
® [nternal Clock/Divided-By-Four P, B2 Ds/A;
® TTL Compatible Inputs and Outputs P, HD6803 31 De/A,
® |Interrupt Capability Py, 53 D:/A7
e Compatible with MC6803 and MC6803-1 P, P9 Ax
P 28 Ay
P, R7 A
® BLOCK DIAGRAM P, TRY
= P
- , 25 A
=S
R P 2 .
L1} B
Mode Pis a Aus
CPU Piy 1) vee Standby
Do/Ac a—d] A/D Pu (Top View)
B:/a ] MU 1 Port B
Ds/Ase— Address/ <:'J‘> x 2 'I;:;
Bi/asz—] Date Pa
De/Aeo—f Buffers
D /A1 e—d ’J
ﬁ/sw -—] < Timer
3
3
|
SCI
A |
Ao T \—Address | " u TvPE OF PRODUCTS
A<= Address port "k~ —
AZT] Buffers 1 f———p2 Type No. | Bus Timing
o — Data ME— HD6803 | 1.0MHz
A vem— 3
v HD6803-1| 1.25MHz
Vee Standby 12:;;”8
G HITACHI m

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



HD6803,HD6803-1

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -03~+7.0 \Y)
Input Voltage Vin " -0.3~+7.0 v
Operating Temperature Topr 0 ~+70 °c
Storage Temperature Tem - 55~ +150 °c

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

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

Item Symbol Test Condition min typ max Unit
RES 4.0 - Vee
| t ““High’* Voltage \Y \
neut R 9 Other Inputs™ " 20 - Vee
tnput ““Low’’ Voltage All tnputs® Vo -0.3 - 08 Y
Input Load Current EXTAL [Vnl Vin =0~ Ve - — 08 mA
Input Leakage Current | NM1, IRQ,, RES [l Vi, = 0~5.25V - - 25 A
Three State (Offset P10~ Py7, Do/Ag~ D4/A - - 10
r e ( ) 10~ P17, Do/A¢g~ D4/A4 lrsil | Vin = 05~ 2.4V uA
Leakage Current Py ~ Py - - 100
Do/Ag ~ D7/A; lLoap = -205 uA 2.4 - -
Output “High”’ Voltage | Ag ~ A5, E, R/W, AS Vou lLoap = -1456 A 24 - - \
Other Outputs lLoap = -100 A 24 - -
Output “Low"” Voltage | All Outputs VoL ILoap = 1.6 mA - . 05 \
Darlington Drive Current| Pjo ~ Py ~lon Vour = 1.6V 1.0 — 10.0 mA
Power Dissipation Po - - 1200 mw
Do/Ao ~ D4/A Vi, =0V, Ta=25°C,| — - 125
Input Capacitance o/A 1A Cin " ° pF
Other Inputs f=1.0MHz - - 10.0
Powerdown Vsgs 4.0 - 5.25
V¢ Standby _ \Y
Operating Vg 4.75 - 5.25
Standby Current Powerdown lsgr Vggg = 4.0V - - 8.0 mA
*Except Mode Programming Levels.
1
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® AC CHARACTERISTICS

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

ftem Symbol cf,i?i. __ HDG803 _HDBE03 1 Unit
tion min typ max min typ max
Cycle Time teye 1 - 10f 08| - 10| us
Address Strobe Pulse Width ““High’* * PWasH 200 | — - 150 — - ns
Address Strobe Rise Time tase 5 - 50 5 - 50 ns
Address Strobe Fall Time tast 5| - 50 5 - 50 | ns
Address Strobe Detay Time * taso 60 | — - 30| - - ns
Enable Rise Time te, 5| — 50 5| - 50 ns
Enable Fall Time tes 5 - 50 5 - 50 ns
Enable Pulse Width "High”” Time * PWey 450 [ — — 340 - — ns
Enable Pulse Width “Low’ Time * PWg 450 — — 350 - - ns
Address Strobe to Enable Delay Time * tASED Fig. 1 60 - - 30 - - ns
Address Delay Time tap - - 260 - - 260 ns
Address Defay Time for Latch * tapL - - 270 -~ - 260 | ns
Data Set-up Write Time tosw 225 | — - 115 - - ns
Data Set-up Read Time tosh 80 - - 70 - — ns
Data Hold Time Re‘?d tna 10 - — 10 - — ns
Write thw 20 | — - 20 - -
Address Set-up Time for Latch * tasL 60 | — - 50| - - ns
Address Hold Time for Latch tAHL 20 | — — 20| - - ns
Address Hold Time tan 20 | - - 20| - — ns
Peripheral Read Access Time (Multiplexed Bus)* | (taccm) — — | (600)} — — | (420)] ns
Oscillator stabilization Time the Fig.8 | 100 | — - 100 - — ms
Processor Control Set-up Time tecs Fig.7,8) 200 | — — 200 - - ns
*These timings change in approximate proportion to teyc. The figures in this characteristics represent those when toye is minimum
(= in the highest speed operation}.
PERIPHERAL PORT TIMING (Vcc =5.0V £5%, Vgg =0V, Ta= 0~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Peripheral Data Setup Time | Port1,2 tepsu Fig. 2 200 . . ns
Peripheral Data Hoid Time Port 1,2 tppH Fig. 2 200 - - ns
Delay Time, Enable Negative
Transition to Peripheral Data} Port 1, 2* trwp Fig. 3 - - 400 ns
Valid
* Except Py,
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TIMER, SC! TIMING (V¢c = 5.0V #5%, Vgs = 0V, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Timer Input Pulse Width thwT 2t.,c+200] — . ns
Delay Time, Enable Positive Transition to ¢ . _ _
Timer Qut ToD Fig. 4 600 ns
SCI Input Clock Cycle tseye 1 - - teye
SCI Input Clock Pulse Width thwsck 0.4 — 0.6 tscye

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

Item Symbol Test Condition min typ max Unit
Mode Programming Input “Low’’ Voltage Vmer — — 1.7 Y
Mode Programming Input **High” Voltage VmeH 4.0 - - \"
RES “Low" Pulse Width PWrsTL Fig. 5 3.0 - - teye
Mode Programming Set-up Time tmes 2.0 - - teye
Mode Programming RES Rise Time 2 1us tae 0 - - ne
Hold Time RES Rise Time < 1us 100 - -

Address Strobe
(AS)
24v \ A
PWey
Enable
(E) PWeL
0.5v ( §
—] ({13 — [—tEf
fe—— LoD —
— [+—tAH
2.2v -\
RIW As~Ay Address Vahd >—
0.6V
I
tasL—
taHL
Tosw — e— Uy
MPU Write 2.2V f22v
Do/Ac~D:/A: {oaress Data Vald
{Port 3) 0.6V 0.6V
taot tHR

Data Valid

MPU Read 2 s
Du/Ay ~D:/A; Vahd
(Port 3) 0.6V

Figure 1 Expanded Multiplexed Bus Timing
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MPU Write
— MPU Read l_-
Enable (E) 2
"";} ‘ 2av Enable (E)
0.5v 0.5V 0.5V
tPDSU [+—=} tPOH
tewD—+|

*Not applicable to P,

Po~P,, ZOUNS oV Alt Daa 2.2V Val
P ~ Py, 0.8V Data Valid x 0.8V Port Outputs L0.6V Data Valid

Figure 3 Port Data Delay Timing
(MPU Write)

Figure 2 Data Set-up and Hold Times
(MPU Read)

Enable (E)/ \ Z 2.4v‘\_—/—

+~——PWggy | —

Timer Output Compare tmMps—»
Counter Matched
Mode Inputs
+!TOD» (Pro. Py, Pry)
Py 2.2V
Output 0.6V
Figure 5 Mode Programming Timing

Figure 4 Timer Output Timing

Vee

RL-2.2k0

Test Point
152074 (H)
or Equiv

(2]
D

C =90 pF for Du/A, ~D: /A:. Ac~As. E. AS, R/W
= 30 pF for P,y ~P,, P, ~P..

R=12k2forDu/A) ~D: /A:. A ~Ar.. E. AS. R/W
- 24KQ for Pl ~p, b g S B A W

TTL Load

Figure 6 Bus Timing Test Load

@ HITACHI 1ns

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



HD6803,HD6803-1

Cycle
Last Instruction #1

MIN'“‘&‘&

#10 #1 #12
Enable (E) I | I I I I I | I | I | I I I | I | I I I | I I | I I | I | I
Internal 1-Bit Set
nterna : ,—-y
Address Bus
Op Code OpCode  SP(n) SPin-1)  SP(n-2)  SP(n-3} SP(n4) SP(n-5) SP(n-6) SP(n-7) Vector Vector New PC
— T\ Addr  Addr MSB Addr  LSB Addr Address
RQ,
_’l )(—'Pcs
NMi or TRQ, * \
— [—tpcs
lmemat:x X— Y x
Data Bus Op Code Op Code PCO~PC7 PC8~PC16 X0~X7 X8~X15 ACCA ACCB CCR Irrelevant  Vector Vector  First Inst, of
Data Msg LSB Interrupt Routine
Internal R/W \ YAl
* [Ra. . i .
(RQ, ; internal interrupt Flgure 7 Interrupt Sequence
5.26V a PR I
v, ;#‘Qwv 't e b
cc
I tRe % [€—1tPcs 3 [—trcs
oV 08V
RES — ¢ ’r 7
Add B
ress Bus FFFE FFE FFFE FFFE FFFF  New PC FFFE FFFE

N
merno /7 TTTFRTTTTTRRCITEIN TRRETIIRRRTRRTTTIRTRTRRRLLY Oy
Internal
Data Bus
PC8~PC15 PCO~PC7 First

Instruction
k\\\\\\ Not Valid StrUCtion
Figure 8 Reset Timing

® SIGNAL DESCRIPTIONS Nominal Crystal Parameter
. ;/;:c and Vss . 1 v oyt | amHz | Mz
ese two pins are used to supply power and ground to the

chip. The voltage supplied will be +5 volts £5%. # ‘o [pF max. |4 79F max.
® XTAL and EXTAL

These connections are for a parallel resonant fundamental
crystal, AT cut. Devide-by-4 circuitry is included with the
internal clock, so a 4 MHz crystal may be used to run the
system at 1 MHz. The devide-by-4 circuitry allows for use of the = CL1 = CL2 =22pF + 20%
inexpensive 3.58 MHz Color TV crystal for non-time critical (3.2 ~ 5 MHz)
applications. Two 22pF capacitors are needed from the two INOTE] AT cut parallel
crystal pins to ground to insure reliable operation. An example EXTAL resonance parameters
of the crystal interface is shown in Fig. 9. EXTAL may be
driven by an external TTL compatible source with a 45% to Clp == Ciy
55% duty cycle. It will devided by 4 any frequency less than 7_7|-7 ;
or equal to 5 MHz. XTAL must be grounded if an external

clock is used. Figure 9 Crystal Interface

Rg 6052 max. | 300 typ.

XTAL
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® Vcc Standby
This pin will supply +5 volts 5% to the standby RAM on the
chip. The first 64 bytes of RAM will be maintained in the power
down mode with 8 mA current max. The circuit of figure 13
can be utilized to assure that Ve Standby does not go below
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, RAME. RAME is bit
6 of the RAM Control Register at location $0014. This
disables the standby RAM, thereby protecting it at power
down.
2) Keep Ve Standby greater than Vspp.

Ve Standby Power Line

*

Figure 10 Battery Backup for V¢ Standby

® Reset (RES)

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

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

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

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

control bits PC2, PC1 and PCO.

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

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

e Enable (E)

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

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

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 $FFFC and $FFFD. An address loaded at these loca-
tions causes the CPU to branch to a non-maskable interrupt
service routine in memory.

A 3.3 kQ external resistor to Vpc 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

HD6803,HD6803-1
E following the completion of an instruction.

® Interrupt Request (IRQ;)

This level sensitive input requests that an interrupt sequence
be generated within the machine. The processor will complete
the current instruction before it recognizes the request. At
that time, if the interrupt mask bit in the Condition Code
Register is not set, the machine will begin an interrupt se-
quence. The Index Register, Program Counter, Accumulators,
and Condition Code Register are stored on the stack. Next the
CPU will respond to the interrupt request by setting the inter-
rupt mask bit “High” so that no further maskable interrupts
may occur. At the end of the cycle, a 16-bit address will be
loaded that points to a vectoring address which is located
in memory locations $FFF8 and SFFF9. An address loaded
at these locations causes the CPU to branch to an interrupt
routine in memory.

The IRQ, requires a 3.3 kQ2 external resistor to V¢ which
should be used for wire-OR and optimum control of interrupts.
Internal Interrupts will use an intemal interrupt line (IRQ;).
This interrupt will operate the same as TRQ, except that it will
use the vector address of $FFFO through $FFF7. IRQ; will
have priority to IRQ, if both occur at the same time. The
Interrupt Mask Bit in the condition code register masks both
interrupts (See Table 1).

Table 1 Interrupt Vector Location

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

Priority

® Read/Write (R/W)

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

©® Address Strobe (AS)

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

= PORTS
There are two I/O ports on the HD6803 MPU; one 8-bit
port and one 5-bit port. Each port has an associated write
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only Data Direction Register which allows each 1/O line to be
programmed to act as an input or an output*. A “1” in the
corresponding Data Direction Register bit will cause that 1/O
line to be an output. A “0” in the corresponding Data Direction
Register bit will cause that 1/O line to be an input. There are
two ports: Port 1, Port 2. Their addresses and the addresses of
their Data Direction registers are given in Table 2.

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

Table 2 Port and Data Direction Register Addresses

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

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

irecti only pin restricted to data input or Timer output.
Parts Port Address Data Direction P Y P
1/0 Port 1 $0002 $0000 Table 3 The Values of three pins
1/0 Port 2 $0003 $0001 Pr—— Value
8 L
® |/OPort 1 9 H
This is an 8-bit port whose individual bits may be defined as 0 -

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 alogic **1”" and less than 0.8 V for a logic **0”. As outputs,
these lines are TTL compatible and may also be used as a source
of up to 1 mA at 1.5 V to directly drive a Darlington base. After
reset, the I/O lines are configured as inputs.

® |/OPort2

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

[NOTES] L; Logical “0*

M; Logicat 1"

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

Since the data bus is muitiplexed with the lower order
address bus in Data/Address, latches are required to latch those
address bits. The 7418373 Transparent Octal D-type latch can
be used with the HD6803 to latch the least significant address
byte. Figure 11 shows how to connect the latch to the HD6803.
The output control to the 74LS373 may be connected to
ground.

® Address Lines (As ~ A1s)

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

GNO » INTERRUPT FLOWCHART
s The Interrupt flowchart is depicted in Figure 16 and is com-
AS P mon to every interrupt excluding reset.
G oC
DI Q.
Address: A, ~A Function Table
Data/Address 7418373 e
Output Enable Output
Control G D Q
D, i L H H H
L H L L
L L 3 Q,
H X X z
Data: D,~0,
Figure 11 Latch Connection
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s MEMORY MAP

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

Table 4 Internal Register Area
Register Address
Port 1 Data Direction Register ** 00
Port 2 Data Direction Register ** o1
Port 1 Data Register 02
Port 2 Data Register 03
Not Used 04*
Not Used 05*
Not Used 06*
Not Used o7*
Timer Control and Status Register 08
Counter (High Byte) 09
Counter (Low Byte) 0A
Output Compare Register (High Byte) 0B
Output Compare Register (Low Byte) oC
Input Capture Register (High Byte) oD
Input Capture Register (Low Byte) OE
Not Used OF*
Rate and Mode Control Register 10
Transmit/Receive Control and Status Register n
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 16-1F

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

Multiplexed/RAM

$0000 %/////ﬂ

} Internal Registers
$001F

} External Memory Space

$0080 %
/ / Internal RAM
$00FF %
External Memory Space
$FFFO
SFEFE } External Interrupt Vectors
{NOTE)

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

Figure 12 HD6803 Memory Map
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8 PROGRAMMABLE TIMER

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

+ a 16-bit free running counter,

+ a 16-bit output compare register,

+ a 16-bit input capture register

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

The key element in the programmable timer is a 16-bit free
running counter which is driven to increasing values by E (En-
able). The counter value may be read by the CPU software at
any time. The counter is cleared to zero by reset and may be
considered a read-only register with one exception. Any CPU
write to the counter’s address (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 reset. The Compare function is inhibited for
one cycle following a write to the high byte of the Output
Compare Register to insure a valid 16-bit value is in the register
before a compare is made.
® Input Capture Register ($000D:$000E)

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

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

* With Port 2 Bit 0 configured as an output and set to “1”, the
external input will still be seen by the edge detect unit.
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A
< IRQ
\—

HD6803 Internal Bus

Output Compare]
Register

Outpu1 Compare.

Timer b7§ ¢

Conwrol[icrJocr[Torfe icEocE ToliEndo

Status
Regrster
$08

Lﬂ—-—l

iRG,

— ]

Qutput Compare Pulse

Level
Register

8t 1
Port2 Port 2

Figure 13 Block Diagram of Programmable Timer

Timer Control and Status Register

2

1 0

4
I ICF I OCF I TOF] EICI l EOCII ETO!I IEDGIOLVL $0008

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

(“Low”-to-““High” transition).

The Timer Control and Status Register consists of an 8-bit Bit 2 ETOV Enable Timer Overflow Interrupt — When set, this
register of which all 8 bits are readable but only the low order § bit enables IRQ, to occur on the internal bus for a
bits may be written. The upper three bits contain read-only TOF interrupt; when clear the interrupt is in-
timer status information and indicate the followings: hibited.

* a proper transition has taken place on the input pin witha  Bit 3 EOCI Enable Output Compare Interrupt — When set,
‘subsequent transfer of the current counter value to the this bit enables IRQ, to appear on the internal bus
input capture register. for an output compare interrupt; when clear the

+a match has been found between the value in the free interrupt is inhibited.
running counter and the output compare register, and Bit 4 EICI Enable input Capture Interrupt — When set, this
when 30000 is in the free running counter. bit enables IRQ, to occur on the internal bus for

Each of the flags may be enabled onto the HD6803 internal an input capture interrupt; when clear the inter-
bus (IRQ,) with an individual Enable bit in the TCSR. If the rupt is inhibited.

I-bit in the HD6803 Condition Code register has been cleared, a Bit 5 TOF Timer Overflow Flag — This read-only bit is set
prior vectored interrupt will occur corresponding to the flag when the counter contains $FFFF.It is cleared by
bit(s) set. A description for each bit follows: a read of the TCSR (with TOF set) followed by an
Bit 0 OLVL Output Level — This value is clocked to the output CPU read of the Counter ($09).
level register on a successful output compare. If Bit 6 OCF Output Compare Flag — This read-only bit is set
the DDR for Port 2 bit 1 is set. the value will when a match is found between the output
appear on the output pin. compare register and the free running counter. It is
Bit I IEDG Input Edge — This bit controls which transition of cleared by a read of the TCSR (with OCF set)
an input will trigger a transfer of the counter to followed by an CPU write to the output compare
the input capture register. The DDR for Port 2 Bit register (SOB or SOC).
0 must be clear for this function to operate. IEDG Bit 7 ICF  Input Capture Flag — This read-only status bit is
= 0 Transter takes place on a negative edge set by a proper transition on the input; it is cleared
(""High™*-to-"Low™ transition). by a read of the TCSR (with ICF set) followed by
IEDG = 1 Transfer takes place on a positive edge an CPU read of the Input Capture Register ($0D).
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® SERIAL COMMUNICATIONS INTERFACE

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

® Wake-Up Feature

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

® Programmable Options

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

- format — standard mark/space (NRZ)

* Clock — external or internal

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

external clock <8 input

« wake-up feature — enabled or disabled

* Interrupt requests — enabled or masked individually for

transmitter and receiver data registers

» clock output — internal clock enabled or disabled to Port

2 (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 14. The registers include:

+ an 8-bit control and status register

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

« an 8-bit read only receive data register and

- an 8-bit write only transmit data register.

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

Transmit/Receive Control and Status (TRCS) Register

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

HD6803,HD6803-1

Bit7 Rate and Mode Control Register Bit0

cc ] CCOo | ss1 l Ss0 ISIO

Transmit/Receive Control and Status Register

[RDRF lORFElTDRE

Receive Data Register

N I O A A

(Not Addressable)

Bit Receive Shift Register J

HIEl RE lTIEl TEIWUI$‘I|

Bit Rate
Generator

l (Not Addressable)
Transmit Shift Register ]_‘

| | | [ ] e

Transmit Data Register

je————E

L
L1

Figure 14 Serial 1/0 Registers

Bit 0 WU “Wake-up” on Next Message — set by HD6803
software and cleared by hardware on receipt of
ten consecutive 1’s or reset of RE flag. It should
be noted that RE flag should be set in advance of
CPU set of WU flag.

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

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

Transmit Interrupt Enable — when set, will pernmit
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 1/0 has no eftect 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.

Bit 1 TE

Bit 2 TIE

Bit 3 RE

Bit 4 RIE

Transmit/Receive Control and Status Register

7 6 5 4 3 2 1 0
IRDRF‘ORFE—[TDREI RIE | RE | Tli[ TE 1 Wu |ADDR 1 $0011
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Bit S TDRE Transmit Data Register Empty — set by hardware
when a transfer is made from the transmit data
register to the output shift register. The TDRE bit
is cleared by reading the status register, then

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

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

Rate and Mode Control Register

7 6 5 4 3

2 1 0

I)(l XIXIX lCC1ICCOISSlISSOI

ADDR : $0010

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

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

Bit 7 RDRF

Rate and Mode Control Register (RMCR)
The Rate and Mode Control register controls the following
serial 1/0 variables:

+ format

+ clocking source,

« Port 2 bit 2 configuration

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

Bit 0 SSO}Speed Select — These bits select the Baud rate for
Bit 1 881 j the internal clock. The four rates which may be
selected are a function of the CPU ¢2 clock
frequency. Table S lists the available Baud rates.
Bit 2 CCO | Clock Control and Format Select — this 2-bit field
Bit 3 CC1J controls the format and clock select logic. Table 6

defines the bit field.

+ Baud rate
Table 5 SCI Bit Times and Rates
XTAL 2.4576 MHz 4.0 MHz 49152 MHz*
SS1:SS0 E 614 .4 kHz 1.0 MHz 1.2288 MHz
(o} 0 E<-16 26 us/38,400 Baud 16 us/62,500 Baud 13.0 us/76,800 Baud
o] 1 E-128 208 us/4,800 Baud 128 us/7812.5 Baud 104.2 s/9,600 Baud
1 0 E +~ 1024 1.67 ms/600 Baud 1.024 ms/976.6 Baud 833.3 us/1,200 Baud
1 1 E + 4096 6.67 ms/150 Baud 4.096 ms/244.1 Baud 3.33 ms/300 Baud
* HD6803-1 Only
Table 6 SCI Format and Clock Source Control
CC1: CCo Format Clock Source Port 2 Bit 2 Port 2 Bit3 Port 2Bit 4
00 - - - - —
(VI NRZ Internal Not Used . b
10 NRZ Internal Output* e .
11 NRZ External Input * A

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

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

Internally Generated Clock

If the user wishes for the serial 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 1x the bit rate and will have a rising

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

Transmit Operations

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

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

At this point one of two situation exist:

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

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

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

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

Receive Operation

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

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

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

= RAM CONTROL REGISTER
This register. which is addressed at SO014. gives status
information about the standby RAM. A 0 in the RAM enable

bit (RAME) will disable the standby RAM, thereby protecting

HD6803,HD6803-1

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

RAM Control Register

sTBY

$0014 PWR RAME| X X X X X X

Bit0 Not used.
Bit 1 Not used.
Bit 2 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 under pro-
gram control. When the RAM is disabled. data is
read from external memory.

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

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

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

® CPU Programming Model

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

Or 16-B1t Double Accumulator D

[15 X ﬂ Index Register (X)

I15 SP ﬂ Stack Pointer (SP)
l|5 PC gl Program Counter (PC)
0
I HrfH[INfZ]V Cl Condition Code Register (CCR)

E Carry/Borrow from MSB
Overfiow

- 2Zero
Negative

Interrupt
Half Carry {From Bit 3)

Figure 15 CPU Programming Model

124

® CPU Addressing Modes

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

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

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

Condition Code

Addressing Modes Register
Operations Mnemonic | IMMED. | DIRECT | INDEX |EXTEND | IMPLIED Amh,&s,’flegye,auon 5[a|3]2]1]0
OP |~ |=|oP|~ |=|oP|~l=|OP|~|=|OP|~ = HINlZvC
Add ADDA |88 |22 [oe |3 |2]AB]4 |2 [BB[4 |3 A+M—A DB DEBEE
ADDB cB|2(2oBl3[2]esla|2rFB |43 B+M—-B BODEEE
Add Double ADDD  (Cc3 |43 [D3|5 |2|e3{6|2|F3 |63 AB+M:M+1-A-B |e|e|t|t]t]:
__Add Accumulators ABA 1B|[2[1]A+B~A Tjefifpritt
Add With Carry ADCA |89 [2]2[99 |32 |A9]4|2]|B9 |43 A+M+C-A tle |ttt ]
] AD(EA_<_Q1_2_~2 D9f3|2/€9)al2|Folai3} | | [B+mMiC-B tle ettt
AND ANDA |84 {22 |94 |3 12 [Ad]4 |2 B4 |43 AM— A ole 1]t [R]e
ANDB ca (2|2 |pa|3|2|cala|2|Fa]|a|3 8M—~ B eleft|i]r]e
Bit Test BIT A 85 [2[2 {95 [3[2|a5]a |2 {B5 |43 AM efelt]t]rR]e
BITB cs |22 s |3 2j7é75 4|2 [F5 |43 B-M oo [1]: [R]e
“Clear CLR | “TeF (62 [7F |6 |3 00 ~ M e [e[R[s[R[R
CLRA aF [2 1 [o0 ~ A o [e[R]S[R[R
CLRB 5F |2 |1 ]o0o—~8 ele[rRls[R|R
Compare CMPA 81 |2 91 |3]2(a1]al2]B1]a]3 A-M BOEBRBE
cmPB c1 (212 {p1 |32 |E1|af2(F1{a |3 B-M ofeft]t]t]s
ompare ors cBA 1 ]2]1la-8 ofoleyi|e]:
Complement, 1's com 63162173 |63 M =M ele |1t IR]S
COMA 43|21 {A—-A efle[1 ]I ]R]S
COMB 53 [2 (1 |B —~B ejefl |t (R[S
Complement, 2's | NEG 60 {6 |2 |70 |6 |3 00-M--M s (1 ]1]|O|l®
(Negate) NEGA a0 |2 |1 ]o0-A—A sleft |1 |O@
NEGB 50 |2 |1 |o0-8B -8B oje 111 [O|®@
Decimal Adyst A | DAR 9 [ |1 |Sommsprngiece [ o1 [ o
Decrement DEC BA 6|2 |7A |6 |3 M-1-M . 1t |[@]e
DECA aal2 i fa-1-A oo i1 @]
DECB sSAf2(1(B-1--B oo li i1 |@]e
Exclusive OR EORA |88 2|2 |98 [3 |2 a8 |42 |B8 [4 |3 ADM -A oo [t ]t [Rr]e
EORB cs |22 |psl3 |2 |es a2 [r8 a3 BG M~ B ele 1T ]R]e
Increment INC 6C |62 [7c |6 |3 M+1 =M NOERCCE
INCA acl21]a+1 -a BOBRRED
INCB scl21]8+1 -8 efe |t [T ]O]e
Load LDAA |86 (2|2 (96 |3 (2 |A6 |4 |2 |B6 [4 |3 M - A NOBRGED
Accumulator LDAB c6 |22 |p6|3|2|E6 |42 |F6 |4 |3 M- B elelt[1[R}e
5oad Doub e LoD cc|3|afoc|a |2 |ecys |2 |Fc|s |3 M*1-8M -A sleli|i]r[e
Multiply Unsigned MUL 3D|10[1 |AXB -A B elejeleie]|®
OR, inclusive ORAA 8A |2 [219A |3 [2]AAl4 2 |BA 4|3 A+M=-A ejef:]i[R}]e
ORAB CAl2|2|DA[3 |2 |EAla |2 [FA[4 (3 B+M— B sle T[T [R]e
Push Data PSHA 36 3|1 ]A -Msp,SP-1 -5P slele]e]e]e
PSHB 37 |3[1]|B ~Msp, SP-1 -SP e iejofojole
Pull Data PULA 321411 [SP+1 +SP,Msp - A o |eje|oje]e
PULB 33|41 ((SP+1-~SP Msp~B e e |ojeiotle
Rotate Left ROL 69 (6279 |63 " o o 11 ®]!
ROLA RN E s DO ABRCE
ROLB 5921 o) T o7 P STe T TelT
Rotate Right ROR 66 |6 (2176 |63 Mlm CEER B ERIGIE
RORA ag [2 1| A ELL‘ B DD BHCE
RORB s6 2118 ele | [0

The Condition Code Register notes are histed after Table 10 tContinuad)
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Table 7 Accumuilator & Memory Instructions (Continued)

Addressing Modes Con%i;igc;;ﬁode
Operations Mnemonic |"JMMED. | DIRECT | INDEX |EXTEND [IMPLIED | . Soolean o [sTaTs[2 ] 0
oP |~[=loP|~(=|oPi~]|=|OP|~|=lOP |~ |= HilTN|ZIVIC
Zt::::\rlni'ttuc ASL 68 [6]2]78 |63 ™ - eleft|t|®)!
ASLA 48 |21 | A} O-IITTITI o [* [*|?|* &[¢
ASLB 58 |2 |1|8) € ®7 b0 ele |t [T [®F
o o1 [ppmamer o |- [ [ o)
Shift Right ASR 67 [6|2[77 |63 M ele|t|t|®]1
Arithmetic ASHA rAEIE A} Lo e
ASRB 57 21 |% * NOARGE
Shift Right LSR 64 |62 |74 |6 |3 M N oo |R|1]D]:
Logical LSRA a4 2 1 A]O*EIIIEEEEHQ el Rt |®s
LSAB 54 |2[1]8 *® NROECE

N —_—
B LSAD 0a |3 |10 O e |e|r|t B
Store STAA 97 |3 |2]A7]4 |2 |87 |4 |3 A-M ele|t|t[R]e
Accumulator sTAB p7l3l2lerlal2lF7]a |3 BoM™M oot it |[R|e
Store Double sTO oo|a |2 |eo|s |2 |Fo 5 |3 AN olelt{t|R]|e
Subtract suBA |80 |22 90 |3 |2|A0|4 |2 (B0 [4]3 A-M—A ofofs(t]t]s
SUB6 | C0|2|2|D0|3 |2 |E0 |42 [F0 |43 B-M-B NOBEBERE
Double Subtract suBD |83 |43 [93 |5 |2]|A3]6|2[B3 (6|3 A:B-M:M+1-A:8 |e|e|t]|t]|t]t
i{ﬁ::r;‘ijlators SBA 10121 /A-B=A R
Subtract. SBCA |82 |22 |92 |3 |2 |a2]4 |2 [B2]4 3 A-M-C—A ele 1 |t]t 2
With Carry SBCB c2 |22 |02|3 |2 |E2 |4 |2 |F2 |4 |3 B-M-C-8 NOHBRE
Transfer TAB 16 |2 |1 |[A—B oo |t |t |R|e
Accumulators TBA 17 |2 (1 |[B= A ele(t|t[R]e
Test Zero or TST 6D |6 |2 {7D |6 |3 M - 00 ele |ttt |RI|R
Minus TSTA 4D (2 |1 |A -00 ele |1t |R]|R
TSTB 50 |2 |18 -00 sle |t |t |R[R

The Condition Code Relister notes are listed after Table 10.

Direct Addressing

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

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

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

126

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

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

In relative addressing, the address contained in the second
byte of the instruction is added to the program counter’s lowest
8-bits plus two. The carry or borrow is then added to the high
8-bits. This allows the user to address data within a range of
-126 to +129 bytes of the present instruction. These are two-
byte instructions.
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e New Instructions
In addition to the existing 6800 Instruction Set, the following new instructions are
incorporated in the HD6803 Microcomputer.

ABX  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.

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

ASLD  Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is
loaded from the most significant bit of ACCD.

LDD  Loads the contents of double precision memory location into the double
accumulator A:B. The condition codes are set according to the data.

LSRD  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.

MUL  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 resuit.

PSHX  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.

PULX The index register is pulled from the stack beginning at the current address
contained in the stack pointer +1. The stack pointer is incremented by 2 in total.

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

SUBD Subtracts the contents of M:M + 1 from the contents of double accumulator AB
and places the result in ACCD.

BRN  Never branches. If effect, this instruction can be considered a two byte NOP (No
operation) requiring three cycles for execution.

cPX 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 Congmon Code
Boolean/ egister
Pointer Operations | Mnemonic " \MMED, | DIRECT | INDEX |EXTND |IMPLIED | Arithmetc Operation (5[4 3 [2[1 {0
op[~[=lop[~T=loP[~=[oP[~[={0OP]~ = SBONENE
Compare Index Reg CPX 8C|4|3|9C|5|2|AC|6|2(BC|6|3 1 X-M:M+1 oo |1 (Y1
Decrement index Reg DEX 09 |3 |1 {X—-—1-X e|oejojl|oie
Decrement Stack Pntr DES 34 {31 SP—-1-8P oo (o efo|e
increment Index Reg INX 08 (311 [X+1—-X e(eio | e
Increment Stack Pntr INS 31|31 SP+1-SP (BN RN ]
Load Index Reg LDX CE|3|3|DE|4|2|EE|5{2|FE|5]|3 M= Xy, (M+1)— X ole @ 1IR'e
Load Stack Pntr LDS 8E [3[3[9E |42 [AE|5[2]BE |53 M~ SPy, (M+1)=SP_ e [el D[t [R e
Store Index Reg STX DF |4 |2 |[EF |5 |2 |FF |53 X =M X = (M+1) LR @ 1[R|e
Store Stack Pntr STS 9F (4 {2 [AF |52 (BF |53 SPy—M,SPL—~(M+1) [e[e|@D}t [R]e
Index Reg — Stack Pntr| TXS 11 3531 [x-1-5P o|elelo|e|e
Stack Pntr - Index Reg! TSX T 30 |3 ]1 sP+1—X e|ejelele e
Add ABX 3A (3|1 [B+X—>X o (oo (oo
Push Data PSHX 3C}14 |1 [X Mg, SP-1—-SP |e|eje e e e
| L Xy~ Mgp, SP - 1 = SP '
Pull Data PULX . 38 |5 |1 |SP+1—5SP, Mg, — Xy eleo(o|oje e
L SP+1—SP, Mg, — X L
The Condition Code Register notes are listed after Table 10.
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Table 9 Jump and Branch Instructions

Addressing Modes Condition Code
Register

Operations Mnemonic | ge aTivE | DIRECT | INDEX |[EXTND |IMPLIED Branch Test s[4[3]2]1]o0
OP|~ | #|OP|~|#|OP|~|#|OP|~ |#|OP|~|# JHlI[N|Z]V|[C

Branch Always BRA 20| 3|2 None ojoejo (oo
Branch Never BRN 21132 None e|e|ejoofe
Branch If Carry Clear BCC 24|32 C=0 ele|o(ojele
Branch If Carry Set BCS 26(32 C=1 oo [e e o]e
Branch If = Zero BEQ 27|32 Z=1 [ IERERERE NN
Branch If > Zero BGE 2| 312 N@®V=0 eo|o e o|0e
Branch If > Zero BGT 2B 32 Z+IN®VI=0 e(e|oje|e|e
Branch If Higher BHI 2213|2 C+2=0 o|o o jeoiele
Branch If < Zero BLE 2F[ 32 Z+(IN@OW=1 o|eo|o 0|ole
Branch If Lower Or BLS 23|32 c+z=1 olofefelele
Branch If < Zero BLT 20( 3|2 N@®vV=1 oo |0 |e .
Branch If Minus BMI 28|32 N=1 o|o (e o0 |e
Branch If Not Equal | gy 26|32 z-0 elolelofe]o
glr::rch If Overflow BVC 28|32 =0 oo o @ 0o
Branch If Overflow Set BVS 29 (32 v=1 o0 je (e 0o
Branch If Plus BPL 2A[3 |2 N=0 o |00 (0 0|0
Branch To Subroutine BSR 8D |62 o oo |e|e|e
Jump JMP 6E 312 {7E |3 (3 oo e (ofee
Jump To Subroutine JSR 9D |5 |2 {AD|6 |2 BD (6 |3 o oo |o|ele
No Operation NOP 01|21 3:}’:"“‘ Prog.Cntr. |4 1g |e {0 [0 |@
Return From Interrupt| RTI 3B {101 8§ ——
gfé‘ﬁéﬂﬁ.égm RTS 39 |5 |1 oo |e oo e
Software Interrupt Swi 3F [12]1 ®|S|e o |0 e
Wait for Interrupt WAL 3€ (9 |1 . o (oo

Table10 Condition Code Register Manipulation Instructions

ddressingModes Condition Code Register
Operations Mnemonic IMPLIED Boolean Operation 5 4 3 2 1 0
oP | ~ # H | v |C
Clear Carry CLC oc [ 2 |1 0-C o | e o o o (R
Clear Interrupt Mask cLI OE 2 |1 0— | e | R |o o o (0o
Clear Overflow CLV 0A | 2 |1 [ e/ e o | e R |o
Set Carry SEC oD |2 |1 1-+C o) e o el e |S
Set Interrupt Mask SE{ OF 2 |1 1 e S |e e e |e
Set Overflow SEV 0B 2 11 1V o | e |e| e[S |e
Accumulator A —» CCR TAP 06 | 2 |1 A— CCR d
CCR — Accumulator A TPA 07 [ 2 [ CCR— A efoefeiefe]e

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

(Bit V) Test:
(Bit C) Test:
{Bit C) Test:
(Bit V) Test:
(Bit V) Test:
(Bit V) Test:
(Bit N} Test:
(AN)

(Bit 1)

(Al

(Bit €}

128

Result = 100000007
Resuit = 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 (3 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)

© HITACHI
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Instruction Execution Times in Machine Cycie

Table 11

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

imme
diate
L]

ACCX
INX .

Re
lative
L]

Im-

" Ex- In
Direct tonded dexed plied
. .

imme-
diate
L]

ACCX
)

ABA
ABX
ADC
ADD

JMP
JSR

LDA
LDD
LDs
LOX
LSR

ADDD
AND
ASL

ASLD
ASR
BCC
BCS
BEQ
BGE

LSRD
MuL
NEG
NOP
ORA
PSH

10

BGT
BHI
BIT

PSHX
PUL

PULX
ROL
ROR
RTI

BLE
BLS
BLT
BMI

10

RTS
SBA

BNE
BPL

SBC
SEC
SEI

BRA
BRN
BSR

SEV

BVC
BVS

STA

STD
STS

CBA
cLC
CLI

STX
suB

CLR
CLv
cMmpP

SuUBD
swi

12

TAB
TAP
TBA
TPA
TST

com
CPX

DAA
DEC
DEs

DEX
EOR
INC

TSX
TXS
WAI

INS
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e Summary of Cycle by Cycle Operation

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

This information is useful in comparing actual with expected

control program is executed. The information is categorized in
groups according to addressing mode and number of cycles per
instruction. (In general, instructions with the same addressing
mode and number of cycles execute in the same manner: ex-
ceptions are indicated in the table).

results during debug of both software and hardware as the

Table 12 Cycle by Cycle Operation

Address Mode & .| Cycle R/W
Instructions Cycles 4 Address Bus Line Data Bus
IMMEDIATE
ADC EOR 2 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Operand Data
AND ORA
BIT SBC
CMP SUB
LDS 3 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Operand Data (High Order Byte)
LDD 3 Op Code Address + 2 1 Operand Data (Low Order Byte)
CPX 4 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Operand Data (High Order Byte)
ADDD 3 Op Code Address + 2 1 Operand Data {Low Order Byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector
DIRECT
ADC EOR 3 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Address of Operand
AND ORA 3 Address of Operand 1 Operand Data
BIT SBC
CMP SUB
STA 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address
3 Destination Address 0 Data from Accumulator
LDS 4 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Address of Operand
LDD 3 Address of Operand 1 Operand Data (High Order Byte)
4 Operand Address + 1 1 Operand Data (Low Order Byte)
STS 4 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Address of Operand
STD 3 Address of Operand 0 Register Data (High Order Byte)
4 Address of Operand + 1 0 Register Data (Low Crder Byte)
CPX 5 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Address of Operand
ADDD 3 QOperand 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 o] Return Address (High Order Byte)
(Continued)
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Table 12 Cycle by Cycle Operation (Continued)

Address Mode &

R/W

Instructions Cycles Cv;le Address Bus Line Data Bus
INDEXED
JMP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 Index Register Plus Offset 1 Operand Data
CMP SuB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Offset
LDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
LDD 4 Index Register Plus Offset 1 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Offset
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data (High Order Byte)
5 Index Register Plus Offset + 1 0 Operand Data (Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Offset
CLR ROL 3 Address Bus FFFF 1 Low Byte of Restart Vector
COM ROR 4 Index Register Plus Offset 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Index Register Plus Offset 0 New Operand Data
CPX 6 1 Op Code Address 1 Op Code
SUBD 2 Op Code Address + 1 1 Offset
ADDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 Operand Data (High Order Byte)
5 Index Register + Offset + 1 1 Operand Data (Low Order Byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 6 1 Op Code Address 1 Op Code
2 Op Code Address +'1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Offset 1 First Subroutine Op Code
5 Stack Pointer 0 Return Address (Low Order Byte)
6 Stack Pointer — 1 0 Return Address (High Order Byte)

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

@ HITACHI

(Continued)

131

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



HD6803,HD6803-1

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)

[ine
EXTENDED
JmP 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Jump Address (High Order Byte)
3 Op Code Address + 2 1 Jump Address (Low Order Byte)
ADC EOR 4 1 Op Code Address 1 Op Code
ADD LDA 2 Op Code Address + 1 1 Address of Operand {High Order Byte)
AND ORA 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
8IT SBC 4 Address of Operand 1 Operand Data
CMP SUB
STA 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Destination Address (High Order Byte)
3 Op Code Address + 2 1 Destination Address {Low Order Byte)
4 Operand Destination Address 0 Data from Accumulator
LDS 5 1 Op Code Address 1 Op Code
LDX 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
LDD 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 1 Operand Data (High Order Byte)
5 Address of Operand + 1 1 Operand Data (Low Order Byte)
STS 5 1 Op Code Address 1 Op Code
STX 2 Op Code Address + 1 1 Address of Operand (High Order Byte)
STD 3 Op Code Address + 2 1 Address of Operand (Low Order Byte)
4 Address of Operand 0 Operand Data (High Order Byte)
5 Address of Operand + 1 0 Operand Data (Low Order Byte)
ASL LSR 6 1 Op Code Address 1 Op Code
ASR NEG 2 Op Code Address + 1 1 Address of Operand {(High Order Byte)
CLR ROL 3 Op Code Address + 2 1 Address of Operand {Low Order Byte)
COM ROR 4 Address of Operand 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Address of Operand 0 New Operand Data
CPX 6 1 Op Code Address 1 Op Code
SuUBD 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 o]
0

(<2

Stack Pointer - 1

Return Address {High Order Byte)

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

A?:srters:cfgg:c: & Cycles CV;;Ie Address Bus El/z Data Bus
IMPLIED
ABA DAA SEC 2 1 Op Code Address 1 Op Code
ASL DEC SEI 2 Op Code Address + 1 1 Op Code of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CL! NOP TBA
CLR ROL TPA
CLV ROR TST
COM SBA
ABX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Op Code Address 1 Op Code
LSRD 2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Op Code Address 1 Op Code
INS 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Previous Register Contents 1 Irrelevant Data
INX 3 1 Op Code Address 1 Op Code
DEX 2 Op Code Address + 1 ] Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PSHA 3 1 Op Code Address 1 Op Code
PSHB 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0 Accumulator Data
TSX 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 1 Irrelevant Data
TXS 3 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Address Bus FFFF 1 Low Byte of Restart Vector
PULA 4 1 Op Code Address 1 Op Code
PULB 2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Operand Data from Stack
PSHX 4 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Index Register {(Low Order Byte)
4 Stack Pointer - 1 0 Index Register (High Order Byte)
PULX 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Index Register {High Order Byte)
5 Stack Pointer +2 1 Index Register {Low Order Byte)
RTS 5 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Address of Next Instruction
(High Order Byte)
5 Stack Pointer + 2 1 Address of Next Instruction
(Low Order Byte)
WAI** 9 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Op Code of Next Instruction
3 Stack Pointer 0] Return Address {Low Order Byte}
4 Stack Pointer — 1 0 Return Address {High Order Byte)

Hitachi America Ltd.
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Table 12 Cycle by Cycle Operation {Continued)

Address Mode &

R/W

Instructions Cycles C\g:le Address Bus Line Data Bus
WAI** 5 Stack Pointer — 2 o] Index Register (Low Order Byte)
6 Stack Pointer — 3 0 Index Register (High Order Byte)
7 Stack Pointer — 4 0 Contents of Accumulator A
8 Stack Pointer — 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Cond. Code Register
MUL 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 Address Bus FFFF 1 Low Byte of Restart Vector
RTI 10 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Contents of Cond. Code Reg.
from Stack
5 Stack Pointer + 2 1 Contents of Accumulator B
from Stack
6 Stack Pointer + 3 1 Contents of Accumulator A
from Stack
7 Stack Pointer +4 1 Index Register from Stack
(High Order Byte)
8 Stack Pointer + & 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
b 1" Vector Address FFFA (Hex) 1 Address of Subroutine
(High Order Byte)
12 Vector Address FFFB (Hex) 1 Address of Subroutine

(Low Order Byte)

(Continued)

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

instruction.
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Table 12 Cycle by Cycle Operation (Continued)

RELATIVE
Address Mode & Cycle R/W
Instructions Cycles V# Address Bus Line Data Bus

BCC BHT BNE 3 1 Op Code Address 1 Op Code

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

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

BGE BLT BVC

BGT BMT BVS

BRN

BSR 6 1 Op Code Address 1 Op Code
2 Op Code Address + 1 1 Branch Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Subroutine Starting Address 1 Op 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
The HD6803 has 36 underfined instructions. When these are
carried out, the contents of Register and Memory in MPU

change at random.

Table 13 Op codes Map

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

HD6803 MICROPROCESSOR INSTRUCTIONS
op ace| acelino | exr ACCA or SP ACCB or X
CODE A | B MM | DIR [ IND [EXT | IMM [ DIR [ IND | EXT
HI 0000 | 0001|0010 | 0011 | 0100|0101 |0110] 0111] 1000 1001]1010] 1011|1900 [ 1101 [1110] 1111
Lo ) 1 2 3 4 |5 |6| 7| 8| 9| A| B8] c|D]|E]F
0000 0 SBA | BRA | TsX NEG sus 0
0001 1 NOP | CBA | BRN INS cMP 1
0010 2 BHI |PULA (+1) SBC 2
0011 3 BLS |PULB (+1) CoM « 7 SUBD (+2 . ADDD (+2) 3
0100 4 LSRD (+1) BCC DES LSR AND 4
0101 5 ASLD (+1) BCS TXS BIT 5
0110 6 TAP | TAB | BNE | PSHA ROR LDA 6
0111 7 TPA | TBA | BEQ | PSHB ASR STA L1 STA 7
1000 8 INX (+1) BVC |PULX (+2) ASL EOR g
1001 9 DEX (+1) | DAA | BVS | RTS (+2) ROL ADC 9
1010 A cLv BPL | ABX DEC ORA A
1011 8 SEV | ABA | BMI | RT! (+7) ADD 8
1100 c cLc BGE | PSHX (+1) INC « . CPX (+2) < LoD (+1) c
1101 D SEC BLT | MUL (+7) TST (Bf;,‘ JSR (+2) . (+1q STD (+1) D
1110 E cLi BGT | WAL (+6) T | uMP(3) | + DS 1) . LDX (+1) E
1 F SEI BLE | Swi (+9) CLR . (+1) STS (+1) (+1)  STX (+1) F
BYTE/CYCLE 12 12 | 23 13 [ w22 lae]ae] 22 23] 2 [3ia]| 22| 23] 21a] 314
[NOTES] 1) Undefined Op codes are marked with [_—— ] .

2)

3) The instructions shown below are all 3 bytes and are marked with "**'.

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

:mmedlate a;ﬁdressmg mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes
8F, CD, CF).

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

@ HITACHI
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Vector - PC
NMI | FFFC FFFD
SWI_| FFFA FFFB
IRQ, | FFF8 FFF9
ICF_| FFF6 FFF7
OCF_| FFF4 FFF5
TOF | FFF2 FFF3
SCI | FFFO FFF1

®

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

Non-Maskabie Interrupt

Software Interrupt

Maskabie Interrupt Request 1

tnput Capture Interrupt

Output Compare Interrupt

Timer Overflow Interrupt
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m Caution for the HD6803 Family SCI, TIMER Status Flag
The flags shown in Table 14 are cleared by reading/writing

HD6803,HD6803-1

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

Figure 17 HD6803 MPU Expanded Multiplexed Bus

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

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

Table 14 Status Flag Reset Conditions

To clear the flag correctly, take the following procedure:
1. Read the status register.

3. Read the data register.

Flag Reset Condition 1 Fiag Reset Condition 2
Status Flag (Status Register) (Data Register)
ICF ICR/Read
When each flag is 1",
TIMER OCF OCR/Write
TRCSR/Read
TOF TC/Read
RDRF
When each flag is 1", RDR/Read
SCI ORFE
TRCSR/Read
TDRE TDR/Write
@ HITACHI 137
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HD6805S1

MCU (Microcomputer Unit)

The HD6805S1 is the 8-bit Microcomputer Unit (MCU)

which contains a CPU, on-chip clock,” ROM, RAM, 1/O and
timer. It is designed for the user who needs an economical
microcomputer with the proven capabilities of the HD
6800-based instruction set.,

The following are some of the hardware and software

highlights of the M CU.

138

HARDWARE FEATURES

8-Bit Architecture

64 Bytes of RAM

Memory Mapped I/0O

1100 Bytes of User ROM

Internal 8-Bit Timer with 7-Bit Prescaler
Vectored Interrupts — External and Timer
20 TTL/CMOS Compatible 1/Q Lines; 8 Lines LED
Compatible

On-Chip Clock Circuit

Self-Check Mode

Master Reset

Low Voltage Inhibit

Easy for System Development and Debugging
5 Vdc Single Supply

Compatible with MC6805P2

SOFTWARE FEATURES

Similar to HD6800

Byte Efficient Instruction Set

Easy to Program

True Bit Manipulation

Bit Test and Branch Instructions

Versatile Interrupt Function

Powerful Indexed Addressing for Tables
Full Set of Conditional Branches

Memory Usable as Registers/Flags

Single Instruction Memory Examine/Change

HD6805S1P

(DP-28)

= PIN ARRANGEMENT

Vss E
NT 2]
Vee [:

EXTAL [4]

XTAL E

7

4
z2 2z
O 0o 0o m C
= - e 33 =2
o

o ™
°

31 [E1 [ E1[E [e] [=]

HD6805S1

bg FES

B A
T
.
7 A,
2 .
g5,
g,
5.

® BLOCK DIAGRAM

10 Powerful Addressing Modes TIMER —-ad

Timer/
5 Prescater |0 Counter

)(TAL ExTAL

All Addressing Modes Apply to ROM, RAM and 1/0
Compatible with MC6805P2

(Top View)

RES  NUM INT

Timer Control -f-{ Osciiator H

Accumulator
cPU
Index Controt —
Register
A, <—nd
2- = Condition
Port Ar <t oo | Dar
A A e T on |& |6 Resster cc
1O A —-—nd cPU
A Reg | Reg
Lines 2 -l Stack
. - Point
A, el 5 P gl
Program
Counter
"High™'
3 gt PCH| ALU
Program
Counter
8 “Low” PCL|
T * T
1100~ 8 6428
AOM RAM
Seit check
ROM

Data Port
8

Reg | Reg

i

Data Port
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HD6805S1

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee * -0.3~+7.0 \"
Input Volitage (EXCEPT TIMER) v * -0.3~+7.0 Vv
Input Voltage (TIMER) " -0.3~+12.0 v
Operating Temperature Topr 0 ~+70 °C
Storage Temperature Tag - 55~ +150 °c

* With respect to Vgg (SYSTEM GND)

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

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vcc=6.25V £ 0.5V, Vgg=GND, Ta=0~+70°C, unless otherwise noted.)

Item Symbol Test Condition min {typ | max | Unit
RES 40| — | Vec! V
Input “’High” Voltage INT 30| — | Vee| V
All Other Vi 20| — | Vee| V
Input “High’’ Voltage(Timer) Timer Mode 20| = |Vec| V
Self-Check Mode 9.0 - | 11.0] V
RES 03] - | 08} V
INT -03| - | 08] Vv
Input “’Low’’ Volta \%
P ° 9 EXTAL(Crystal Mode) 't 03[ - | 06| v
All Other -0.3| - 08| Vv
Power Dissipation Po — | — 1700 | mW
Low Voltage Recover LVR - | - 1475 V
Low Voltage Inhibit Lvi - 4.0 - v
TIMER -20 | — 20 | pA
Input Leak Current, INT e Vin=0.4V~Vcc 50 | — | 50| pA
EXTAL(Crystal Mode) 1200 - | 0 | wA
e AC CHARACTERISTICS (Vcc=5.25V t 0.5V, Vgs=GND, Ta=0 ~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min |typ [max [Unit
Clock Frequency feir 0.4 - 4.0| MHz
Cycle Time teye 1.0 - 10 | us
Oscillation Frequency (External Resistor Mode) fexT Rcp=15.0k2+1% - 34| — | MHz
p— - +
INT Pulse Width tiw t§"5°0 - - ns
RES Pulse Width tawl ‘§v5°0* | = ms
. teyet
TIMER Pulse Width trwi 5‘% — - ns
S ) C_ =22pF+
Osciilation Start-up Time (Crystal Mode) tosc R;=60?2 mzag‘,%' - - 1100 | ms
Delay Time Reset tRHL External Cap. = 2.2 uF 100 [ - | - | ms
X XTAL - - 30 | pF
Input Capacit C V=0V
put Lapacitance All Other " i =10 oF
G HITACHI 139
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HD6805S1

® PORT ELECTRICAL CHARACTERISTICS (Vg = 5.25V + 0.5V, Vgg = GND, Ta = 0 ~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
lon = =10 uA 3.5 — — v
Port A OH K
loy = —100 uA 24 — - \
Output “High’’ Voltage Port B Vou lon = —200 uA 24 - - \
loH = —1mA 15 - = v
Port C lon = —100 uA 24 - — \"
Port Aand C loL = 1.6 mA = — 0.4 v
Output * *’ Volt: \ loL =3.2mA - - 0.4 \
utput “Low’ Voltage Port B oL oL m
loL = 10mA - - 1.0 v
Input ““High”* Voltage Port A VH 20 - Vce \
ort A,B,C
Input “Low’’ Voltage ViL —0.3 - 0.8 \
Vin = 0.8V -500 - - MA
Port A n = 0.8
Input Leak Current he Vin =2V -300 = - uA
Port B, C Vin = 0.4V~ Ve - 20 - 20 HA
TTL Equiv. (Port B) TTL Equiv. (Port A and C)
Vee Vee
1.2k 2.4k
lij=3.2mA . li=1.6 mA
Test Point Test Point -
o ‘ ' 4 L
Vi
30 pF 24 kQ
—r

(NOTE)

1. Load capacitance includes the floating capacitance of the probe and the jig etc.

2. All diodes are 152074 (B) or equivalent.

Figure 1 Bus Timing Test Loads

® SIGNAL DESCRIPTION

The input and output signals for the MCU, shown in PIN
ARRANGEMENT, are described in the following paragraphs.
® Vcec and Vsg

Power is supplied to the MCU using these two pins. VCC is
+5.25 V +0.5 V. Vgg is the ground connection.
® INT

This pin provides the capability for asynchronously applying
an external interrupt to the MCU. Refer to INTERRUPTS for
additional information.
® XTAL and EXTAL

These pins provide connections for the on-chip clock circuit.
A crystal (AT cut, 4 MHz maximum), a resistor or an external
signal can be connected to these pins to provide a system clock
with various stability/cost tradeoffs. Refer to INTERNAL OS-
CILLATOR OPTIONS for recommendations about these inputs.

140

e TIMER -

This pin allows an external input to be used to decrement the
internal timer circuitry. Refer to TIMER for additional informa-
tion about the timer circuitry.
® RES

This.pin allows resetting of the MCU at times other than the
automatic resetting capability already in the MCU. Refer to
RESETS for additional information.

e NUM

This pin is not for user application and should be connected
to Vss.

e Input/Qutput Lines (A, ~ A,, B, ~ B,,Co ~ C3)

These 20 lines are arranged into two 8-bit ports (A and B)
and one 4-bit port (C). All lines are programmable as either
inputs or outputs under software control of the Data Direction
Registers (DDR). Refer to INPUT/OUTPUT for additional
information,

@ HITACHI
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= MEMORY

The MCU memory is configured as shown in Figure 2. During
the processing of an interrupt, the contents of the CPU registers
are pushed onto the stack in the order shown in Figure 3. Since
the stack pointer decrements during pushes, the low order byte
(PCL) of the program counter is stacked first; then the high
order three bits (PCH) are stacked. This ensures that the
program counter is loaded correctly as the stack pointer

HD6805S1

increments when it pulls data from the stack: A subroutine call
will cause only the program counter (PCH, PCL) contents to be
pushed onto the stack.

Caution: — Self Test ROM Address Area

Self test ROM locations can not be used for a user program.
If the user’s program is in this location, it will be removed when
manufacturing mask for production,

7 0 7 6 5 4 3 2 1 0
000 1/0 Ports $000 0 Port A $000
Timer
RAM 1 Port B $001
197 (128 Bytes) $07F 2 11 11 Port C $002
128 Page Zero $080 3 Not Used $003
ROM 4 Port ADDR $004*
255 (128 Bytes) $OEF .
5 Port B DDR $005
256 Not Used $100
ROM 6 Not Used Port CDDR $006*
959 (704 Bytes) $3BF 7 Not Used $007
960 Main $3co 8 Timer Data Reg $008
QGIZOM 9 Timer CTRL Reg $009
1923 (964 Bytes) $783
10 $00A
1924 $784
Self Check Not Used (54 By tes)
ROM
2039 (116 Bytes) $7F7 63 $03F
F
2040 Interrupt S7F8 64 RAM (64 Bytes) $o40
Vectors Stack
ROM 127 t $07F
(8 Bytes) .
2047 $7FF *Write-only registers
Figure 2 MCU Memory Configuration
7 0
7 6 54 3 2 1 0 Pull r A J Accumulator
e |r 0| GSorguen, | oo ; y
ne3 Accumulator h+2 [ X 4' Index Register
10 0
n-2 Index Register n+3 l PC J Program Counter
10 5 4 ¢}
- PCH* +4
et v 1] " IOIOlOIOI1]1T sP JStackPointer
n PCL* n+s
Push HiPIN]Z}C Condition Code Register
* For subroutine calls, only PCH and PCL are stacked . 5
arry Orrow
Figure 3 Interrupt Stacking Order Zero
Negative
Interrupt Mask
Half Carry
Figure 4 Programming Model
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= REGISTERS )

The CPU has five registers available to the programmer.
They are shown in Figure 4 and are explained in the following
paragraphs.
® Accumulator (A)

The accumulator is a general purpose 8-bit register used to
hold operands and results of arithmetic calculations or data
manipulations.
® Index Register (X)

The index register is an 8-bit register used for the indexed
addressing mode. It contains an 8-bit address that may be added
to an offset value to create an effective address. The index
register can also be used for limited calculations and data
manipulations when using read/modify/write instructions. When
not required by a code sequence being executed, the index
register can be used as a temporary storage area.

e Program Counter (PC)

The program counter is an 11-bit register that contains the
address of the next instruction to be executed.
® Stack Pointer (SP)

The stack pointer is an 11-bit register that contains the
address of the next free location on the stack. Initially, the
stack pointer is set to location $07F and is decremented as data
is being pushed onto the stack and incremented as data is being
pulled from the stack. The six most significant bits of the stack
pointer are permanently set to 000011. During a MCU reset or
the reset stack pointer (RSP) instruction, the stack pointer is set
to location $07F. Subroutines and interrupts may be nested
down to location $061 which allows the programmer to use up
to 15 levels of subroutine calls.
® Condition Code Register (CC)

The condition code register is a 5-bit register in which each
bit is used to indicate or flag the results of the instruction just
executed. These bits can be individually tested by a program
and specific action taken as a result of their state. Each
individual condition code register bit is explained in the
following paragraphs.

Half Carry (H)

Used during arithmetic operations (ADD and ADC) to
indicate that a carry occurred between bits 3 and 4.

Interrupt (1) -

This bit is set to mask the timer and external interrupt (INT).
If an interrupt occurs while this bit is set it is latched and will be
processed as soon as the interrupt bit is reset.

Negative (N) /

Used to indicate that the result of the last arithmetic, logical
or data manipulation was negative (bit 7 in result equal to a
logical one). I
Zero (2)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was zero.

Carry/Borrow (C)

Used to indicate that a carry or borrow out of the arithmetic
logic unit (ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch instructions,
shifts, and rotates.

= TIMER

The MCU timer circuitry is shown in Figure 5. The 8-bit
counter, the Timer Data Register (TDR), is loaded under pro-
gram control and counts down toward zero as soon as the clock
input is applied. When the timer reaches zero, the timer inter-
rupt request bit (bit 7) in the Timer Control Register (TCR) is
set. the CPU responds to this interrupt by saving the present
CPU state on the stack, fetching the timer interrupt vector from
locations $7F8 and $7F9 and executing the interrupt routine,
The timer interrupt can be masked by setting the timer inter-
rupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in the
Condition Code Register also prevents a time interrupt from
being processed.

The clock input to the timer can be from an external source
applied to the TIMER input pin or it can be the internal ¢z
signal. When the internal ¢, signal is selected as the input
source, the node a is connected to b (see Fig. 5).

In case of the external source, the node b connects with c.

Prescaler

Timer Data Register (TDR)

2° 20 22 22 20 2% ¢ 7
LRk S R T T T S et TIR; Timer Interrupt Request
; TIM; Timer Interrupt Mask
1
)
< TIRTIM
Time
out_|7]/6] woTusep o

8-Bit Counter

Timer Control Register (TCR)

Manufacturing
Mask Options

Write

l

Read Write Read

Figure 5 Timer Block Diagram
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When the ¢, signal is used as the source, the clock signal is input
to the prescaler while the TIMER input is “High™.

The source of the clock input is one of the options that has
to be specified before manufacture of the MCU. A prescaler
option can be applied to the clock input that extends the timing
interval up to a maximum of 128 counts before decrementing
the counter (TDR). The timer continues to count past zero, fall-
ing through to $FF from zero and then continuing the count.
Thus, the counter (TDR) can be read at any time by monitoring
the TDR. This allows a program to determine the length of time
since a timer interrupt has octurred and not disturb the count-
ing process.

At power-up or reset, the prescaler and counter are initialized
with all logical ones; the timer interrupt request bit (bit 7) is
cleared, and the timer interrupt mask bit (bit 6) is set.

(NOTE) If the MCU Timer is not used, the TIMER input pin
must be grounded.

HD6805S1

s SELF CHECK

The self-check capability of the MCU provides an internal
chéck to determine if the part is functional. Connect the MCU
as shown in Figure 6 and monitor the output of port C bit 3 for
an oscillation of approximately 3Hz. ROM, RAM, TIMER, In-
terrupts, 1/O of Port A, B and C are checked by this capability.
® RESETS

The MCU can be reset three ways; by initial power-up, by
the external reset input (RES) and by an optional internal low
voltage inhibit circuit, see Figure 7. All the 1/O port are initia-
lized to input mode (DDRs are cleared) during reset.

During power-up, a minimum of 100 milliseconds is needed
before allowing the RES input to go “High”.

This time allows the internal crystal oscillator to stabilize,
Connecting a capacitor to the RES input, as shown in Figure 8,
typically provides sufficient delay.

28 | RES
2.2uF
5 | XTAL

P

EXTAL

+9Vv

~

TIMER

6 |INUM

[eBe]
=7 e

[elNe]

Vee =Pin3

HDB6805S1
(Resistor option)

N
~

o
N
<2

N
(3]

N
EN

N
N

N

>)>)>a)>)>)>)>)>
N
%)

3
N
o

-

B,|19

18

17
16

15

14

13

W m ® W W m W

12

Vgs = Pin 1

* Refer to Figure 9 about crystal option

T IR

Internal
Reset

Figure 7 Power Up and RES Timing
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Part of
HD6805S 1
MCu

Figure 8 Power Up Reset Delay Circuit

SIXTAL
4 MHz O
max 4|EXTAL HD6805S1
MCuU
22pFL20%g—_r
Crystal
5] XTAL
External alexTaL HD680581
Clock MCuU
Input

XTE/’\L @

External Clock

CRYSTAL OPTIONS

= INTERNAL OSCILLATOR OPTIONS

The internal oscillator circuit is designed to require a mini-
mum of exiernal components. A crystal, a resistor, a jumper
wire, or an external signal may be used to generate a system
clock with various stability/cost tradeoff. A manufacturing
mask option is required to select either the crystal oscillator or
the RC oscillator circuit. The different connection methods are
shown in Figure 9. Crystal specifications are given in Figure 10.
A resistor selection graph is given in Figure 11.

HD6805S81
EXTAL MCU

Approximately 25% Accuracy
teye = 1.25 us typ.
External Jumper

Vee
S| XTAL
R
4

EXTAL

HD6805S1
MCu

Connection

Approximately 15% Accuracy
External Resistor

RESISTOR OPTIONS

Figure 9 Internal Oscillator Options

CI
L Rs EXTAL
*—>
C, 4
| L
1

AT — Cut Parallel Resonance Crystal

C, = 7 pF max.

f=4 MHz (C, =22pF+20%)

Rg = 60 Q max.

Figure 10 Crystal Parameters
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4 Vee = 5.25V

\ Ta=25°C |

: AN
AN

Frequency (MHz)

N

0 5 10 15 20 25 30 35 40 45 S0
Resistance (k§2)

Figure 11 Typical Resistor Selection Graph
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1-1
7F —»SP
0 —»DDR’s
CLR TNT Logic
FF - TDR
7F — Prescaler
7F - TCR

Load PC From
Reset: $7FE, $7FF

Data

Fetch
Instruction

Y SWi

N

Execute
Instruction

L ¥

Figure 12 Interrupt Processing Flowchart

L

Load PC From
SWI:$7FC, $7FD
TNT:$7FA, $7FB

TIMER:$7F8, $7F9

Direction
Register Bit

Output

L 2

Data Bit

Figure 13 Typical Port 1/O Circuitry

Input
1/0 Pin

HD&805S1

Output /O Pin
Data
Direction Output Qutput Input t0
Register Data Bit State MCuU
Bit
1 o] 0 0
1 1 1 1
o] x 3-State Pin
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® INTERRUPTS

The CPU can be interrupted three different ways: through
the external interrupt (INT) input pin, the internal timer
interrupt request, and a software interrupt instruction (SWI).
When any interrupt occurs, processing is suspended, the present
CPU state is pushed onto the stack, the interrupt bit (I) in the
Condition Code Register is set, the address of the interrupt
routine is obtained from the appropriate interrupt vector
address, and the interrupt routine is executed. Stacking the
CPU registers, setting the 1 bit, and vector fetching requires
11 cycles. The interrupt service routines normally end with a
return from interrupt (RTI) instruction which allows the CPU
to resume processing of the program prior to the interrupt.
Table 1 provides a listing of the interrupts, their priority, and
the vector address that contain-the starting address of the appro-
priate interrupt routine.

A flowchart of the interrupt processing sequence is given in
Figure 12.

Table 1 Interrupt Priorities
Interrupt Priority Vector Address
RES 1 $7FE and $7FF
SWI 2 $7FC and $7FD
INT 3 $7FA and $7F8
TIMER 4 $7F8 and $7F9

Port A

A
.
.
.
.
.
.
.
.

A

Port A Programmed as output(s), driving CMOS and TTL Load directly.
(a)

o

©

Port 8

10 mA max

sessscee

w

Port B Programmed as output(s), driving LED(s) directly.
(c)

Port B

® INPUT/OUTPUT

There are 20 input/output pins. All pins are programmable
as either inputs or outputs under software control of the cor-
responding Data Direction Register (DDR). When programmed
as outputs, all I/O pins the latched output data is readable as
input data, regardiess of the logic levels at the output pin due to
output loading (see Figure 13). When port B is programmed
for outputs, it is capable of sinking 10mA on each pin (Vgr, =
1V max). All input/output lines are TTL compatible as both
inputs and outputs. Port A is CMOS compatible as outputs, and
Port B and C are CMOS compatible as inputs, Figure 14 pro-
vides some examples of port connections.

u BIT MANIPULATION

The MCU has the ability to set or clear any single random
access memory or input/output bit (except the data direction
registers) with a single instruction (BSET, BCLR). Any bit in
the page zero read only memory can be tested, using the BRSET
and BRCLR instructions, and the program branches as a result
of its state. This capability to work with any bit in RAM, ROM
or 1/O allows the user to have individual flags in RAM or to
handle single I/O bits as control lines. The example in Figure 15
illustrates the usefulness of the bit manipulation and test
instructions. Assume that bit O of port A is connected to a zero
crossing detector circuit and that bit 1 of port A is connected to
the trigger of a TRIAC which powers the controlled hardware.

This program, which uses only seven ROM locations,
provides turn-on of the TRIAC within 14 microseconds of the
zero crossing. The timer could also be incorporated to provide
turn-on at some later time which would permit pulse-width
modulation of the controlled power.

o

o

@

Port B Programmed as output(s), driving Darlington-base directly.
(b)

+V

°

Port C CMOS Inverter

C
.
.
.
.
.
.
.
.

o)

Port C Programmed as output(s), driving CMOS loads, using external
pull-up resistors. (d}

Figure 14 Typical Port Connections
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XYY XX

SELF 1 BRCLR 0, PORT A, SELF 1
BSET 1, PORT A

BCLR 1,PORT A

Figure 15 Bit Manipulation Example

® ADDRESSING MODES

The CPU has ten addressing modes available for use by the
programmer. They are explained and illustrated briefly in the
following paragraphs.
® Immediate

Refer to Figure 16. The immediate addressing mode accesses
constants which do not change during program execution. Such
instructions are two bytes long. The effective address (EA) is
the PC and the operand is fetched from the byte following the
opcode.
® Direct

Refer to Figure 17. In direct addressing, the address of the
operand is contained in the second byte of the instruction.
Direct addressing allows the user to directly address the lowest
256 bytes in memory. All RAM space, 1/O registers and 128
bytes of ROM are located in page zero to take advantage of this
efficient memory addressing mode.
® Extended

Refer to Figure 18. Extended addressing is used to reference
any location in memory space. The EA is the contents of the
two bytes following the opcode. Extended addressing instruc-
tions are three bytes long.
® Relative

Refer to Figure 19. The relative addressing mode applies only
to the branch instructions. In this mode the contents of the
byte following the opcode is added to the program counter
when the branch is taken. EA=(PC)t+2+Rel. Rel is the contents
of the location following the instruction opcode with bit 7
being the sign bit. If the branch is not taken Rel=0, when a
branch takes place, the program goes to somewhere within the
range of +129 bytes to -127 of the present instruction. These
instructions are two bytes long.
® Indexed (No Offset)

Refer to Figure 20. This mode of addressing accesses the
lowest 256 bytes of memory. These instructions are one byte
long and their EA is the contents of the index register.
® Indexed (8-bit Offset)

Refer to Figure 21. The EA is calculated by adding the
contents of the byte following the opcode to the contents of
the index register. In this mode, 511 low memory locations are
accessable. These instructions occupy two bytes.
® Indexed (16-bit Offset)

Refer to Figure 22. This addressing mode calculates the EA
by adding the contents of the two bytes following the opcode
to the index register. Thus, the entire memory space may be
accessed. Instructions which use this addressing mode are three
bytes long.

HD6805S1

@ Bit Set/Clear

Refer to Figure 23. This mode of addressing applies to
instructions which can set or clear any bit on page zero. The
lower three bits in the opcode specify the bit to be set or
cleared while the byte following the opcode specifies the
address in page zero.
® Bit Test and Branch

Refer to Figure 24, This mode of addressing applies to
instructions which can test any bit in the first 256 locations
($00-$FF) and branch to any location relative to the PC. The
byte to be tested is addressed by the byte following the opcode.
The individual bit within that byte to be tested is addressed by
the lower three bits of the opcode. The third byte is the relative
address to be added to the program counter if the branch condi-
tion is met. These instructions are three bytes long. The v.lue of
the bit tested is written to the carry bit in the condition code
register.
® Implied

Refer to Figure 25, The implied mode of addressing has no
EA. All the information necessary to execute an instruction is
contained in the opcode. Direct operations on the accumulator
and the index register are included in this mode of addressing.
In addition, control instructions such as SWI, RTI belong to this
group. All implied addressing instructions are one byte long.

® INSTRUCTION SET

The MCU has a set of 59 basic instructions. They can be
divided into five different types: register/memory, read/modify/
write, branch, bit manipulation, and control. The following
paragraphs briefly explain each type. All the instructions within
a given type are presented in individual tables.
® Register/Memory Instructions

Most of these instructions use two operands. One operand is
either the accumulator or the index register. The other operand
is obtained from memory using one of the addressing modes.
The jump unconditional (JMP) and jump to subroutine (JSR)
instructions have no register operand. Refer to Table 2.
® Read/Modity/Write Instructions

These instructions read a memory location or a register,
modify or test its contents, and write the modified value back
to memory or to the register. The test for negative or zero
(TST) instruction is an exception to the read/modify/write
instructions since it does not perform the write. Refer to Table
3.
@ Branch Instructions

The branch instructions cause a branch from the program
when a certain condition is met. Refer to Table 4.
® Bit Manipulation Instructions

These instructions are used on any bit in the first 256 bytes
of the memory. One group either sets or clears. The other group
performs the bit test and branch operations. Refer to Table 5.
® Control Instructions

The control instructions contro} the MCU operations during
program execution. Refer to Table 6.
® Alphabetical Listing

The complete instruction set is given in alphabetical order in
Table 7.
e Opcode Map

Table 8 is an opcode map for the instructions used on the
MCU.
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lea
Memory J
M 1
H ]
! '
1 ' Adder
/\ A
=[]
Index ef.
Stack Point
' 1
. : | J
PROG LDA #$F8 0SBE A6 Prog Count
058F F8 05C0 |
cc
H '
H ]
' '
H '
| — |
Figure 16 Immediate Addressing Example
j EA
Memory 0048
H |
' 1
! 1
: : Adder
H 1 /\
A
CAT FCB 32  004B 20 0000 2
Index Reg
1 H Stack Point
PROG (DA CAT 052D B6 l _]
052¢ ® Prog Count
052F ]
cc
| 1
)
H i
H 1
' ]
i '
—eed
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Figure 17 Direct Addressing Example
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Memory I 06ES l
1 ]
' ]
H Adder
0000
1 A
s I
PROG LDA CAT 0409 6
040A 06 Index Reg
0408 ES ]
Stack Point
. . | l il
] Prog Count
CAT FCB 64  06ES 40 r 040C J
cc
! :
—_—
Figure 18 Extended Addressing Example
EA
1
Memory | 04C1 |
r v
1
! 1
! ]
Adder
/\ A
Index Reg
| OR |(-‘
Stack Point
] L}
l OOItO l l ]
PROG BEQ PROG2 04A7 27 Prog Count
04A8 18 04c1 |
T CC
! 1
' '
—

Figure 19 Relative Addressing Example
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EA
Memory L 00B8 I
— P
1 '
] 1
! ! Adder
1 ]
1 [
A
0000
TABL FCC/ LI/ 0088 ac ,{ 4c I
49 index Reg
B8
! ' Stack Point
PROG LDA X O05F4 F6 [ I J
Prog Count
| 05F 5 ]
ccC
: 1]
| 1
—d

Figure 20 Indexed (No Offset) Addressing Example

|ea

Mem{;rv o 008C ]

Adder
TABL FCB #BF 0089 BF
FCB8 #86 008A 86 A
FC8 #DB 0088 [»]:] >I| CF I
FCB #CF 008C CF r Index Reg
. .
I H Stack Point
PROG LDA TABL. X 0758 E6 r I J
075C d Prog Count
[ 075D |
cc
: : 1
' ]
——

Figure 21 indexed (8-Bit Offset) Addressing Example
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Memory I 0780 1
r 1
[
' :
Adder
A
Index Reg
1 1 02
PROG LDA TABL. X 0692 D6 Stack Point
0693 07 1 [ l l
0694 7E J Prog Count
| 0695 |
] ' cc
FCB  #86 077F 86
FCB #DB 0780 DB
FCB #CF 0781 CF
1 '
1 '
_
Figure 22 Indexed (16-Bit Offset) Addressing Example
EA
Memory 0001
[
]
! Adder
PORT B EQU 1 0001 BF
Clear ﬁ‘
Bit | A
Index Reg
i
PROG BCLR 6. PORT B 058F 10 Stack Point
0590 01 | l I
Prog Count
| 0591 |
'
'
'
1
—_—_—
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EA
Memory l 0002 ]
! 1
)
' Adder
PORT C EQU 2 0002 Fo = AN A
o 7 1]
2 Index Reg
0000
; ; Stack Point
! ' | | ]
PROG BRCLR 2.PORT C. PROG 2 0574 05 Prog Count
0575 02 0000 0594 |
0576 1D cc
—on ] < ]
] t
\\ Adder i
[} ]
L — |

Figure 24 Bit Test and Branch Addressing Example

1ea

Memory

Adder

>}

A
index Reg
' 1
' ' [ e ]
1 ]
N o
PROG TAX 05BA 97 [ Stackl oint ]
Prog Count
l 058B ]
cc

Z i C— 1]

|

Figure 256 Implied Addressing Example
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Table 2 Register/Memory Instructions

Addressing Modes
. . Indexed Indexed Indexed
Function Mnemonic Immediate Direct Extended (No Offset) (8:8it Offset) (16-Bit Offset)
Op # # Op # # Op # # Op # # Op # # Op # #
Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes |Cycles | Code | Bytes | Cycles | Code | Bytes| Cycles | Code | Bytes | Cycles
Load A from Memory LDA A6 2 2 B6 2 4 cé 3 5 F6 1 4 E6 2 5 D6 3 6
Load X from Memory LDX AE 2 2 BE 2 4 CE 3 5 FE 1 4 EE 2 5 DE 3 6
Store A in Memory STA - - - 87 2 5 c7 3 6 F7 1 5 E7 2 6 D7 3 7
Store X in Memory STX - - - BF 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7
Add Memory to A ADD AB 2 2 88 2 4 cB 3 5 FB8 1 4 EB 2 5 [o1:] 3 6
Add Memory and
Carry to A ADC A9 2 2 B9 2 4 c9 3 5 F9 1 4 E9 2 5 D9 3 6
Subtract Memory sus A0 2 2 :[1] 2 4 co 3 5 FO 1 4 EO 2 5 Do 3 6
Subtract Memory from
A with Borrow S8C A2 2 2 B2 2 4 c2 3 5 F2 1 4 E2 2 5 D2 3 6
AND Memory to A AND A4 2 2 84 2 4 c4 3 5 Fa 1 4 E4 2 5 Da 3 6
OR Memory with A ORA AA 2 2 BA 2 4 CA 3 5 FA 1 4 EA 2 5 DA 3 [
Exclusive OR Memory | ¢ A8 2 | 2 |88 | 2| 4 |ce| 3|5 |f8| 1| 4 e8| 2|5 |p8| 3| s
with A
Arithmetic Compare A | o ar| 2| 2 |er{2|a|a|as|s|{fm| 1] a|er|2|{s o] 3]|es
with Memory
Afi(hmetic Compare X CPX A3 2 2 83 2 4 c3 3 5 £3 1 4 E3 2 5 D3 3 6
with Memory
Bit Test Memory with A| g, 7 As| 2| 2 |8s| 2 | 4 |cs| 3 {5 |Fs| 1| 4 |E5| 2 5 [D5| 3| 6
(Logical Compare)
Jump Unconditional JMP - - - 8C 2 3 cc 3 4 FC 1 3 EC 2 4 0C 3 5
Jump to Subroutine JSR - - - 8D 2 7 CcD 3 8 FD 1 7 ED 2 8 DD 3 9
Table 3 Read/Modify/Write Instructions
Addressing Modes
N Indexed indexed
Funct M i implied (A implied (X Direct
unction nemonic mplied (A) mplied {X) irec: (No Offset) (8-Bit Offset)
Op | # # Op # # Op | # # Op # # Op | # #
Code | Bytes | Cycles | Code | Bytes| Cycles| Code| Bytes| Cycles | Code | Bytes [Cycles | Code | Bytes |Cycles
Increment INC 4C 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 B6A 2 7
Clear CLR 4F 1 4 SF 1 4 3F 2 6 7F 1 6 6F 2 7
Complement COM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate
{2's Complement) NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 73 1 6 69 2 7
Rotate Right Thru Carry| ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7
Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
Arithmetic Shift Left ASL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Test f: i
est for Negative or TST 40| 1 | 4 |s0D| 1| a |30 2|6 || 1|6 |60 2|7
Zero
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Table 4 Branch Instructions

Relative Addressing Mode
Function Mnemonic Op # #
Code Bytes Cycles

Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch [F Higher BHI 22 2 4
Branch |F Lower or Same BLS 23 2 4
Branch |F Carry Clear BCC 24 2 4
(Branch IF Higher or Same) (BHS) 24 2 a4
Branch IF Carry Set BCS 25 2 4
(Branch IF Lower) (BLO) 25 2 4
Branch IF Not Equal BNE 26 2 4
Branch |F Equal BEQ 27 2 4
Branch [F Half Carry Clear BHCC 28 2 4
Branch |F Half Carry Set BHCS 29 2 4
Branch IF Plus BPL 2A 2 4
Branch IF Minus BMI 28 2 4
Branch IF Interrupt Mask Bit is Clear BMC 2C 2 4
Branch IF Interrupt Mask Bit is Set BMS 2D 2 4
Branch IF Interrupt Line is Low BiL 2E 2 4
Branch IF Interrupt Line is High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

Table 5 Bit Manipulation Instructions

Addressing Modes
Function Mnemonic Bit Set/Clear Bit Test and Branch
Op # # Op # #
Code Bytes Cycles Code Bytes Cycles
Branch IF Bit n is set BRSET n (n=0 ..... 7) - - — 2:n 3 10
Branch IF Bit n is clear BRCLRn (n=0.....7) — — - 01+2°n 3 10
Set Bitn BSET n (n=0 ..... 7) 1042+n 2 7 - - -
Clear bit n BCLRn {n=0..... 7} 1142+n 2 7 - — —
Table 6 Control Instructions
) ) Implied
Function Mnemonic op 7 #
Code Bytes Cycles
Transfer A to X TAX 97 1 2
Transfer X to A TXA 9F 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CcLC 98 1 2
Set Interrupt Mask Bit SE| 98 1 2
Clear Interrupt Mask Bit cL! 9A 1 2
Software Interrupt Swi 83 1 11
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
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Table 7 Instruction Set

HD6805S1

Mnemonic

Addressing Modes

Condition Code

implied

Imme-
diate

Direct

Ex-
tended

Re-
lative

Indexed
(No
Offset)

Indexed
(8 Bits)

Indexed
(16 Bits)

Bit
Set/
Clear

Bit
Test &
Branch

T

I[N

N

c

ADC

X

X

ADD

X

AND

X

ASL

ASR

X Ix | x| x|x

X x| X ] Xx
X | X Px | X [Xx

BCC

BCLR

BCS

BEQ

BHCC

BHCS

X [ x| x [x

BHI

x

BHS

BIH

BIL

X | x | x

BIT

BLO

x

BLS

BMC

BMI

BMS

BNE

BPL

BRA

BRN

X IX | X | X | X | X |XxX|X

BRCLR

BRSET

BSET

. BSR

CLC

CLI

CLR

x

CMP

COM

CPX

x

x | x| X

DEC

x

EOR

x

INC

X | x

JMP

x

JSR

LDA

X | x| x| X |x|Xx

LDX

xX X | x

X [ x P x[Xx

XX IX | XX [ XXX | xX|x|Xx

x [ X [ x| x

®/® 0 0 0 & 000 00 6 0 0 0|0 0 0 06 0 0 0 0 0 0 000 0 0 0 0 0|0 00 s 0|0 . >

o o/o|e|o|e/oje e ejec/e/e|0o 0 0/e|e|/o/o 0|00 0 e/0/e sje/coie/s/ elojeo ojee|e ee
>i>l0l0>>>[>[>|>0|e/e|e e e e/eie|eoe|o oo 0(e|>0 0je/eleoie eleleie|>|>isIs s

SI>(e 0> I>I>|>>|>|=|e|ee|ee/e/e|ee oee/e|e(o/>|0 (e ejeee|e|o|e|>in|>]>]>

A
A
.
A
A
[
.
.
.
.
.
.
.
[ ]
.
[
.
.
.
[
.
)
.
.
L J
A
A
L J
.
0
.
.
A
1

N
.
.
.
.
.
.
°

Condition Code Symbols:
H

Half Carry (From Bit 3)

| Interrupt Mask

N Negative (Sign Bit)

Z Zero

C
A

Carry Borrow

Test and Set if True, Cleared Otherwise

Not Affected
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Table 7 Instruction Set

Addressing Modes

Condition Code

156

] 1 i | Indexed | Bit Bit

Mnemonic | Implied | (G| Direct | oriy | e | (1N 5 | o e | SeV | Test& | H | 1IN |2 |C
LSL X X X X e o | A|A|A
LSR X x X X ® (o |0 |ANA|A
NEG X X X x e (e ATAIA
NOP X e (e |0 o (o
ORA x x X x x X e (e ([AIA|e@®
ROL X X X X e e (AN AIA
ROR X X x X e e |AIAIA
RSP X o (oo e e
RTI X 2020?20?12
RTS X o o|o|e |0
SBC x X X X X x e || A|A|A
SEC x o (oe|o|e@ |1
SEI x o 1 |e|e e
STA X x x X X o || ANl A|e
STX X X X x o (06| A|A|e®
suB X X X X X X e || ATAJA
SWI X o l1jeje @
TAX X o (o0 0 |
TST x X X X e e AN AN]|e
TXA X o oo |0 |0

Condition Code Symbols:
H  Half Carry (From Bit 3) C Carry/Borrow
1 interrupt Mask /A Testand Set if True, Cleared Otherwise
N Negative (Sign Bit) e Not Affected
Z Zero ? Load CC Register From Stack

O HITACHI ,
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Table 8 Opcode Map

Bit Manipulation | Branch Read/Modify /Write Control Register/Memory
posté | S | Ret |DIR | A x Xt | xo| mp | imp | iMm | DIR | ExT | x2 | xt | xo
0 1 2 3 4 5 6 7 8 9 A B [ D E F +«— HIGH
O |BRSETO | BSETO | BRA NEG RTI* - SuB 0
1 | BRCLRO | BCLRO | BRN - RTS* — CMP 1
2 | BRSET1 | BSET1 | BHI — ~ — SBC 2
3 |BRCLR1 | BCLR1 | BLS COoM Sswi* - CPX 3 L
4 | BRSET2 | BSET2 | BCC LSR — - AND 4 O
6 | BRCLR2 | BCLR2 | BCS - — - BIT 5 W
6 {BRSET3 | BSET3 | BNE ROR - - LDA 6
7 |BRCLR3 | BCLR3 | BEQ ASR — TAX — STA(+1) 7
8 |BRSET4 | BSET4 | BHCC LSL/ASL — CLC EOR 8
9 |BRCLR4 | BCLR4 | BHCS ROL — SEC ADC 9
A |BRSET5 | BSET5 | BPL DEC - cLl ORA A
B |BRCLR5 | BCLR5 | BM{ - — SEI ADD B
C |BRSET6 | BSET6 | BMC INC — RSP — JMP(~1) Cc
D |BRCLR6 | BCLR6 | BMS TST — NOP BSR* JSR(+3) D
E |BRSET7 | BSET7 | BIL - — - LDX E
F |BRCLR7 | BCLR7 | BIH CLR - TXA — STX(+1) F
3/10 2/7 2/4 [ 26 [1/a [ 174 T27 Jae [ e Tz [ 22 [ 24 [3i5 36 [2rs Ja
{NOTE) 1. Undefined opcodes are marked with ‘="',
2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles).
Mnemonics followed by a ““»'* require a different number of cycies as follows:
IR
SWI 1
BSR 8
3. ) indicate that the number in parenthesis must be added to the cycle count for that instruction.
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HD6805S6

MCU (Microcomputer Unit)

The HD6805S6 is the 8-bit Microcomputer Unit (MCU)

which contains a CPU, on<hip clock, ROM, RAM, 1/O and HDGBOSSEP

timer. It is designed for the user who needs an economical
microcomputer with the proven capabilities of the HD

6800-based instruction set.

The following are some of the hardware and software

highlights of the M CU.

HARDWARE FEATURES

8-Bit Architecture

64 Bytes of RAM

Memory Mapped 1/0

1804 Bytes of User ROM

Internal 8-Bit Timer with 7-Bit Prescaler
20 TTL/CMOS Compatible 1/0O Lines;
8 Lines LED Compatible

On-Chip Clock Circuit

Self-Check Mode

Master Reset

Low Voltage Inhibit

Easy for System Development and Debugging
5 Vdc Single Supply

Compatible with MC6805P6
SOFTWARE FEATURES

Similar to HD6800

Byte Efficient Instruction Set

Easy to Program

True Bit Manipulation

Bit Test and Branch Instructions
Versatile Interrupt Function

Powerful Indexed Addressing for Tables
Full Set of Conditionat Branches
Memory Usable as Registers/Flags
Single Instruction Memory Examine/Change
10 Powerful Addressing Modes

All Addressing Modes Apply to ROM, RAM and 1/0

Compatible with MC6805P6
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® PIN ARRANGEMENT

® BLOCK DIAGRAM

HD680556

(Top View)

XTAL EXTAL RES NUM INT

[}
TIMER—-7 Prescater | cnimer/
Tumer Control [ oo ]
fo—w- 8,
| Accumulator pa— 8
8 Al fe—n-8
(249 osa | Pont [ o 8!
Index Controt —{ D« B fe—»8
N |,  Reamer Reg | Rey fe—w5;
. | -y
. A =] Condition fe—-8;
ort 1 %21 Port | Data Coge
oo A | o fgls eme o
10 Ave—=l po | Reg cPy
Lines A, «—f Stack
~ Pomter
’ fe—a-C,
Program H Daw | Por [T O ¢
Counter 3" nC fe—C,
3 _High” PeH| ALY | " e
Program
Counter
8 “Low" PCL|
T 1
1804 x 8 64x8
ROM RAM
116x8
Self check
ROM
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HD680556

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee * -0.3~+7.0 Vv
Input Voltage (EXCEPT TIMER) v, * -0.3~+7.0 \
{nput Voitage (TIMER) " -0.3~+12.0 \%
Operating Temperature Topr 0 ~+70 °c
Storage Temperature L - 55~ +150 °c

*  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. |f these conditions are exceeded, it could affect reliability of LSI.

® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vcc=5.25V 0.5V, Vgs=GND, Ta=0~+70°C, unless otherwise noted.)

Item Symbol Test Condition min [typ | max | Unit
RES 40 — [Vee| V
Input “High” Voltage INT 3.0 — | Veel| V
Ali Other Vg 20| — | Vee| V
. . Timer Mode 20| — | Vec| V
Input “"High’* Voltage (Timer
put M ge (Timer) G eif-Check Mode 90| — [110] Vv
RES -0.3| — 08| Vv
Insut *Low” Volt INT v -0.3| — 08| Vv
n ow’’ Voltage
Py ¢ EXTAL(Crystal Mode)| ' 03— | 06| Vv
All Other } -0.3| - 08| V
Power Dissipation Po — | = 1700 | mw
Low Volitage Recover LVR - | - 475 V
Low Voltage Inhibit LvI — 40| - Y]
TIMER -20 | — 20 | nA
Input Leak Current, INT (I Vin=0.4V~V¢c 50 | — | 50 | wA
EXTAL(Crystal Mode) 1200 — 0 HA
e AC CHARACTERISTICS (Vcc=5.25V + 0.5V, Vgs=GND, Ta=0 ~ +70°C, uniess otherwise noted.)
{tem Symbol Test Condition min [typ [ max [Unit
Clock Frequency fa 0.4 - 4.0 | MHz
Cycle Time teye 1.0 - 10 | us
Oscillation Frequency (External Resistor Mode) fexT Rcp=15.0k2+1% - 34| — | MHz
—_ . Teyet
INT Pulse Width twL 5‘:,:0 — - ns
— - o+
RES Pulse Width tawL 5\:‘:0 - . ns
TIMER Pulse Width trw A R I
o . C_=22pF £20%,
Oscillation Start-up Time (Crystal Mode) tosc R;=60$p1 max. - — 100 | ms
Delay Time Reset tRHL External Cap. = 2.2 uF 100 - - ms
. XTAL - - 35 pF
Input Capacitance C; Vin=0V
put Lapacitan All Other o o T =T 0] oF
159
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HD6805S6

® PORT ELECTRICAL CHARACTERISTICS (Vcc = 5.25V £ 0.5V, Vgg = GND, Ta = 0 ~ +70°C , unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Port A lon = —10 uA 3.5 — - \%
lon = —100 uA 24 - - \Y
Output ‘“High’’ Voltage Port B Vou lon = —200 pA 24 - - \%
log = —1mA 15 - - \
Port C Ton = —100 uA 24 - - Vv
Port Aand C loL = 1.6 mA - -~ 04 \4
o] t “Low"’ =3. - - .
utput “Low’’ Voltage Port B VoL lor =3.2mA 0.4 \4
loL = 10mA - — 1.0 \
Input “High’’ Voltage VIH - \/
Port A, B, C 20 £e v
Input “Low’’ Voltage ViL -0.3 - 0.8 v
in = 0.8V ~! - - A
Port A Vin = 0.8 500 M
Input Leak Current I Vin =2V —-300 - - KA
Port B, C Vin = 0.4V~ Vce - 20 - 20 KA

TTL Equiv. (Port B}
Vee

1.2kQ2

1j=3.2mA

Test Point

TTL Equiv. (Port A and C)
Vee

2.4k

l;=1.6 mA

Test Point

(NOTE) 1. Load capacitance includes the floating capacitance of thie probe and the jig etc.

2. All diodes are 152074 () or equivalent.

Figure 1 Bus Timing Test Loads

® SIGNAL DESCRIPTION

The input and output signals for the MCU, shown in PIN
ARRANGEMENT, are described in the following paragraphs.
® Vo and Vs

Power is supplied to the MCU using these two pins. V¢ is
+5.25V £0.5V, Vgg is the ground connection.
o INT

This pin provides the capability for asynchronously applying
an external interrupt to the MCU. Refer to INTERRUPTS for
additional information.
® XTAL and EXTAL

These pins provide connections for the on-chip clock circuit.
A crystal (AT cut, 4 MHz maximum), a resistor or an external
signal can be connected to these pins to provide a system clock
with various stability/cost tradeoffs. Refer to INTERNAL
OSCILLATOR OPTIONS for recommendations about these
inputs.

160

® TIMER

This pin allows an external input to be used to decrement
the internal timer circuitry. Refer to TIMER for additional
information about the timer circuitry.
® RES

This pin allows resetting of the MCU at times other than the
automatic resetting capability already in the MCU. Refer to
RESETS for additional information.

* NUM

This pin is-not tor user application and should be connected
to Vgs.
® Input/Output Lines (Ao ~ A7, Bo ~ B7, Co ~ C3)

These 20 lines are arranged into two 8-bit ports (A and B)
and one 4-bit port (C). All lines are programmable as either
inputs or outputs under software control of the data direction
registers. Refer to INPUT/OUTPUT for additional informa-
tion,

@ HITACHI
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s MEMORY

The MCU memory is configured as shown in Figure 2. During
the processing of an interrupt, the contents of the CPU registers
are pushed onto the stack in the order shown in Figure 3. Since
the stack pointer decrements during pushes, the low order byte
(PCL) of the program counter is stacked first; then the high

HD680556

order three bits (PCH) are stacked. This ensures that the
program counter is loaded correctly as the stack pointer
increments when it pulls data from the stack: A subroutine call
will cause only the program counter (PCH, PCL) contents to be
pushed onto the stack.

Caution: — Self Test ROM Address Area

Self test ROM locations can not be used for a user program.
If the user’s program is in this location, it will be removed when
manufacturing mask for production.

7 0 7 6 5 4 3 2 1 0
000 1/0 Ports $000 0 Port A $000
e 1 Port B $001
127 (128 Bytes) $07F 2 11 1 Port C $002
128 Page Zero $080 3 Not Used $003
(1 22%’“ : 4 Port A DDR $004*
255 e SOFF 5 Port B DDR $005*
256 $100 or
6 Not Used Port CDDR $006*
l'\RASil\r/‘l 7 Not Used $007
(1668 Bytes) 8 Timer Data Reg $008
9 Timer CTRL Reg $009
192 7
194 §7§i 10 $00A
Self Check Not Used (54 Bytes)
ROM
2039 (116 Bytes) $7F7 63 $03F
2040 Interrupt $7F8 64 RAM (64 Bytes) $040
Vectors Stack (31 Bytes Maximum)
ROM 127 1 $07F
(8 Bytes)
2047 $7FF *Write-only registers
Figure 2 MCU Memory Configuration
4 2 0 7 0
7 6 5 3 ! Pull l A 1 Accumulator
n-4 11 1 C&%ngiet;?sr;er n+1 7 o]
I X I Index Register
n-3 Accumulator n+2
10 87 0
n-2 tndex Register n+3 ﬁCH E pCL J Program Counter
10 5 4 0
- PCH* | n+4
bl " {ofofo]o]1]1] sP | stack Pointer
n PCL* n+5
Push I H | | | N | Z |CI Condition Code Register

* For subroutine calls, only PCH and PCL are stacked.

Figure 3 Interrupt Stacking Order

G HITACHI

L— Carry/Borrow

Zero

Negative
—————————nterrupt Mask
Half Carry

Figure 4 Programming Model
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= REGISTERS

The CPU has five registers available to the programmer.

They are shown in Figure 4 and are explained in the following
paragraphs.
e Accumulator (A)

The accumulator is a general purpose 8-bit register used to
hold operands and results of arithmetic calculations or data
manipulations.

o Index Register (X)

The index register is an 8-bit register used for the indexed
addressing mode. It contains an 8-bit address that may be added
to an offset value to create an effective address. The index
register can also be used for limited calculations and data
manipulations when using read/modify/write instructions. When
not required by a code sequence being executed, the index
register can be used as a temporary storage area.

e Program Counter (PC)

The program counter is an 11-bit register that contains the
address of the next instruction to be executed.
® Stack Pointer (SP)

The stack pointer is an 11-bit register that contains the
address of the next free location on the stack. Initially, the
stack pointer is set to location $07F and is decremented as data
is being pushed onto the stack and incremented as data is being
pulled from the stack. The six most significant bits of the stack
pointer are permanently set to 000011. During a MCU reset or
the reset stack pointer (RSP) instruction, the stack pointer is set
to location $07F. Subroutines and interrupts may be nested
down to location $061 which allows the programmer to use up
to 15 levels of subroutine calls.

e Condition Code Register {CC)

The condition code register is a S-bit register in which each
bit is used to indicate or flag the results of the instruction just
executed. These bits can be individually tested by a program
and specific action taken as a result of their state. Each
individual condition code register bit is explained in the
following paragraphs.

Half Carry (H)

Used during arithmetic operations (ADD and ADC) to
indicate that a carry occurred between bits 3 and 4.

Interrupt (1) _

This bit is set to mask the timer and external interrupt (INT).
If an interrupt occurs while this bit is set it is latched and will be
processed as soon as the interrupt bit is reset.

Negative (N)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was negative (bit 7 in result equal to a
logical one).

Zero (Z)

Used to indicate that the result of the last arithmetic, logical
or data manipulation was zero.
Carry/Borrow (C)

Used to indicate that a carry or borrow out of the arithmetic
logic unit (ALU) occurred during the last arithmetic operation.
This bit is also affected during bit test and branch instructions,
shifts, and rotates.

s TIMER

The MCU timer circuitry is shown in Figure 5. The 8-bit
counter, the Timer Data Register (TDR), is loaded under pro-
gram control and counts down toward zero as soon as the clock
input is applied. When the timer reaches zero, the timer inter-
rupt request bit (bit 7) in the Timer Control Register (TCR), is
set. The CPU responds to this interrupt by saving the present
CPU state on the stack, fetching the timer interrupt vector from
locations $7F8 and $7F9 and executing the interrupt routine.
The timer interrupt can be masked by setting the timer inter-
rupt mask bit (bit 6) in the TCR. The interrupt bit (I bit) in the
Condition Code Register also prevents a timer interrupt from
being processed.

The clock input to the timer can be from an external source
applied to the TIMER input pin or it can be the internal ¢2
signal. When the internal ¢, signal is selected as the input
source, the node a is connected to b (see Fig. 5).

20

Prescaler
2! 21 23 2‘ 25 26 27

TIR; Timer Interrupt Request

|

e R

TIM; Timer Interrupt Mask

TIR TIM

il

| Sl " Clock
H H Input
1 [
[} 1]
[P |

Time
8-Bit Counter Out 7 I 5 I
Timer Data Register {TDR)

NOT USED 0

Timer Control Resister (TCR)

" Manufacturing
Mask Options

Write

(!

Read Write Read

Figure 5 Timer Block Diagram
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In case of the external source, the node b connects with c.
When the ¢2 signal is used as the source, the clock signal is input
to the prescaler while the TIMER input is “High”.

The source of the clock input is one of the options that has
to be specified before manufacture of the MCU. A prescaler op-
tion can be applied to the clock input that extends the timing
interval up to a maximum of 128 counts before decrementing
the counter (TDR). The timer continues to count past zero, fall-
ing through to SFF from zero, and then continuing the count.
Thus, the counter can be read at any time by reading the TDR.
This allows a program to determine the length of time since a
timer interrupt has occurred and not disturb the counting pre-
cess.

At power-up or reset, the prescaler and counter are initialized
with all logical ones; the timer interrupt request bit (bit 7) is
cleared, and the timer interrupt mask bit (bit 6) is set.

(NOTE) If the MCU Timer is not used, the TIMER input pin
must be grounded.

HD6805S6

® SELF CHECK

The self-check capability of the MCU provides an internal
check to determine if the part is functional. Connect the MCU
as shown in Figure 6 and monitor the output of port C bit 3
for an oscillation of approximately 3Hz. ROM, RAM, TIMER,
Interrupts, 1/0 of Port A, B and C are checked by this capabil-
ity.
= RESETS

The MCU can be reset three ways: by initial power-up, by
the external reset input (RES) and by an optional internal low
voltage detect circuit, see Figure 7. All the I/O port are initia-
lized to Input mode (DDR’s are cleared) during RESET.

During power-up, a minimum of 100 milliseconds is needed
before allowing the RES input to go “High”.

This time allows the internal crystal oscillator to stabilize.
Connecting a capacitor to the RES input, as shown in Figure 8,
typically provides sufficient delay.

2 |INT A,l27
A 26
28 | RES Al2s
= 2uF Al 24
rr 5 |XTAL A, 23
A, 22
4 |EXTAL Al 21
Al 20
+9V 7 lvimer HDGBOSSS
{Resistor option)*
B, 19
6 |NUM B,{18
Vee 7l7_ B, |17
B.|16
C, 8,[18
c, 8,[14
c, B,|13
C, 8,12
Vee=Pin3
Vgg = Pin 1

* Refer to Figure 3@ about crystal option

BY —— —— - —m e .
LVR
Vee N v LVR
ov

T IRHL[S

“Dip" in Power

RES P— o
) ViH RES | °

tRHL

Internal
Reset

Figure 7 Power Up and RES Timing
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Py
m|
(2]

Part of
HDB80SS6
MCU

28
2.2uF

Figure 8 Power Up Reset Delay Circuit

SIXTAL
4 MHz _g—-
max 4|exTAL HD6805S6
MCU
22pF:20%;F;
Crystal
5|XTAL
External alexTaL HD6805S6
Clock MCi

Input

XTAL <o

External Clock

CRYSTAL OPTIONS

u INTERNAL OSCILLATOR OPTIONS

The internal oscillator circuit is designed to require a mini-
mum of external components. A crystal, a resistor, a jumper
wire, or an external signal may be used to generate a system
clock with various stability/cost tradeoff. A manufacturing
mask option is required to select either the crystal oscillator
or the RC oscillator circuit. The different connection methods
are shown in Figure 9. Crystal specifications are given in Figure
10. A resistor selection graph is given in Figure 11.

HD680556

EXTAL  mcu

Approximately 25% Accuracy
teyc = 1.25 us typ.
External Jumper

cc
S| XTAL

HD680556
MCcu

4| EXTAL

No
Connection

Approximately 15% Accuracy
External Resistor

RESISTOR OPTIONS

Figure 9 Internal Oscillator Options

R
S Pt EX4TAL

AT — Cut Parallel Resonance Crystal

C, = 7 pF max.

f=4 MHz (C, =22pF+ 20%}

Rg = 60 2 max.

Figure 10 Crystal Parameters
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5
4 \ Vee=56.25V |
\ Ta=25C
I
E N,
>
g \
§
3
g N\
o 2 \
.
\\
0 5 10 15 20 25 30 35 40 45 50
Resistance (k2)
Figure 11 Typical Resistor Selection Graph
@ HITACHI

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



HD6805S6

1-1 l
$7F —»SP
0 —+DDR’s Stack
CLR INT Logic PC, X, A, CC
$FF - TDR
$7F — Prescaler
$7F - TCR v
11

I

Load PC From
SWI: $7FC, $7FD
INT: $7FA, $7FB

TIMER: $7F8, $7F9

Load PC From
Reset: $7FE, $7FF

Fetch
Instruction
Y
Y SWI
N
Execute
Instruction
I
Figure 12 Interrupt Processing Flowchart
Data
—] Direction L 2
Register Bit
Output .
Dattap;it Output 1/O Pin
Input
1/0 Pin
Data
Direction Output Output Input to
Register Data Bit State MCU
Bit
1 0 0 0
1 1 1 1
. . L . Pi
Figure 13 Typical Port 1/O Circuitry 0 X 3State "
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s INTERRUPTS

The CPU can be interrupted three different ways: through
the external interrupt (INT) input pin, the internal timer
interrupt request, and a software interrupt instruction (SWI).
When any interrupt occurs, processing is suspended, the present
CPU state is pushed onto the stack, the interrupt bit (I} in the
Condition Code Register is set, the address of the interrupt
routine is obtained from the appropriate interrupt vector
address, and the interrupt routine is executed. Stacking the
CPU registers, setting the I bit, and vector fetching requires
11 cycles. The interrupt service routines normally end with a
return from interrupt (RTI) instruction which allows the CPU
to resume processing of the program prior to the interrupt.
Table 1 provides a listing of the'interrupts, their priority, and
the vector address that contain-the starting address of the appro-
priate interrupt routine.

A flowchart of the interrupt processing sequence is given in
Figure 12.

Table 1 Interrupt Priorities
interrupt Priority Vector Address
RES 1 $7FE and $7FF
SwWi 2 $7FC and $7FD
INT 3 $7FA and $7FB
TIMER 4 $7F8 and $7F9

3

Port A

A
.
.
.
3
.
.
3
.
A

3

Port A Programmed as output(s), driving CMOS and TTL Load directly.
(a)

o]

o

Port B

10 mA max

«
<

Port B Programmed as output(s}, driving LED(s) directly.
(c)

Port B

= INPUT/OUTPUT

There are 20 input/output pins. All pins are programmable
as either inputs or outputs under software control of the cor-
responding data direction register (DDR). When programmed as
outputs, the latched output data is readable as input data,
regardless of the logic levels at the output pin due to output
loading (see Figure 13). When port B is programmed for out-
puts, it is capable of sinking 10 mA on each pin (VoL = IV
max). All input/output lines are TTL compatible as both inputs
and outputs. Port A are CMOS compatible as outputs, and
Port B and C are CMOS compatible as inputs. Figure 14 pro-
vides some examples of port connections.

= BIT MANIPULATION

The MCU has the ability to set or clear any single random
access memory or input/output bit (except the data direction
registers) with a single instruction (BSET, BCLR). Any bit in
the page zero read only memory can be tested, using the BRSET
and BRCLR instructions, and the program branches as a result
of its state. This capability to work with any bit in RAM, ROM
or 1/O allows the user to have individual flags in RAM or to
handle single 1/O bits as control lines. The example in Figure 15
illustrates the usefulness of the bit manipulation and test
instructions. Assume that bit O of port A is connected to a zero
crossing detector circuit and that bit 1 of port A is connected to
the trigger of a TRIAC which powers the controlled hardware.

This program, which uses only seven ROM locations,
provides turn-on of the TRIAC within 14 microseconds of the
zero crossing. The timer could also be incorporated to provide
turn-on at some later time which would permit pulse-width
modulation of the controlled power.

o

°

lc=hee*ls

@
<

Port B Programmed as output(s), driving Darlington base directly.
(b}

+V

°

Port C CMOS Inverter

eeeescee O

2]

o

Port C Programmed as output(s), driving CMOS loads, using external
pull-up resistors. {d}

Figure 14 Typical Port Connections
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SELF 1 BRCLR 0, PORT A, SELF 1
BSET 1, PORT A

BCLR 1, PORT A

XYY Y]

Figure 15 Bit Manipulation Example

= ADDRESSING MODES

The CPU has ten addressing modes available for use by the
programmer. They are explained and illustrated briefly in the
following paragraphs.
® Immediate

Refer to Figure 16. The immediate addressing mode accesses
constants which do not change during program execution. Such
instructions are two bytes long. The effective address (EA) is
the PC and the operand is fetched from the byte following the
opcode.
® Direct

Refer to Figure 17. In direct addressing, the address of the
operand is contained in the second byte of the instruction.
Direct addressing allows the user to directly address the lowest
256 bytes in memory. All RAM space, 1/O registers and 128
bytes of ROM are located in page zero to take advantage of this
efficient memory addressing mode.
® Extended

Refer to Figure 18. Extended addressing is used to reference
any location in memory space. The EA is the contents of the
two bytes following the opcode. Extended addressing instruc-
tions are three bytes long.
® Relative

Refer to Figure 19. The relative addressing mode applies only
to the branch instructions. In this mode the contents of the
byte following the opcode is added to the program counter
when the branch is taken. EA=(PC)+2+Rel. Rel is the contents
of the location following the instruction opcode with bit 7
being the sign bit. If the branch is not taken Rel=0, when a
branch takes place, the program goes to somewhere within the
range of +129 bytes to -127 of the present instruction. These
instructions are two bytes long.
® Indexed (No Offset)

Refer to Figure 20. This mode of addressing accesses the
lowest 256 bytes of memory. These instructions are one byte
long and'their EA is the contents of the index register.
® Indexed (8-bit Offset)

Refer to Figure 21. The EA is calculated by adding the
contents of the byte following the opcode to the contents of
the index register. In this mode, 511 low memory locations are
accessable. These instructions occupy two bytes.
® Indexed (16-bit Offset)

Refer to Figure 22. This addressing mode calculates the EA
by adding the contents of the two bytes following the opcode
to the index register. Thus, the entire memory space may be
accessed. Instructions which use this addressing mode are three
bytes long.

e Bit Set/Clear

Refer to Figure 23. This mode of addressing applies to
instructions which can set or clear any bit on page zero. The
lower three bits in the opcode specify the bit to be set or
cleared while the byte following the opcode specifies the
address in page zero.
o Bit Test and Branch

Refer to Figure 24. This mode of addressing applies to
instructions which can test any bit in the first 256 locations
($00-$FF) and branch to any location relative to the PC. The
byte to be tested is addressed by the byte following the opcode.
The individual bit within that byte to be tested is addressed by
the lower three bits of the opcode. The third byte is the relative
address to be added to the program counter if the branch condi-
tion is met. These instructions are three bytes long. The value of
the bit tested is written to the carry bit in the condition code
register.
® Implied

Refer to Figure 25. The implied mode of addressing has no
EA. All the information necessary to execute an instruction is
contained in the opcode. Direct operations on the accumulator
and the index register are included in this mode of addressing.
In addition, control instructions such as SWI, RTI belong to this
group. All implied addressing instructions are one byte long.

= INSTRUCTION SET

The MCU has a set of 59 basic instructions. They can be
divided into five different types: register/memory, read/modify/
write, branch, bit manipulation, and control. The following
paragraphs briefly explain each type. All the instructions within
a given type are presented in individual tables.
® Register/Memory Instructions

Most of these instructions use two operands. One operand is
either the accumulator or the index register. The other operand
is obtained from memory using one of the addressing modes.
The jump unconditional (JMP) and jump to subroutine (JSR)
instructions have no register operand. Refer to Table 2.
® Read/Modify/Write Instructions

These instructions read a memory location or a register,
modify or test its contents, and write the modified value back
to memory or to the register. The test for negative or zero
(TST) instruction is an exception to the read/modify/write
instructions since it does not perform the write. Refer to Table
3.
® Branch Instructions

The branch instructions cause a branch from the program
when a certain condition is met. Refer to Table 4.
® Bit Manipulation Instructions

These instructions are used on any bit in the first 256 bytes
of the memory. One group either sets or clears. The other group
performs the bit test and branch operations. Refer to Table 5.
® Control Instructions

The control instructions control the MCU operations during
program execution. Refer to Table 6.
® Alphabetical Listing

The complete instruction set is given in alphabetical order in
Table 7.
e Opcode Map

Table 8 is an opcode map for the instructions used on the
MCU.
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PROG LDA #$F8 05BE
05BF

Memory

A6

F8

CAT FCB 32 0048

PROG LDA CAT

168

0520
052€

Figure 16 Immediate Addressing Example

Memory

jEA

H>
-
=]

Stack Point

—

] i

Prog Count

05C0 |

L

0048

—

Adder

0000

cc

B6
48

|

Figure 17 Direct Addressing Examnle
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Stack Point

Prog Count

052F |
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| lex
Memory I 06E5 ]
i i
4 1
! Adder
0000
1 A
— % ]
PROG LDA CAT 0409 Ccs
index Reg
040A 06
0408 E5 ‘J
Stack Point
L] 1 I l J
1 1 Prog Count
CAT FCB 64 06E5 40 r 040C l
cc
! H
—
Figure 18 Extended Addressing Example
_*—-—l EA
Memory | 04C1 ]
L} )
]
H i
1
Adder
Index Reg
| OR '(1
Stack Point
f '
‘ A T '
0000
PROG BEQ PROG2 04A7 27 Prog Count
04A8 18 0ac1 )
T cC
! t
] 1
—

Figure 19 Relative Addressing Example
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TABL FcC/L1/00B8

™ PROG LDA X O05F4

TABL FCB

FCB

FCB

Fce

PROG LDA
170

EA
Memory 0088 I
e
1 1
) ]
1 1
) ) Adder
] 1
A
49 Index Reg
B8
! ! Stack Point
Fe I | _
Prog Count
| 05F5 |
cc
- 1
1 1
——d
Figure 20 Indexed (No Offset) Addressing Example
EA
Memory [ 008C I
1
]
]
Adder
#BF 0089 BF
#86 008A 86 A
#DB  008B o)) >|l CF |
#CF  008C CF [ Index Reg
-
]
Stack Point
TABL. X 0758 E6 I I
075C 89 I
Prog Count
| 075D ]
cC
: 1
1
'
S ——— |
Figure 21 Indexed (8-Bit Offset) Addressing Example
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lea

Memory I 0780 ]

Adder

A

HD6805S6

Index Reg
1 I 02
PROG LDA TABL. X 0692 Dé Stack Point
0693 07 1 ﬁ I —l
0694 7E _J Prog Count
| 0695 |
1 ) CcC

tase ros wer e o L 1

FCB #86 077F 86

FCB #0DB 0780 DB

FCB #CF 0781 CF
1 [}
1 ]

Figure 22 Indexed (16-Bit Offset) Addressing Example

l/ EA
Memory L 0001 41

| ou——

] ]

1 1

! ! Adder

PORTB EQU 1 0001 BF
Clear 4‘
Bit I A
: I w—
Index Reg
] 1
PROG BCLR 6.PORT B 058F 10 Stack Point
0590 o1 | | 1
Prag Count

/ | 0591 |

H H cc

' ]

1

i :

| S ————

Figure 23 Bit Set/Clear Addressing Example
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ea
Memory [ 0002 J
: L}
]
' ] Adder
PORT ¢ EQU 2 0002 Fo = N\ A
o T 1
2 Index Reg
0000
H \ Stack Point
; - [ | ]
PROG BRCLR 2. PORT C. PROG 2 0574 05 Prog Count
0575 02 0000 0594 ]
0576 1D 3 \l cc
B I 1]
] ]
\\ Adder j
(] L}
| S———— |

Figure 24 Bit Test and Branch Addressing Example

EA

Memory

Adder

>}ﬁ

A

Index Reg

] [

! | e |
Stack Point

[ 1 J

Prog Count

[ 0588 |

cc

E i ]

PROG TAX O0SBA 97

|

Figure 25 Implied Addressing Exampie
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Table 2 Register/Memory Instructions

Addressing Modes
. . . Indexed Indexed Indexed
Function Mnemonic Immediate Direct Extended (No Offset) (8-Bit Offset) (16-8it Offset)
Op # # Op # # Op # # Op # # Op # # Op # #
Code | Bytes |Cycles [ Code | Bytes | Cycles | Code | Bytes [Cycles | Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes| Cycles
Load A from Memory LDA A6 2 2 86 2 4 C6 3 5 F6 1 4 E6 2 5 D6 3 6
Load X from Memory LOX AE 2 2 BE 2 4 CE 3 5 FE 1 4 EE 2 5 DE 3 6
Store A in Memory STA - - - B7 2 5 Cc7 3 6 F7 1 5 E7 2 6 D7 3 7
Store X in Memory STX - - - BF 2 5 CF 3 6 FF 1 5 EF 2 6 DF 3 7
Add Memory to A ADD AB 2 2 BB 2 4 cs 3 5 FB 1 4 EB 2 5 DB 3 6
Add Memory and * ADC a9l 2| 2 e | 21 4 {co| 3|56 |Fo| 1| 4 |E9| 2| 5 |DO| 3 | 8
Carry to A
Subtract Memory suBs AC 2 2 BO 2 4 co 3 5 FO 1 4 EQ 2 5 Do 3 6
Subtract Memory from .
A with Borrow SBC A2 4 2 82 2 4 c2 3 & F2 1 4 E2 2 5 D2 3 6
AND Memory to A AND A4 2 2 84 2 4 ca 3 5 F4 1 4 E4 2 5 D4 3 6
OR Memory with A ORA AA 2 2 BA 2 a4 CA 3 5 FA 1 4 EA 2 5 DA 3 6
Exclusive OR Memory | o a8| 2 | 2 |8 | 2| a4 [c8| 3 |5 |F8| 1 | 4 (e8| 2| 5 (D8] 3 | &
with A
Arithmetic Compare A | yp at| 2| 2 |e ) 2| a ||l 3|s |1 a|en|2]s 01| 3]s
with Memory
Arithmetic Compare X | ¢ A3| 2 | 2 |83 | 2| 4 |c3| 3|5 |F3| 1| 4 |3 2|5 lp3| 3| &
with Memory
Bit Test Momory with A| g7 As| 2 | 2 |es| 2| 4 {cs5| 3 |5 |[Fs| 1| 4 |Es| 2| 5 |os| 3| &
{Logical Compare)
Jump Unconditional JMP - - - 8C 2 3 cc 3 4 FC 1 3 EC 2 4 DC 3 5
Jump to Subroutine JSR - - - BD 2 7 cD 3 8 FD 1 7 ED 2 8 DD 3 9
Table 3 Read/Modify/Write Instructions
Addressing Modes
. Indexed Indexed
Functi i I i Impl i
unction Mnemonic mplied (A) mplied (X) Direct (No Offset) (8-Bit Offset)
Op # # Op # # Op # # Op # # Op # #
Code | Bytes | Cycles | Code | Bytes| Cycles| Code | Bytes | Cycles | Code | Bytes | Cycles | Code | Bytes |Cycles
Increment INC 4c 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 5A 1 4 3A 2 6 7A 1 6 6A 2 7
Clear CLR 4F 1 4 SF 1 4 3F 2 6 7F 1 6 6F 2 7
Complement COM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7
Negate
7
(2's Complement) NEG 40 1 4 50 1 4 30 2 6 70 1 [} 60 2
Rotate Left Thru Carry ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru Carry ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7
Logical Shift Left LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Logical Shift Right LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7
Arithmetic Shift Right ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7
Arithmetic Shift Left ASL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7
Test i
or Negative or TST | 1| a|so| 1| a|ad| 2|6 |m| 1|6 |60 27
Zero
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Table 4 Branch Instructions

Relative Addressing Mode
Function Mnemonic Op # #
Code Bytes Cycles

Branch Always BRA 20 2 4
Branch Never BRN 21 2 4
Branch IF Higher BHI 22 2 4
Branch IF Lower or Same BLS 23 2 4
Branch IF Carry Clear BCC 24 2 4
(Branch IF Higher or Same} (BHS) 24 2 4
Branch IF Carry Set BCS 25 2 4
(Branch IF Lower) (BLO) 25 2 4
Branch IF Not Equal BNE 26 2 4
Branch IF Equal BEQ 27 2 4
Branch IF Half Carry Clear BHCC 28 2 4
Branch |F Half Carry Set BHCS 29 2 4
Branch IF Plus BPL 2A 2 4
Branch |F Minus BMI 2B 2 4
Branch IF Interrupt Mask Bit is Clear BMC 2C 2 4
Branch |F Interrupt Mask Bit is Set BMS 2D 2 4
Branch |F Interrupt Line is Low BIL 2E 2 4
Branch IF Interrupt Line is High BIH 2F 2 4
Branch to Subroutine BSR AD 2 8

Table 5 Bit Manipulation Instructions

174

Addressing Modes
Function Mnemonic Bit Set/Clear Bit Test and Branch
Op # # Op # #
Code Bytes Cycles Code Bytes Cycles
Branch IF Bit n is set BRSET n (n=0 ..... 7) — — — 2*n 3 10
Branch IF Bit n is clear BRCLR n (n=0.....7) — — 01+2°n 3 10
Set Bit n BSET n (n=0 ..... 7) 10+2+n 2 7 - - -
Clear bit n BCLR n (n=0.....7) 1142+n 2 7 - - -
Table 6 Control Instructions
. . Implied
Function Mnemonic op # #
Code Bytes Cycles
Transfer A to X TAX 97 1 2
Transfer X to A TXA oF 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask Bit SEI| 98 1 2
Clear Interrupt Mask Bit CLI 9A 1 2
Software Interrupt SWI 83 1 1
Return from Subroutine RTS 81 1 6
Return from Interrupt RT! 80 1 9
Reset Stack Pointer RSP 9C 1 2
No-Operation NOP 9D 1 2
GO HITACHI
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Tabte 7 Instruction Set

Mnemonic

Addressing Modes Condition Code

Implied

Imme-
diate

Ex-

Direct tended

Re- Indexed Bit Bit

Indexed | Indexed
(No ] ) Set/ | Test &
Offset) (8 Bits) | (16 Bits)

I

N |Z

O

lative Clear | Branch

ADC

X

X X

ADD

X

AND

X

ASL

ASR

X X x| x|X

X | X | X | X
X | X | x| X |Xx

BCC

BCLR

BCS

BEQ

BHCC

BHCS

BHI

BHS

BIH

BIL

XoIx XX Ix|{x | X |x

BIT

BLO

BLS

BMC

BMI

BMS

BNE

BPL

BRA

BRN

X I [ X | X | X |X | x/!x/|x

BRCLR

BRSET

BSET

BSR

CLC

CL!

CLR

CMP

COM

X | x| x
x

CPX

DEC

EOR

INC

X Ix | XX

JMP

JSR

eleiooio > i=i> 00000 |>(> 0000 0o ieefe|o/e(eioieeo|elo]ofe~ >0

LDA

D

LDX

X | X | x[x

X [xix |Xx

®/e o0/ 000 0io)o o 0(oje/e|oje o eje/eo/o/e|0ioje|o ele|e|s|o(e|s|ao|oioioiols >
o|le/o|o|o 0o/0io 00 0cloieo|le|oeieeojeieo o/eoie|o|oie0oj0o 0|a/o/ea|oie/o eloleo e|e
>|>|ele|>>>I>|>>|c|e|e|e/e e|e/e|eoe|eleeje|e|ei> 0 0|e(ejeoje|e(ofele>(>>>]>
S>iI>(ele>51> 5> |>|=(e|efe/e|e/ejojs/efe oe/ejo|e/>(o|ejo/eeiojelo(o|e|>S|s (s>

X X[ X I X | X X | X [xx|X|[x|x
XX PX [ X)X | X | XX} Xix|X
x

X [ X | x| x
[ ]

Condition Code Symbols:
H  Half Carry (From Bit 3)
| Interrupt Mask

N Negative (Sign Bit)

Z Zero

Hitachi America Ltd. e

{to be continued)

C  Carry Borrow
/A Testand Set if True, Cleared Otherwise
3 Not Affected
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Table 7 Instruction Set

Addressing Modes

Condition Code

176

Indexed Bit Bit

Mnemonic | Implied I;?::: Direct teﬁge d |a'iieve O(f?;t) I(ngdg)i(tes ? :?gegiig) gf;;r gfas:‘ frt‘ HII|N|Z }|C
LSL x X x ® (o | A|A|A
LSR X X X e o 0 |A|A
NEG x x e (&6 ANIA|A
NOP X o o e |0 o
ORA X X x x o | A[A]®
ROL X x o (e IAIATA
ROR x X X e |0 A A|AN
RSP X R
RTI x 2?2 21?02
RTS X o (oo | 0o o
SBC X 3 X X 3 b3 e |6 | A AI|A
SEC X o oo 0 |1
SEI o |1 |e|e e
STA X X X X X o (e | A|A|e®
STX X X X X o [ AN|A]|®
SuB X X X X X X e || A|AN|A
SWi X e |1 |@® e @
TAX x o |o|o oo
TST X b X X e [e| Al Ale@
TXA x o |eleo o6

Condition Code Symbols:
Half Carry {From Bit 3) C  Carry/Borrow

| Interrupt Mask A Test and Set if True, Cleared Otherwise
N Negative (Sign Bit) e  Not Affected
b4 Zero ? Load CC Register From Stack

Hitachi America Ltd, ® 2210 O'Toole Ave. ¢ San Jose, CA 95131 e (408) 435-8300
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Table 8 Opcode Map

Bit Manipulation |Branch Read/Modify /Write Control Register/Memory
pesté | SV | Ret | DIR | A x | x1 | xo| wmp | P [ MM | DIR [ EXT | X2 | X1 | xo0
0 1 2 3 4 5 6 7 8 9 A B C D E F + HIGH
0 |BRSETO | BSETO | BRA NEG RTI* - SUB 0
1 |BRCLRO | BCLRO | BRN — RTS* — CMP 1
2 |[BRSET1 | BSET1 | BHI - — — SBC 2
3 |BRCLR1 | BCLR1 | BLS CcoMm Swi* - CPX 3 L
4 |BRSET2 | BSET2 | BCC LSR - - AND 4 O
5 | BRCLR2 | BCLR2 | BCS - - — BIT 5 W
6 { BRSET3 | BSET3 | BNE ROR - - LDA 6
7 |[BRCLR3 | BCLR3 | BEQ ASR — TAX - STA(+1) 7
8 |BRSET4 | BSET4 | BHCC LSL/ASL - CLC EOR 8
9 |BRCLR4 | BCLR4 | BHCS ROL - SEC ADC 9
A [BRSETS | BSET5 | BPL DEC - [oN] ORA A
B [BRCLR5 | BCLR5 | BMI - — SEI ADD B
C |BRSET6 | BSET6 | BMC INC - RSP - JMP(-1) C
D |BRCLR6 | BCLR6 | BMS TST -~ NOP | BSR* JSR(+3) D
E |BRSET7 | BSET7 | BIL - - - LDX E
F |BRCLR7 | BCLR7 | BiH CLR — TXA - STX(+1) F
3/10 2/7 24 [ 26 [1a [1a J2m JTue | vy J12 {22 | 24 [355 [ 366 [215 [1/a
(NOTE) 1. Undefined opcodes are marked with “—*'.
2. The number at the bottom of each column denote the number of bytes and the number of cycles required (Bytes/Cycles).
Mnemonics followed by a “‘»* require a different number of cycles as follows:
I
SWI 1
BSR
3. () indicate that the number in parenthesis must be added to the cycle count for that instruction.
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M CU (Microcomputer Unit with PLL Logic)
—PRELIMINARY—

The HD680ST2 is an 8-bit Microcomputer Unit (MCU)
which contains a CPU, on-chip clock, ROM, RAM, 1/0, Timer, HD6805T2P
and the PLL Logic for an RF synthesizer. It meets the needs of
users who needs economical single chip microcomputer with the
proven abilities of MPU instruction set of HD6800.

The Principal characteristics of the hardware and software of
the MCU are listed below.

= HARDWARE FEATURES

® 8-bit Architecture

® 64 Bytes of RAM

® Memory Mapped I/0

® 2508 Bytes of User ROM

® |Internal 8-bit Timer with 7-bit Prescaler (DP-28)

® Timer Start/Stop and Source Select

® Vectored Interrupts — External and Timer m PIN ARRANGEMENT

® 19 TTL/CMOS Compatible /O Lines; 8 Lines are LED Com-

patible

® On-Chip Clock Circuit vgs[ 28

e Self-Check Mode iE RES

® Master Reset |NT| 2 27| A,

® Low Voltage Inhibit v

® 14-Bit Binary Variable Divider cc[E] [26] A

® 10-Stage Mask-Programmable Reference Divider EXTALI 4 25| As

® Three-State Phase and Frequency Comparator 5 24] A

® Suitable for TV Frequency Synthesizers XTAL[: : 4

® 5V4c Single Supply NUMl 6 23|A3
7 22| A

w SOFTWARE FEATURES scomp[7] HpegosT2 [22]A:

® Resembles HD6800 Co/TIMER[E 21 A,

® Byte Efficient Instruction Set c, E 20] A,

® Easy to Program

e True Bit Manipulation C, E 19] B,

® Bit Test and Branch Instructions fin [17 E B

® Versatile Interrupt Handing

® Powerful Indexed Addressing for Tables Bo | 12 17| Bs

® Full Set of Conditional Branches B,[13 1618

® Memory Usable as Registers/Flags + [13] j N

® Single Instruction Memory Examine/Change B, | 14 15' By

® 10 Powerful Addressing Modes

® All Addressing Modes Apply to ROM, RAM, and 1/0 .

e Compatible with MC6805T2 (Top View)
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HD6805T2

m ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee* —0.3to +7.0 v
Input Voltage (Except ¢ COMP) vie —03to+7.0 \
input Voltage (¢ COMP) n —0.3to +12.0 v
Operating Temperature Topr Oto +70 °C
Storage Temperature Tstg —55 to + 150 °C
* With respect to Vgg {SYSTEM GND).
(Note) When the maximum ratings are exceeded, the LS! may be irreparably damaged. Recommended op ing diti should be adhered to.
m ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Voc = 5.256V =+ 0.5V, Vgg = GND, Ta = 0 to + 70°C, unless otherwise noted.)
Item Symbol Test Condition min. typ. max. Unit
RES 4.0 - Vee \Y
Input “*High” Voltage INT* 3.0 - Vee \Y
All Other Except fin Vg 2.0 — Vee \
Input ““High”* Voltage Normal Mode 20 — Vee \%
#COMP Self-Check Mode"* 9.0 - 1.0 v
RES —03 - 0.8 \
INT* —03 - 0.8 \
Input ““Low”" Voltage Vi
EXTAL —-03 - 0.6 Y
All Other Except fin —-03 — 08 v
SO Not Port
Power Dissipation Pp Loading - - 850 mw
AC Coupled Input Voitage Swing fin Vep 05 - 24 Vacp-p
Input Leak Current fin I | - - 40 pA
Output “Low" Current $COMP leme VoL = 1.0V - - 300 nA
Output ""High" Current ¢$COMP lemu Vou = Vee — 1V - - 200 nA
Input Leak Current $COMP Ih | - - 1.0 kA
Low Voltage Recover LVR - - 4.75
Low Voltage Inhibit (RY] - 4.0 -
NT - - 50 nA
Vin = 0.4V
Input Leak Current EXTAL [ | - - 1600 nA
RES Vin = 0.8V 4.0 - 50 uA

* Internal biasing makes the input float to approximately 2.0V when unused.
** In self-check mode, #COMP may be connected to V,, through 10 k{} register.
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HD6805T2

® AC CHARACTERISTICS (Vgc = 5.25V + 0.5V, Vsg = GND, Ta = 0 to +70°C, unless otherwise noted.)

Item Symbol Test Condition min. typ. max. Unit
Clock Frequency fcl 04 - 4.2 MHz
Cycle Time teye 0.95 - 10 us
INT Pulse Width 4 teyot - - ns
wiL 250
RES Pulse Width 4 toyet - - ns
RWL 250
TIMER Pulse Width t teyct _ _ ns
TWL 250
. External Cap.
Delay Time Reset tRHL — 1.0p.Fp - 100 - ms
Input Frequency fin 1 - 16 MHz
Input Frequency Rise Time at fi, tinr — = 20 ns
Input Frequency Fall Time at fj, tinf - — 20 ns
Duty Cycle of fj and External Input on EXTAL - 40 - 60 %
Injection Pulse Active Time terr - 70 - ns
XTAL - - 35 pF
Input Capacitance Cin Vin = 0V
Ail Other - - 10 pF

® PORT ELECTRICAL CHARACTERISTICS (Vo = 5.26V * 0.6V, Vgg = GND, Ta = 0 to + 70°C, unless otherwise noted.}

Item Symbol Test Condition min. typ. max. Unit
Port A with CMOS low = —100uA 24 - - v
Drive Enable low = —10pA 35 _ _ v
Output “High” Voltage | POrt A with CMOS Vou | loy = —100uA 24 - - v
Port B loy = —200uA 24 - - %
Port C low = —100A 24 - - v
Port A loo = 1.6mA - - 0.4 \
oL = 3.2mA - - 04 v
Output “Low" Voltage Port B Vou
lo. = 10mA - - 1.0 Y
Port C loo = 1.6mA - - 0.4 \"
Input *‘High” Voltage Viu 20 - Vee \
Port A, B, C
Input ""Low” Voltage Vi —03 - 0.8 )
Port A with CMOS Vin = 2.0V - - 300 A
Drive Enable Vip = 0.8V _ _ 500 A
Port A with CMOS
Input Leak Current Drive Disable " - - 20 A
Port B - - 20 A
Port C — - 20 nA
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HD6805T2
CMOS Equiv. (Port A) TTL Equiv. (Port B)

1i=3.2 mA

Test Point Test Point

30 pF

5.0V TTL Equiv. {(Port A and C) 5.0V
1.2kQ 116 mA 2.4kQ
Test Point m1om
o— » ¢
Vi l
30pF 24k

(Note} 1. Load capacitance contains the floating capacitance of the probe, the jig, etc.

2. All diodes are 152074 () or the similar.

Figure 1 Bus Timing Test Loads

B SIGNAL DESCRIPTION
The following describes the input and output signals of
HD6805T2.

® Vee. Vss
The MCU is supplied power through these pins. V¢ is 5.25V
=+ 0.5V. Vgg is grounded.

® INT
This pin provides an external interrupt to the MCU. For more
details, see INTERRUPTS.

® XTAL, EXTAL

These are control input pins for the internal clock circuit.
Connection of these pins to a crystal (AT cut, 4.2 MHz maxi-
mum) or 10 an external input provides the internal oscillator with
varying degrees of stability. For suggestions pertaining to these
pins, see INTERNAL OSCILLATOR OPTIONS.

® fin

This fjp pin is a high frequency digital input to the variable di-
vider portion of the on-chip frequency synthesizer. The reference
frequency for the phase lock loop is divided down from internal
clock ¢,. The frequency synthesizer features are explained in
PHASE LOCK LOOP.

® 4COMP

This is a three-state output signal. The state varies according
to the result of the comparison between the internal reference
frequency and the variable divided signal. See PLL for details.
& COMP is raised to 9V through 10 k€ in self-check mode.

® RES

Besides the resetting capability which the MCU already has,
this pin also makes resetting of the MCU possible. See RESETS
for more details.

® NUM
This pin should be grounded as it is not applicable to users.

182

® INPUT/OUTPUT Lines (A, to A,, B, to B, C, to C,)

These 19 lines form two 8-bit ports (Port A, Port B) and one
3-bit port (Port C). By software control of the data direction reg-
isters, these lines can be programmed to be either inputs or out-
puts. See INPUTS/OUTPUTS for more information. The
Co/TIMER pin also can be programmed as an external input to
the internal timer. For information on the timer modes, see
TIMER.

s MEMORY

The MCU memory diagram is indicated in Figure 2. The
MCU, with its program counter, can address 4096 bytes of
memory and I/0O registers. The MCU has implemented 2698 of
the 4096 memory locations, 2508 bytes user ROM, 116 bytes
self-check ROM, 64 bytes of user RAM, 6 bytes of port 1/0, 2
timer registers, and 2 PLL registers. The user ROM is divided
into four areas. The first area (begins at $080) provides users
with access to ROM locations by using the direct and table look-
up indexed addressing mode. The second and third user ROM
areas begin at memory location $100 and $D40 respectively. The
last eight-byte user ROM which begins at $FF8 is for the inter-
rupt vectors.

The first 16 memory locations of the MCU are reserved for 1/
O features and 10 of them have been implemented. These loca-
tions are used for the ports, the port DDRs, the timer, and the
PLL registers.

The MCU has 64 bytes of user RAM. 31 bytes out of the 64
bytes are shared with the stack area. Careful utilization of the
stack is necessary when data shares the stack area.

While interrupt and subroutine calls are processed to save the
processor state, the shared stack area is occupied.

The register contents are saved in the stack as indicated in
Figure 3. The low order byte (PCL) of the program counter is
stacked first as the stack pointer decrements during saving. Next,
the high order four bits (PCH) are stacked. This ensures that the
program counter is loaded correctly after pulls from the stack, as
the stack pointer increments when it fetches data from the stack.
Only when a subroutine call is made, the program counter (PCH,
PCL) contents are saved onto the stack, and the remaining CPU
registers are not saved.
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HD6805T2

7 6 5 4 3 2 1 o]
l | 1 | | I N
$00 Port A Register 0
$01 Port B Register 1
$02 Not used I Port C Register 2
$03 Not used 3
$04 Port A DDR Register 4
$05 Port B DDR Register 5
$06 Not used Port C DDR Register 6
$07 Not used 7
$08 Timer Data Register 8
N Direct
$09 Timer Control Register 9 Addressing
Enabl
$0A Variable Divider ““Low" 10 Mode Enable
$08B Not used Variable Divider ““High"’ 1
$0C 12
H Not used !
! (52 bytes) 1
$O3F 63
$040 64
; User RAM !
: (64 bytes) ;
$07F 127
$080 128
14 1}
i {128 bytes) i
1 1
$OFF 255
— — — UserROM = — — == == = +— == — — = = e e — — — J

' {1792 bytes) :

$7FF
$800 2048

! H

1 1

1 1

1 Not used ,

: (1344 bytes) '

! i

1 ]

1 '
$D3F 3391
$D40 3392

1 )

| User ROM :

: {580 bytes) '

! |
$F83 3971
$F84 3972

1

' Self-check ROM i

' {116 bytes) '

1 I
$FF7 4087
$FF8 4088

: Interrupt Vector ROM :

: (8 bytes) |
$FFF 4095

Figure 2 MCU Memory Configuration
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HD6805T2

Return
Interrupt 7 ] 5 3 2 1 0 Interrupt
________ T T T - - - - - - -
Ka| 1t o1 b CCR K+1
) K-3 A K+2
Subroutine Return
Call K-2 X K+3  Subroutine
—————— T T T T - -1 =
K-1 1 v 1 ot ! PCH K+4
' ' ) '
K PCL K+5

Only PCH and PCL are saved for subroutine calls.

Figure 3

n REGISTERS

The MCU provides five registers for the programmer which
are indicated in Figure 4. These registers are explained in the fol-
lowing.

¢ Accumulator (A)

The accumulator is an 8-bit general purpose register. It holds
operands and results of arithmetic calculations or data manipula-
tions.

® Index Register (X)

The index register is an 8-bit register for the indexed address-
ing mode. It has an 8-bit address which can be added to an offset
value to make an effective address. When using read/modify/
write instructions, it may also be used for data manipulation and
limited calculations. When not required by the code sequence
being executed, it can be a temporary storage area.

® Program Counter (PC)
The program counter is an 12-bit register. It contains the ad-
dress that decides which instruction is to be executed next.

e Stack Pointer (SP)

The stack pointer is a 12-bit register. It contains the address of
the next free location in the stack. Firstly, the stack pointer is set
to location $07F. Then it is decremented as data is being pushed
onto the stack and incremented as data is being pulled from the
stack. The seven most crucial bits of the stack pointer are set to
0000011 permanently. The stack pointer is set to location $07F
during and MCU reset or the reset stack pointer (RSP) instruc-
tion. Subroutines and interrupts can be nested down to location
$061 which enables the programmer to use a maximum of 15

Interrupt Stacking Order

levels of subroutine calls.

® Condition Code Register (CC)

The condition code register is a 5-bit register. In the register,
the results of the instruction just executed is indicated or flagged
by each bit. These bits can be individually program tested specific
action taken as a result of their state. The following paragraphs
explain each individual code register bit.

Half Carry (H)
Indicates that a carry occurred between bits 3 and 4 during an
arithmetic operation (ADD and ADC).

Interrupt (1)
This bit is set to mask external interrupt (INT) and the timer.
If an interrupt takes place while this bit is set, it is latched and
will not be processed until the interrupt bit is reset.

Negative (N)
Indicates that the result of the last data, arithmetic, or logical
manipulation was negative (bit 7 in result equal to a logic
“one™).

Zero (2)
It indicates that the result of the last data, arithmetic, or logi-
cal manipulation was zero.

Carry/Borrow (C)
During the last arithmetic operation, it indicates that a carry
or borrow out of the arithmetic unit (ALU) occurred. During
branch instructions, rotates, bit test, and shifts, this bit is also
affected.
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HD6805T2

A (8) l

X (8) j

| PCH (4) |

PCL (8) J

1 i SP (5) I

: Carry/Borrow
Zero

: Negative

: Interrupt Mask
: Half Carry

I—ZNO

(vl [n]z]c]

(CCR)

Figure 4 Programming Model

n TIMER

The MCU timer circuitry is indicated in Figure 5. Program
control enables the 8-bit counter to be loaded and the clock input
(prescaler output) decrements the counter toward zero. When
the timer reaches zero, the timer interrupt request bit (bit 7) in
the Timer Control Register (TCR) is set. The timer interrupt
mask bit (bit 6) in the TCR enables the timer interrupt to be
masked (disabled). The timer also becomes inhibited by the in-
terrupt bit (I-bit) in the Condition Code Register. When the
MCU responds to the interrupt requirement, it maintains the
present CPU state in the stack, fetches the timer interrupt vec-
tors from locations $FF8 and $FF9, and executes the interrupt
routine. See INTERRUPT for more details.

The timer clock input is established by way of bit 5 (TCR 5)

in the Timer Control Register. When this bit is set to a logic
‘“one” (external mode), the C/TIMER pin is the time clock
source. In this mode, a mask option selects either the gated ¢,
with C, or the positive transition on C,/TIMER as timer clock
source. This makes pulse widths or pulse counts easily measured.
The timer clock source is the internal ¢, when TCR 5 is set to a
logic “‘zero’’. When bit 4 in the Timer Control Register is set to
a logic “‘one”, the time clock source is disabled.

The timer continues to count past zero, falling through to $FF
from zero, and then continuing to count. The counter can be
monitored by reading the Timer Data Register (TDR). This
allows a program to determine the length of time sinc