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result from accidents or any other reasor;é during operation of the user’s
unit according to this document. /
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cate the characteristics and performance of Hitachi’s semiconductor prod-
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described herein.

5. 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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the products in MEDICAL APPLICATIONS.
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QUICK REFERENCE GUIDE

= NMOS 8-BIT MICROPROCESSOR

HD6803 HD6809 HD6809E
Type No. HD6802 HD6802W HD6803-1 HD68A09 HDG68AO9E
HD68B09 HD68B09E
1.0 (HD6803) | 1.0 (HD6809) | 1.0 (HD6BOSE)
Clock Frequency (MHz) 1.0 1.0 1.26(HD68031) | 1.5 (HD68A09)| 15 (HDEBAOSE)
2.0 (HD68B09) | 20 (HD68BBOIE)
Supply Voltage (V) 5.0 5.0 5.0 5.0 5.0
. -
0”""';23"""“‘“" ~20~+75 ~20~+75 0~+70 ~20~+75 ~20~475
RAM (byte) 128 256 128 - -
Oscillator Yes Yes Yes Yes -
Package DP-40 DP-40 DP-40 DP-40 DP-40
slnternal oscillator and RAM eUpward instruc-|e The highest oFull software
added to the HD6800 tion compatibil-| version of the | compatibility
32 byte RAM Battery backed ity with the HMCS6800 with the
up possible HD6800 family HD6809
Features #On-chip SCI ePowerful ad- | eBus employ-
and timer dressing modes| ment on time
oEasy relocat- sharing basis
able/reentrant | eExternal clock
programming
MC6809 MC6809E
Compatibility MC6802 - MC6803 MC68A09 MC68A09E
MC6803-1 MC68B09 MC68B0OSE
* Wide Temperature Range (—40~+85°C) version is svailable.
G HITACHI
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Quick Reference Guide

= CMOS 8-BIT MICROPROCESSOR

HD6303R HD6303X My
Type No. HD63A03R HD63A03X HD63B03Y
HD63BO3R HD63B03X HD63C03Y
(HDB303R) 1.0 (HD6303X) 1’5°(§*“|%%3\°g§)
Clock Frequency (MHz) (HD63A03R) 1.5 (HD63A03X) 2.0 (HD63B03Y’
(HD63BO3R) 2.0 (HD63BO3X) 2 gHDSSCOSY;
Supply Voltage (V) 5.0 5.0 5.0
Operating Temperature® (°C) 0~ +70 0~ +70 0~ +70
RAM (byte) 128 192 256
External Memory Expansion (byte) 65k 65k 65k
Pack DP-40, FP-54 DP-64S, FP-80, DP-64S, FP-64,
ackage CG-40, CP-52, CP-44 CP-68 CP-68
® On-chip timer and synchronous/asynchronous SCI
Features ® Upward instruction compatibility with the HD6800
® Low power consumption modes (sleep and standby)
HD6305X2 HD6305Y2
Type No. HDB3A05X2 HD63A05Y2 HDEsBOSIE HD64180R/Z
HD63B05X2 HD63B05Y2
1.0 (HD6305X2) 1.0 (HD6305Y2) 6.0 (HD64180R/Z-6)
Clock Frequency (MHz) | 1.5 (HD63A05X2) | 1.5 (HD63A05Y2) 20 éﬂggggggﬂg 8.0 (HD64180R/Z-8)
2.0 (HD63B05X2) | 2.0 (HD63B05Y2) . 10.0 (HD64180R/Z-10)
Supply Voltage (V) 5.0 5.0 5.0 5.0
Operating Temperature* (°C) 0~ +70 0~ +70 -20~ +75 -20~ +75
RAM (byte) 128 256 — —
External Memory
Expansion (byte) 16k 16k 65k 512k/1M
DP-40 DP-64S
Package DP-64S, FP-64 DP-64S, FP-64 CP-68
CP-a4 FP-80
. 892ware cgmpatibility ¢ g/r:;gmg:gu’wstlj » DMAC,
. gn-chi'p Itig'mer anq silnn':hrcrnous S'CI . ‘;Ev'ats;?gl (’)’L atGaal?Ig;E . gsmy:fhronous SCl and
Features * Powerful bit manipulation instruction reentrant programming | , gopw, mpatibilt
 Low power congumpﬁon modes (wait, | * z:(?a’g's?:g[ilae;gbili ies with z8or6080 o Y
stop and standby) * Powerful addressing ¢ ﬁt\éﬂ:&n—%l 63, 80xx
mode e Z version—2Z80 interface
@ HITACHI
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Quick Reference Guide

Type No. HD64180S HD641180X HD643180X HD647180X
8.0 (HD64180SLP-8) 4.0 (HD641180X-4) 4 0 (HD643180X-4) 4.0 (HD647180X-4)
Clock Frequency (MHz) 10'0 (HD64180SLP-10) 6 0 (HD641180X-6) 6 0 (HD643180X-6) 6.0 (HD647180X-6)
8.0 (HD641180X-8L) 8 0 (HD643180X-8L) 8.0 (HD647180X-8L)
Supply Voltage (V) 5.0 5.0 5.0 5.0
Operating Temperature™ (°C) -20~ +75 -20~ +75 -20~ +75 -20~ +75
RAM (byte) — 512 512 512
External Memory
Expansion (byte) ™ ™ ™ ™
CP-90S, FP-80B, DP-90S, FP-80G, DP-90S, FP-80B,
Package CP-84 CP-84 CcP-84 CP-84, CG-84
e Software * Software
compatibility with compatibility with * Software compatibility « Software compatibility
Features HD64180R/Z HD64180R/Z with HD64180R/Z with HD64180R/Z
¢ 2-Channel Serial * No internal ROM * 16K byte Mask ROM « 16K byte PROM
Interface (Romless)
*Wide Temperature Range (—40~+86°C) version is available.
CP/M%¥is the registered trade mark of Digital Research Inc.
@ HITACHI
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Quick Reference Guide

® NMOS 16-BIT MICROPROCESSOR

T N HD68000-8 HD68000Y8 HD68000P8 HD68000PS8 HD68000CP8
ype No. HD68000-10 HD68000Y 10
HD68000-12 HD68000Y12
Clock Frequency (MHz) | B8.0(HD68000-8) | 8.0(HD68000Y:S) | 8.0(HDEB00ORS) |8.0(HDEB0OOPSB) |8.0(HDEBO0OCRS)
10.0(HD68000-10)| 10.0(HD68000Y-10
12.5(HD68000-12)| 12.5(HD68000Y-12
Supply Voltage (V) 5.0
Operating Temperature (°C) 0~ +70
Power Dissipation (W) 1.5 (f = 6MHz, 8MHz, 10MHz), 0.9 (f = 8MHz)

1.75 (f = 12.56 MHz2)

Package DC-64 PGA-68 DP-64 J DP-64S l CP-68
Feature High performance MPU featuring 32-bit data processing function
Compatibility MC68000L6 MC68000R6 MC68000P6 MC68000FN6
MC68000L8 MC68000R8 MC68000P8 MC68000FN8
MC68000L 10 MC68000R10
MC68000L12 MC68000R12
® CMOS 16-BIT MICROPROCESSOR
HD68HC000-8 HD68HC000Y8 HD68HCO00R8 HD68HCO00PS8 HD68HCO00CR8
Type No. HD68HC000-10 HD68HCO000¥10 HD68HCO00P10 HD68HCO000PS10 HD68HCO00CR10
HD68HCO000-12 HD68HC000Y-12 HD68HCO00R12 HD68HCO00PS12 HD68HCO00CR12
Clock 8.0(HD68HC000-8 )| 8.0(HD68HCO00¥8 )| 8.0(HD68HCOOORS ) | 8.0(HD6BHCOO0OPS8 ) | 8.0(HD6BHCOOOCRS )
Frequency [10.0(HD68HC000-10)(10.0(HD68HC000Y 10) {10.0(HD68HCO00PR10) {10.0(HD68HCO00PS40) (10.0(HD68HCOOOCR10)
(MHz) |12.5(HD68HC000-12)12.5(HD68HCO00Y12)(12.5(HDEBHCO00R12) 12.5(HD68HCO00PS12) 12.5(HDEBHCO00CR12)
Supply
Voltage 5.0
(v)
Operating
Tempera- 0~+70
ture (°C)
Current 25(f= 8 MHz)
Dissipa- 30(f=10 MHz)
tion (mA) 35 (f = 12.5 MHz)
Package DC-64 ] PGA-68 DP-64 J DP-64S CP-68
Feature High performance MPU featuring 32-bit data processing function
Compati- MC68HCO00L8 MC68HCO00R8 MC68HC000G8 MC68HCOO0FN8
bility MC68HCO00L 10 MC68HCO00R10 MC68HC000G10 MC68HCO00FN10
MC68HCO000L12 MC68HCO00R12 MC68HC000G12 MC68HCO00FN12
@ HITACHI
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INTRODUCTION OF PACKAGES

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

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

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

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

Plastic DIP ]

Pin Insertion Type

Standard Outline I—{ DIP —J—‘E'[

Ceramic DIP ]

Shrink Outline S-DIP Shrink Type Plastic DIP ]

Package Classification l—

PGA 1

Shrink Type Ceramic DIP]

Surface Mounting Type

Flat Package FLaT-oiPl— SOP (Plastic) |
FLS&P FPP (Plastic) ]
Chip Carrier 1——-{ PLCC (Plastic) —l

EPROM on the Package
L__L Mulu-function Type I_—[ Type ]

LCC ]
(Glass Sealed Ceramic)

DIP; DUAL IN LINE PACKAGE

S-DIP; SHRINK DUAL IN LINE PACKAGE

PGA PIN GRID ARRAY

FLAT-DIP; FLAT DUAL IN LINE PACKAGE
FLAT-QUIP, FLAT QUAD IN LINE PACKAGE

CC CHIP CARRIER

SOP; SMALL OUTLINE PACKAGE

FPP; FLAT PLASTIC PACKAGE

PLCC; PLASTIC LEADED CHIP CARRIER
LCC ; LEADLESS CHIP CARRIER

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

2. Type No. and Package Code Indication

Type No. of Hitachi microprocessor is followed by package
material and outline specifications, as shown below. The package
type used for each device is identified by code as follows, illus-

pre No. Indication ]

HD X X X XP

(Note) The HD68000 with shrink type plastic DIP (DP-64S) has a dif-
ferent type No. from other devices.

vero. HD68OOOPSS

trated in the data sheet of each device.
When ordering, please write the package code beside the type
number.

Package Classification
No indication : Ceramic DIP
P ; Plastic DIP
F ; FPP
cP ; PLCC
cG ; LCC
Y ; PGA (16-bit microcomputer device)

@ HITACHI
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Introduction of Packages

I Package Code Indication ]

DP—64S
T -7

Qutline Materials [Number of P.ﬂ Additional Qutline
D ; DIP P ;Plastic S;S-DIP
c:cc G :Glass Sealed
F ;FLAT ceramic
C ;Ceramic
(Note) PGA pack of 16-bit microcomp: devices have a different indication.

Package Code Indication; P G A.. 6 8
[ [

Package Classification | | Number of Pins |

[ Date Code Indication ]

Assembly lot date code.

0A3
=

B S

Month
0; 1990 A; Jan. 1; 18t week
9; 1999 H; Aug. 5; 5th week
J; Sept.
M; Dec.
O HITACHI
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Introduction of Packages

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

Table 1 Package List

Method of Mounting Package Classification Package Material Package Code
DP-40
Plastic DP-64
Standard Outline (DIP)
Ceramic DC-64
Pin Insertion Type
DP-64S
S-DIP Plastic DP-90S
Shrink Outline
PGA Glass Sealed Ceramic PGA-68
FP-54
FP-64
Flat Package FLAT-QUIP (FPP) Plastic FP-80
FP80B
Surface M T P
urface Mounting Type CP-52
PLCC Plastic CP-68
Chip-Carrier CP-84
CG-40
Lcc Glass Sealed Ceramic CG-84

o
Unit : mm(inch)

e DP40
52.8(2.079)
20 54.0max.(2 126max.) 21
ogoonoanonaoanoaonnoooanonnnonnn
~ %3
5|85
Sle<h
R3S e
o A=R=A*R-RSR=Regep-pepepepepepepepey -
NI 20
(0.047) 15.24
e 2 (0.600) l
& -
ES 3 :
zj3188
s S
254025 ce »
E 53
(0.100+0010) (oolsxoowzg 0~ s o2 Y
~ o 0.0\0*!
G HITACHI
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Introduction of Packages

Unit : mm(inch)

e DP-64 82.04 (3.230)

83.22max.(3:276max.)
64 33
(ulaisiniainininininininisinininininininisininininininizsininisin]

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

u Uuiuoouuuuduagouauuuuooououog
1{]13 32

(0051)

3 18min. 5.08max.
(0 125min.) (0.200max.)

2.540.25 0.48+0.1
(0.100£0.010) (0.019+0.004)

O HITACHI
4 Hitachi America, Ltd.  Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300




Introduction of Packages

Unit : mm(inch)

glul!lﬂi

VT

8128
oDC-64 (3200)
64 33
(.-..---n,_.,.,..,,_n,,,u ............
6
~|®
Sle
- e 1
¥ 02 % 2286
(0 040) (0900)
58
we
leT
1EE
2g
048401 NS 025:3Y4
(0100£0010) (0019+0008) (0010389
Shrink Type Plastic DIP
Unit: mm(inch)
oDP-64S
57 6(2 268)
58.6max.(2.307max.) 33
[oooanooanoaooanoaoaonnananonnoonnonn
-~
2lBES
Slew &
-s
o
T’ u’l.auuuuuuuuuuuuuuuuuuuuuuuuu‘uuu
J 3
(0039) U
P 19.05
S .3 (0.750)
£5 BE | -
»1° 188
UL 2l H
02538
" (00\0'%3‘)

1.778 +0.25 e
0.48+0 10 £ €
©070+0010) (0019+0008) FEo-0s "
“s
@ HITACHI
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Introduction of Packages

21.60max
(0.850max)

. |. 1(-
3.18m;2l§;‘08max

(0.125min) (0.200max)

* DP-90S
82.04 (3.230)

90 """f3~22m2§£{.376max3nnnnnnnnm"4"6
~|
~N
©
o
S
o b
1.0(0.039) 45 A
&
S
=]
LR :
1.78(0.070) i — 0.48%0.10 in
9[0.25(0.010)8) 5" 019%0.00a) ©

22.86(0.900)

Pin Grid Array

Unit: mm(inch)

* PGA-68
22.86 +0.45
(0.900+0.0187)
5.08max.  2.54min.
(0.200max.) (0.100min.) 2544025 2.54max.
26.42 | (0.100max.)
.10 .010]
) (0.100£0.010) oty
900000
900000
° 000/ |s
ME 00| %3
ML o0|s|s
T 88|33
8|8
$0000800| |
° ) 83550000
@ HITACHI
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Introduction of Packages

Flat Package

Unit: mm(inch)

L) -
FP-54 256104
(1 00810.016) 2 9max
20 (0 114max)
} ——y
7,
. (0787) 3
50 32
@
54 al 3ls
gl &%
' f o|=
- 12
5 23 3
6 22 L
14015 035401
(0 039 + 0 006) (0014:+0004) 0154005
. (0006 + 0 002)
@
/
1703 °
(0067+£0012)

. FP-64

25.6:+0.4(1 0080 016)
_ 20.0(0.787) | 29max

52

@
1)

14.0(0.551)
196404
(077240.016)

~n
o

L
51 33 €0 114max)
) w
] 19

14015 035401 .

(0039:+0 006) (0014%0004) 0155009

* FP-80
e 256+04(1008+0016) 2 9max
| 20 (0 114max)
(0787)

S|

14(0551)
196+04
(0772 0016)

F
%

08015 035401 015+005
(0031£0006)  (0014:0004) (0006 £0 002
/_\,_\.-’ 0'~15
L 7203(0 0670 02

@ HITACHI
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Introduction of Packages

o FP-80A

17.24£0.3(0.677£0.012)

. 2.90(0.114) max
I

1

0.65(0.026

17.240.3(0.677+0.012)
14.0(0.551)

0.30£0.0

(0.012+0.002) 0.130.005® |

1.60(0.063)

0°~5"
%0.8

(0.031)

0.8
(0.031)

ef0.10(0.004)}

o

0.1(0.004)
(STAND OFF)

0.15+0.05

(0.006 +0.002)

o FP-80B

24.8+0.4(0.976+0.016)

20.0(0.787)

64 41

65

=

14.0(0.551)

3
o
1

LT
:0.8(0 031)

80

A

0.35%0.1

1
(0.0140.004)"

L 18.8%0.4(0.740£0.016)

[$10.15{0.006)(@)

TTTTAUTCROIONY,

Il

(0.114max)

0.150.05

0~10

1240,
(o.oano.ooa'f

@HITACHI
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Introduction of Packages

] Plastic Leaded Chip Carrier

Unit: mm(inch)

o CP-a4

17.530.1 2(0.6901‘0.0052l

£116.58(C10.653)
39
p Aannannanon
wn
8140 28
o 1]
: :
w44 4
el |0 1]
~ 1]
: :
] h =
e 18 e ©
~ o =3
-Y __  ooouooooorooros olfl n©
17 Hlm Sle
: eI~ o+
0.74(0.029) <= hlo
«<|8 wno
|-
\ NS
'] A 3

10 1.27{0.050 15.500.50

15.50+0.50
l"_('OT@Z(IMO) g [a]0.10{0.004)]

* CP-52
20.07£0.12(0.790£0.005) ,
019.12(00.753)
ol 47 33
=] 1]
=1 1]
& !
Nl 52 i
el 14 |0 i]
~ 1]
= h
o
8 ]
o i
sl 7 h21
PR e g
RE 2
38 22
gn ol#
0.75(0.030) s ns
Wi
\ NE
uﬂu R'at UUUUUUUUUUUUUNY
0.4210.10 1.27(0.050 18.04£0.50
(0.017t|:).00A) (0.710£0.020)
18.0440.50
*0.710%0.020) [=]0.10{0.004)]
@ HITACHI
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Introduction of Packages

Unit: mm(inch)

* CP-68
25.15+0.12(0.99+0.005) .
024.20(00.953)
L S ——. |
61 has
z ]
e h
(=)
P h
+ 1]
|68 il
ol "1d |O h
e h
~ h
g i
h h
- il
« : 3
9 h27 @
R e st pri i
® B s
ol Wi~
Sle N
sl
0.74(0.029) S=
<|S
= 23.12+40.50
(0.910%0.020)
A [a]0.10{0.004)]
0.43%0.10
(0.017£0.004)
. 23.1220.50
© {0.910%0.020)
e CP-84
30.23%0.12(1.190%0.005)
029.28(01.153)
74ﬁﬂﬂﬂﬁﬂﬂr‘lhﬂﬂﬂﬂﬂﬁﬁﬂﬂﬂﬂ
75 53
h
— il
wn 1]
3 )
o h
+
il
8 )
-|84
| 14 {0 h
o~ 1]
5 ;
& b -
o h )
" ] =13
1] . ot
1M 33 = Hi3
g Loy e Ys
12 O‘ ?I N_.__V
o
0.74(0.029) <
\ 3= 28.20£0.50(1.110+0.020)
Uy I.lﬂu]]u]"'ll.ll]uﬂuﬂu[luﬂu[l | I < Y_ gﬁm 0‘004
0.43+0.10
(0.017£0.004)
28.2040.50(1.110+0.020)
@ HITACHI
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Introduction of Packages

[ Leadless Chip Carrier |
Unit: mm(inch)
e CG-40
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Introduction of Packages

4. Mounting Method on Board

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

4.1 Mounting Method of Pin Insertion Type Package

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

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

4.2 Mounting Method of Surface Mounting Type Package

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

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

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

(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
1 235°C max
e 140 ~ 160°C
™
é 1~ 4°C/sec
&

Time ———»

Figure 2 Reflowing Furnace Adjustment for FPP

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

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

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

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

5. Marking

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

O HITACHI
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Introduction of Packages

Case |; Includes a standard type No.

@ m[:
6809P
o JAPAN

Case |1; Includes an old type No. and a standard type No.

(b)

@ Eﬂo

r N r \ (
Meaning of Each Mark
d) @ B @ N (a) | Hitachi Trademark

(b) Lot Code

PN I 77N 7N N (c) |Standard Type No.
(c) A b‘4 . . . (d) Japan Mark
| k.A ..‘ 4 7] - (e) Old Type No.
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SOCKETS FOR EVALUATING SURFACE AND
THROUGH-HOLE MOUNT PACKAGES

1. SOCKET LIST
Table 1 lists the sockets available on the market for evaluating the characteristics of surface and through-hole package devices. For details, please
inquire directly to the socket manufacturer.

Table 1 IC Socket List

Package Type Package Code Socket Code Manufacturer Name
FP-54 1C51-0544-517-2 Yamaichi Denki
FP-64 1C51-0644-472-2 Yamaichi Denki
FPQ-64-1.0-08A Enplas
1C51-0644-692-3 Yamaichi Denki
aFp FR-G4A FPQ-64-0.8-01A Enplas
FP-80 1C51-0804-394-2 Yamaichi Denki
FPQ-80-0.8-11A Enplas
1C51-0804-819-1 Yamaichi Denki Kogyo
FP-80B FPQ-80-0.8-11A Enplas
FPQ-80-0.8-13A Enplas
CP-44 1C51-0444-400 Yamaichi Denki Kogyo K.K.
CP-52 1C51-0524-411 Yamaichi Denki Kogyo K.K.
PLCC CP-68 1C51-0684-390 Yamaichi Denki Kogyo K.K.
PLCC-68-1.27-02 Enplas
cP.84 PC1-084050-003 Nepenthe
1C51-0844-401-1 Yamaichi Denki Kogyo
DP-40 IC37NR-4006-G4 Yamaichi Denki
DIP (Plastic) IC8620-6409-G4
P- - - Y: ichi D
DP-64 |086.6409 ‘amaichi Denki Kogyo
DP-64S IC7620-64075-G4 Yamaichi Denki
DIP (Plastic, Shrink) 1C38-64075-G4 Yamaichi Denki
DP-90S 1C121-9009-G4 Yamaichi Denki Kogyo
Dip (Ceramic) DC-64 1C8620-6409-G4 Yamaichi Denki Kogyo
PGA (Glass Sealed Ceramic) PC-68 PPS68-AG2D AUGAT
CG-40 240-5084-00-1102 TEXTOOL
LCC (Glass Sealed Ceramic) PC1-084050-003 Nepenthe
CG-84 SHIM-0844-401-047 Nepenthe
1C51-0844-401-1 Yamaichi Denki Kogyo
@ HITACHI
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DEVICE PACKING

1. SHIPPING CONTAINERS AND HANDLING
1.1 SHIPPING CONTAINER FORMS

Figures 1 and 2 illustrate the shipping container forms for
ordinary IC devices. Within the outer corrugated cardboard carton
there are one or more inner cartons. These inner carton contain
magazines, trays, or tape reels, which the IC devices are shipped in.

Plastic surface mount packages containing large chips can crack
if they absorb moisture and are mounted by reflow soldering. These
surface mount devices are packed with a moisture-proof material to
prevent the packages from absorbing moisture during shipping and
storage.

1
OUTER
BOX

RN

2 =\

INNER X
BOX \

Label Magazine

\}\Cardboard

Carton

Teansparent gart Herd polysterans maganine
3
MAGAZINE,
TRAY, &
MOS-PACK

Transpareat nard chlorcethylene maganioe
(with satistatie fioish

Non migratios plastcited
bt chiorostbylene stopper

o
taray)

Clear Plasti® (ant-static)

4
IC (LS)

Figure 1.

Shipping Containers
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Device Packing

1.2 NOTES ON HANDLING

M

@

3)

Handles the outer cardboard carton with care. Sudden drops or
shocks can cause damage to the enclosed products. Be sure not
to overstack the cartons.

Prevent water leakage. Do not leave shipping containers outside
or store them in high-temperature, high-humidity areas.
Handle the inner cartons with care. Dropping a box may dis-
lodge a magazine stopper, allowing devices to slide out in which
care their leads may be deformed. Dropping may also cause
damage to ceramic packages and cause leaks to air-tight seals.
The surface of transparent viny!-chloride magazines are treated
with an antistatic coating to prevent static charge. Be aware of
the following notes concerning this coating:

1.3 PARTIAL SHIPMENTS PACKING

® Water leakage will cause the anti-static material to peel off
and lose it effectiveness.

® The anti-static material may become sticky in high-
temperature, high-humidity environments.

© The anti-static material may warp over time; avoid storage
beyond six months. Do not reuse the material.

® Note that the surface resistance of transparent magazines is
less than 1 X 10'° Ohms, and the surface resistance of black
magazines is less than 1 X 106 Ohms.

 Store vinyl-chloride trays between -25°C and +40°C. Both
the shape and color may change in an environment above
55°C.

GHITACHI

Label (Bar Coded)*

~—— Pink Foam*

/ (Antistatic)

Inner Box or
MOS Pack

I
I
I
i
i
|
f
1

Packing List*

DIMENSION IN MM

DIMENSION IN INCHES

WxHxL WxHxL
250 x 250 x 500 10 x 10 x 20
250 x 225 x 550 10 x 9 x 22
175 x 150 x 550 7x 6x22

* Materials or placement may vary.

16

Figure 2. Partial Shipments
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Device Packing

2. MOISTURE-PROOF (DRY PACK) PACKING AND HANDLING

If a surface mount package is mounted with solder reflow after it
has absorbed moisture, then package cracks may occur. In order to
prevent moisture absorption during shipping or storage, the pack-

ages are encased 1n vacuum packed moisture-proof (dry pack) pack-
ing material as shown in figure 3 The following sections describe
how to handle this material.

W — % c‘(((((;
Stopper Magazine DIP or PLCC
LSI
@ Magazine *
QFP LSI
Band
Pl d —_—=7z
<l Py /\
Desiccant
Vapor-proof bag
{containing aluminum foil)
\
Water vapor-proof packing x > Label
4
Inner case

Figure 3. Vacuum Packed Morsture-Proof (Dry Pack) Packing

O HITACHI
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Device Packing

2.1 STORAGE METHOD:

Storing packed ICs under inappropriate conditions can cause de-
terioration 1n solderability and performance. Hitachi1 recommends
that products m vacuun packed moisture-proof (dry pack) packing
material be stored 1n tray boxed If this 1s not possible, packages
should be stored under the following conditions:

e Temperature' 5 to 30°C
e Humudity less than 60% RH

Parts stored mn unopened vacuum packed moisture-proof (dry
pack) condition may remain solderable for three (3) to five (5) years.

2.2 HANDLING AFTER OPENING:

In order to prevent re-absorption atter opening the moisture-
proof material, store under the conditions listed above and reflow
mount the packages within one week If the packages must be placed
nto storage again after opening. then scal in a new (non-moisture
contaminated) silica gel (confirm with blue-colored indicator) and
store under the conditions hsted above 1ry to reseal n vacuum
packed moisture-proof (dry pack) packing material

3. PACKING SPECIFICATIONS FOR VARIOUS PACKAGES
3.1 PACKING SPECIFICATIONS for DIP Packages

2.3 BAKING BEFORE SOLDER REFLOW:

Baking 1s necessary if the indicator of the silica gel does not
appear blue-colored throughout; more than one week has elapsed
since opening (even stored under the conditions listed above); or the
affixed label indicates baking 1s required.

2.4 RECOMMENDED BAKING CONDITIONS:
Baking should be performed under the following conditions:
® Temperature. 125°C
® Duration: 16 to 24 hours
The magazines, trays, and tape reels normally used for shipment
are not heat-proof, therefore contamers cannot be baked as shipped.
Devices must first be transferred into a heat-proof contamner Heat-
proof magazines and trays are currently under development.
Tray labelled as heat-proof can be used, however do not bake with
the moisture-proof bag Bake on a level plane to prevent sliding.

(Zif?:i%ﬁ;ﬁz lllustration in Quantity Inner Box* Dimensions
figure 4(b) |1Cs/Magazine | IC/MOS Pack | Magazines/inner Box W x H x Lin mm. and (inches)
diagram)
112.5 x 59.4 x 500
DP-40 (AorB) 9 - 20 (4% x 2% x 20)
DP-64
75 x 59.4 x 500
(DP-64S) © 8 - 12 (3); 2% : 20)
8
DP-90S
80 x 16 x 240
DC-64 (D) — 10 N/A (3% x % x 9%)

Figure 4(a). Packing Specifications for DIP Packages *(see Fig 1, this section)
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Device Packing

Tr ent hard chloroethylene magazine Hard polysterene magazine
(with antstatc fimsh) (black) G’@
Non migaration plasticized
Soft «hloraethylene stopper
(gray)
Non migration plasticized ==
soft chloroethylene stopper
(gray)
Magazine board thickness: 0.8+0.3um
Length: 500 + 20 Magazine board thickness: 1 0 £0. 3ma
7o Length: 4951 3mm
(500 t 3mm)

e

130 ’

©

. l‘i“—‘l Dimensional
Dimensional tolerance. +0.5nm 00 tolerance: +0.5nm

lllustration (A) Illustration (B)

Clear Plastic (anti-static)

Non migaration plasticized
Solt chloroethylene stopper Hard chiorethylene magazine

(8ray) (orange) f@

Y
Clear Plastic (anti-static)

Eh =

IL 240.0 mm }
Magazine board thickness: 1.0 0. 3nn 80.0 mm
Length: 495 + 3o
(500 + 3am)
Dimensional
" . Black Foam Cardboard
! tolerance: 0. 5o (carbon treated) (Faraday) 1.0 mm
T—‘: ._..‘_L
16.0 mm ﬁ_ﬁgﬂm
" A j—t.
Pink Foam Cardtioard  1.0'mm
(anti-static) (Faraday)
lllustration (C) Illustration (D)

Figure 4(b). Packing Materials for DIP Packages
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3.2 QFP AND LCC PACKING SPECIFICATION

Vinyl-Chloride
(anti-static charge treated)

Illustration (A)t lllustration (B)t
35 8¢13 e
__3tiOxg=219t e N
¥ 1 Y
-y 8
4 T 1= HES
T ! 1N 46 o 3
; b4
H ~ 2
Al . Wl ——15 2 x
| o . -
wl| X —
8lg : o T
c t "@*' 9x312005 =27941
A J A 358415
RE I
S = = Y tvzuumﬁm_w—mmcmqmwmm_;
°
llustration (C)t lllustration (D)t
3158215 ass
L 1 =71 ’1@34) &
31£005x9=279%1 8 e 9X31=218 {184
— 1 7 =
IS —f
i —

-
h
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EAEY raln

1358215
25$005x4=10021

=
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13

lllustration (E)t

3158

s T
fasi[Ie=llieelieai ez realrzlal B
“:QF EFF_‘ Fﬂ&ﬂ - %Zj
)l e )l Eairea =
(SIS
e
s ] ‘;: . ﬁL__\ T

twithout holes  fwith holes
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Device Packing

lllustration in Quantity Inner Box* Dimensions
Package Code . X !
9 Figure 5 IC/Tray Trays/Inner Box W x H x Linmm. (in.)
14 7
FP-54 (CorD) 50 10 7 x 70 x 325
(5% x 2% x 13)
147 x 70 x 325
FP-64 (CorD) 50 10 x 2 x
(5% x 2% x 13)
147 x 70 x 325
FP-64A ®) 50 10 x DX
(5% x 2% x 13)
FP-80 (CorD) 50 10 147 x 70 x 325
(5% x 2% x 13)
FP-80B D 50 10 147 x 70 x 325
(5% x 2% x 13)
147 x 70 x 325
CG-40 ®) 50 10 x D0 Xx
(5% x 2% x 13)

3.3 PACKAGE PACK SPECIFICATIONS
PLCC PACKING SPECIFICATIONS

Figure 5. QFP and LCC Packing Specifications and Materials *(see Fig. 1, this section)

Conductive flexible PC V (black)

Transparent part

Hard polysterene magazine

Conductive part

Magazine board
thickness: 0.8 = 0.3 mm
length: 495 + 3 mm

2.1

(—F

92

18.5

Dimensional tolerance: + 0.5 mm
lllustration (A)

Magazine board
thickness: 1.1 + 0.3 mm
length: 495 + 3 mm

233
138
S

[/’”
s

5.4
76
9.R

21.1

Dimensional tolerance: + 0.5 mm
Illustration (B)

Magazine board
thickness: 0.8 + 0.3 mm
length: 495 + 3 mm

2785 |
13.8
] JU

-

54
7.0
92

Dimensional tolerance: + 0.5 mm
lllustration (C)

lllustration in Quantity Inner Box* Dimensions
Package Code . - .
9 Figure 6 ICs Magazine Magazines/Inner Box W x H x Linmm. (in.)
CP-44 A 26 30 113 x 56.3 x 493.8
(42 x 24 x 19%,)
118.8 x 65.6 x 500
CcP-52 ®) 23 18 x 85.6 x 50
(%% x 2% x 20)
118.8 X 493.
CcP-68 © 18 28 88 x 65.6 x 4938
(4% x 2%, x 20)
CP-84 (D) 15

Figure 6. PLCC Packing Specifications and Materials *(see Fig. 1, this section)
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4.0 PACKING LABELS

It
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Figures 1 and 2 on pages 13 and 14 show the outer box label
placement on the end and left adjacent side of the box. Placement is
within one-half inch ('/2") of the box's corner. Figures 1 and 2 show
the inner box label placement is on the end of the inner box. A
packing list is afixed to the left adjacent side of the outer box’s end

and next to the bar code label.

22

Figure 7. Outer Box Label

PIN:
QTY:
Date Code:
Figure 8. Inner Box Label
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RELIABILITY AND QUALITY ASSURANCE

1. VIEWS ON QUALITY AND RELIABILITY

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

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

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

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

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

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

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

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

2. RELIABILITY DESIGN OF SEMICONDUCTOR

DEVICES
2.1 Reliability Targets

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

2.2 Reliability Design

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

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

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

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

2.3 Design Review

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

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

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

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

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

(5) Discussion about preparation for production.

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

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

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

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

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

3.3 Quality and Reliability Control at Mass Production
For quality assurance of products in mass production,
quality control is executed with organic division of functions

Step

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

3.3.1 Quality Control of Parts and Material

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

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

vendors

(3) Physical chemical analysis and test

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

3.3.2 Inner Process Quality Control

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

Contents Purpose

Target

' .
| Design Review l

Specification

Design = Characteristics of Matenial 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 BII Electrical Confirmation of Target
Characteristics Spec. Mainly about
Function Electrical Characteristics
Voltage
Current
Temperature
Others

Appearance, Dimension

EQuaI ity Approval (1) Reliability Test

Life Test

Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality
and Reliability in Design

[Gusitty Approval @)

Reliabtlity Test
Process Check same as
Quality Approval (1)

Confirmation of Quality
and Rehability 1n Mass
Production

Production

Figure 1

Flow Chart of Quality Approval
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circumstances and sub-materials. The quality control in the
manufacturing process is shown in Fig. 3 corresponding to
the manufacturing process.
(1) Quality Control of Semi-final Products and Final Products

Potential failure factors of semiconductor devices should be
removed preventively in manufacturing process. To achieve it,
check points are set-up in each process, and products which
have potential failure factor are not transfer to the next process.
Especially, for high reliability semiconductor devices, manu-
facturing line is rigidly selected, and the quality control in the
manufacturing process is tightly executed — rigid check in
each process and each lot, 100% inspection in appropriate ways
to remove failure factor caused by manufacturing fluctuation,
and execution of screening needed, such as high temperature
aging and temperature cycling. Contents of inner process
quality control are as follows;

® Condition control on individual equipments and workers,

and sampling check of semifinal products.

measures

® Transmission of information about quality
(2) Quality Control of Manufacturing Facilities and Measuring

Equipment

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

® Proposal and carrying-out improvement of work checked one by one to maintain and improve quality.
® Education of workers (3) Quality Control of Manufacturing Circumstances and Sub-
® Maintenance and improvement of yield materials
® Picking-up of quality problems, and execution of counter- Quality and reliability of semiconductor device is highly
Process Quality Control Method
Material,
Parts . .
Tnspects Inspection on Material and = — - - Lot Sampling,
on of N .
Materisl and Parts —==4 Parts for Semiconductor Confirmation of
Devices ) Quality Level
" M E L
] [} anufacturing Equipment, —_——t .
| | Manufacturing | b ——4{ Environment, Sub-material, gz:::::‘t::s of
| | Worker Control
| I
| 1 |
l . : Inner Process =1 Lot Sampling,
: Screening r==-1 Qualty Control Conhrmanor; of
| ) Quality Level
\ |
| |
| 100% Inspection on Y .
| 1--1
= | 100% Inspection| k——-] Appearance and Electrical Testing,
| | Characteristict v
[ WU (U —— |
Products 3
Sampling Inspection on W S
Appearance and Electrical Lot Sampling
| Characteristics
|
]
'
'.. ——d - Confirmation of
D il gl St Reliability Test T Quality Level, Lot
Feedback of
eeccc e ————— - Information
: Quality Information 1
1 Claim H
! Field Experience [S—
| General Quali !
Information 1]
----------------- o

Figure 2 Flow Chart of Quality Control in Manufacturing Process
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affected by manufacturing process. Therefore, the controls of

Table 1 Quality Control Check Points of Material and Parts

manufacturing circumstances — temperature, humidity, dust — (Example)
and the control of submaterials — gas, pure water — used in rr— " -
manufacturing process are intensively executed. Dust control aterial, mportan Point for Check
is described in more detail below. Parts Control items
Dust control is essential to realize higher integration and Appearance Damage and Contamina-
higher reliability of devices. In Hitachi, maintenance and im- ) X tion on Surface
provement of cleanness in manufacturing site are executed Wafer Dimension Flatness
with paying intensive attention on buildings, facilities, air- gh‘:et RI;snst'ance gezlstar’:::e
conditioning systems, materials delivered-in, clothes, work, etc., Ce ect Density efect Numbers
BRI . . . . rystal Axis
and periodical inspection on floating dust in room, falling dusts
and dirtiness of floor. Appearance Defect Numbers, Scratch
Mask gin'?ensiorg Dimension Level
. . - esistoration
?l.g'sFi::l"}:rz:l:dcl:cltnlsre‘:::;:;?n and Reliability Assurance Gradation Uniformity of Gradation
Lot inspection is done by quality assurance department for Fine Appearance Contamination, Scratch,
products which were judged as good products in 100% test, Wire for Di . Bend, Twist
which is final process in manufacturing department. Though Wire Pm?te nston Purity Level
100% of good products is expected, sampling inspection is Bonding E‘I‘or:-ngation Ratio Mlje.:::;nileeStrength
executed to prevent mixture of failed products by mistake of —
work, etc. The inspection is executed not only to confirm that Appearance Contamination, Scratch
the products meet users’ requirement, but to consider potential gnmens.lon Dimension Level
factors. Lot inspection is executed based on MIL-STD-105D. rocessing
(2) Reliability Assurance Tests Frame Accuracy e ™
T e . . ) Plating Bondability, Solderability
To assure reliability of semiconductor devices, periodical Mounting Heat Resistance
reliability tests and reliability tests on individual manufacturing Characteristics
lot required by user are performed. Appearance Contamination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Electrical
Characteristics
Mechanical Mechanical Strength
Strength
Composition Characteristics of
Plastic Material
Electrical
Characteristics
. Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics
G HITACHI
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Process

Y Purchase of Material

[ Wafer —1
> Surface Oxidation

Inspection on Surface
Oxidation

Photo Resist

Inspection on Photo Resist
© PQC Level Check
Diffusion

Inspection on Diffusion
0 PQC Level Check

Q) Evaporation

Inspection on Evaporation
© PQC Level Check
Wafer Inspection

Inspection on Chip
Electrical Characteristics
Chip Scribe
Inspection on Chip
Appearance

0 PQC Lot Judgement
[— Frame —
O Assembling

¢ PQC Level Check
(3 Inspection after

Assembling
© PQC Lot Judgement

— Package
Sealing

¢ PQC Level Check

Final Electrical Inspection
¢ Failure Analysis

Appearance Inspection
Sampling Inspection on
Products

Receiving

Shipment

Figure 3 Example of Inner Process Quality Control
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Control Point

Wafer

Oxidation

Photo
Resist

Diffusion

Evapora-
tion

Wafer

Chip

Assembling

Sealing

Marking

Characteristics, Appearance

Appearance, Thickness of
Oxide Film

Dimension, Appearance

Diffusion Depth, Sheet
Resistance

Gate Width

Characteristics of Oxide Film
Breakdown 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
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Purpose of Control

Scratch, Removal of Crystal
Defect Wafer

Assurance of Resistance
Pinhole, Scratch

Dimension Level
Check of Photo Resist
Diffusion Status

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

Breakdown Voltage Check
Assurance of Standard

Thickness

Prevention of Crack,
Quality Assurance of Scribe

Quality Check of Chip
Bonding

Quality Check of Wire
Bonding

Prevention of Open and
Short

Guarantee of Appearance
and Dimension

Feedback of Analysis Infi.r-
mation
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Customer

Claim
(Failures, Information)

Sales Dept.
Sales Engineering Dept.

=_ __________________________________
Fail A i

| Quality Assurance Dept. ure Analysis

|

| |

| { !

! Countermeasure

| Manufacturing Dept. Design Dept. Execution of

| Countermeasure

! L |

: Report

]

|

| .

| Quality Assurance Dept. Follow-up and Confirmation

I of Countermeasure Execution

|

] Report

e e e e e e -

Sales Engineering Dept.

Reply

Customer

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

1. INTRODUCTION

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

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

2. PACKAGE AND CHIP STRUCTURE
2.1 Package

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

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

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

(1) Ceramic DIP

(2) Plastic DIP

(3) Plastic Flat Package

Chip

Plastic

Bonding wire

Figure 1 Package Structure

Table 1 Package Material and Properties

Item Ceramic DIP Plastic DIP Plastic Flat Package
Package Alumina Epoxy Epoxy
Lead Tin plating Brazed Alloy 42 Solder dipping Alloy 42 or Cu Solder plating Alloy 42
Seal Au-Sn Alloy N.A N.A
Die bond Au-Si Au-Si or Ag paste Au-Si or Ag paste
Wire bond Ultrasonic Thermo compression Thermo compression
Wire Al Au Au
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Reliability Test Data of Microcomputer

2.2 Chip Structure _ ' o ) .
Hitachi microcomputers are produced in NMOS E/D tech- in both types because of high reliability and high density.
nology or low power CMOS technology. Si-gate process is used Chip structure and basic circuit are shown in Figure 2.

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

PSG Al Gate
T R

T 1 \
1] .
Drain  Source Drain Source SiO, Source Drain
FET1 FET2 FET2

N-channel P-channel
DMOS

N-channel
N-channel EMOS
MOS

Figure 2 Chip Structure and Basic Circuit

3. QUALITY QUALIFICATION AND EVALUATION
3.1 Reliability Test Methods
Reliability test methods shown in Table 2 are used to qualify and evaluate the new products and new process.

Table 2 Reliability Test Methods

Test Items Test Condition MIL-STD-883B Method No.
Operating Life Test 125°C, 1000hr 1005,2
High Temp, Storage Tstg max, 1000hr 1008, 1
Low Temp, Storage Tstg min, 1000hr
Steady State Humidity 65°C 95%RH, 1000hr
Steady State Humidity Biased 85°C 85%RH, 1000hr
Temperature Cycling -565.C ~ 150°C, 10 cycles 10104
Temperature Cycling -20°C ~ 125°C, 200 cycles
Thermal Shock 0°C ~ 100°C, 100 cycles 1011,3
Soldering Heat 260°C, 10 sec
Mechanical Shock 1500G 0.5 msec, 3 times/X, Y, Z 2002,2
Vibration Fatigue 60Hz 20G, 32hrs/X, Y, Z 2005,1
Variable Frequency 20~2000Hz 20G, 4 min/X, Y, Z 2007,1
Constant Acceleration 20000G, 1 min/X, Y, Z 2001,2
Lead Integrity 225gr, 90° 3 times 2004,3
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Reliability Test Data of Microcomputer

3.2 Reliability Test Result

Reliability test result of 8-bit microprocessors is shown in

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

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

Table 3 Dynamic Life Test (8-bit microprocessor)

the design and production process, etc. are standardized.

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

Total 785 486712 1

*leakage current

Estimated Field Failure Rate
=0.01% / 1000 hrs at Ta = 76°C
(Activation Energy = 0.7eV, Confidence Level 60%)

Table 4 High Temperature, High Humidity Test (8-bit microprocessor) (Moisture Resistance Test)

(1) 85°C 85%RH Bias Test

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

(2) High Temperature-High Humidity Storage Life Test

Device Type Condition 168 hrs 500 hrs 1000 hrs
HD6800P 65°C 95%RH 0/22 0/22 0/22
HD6802P 80°C 90%RH 0/22 0/22 0/22
HD6802P 65°C 95%RH 0/38 0/38 0/38
HD6809P 65°C 95%RH 0/45 0/45 0/45

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

Device Type 40 hrs 60 hrs 100 hrs

HD6800P 0/42 0/42 0/42

HD6802P 0/22 0/22 0/22

(4) MIL-STD-883B Moisture Resistance Test
(Condition; 65°C ~ ~10°C, over 90%RH, Vcc = 56.5V)

Device Type 10 cycles 20 cycles 40 cycles
HD6800P 0/25 0/25 0/25
HD6802P 0/25 0/25 0/25
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Table 5 Temperature Cycling Test (8-bit microprocessor) (—55°C ~ 256°C ~ 150°C)

Device Type 10 cycles 100 cycles 200 cycles

HD6800P 0/453 0/44 0/44

HD6802P 0/502 0/77 0/77

HD6809P 0/202 0/45 0/45

Table 6 High Temperature, Low Temperature Storage Life Test (8-bit microprocessor)
Device Temperature 168 hrs 500 hrs 1000 hrs
150°C 0/88 0/88 0/88
MPU total -55°C 0/76 0/76 0/76
Tabie 7 Mech | and E nvir tal Test (8-bit microprocessor)
Plastic DIP Flat Plastic Package
Test Item Condition
Sample Size | Failure | Sample Size Failure
) ~ o
Thermal Shock ‘I(JO%ycI;?o c 110 0 100 0
Soldering Heat 260°C, 10 sec. 180 0 20 0
0
Salt Water Spray :2;2 P?r 's NaCl 5% 110 0 20 1]
O
Solderability 230 C. 5 sec. 159 0 34 0
Drop Test 78cm, maple board 110 0 20 0
Mechanical Shock ;‘?ﬁf s’ /?(' 5ymsz 110 0 20 0
Vibration Fatigue gg ;Irzs,/)Z(O(\i( z 110 0 20 0
Vibration Variable Freq.| 500 2000hz 110 0 20 0
¢
Lead Integrity gﬁigi’ngg% times 110 0 20 0
@ HITACHI
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Table 8 Dynamic Life Test (16-bit microprocessor)

Condition
Device Type 168 hrs 500 hrs 1000 hrs
Ta Vee
125°C 5.5V 0/62 0/62
HD68000 o 0/62
150°C 5.5V 0/52 0/52 0/52
Estimated Field Failure Rate
=0.013%/1000 hrs at Ta = 76°C
(Activation Energy 0.7eV, Confidence Level 60%)
Table 8 Mechanical and Environmental Test (16-bit microprocessor)
Device Type
Test Item Condition
Sample Size Failure
:"" Tempersture Ta=295°C, 1000 hrs 42 0
torage
Low Temperature Storage Ta=-55°C, 1000 hrs 42 0
Temperature -55°C ~ 25°C ~ 150°C
Cycling (1) 10 cycles 189 o
Temperature -20°C ~ 25°C ~ 125°C 4
Cycling (2) 500 cycles 0
Thermal -55°C ~ 125°C 44
Shock 15 cycles Y
Soldering heat 260°C, 10 sec 44
Solderability 230°C, 5 sec 44 0
Mechanical 1500G, 0.5 msec 4
Shock 3 times/X, Y, Z 4 0
Vibration 20 ~ 2000 Hz, 20G
Variable Freq. 3 times/X, Y, 2 44 Y
Constant 20000G 4 0
Acceleration 1min/X,Y, 2
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4. PRECAUTION
4.1 Storage

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

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

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

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

(4) Store without any physical load.

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

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

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

4.2 Transportation

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

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

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

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

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

4.3 Handling for Measurement

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

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

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

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

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

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

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

4.4 Soldering

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

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

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

OF 8-BIT/16-BIT MICROPROCESSOR H680SD200 loads a universal OS, CP/M-68K® developed
H680SD200 is prepared as system development device to jointly wgh Digital Research Inc. and operates with the exist-
develop software and hardware of various types of microcom- ing CP/M™.
puter system.
Fig. 1 shows the program development procedure using this *cP/M®and cP/M-68K® are registered trademarks of Digital
system development device. Research Inc.

GO

Source
Program
Coding
1
CRT
Editor
I
Source
(ﬁ Program
1
Assembler
FORTRAN Only for
Languege Super PL/H ( 8000 )
Processor C Compiler for 6
6301(6303)
] and 68000
Relocatable
% Object Program
Error T
Linkage
Editor
]
Absolute
Object
([? Program
1
EMS Software
ASE Debug
No Result?
Yes
I
EPROM
WRITER

Fig. 1 Program Development Procedure

@ HITACHI
Hitachi America, Ltd. e Hitachi Plaza » 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819  (415) 589-8300 35



Program Development and Support System

Table 1 System Development Equipment SD200

MPU Product Name Product Code Function Note
« Single user Operating System
- CP/M-68K S680CPM3F | - 68000 Assembler, C compiler, Screen editor and
Linker are included
VAX—11 * Interface Program between the SD200 and the VAX-11,
| face P S680CLC3F | - File transfer function. Option
nterlace Frogram * VT52 Terminal Emulation.
DATA 1/0
* Interface Program between the SD200 and the
- EPROM Programmer S680CDI1F
Interface Program DATA 1/0 EPROM Programmer model 22/29.
PKW-1000/7000 * Interface Program between the SD200 and the
EPROM Programmer S680CPK2F PKW-1000/7000 EPROM Programmer (Aval Corp.
Interface Program Japan).,
FORTRAN S680CFR1F | + FORTRAN Compiler. (Subset of FORTRAN77) Option
Super PL/H S680CPL1F | - Super PL/H Compiler. Option
16-bit
MPU .S f ; f
ymbolic Debugger for programs written in 68000 .
HD68000 | symbolic Debugger S680CSD2F |  Assembler or Super PL/H. Option
. " I Supplied with
64180ASE S180CAS1F Realtime In-circuit Emulator for 64180. H180ASO1E
8 bit 6305/63L.05/6805 - 63052/63L05/6805 Macro Assembler. .
MPU/MCU | Macro Assembler S3EXASE-F | Linkage editor is included. Option
6301/6801/6800 . + 6301/6801/6800 Macro Assembler. .
Macro Assembler SIIXASEF | Linkage editor is included. Option
6301 S31CCLN-F | - C Compiler for 6301(6303) Option
C Compiler !

36
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Table 2 Cross System

MPU Machine 0s Product Name Product Code Function
6305/63L05/6805 Assembler.
ISIS-1I 6305/63L05/6805 S35MDS1-F Obiject code is absolute address format.
Assembler Conditional assemble function.
6305/63L05/6805 Assembler.
CP/M 6305/63L.05/6805 S35MDS2-F Obiject code is absolute address format.
Assembler Conditional assemble function.
Intel
MDS 6301/6801 Assembler.
ISIS-II 6301 Assembler S31MDS1-F Obiject code is absolute address format.
8-bit MCU Conditional Assemble function.
6301/6801 Assembler.
CP/M 6301 Assembler S31MDS2-F Obiject code is absolute address format.
Conditional Assemble function.
6301 - 6301 Macro Assembler.
Macro Assembler SHIASEE Linkage Editor is included.
IBM-PC | PC-DOS
6305 - 6305 Macro Assembler.
Macro Assembler SIEIAST-F Linkage Editor is included.
@ HITACHI
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Table 3 Third Parties’ Products

Assemblers for HITACHI’s microcomputers are provided by

products listed below. Please contact those venders directly if
the other companies. Hitachi introduce some venders and their

you have questions or requests to purchase these products.

38

Vender Name Product Name 0S/System Product Code
6301 Assembler ASM68
6305 Assembler ASMO05
6809 Assembler ASM69
68000 Assembler ASM68K
VAX11
64180 Assembler ASM180
64180 Simulator INT180
MICROTEC
505W Olive, Suite 325 64180 C MCC180
Sunnyvale, CA94086
(408)733-2919 U.S.A. 64180 Pascal PAS180
6301 Assembler ASM68
6305 Assembler ASMO05
IBM-PC
64180 Assembler ASM180
64180 C MCC180
64180 Pascal PAS180
6301 Assembler
CAMELOT
79 London Road
Knebworth Herts, IBM-PC
SG3 6HG,
England 6305 Assembler *
Stevenage (0438) 812215
6800/6801/6301 CP/M
AVOCET SYSTEMS, INC. Assembler MS-DOS, CP/M-86 XASM-68
804 South State St. o
Dover, DE19901 . CP/M !
(302) 734-0151 6805 Assembler MS-DOS, CP/M-86 XASM-05
US.A.
6309/6809 g CP/M i
Assembler MS-DOS, CP/M-86 XASM-09
CP/M .
64180 Assembler MS-DOS, CP/M-86 XASM-180
MICROWARE SYSTEMS CORPORA- 6309/6809 0s -
TION Assembler 8
6835 Grand Avenue
Dos Moines, |A50312 68000/68HC000 0s-9 KCRS
(512) 279-8844 US.A. Assembler
*Under development
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Program Development and Support System

® Development System for 4-Bit, 8-Bit, and 16-Bit HD64180 THIRD-PARTY DEVELOPMENT TOOLS
Microcomputers <H680SD200>
The H680SD200 is a developmem system for Hitachi 4-bit, Product: Cross-Assemblers and Cross-Compilers
8bit and 16-bit microcomputers. It is a desktop system in Company ASM__ SIWSIM_CCOMP PASCAL  BASIC
which a 16-bit microprocessor HD6800O0 is loaded as the CPU. American Automation v il i
Its standard system configuration includes a CRT, a keyboard,  711-7311661) w i v vi
and two floppy disk drives. An assembler, compiler, and in-  (408-733-2019)
circuit emulator (ASE) associated with the user’s MCU are Avoce! Systems i cn
' o\ (800-448-8500)
available as options. 2500AD Software cn
(303-369-5001)
BSO \ v v v
APPLICABLE DEVICES (617-894-7800)
® HMCSA400 series S"('"'"Oﬂlcs v
e HD6305U, HD6305V stRSysams c
o HD6301V, HD6301X, HD6301Y u(aoo-t::;::)-gost) v
niware/
: :g:mao HDBBH (312-971-8170)
aooo: C000 Softaid c
(Other 4-bit and 8-bit microcomputers will be supported in the |, (800-433-8812)
future ) Allen Ashley |
T (818-793-5748)
{i=1BM-PC, V = VAX, C = CP/M]
® FEATURES )
® Adopts general CP/M-68K® operating system Product: Support Tools
® Two internal 8 inch floppy disk drives (double-sided, double- S°mPany Product Description
density) and a 40M byte hard disk (available as an option) Electronic Molding Shrink-DIP Adapter for Breadboarding
make it possible to provide substantial external memory. ,,;;3,‘,‘;:‘;’;3;3,?,’ S,,'j{,’,‘fg,’,;”‘sjf,;;“
® Since CRT editor (screen editor) is included in the standard (812-945-0211) P/N TSS-6475-TNG
system, efficient programming, editing, and debugging of V'(':‘f;‘f's‘g’s'_‘;g;;‘)'“" K N I e o4
source programs are possible. Me;hodo Electronics PLCC Adapter for Hitachi's ASE
® C compiler for HD6800O is included. FORTRAN and Super rs(n '3'392‘35“’
. 64180 IBM-PC Card with DSD80 Remot
PL/H for HD680DO and C Compiler for HD6301 (HD8303) M(aosfsu.zzas) Software Debugger emote
N . icromint 64180 Evaluation Board
are available as options. (ago-'sss-aass) Abedatymargits

@ User prototype system can easily be debugged using incircuit
emulator (ASE) associated with the user’s MCU.
® With connection of VAX-11® to RS-232C interface, Product: Operating Systems

H680SD200 operates as vAX-11® (0S, VMS) work station. company Type of Operating System
® When .2M byte me.mory board is connected, high-speed Echelon 2CPR3 (CPIM)
operation can be realized. (415-948-3820)
ina i H JMI Software C Executive/80 Multi-Tasking Kernel
® Following interface are included (215-626-0840)
(1) EPROM programmer Decmation Quick-Task Realtime Executive
(2) Printer (Centronics specification) (408-980-1678)
. . o . Hunter & Read! VRTX/80 Mulu-Tasking Kernel (280
(3) Serial interface emulator for 4-bit and 8-bit single chip '::,?,'.326?225"0) 80 MuluTasking Komal (260)
microcomputers L] MTOS/80 Multi-Tasking Kernel (280)
(516-938-6600)

’CP/M® is a registered trade mark of Digitsl Research Inc.

**VAX-1 1®it a registered trade mark of Digital Equipment Corp. HITACHI ORDERING INFORM ATION

Part Number Description
H180ASE02 Adaptive System Evaluator, ASE-Il
- H680SMO01S 256K Byte Emulation Memory Board (Option)
e ———— H180ABX 8 MHz Buffer Box for ASE-| User,

4 Includes V2.0 System Software

H180CPO1 PLCC-68 MPU Adapter for 1 Mbyte
Addressing (Option)
H680SD200
@ HITACHI
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Device Availability

HD6305X2
Descript HD Y HD64180R HD641
scription 6303R HD6303X HD6303 HD6305Y2 80S
HS31VEMLO4H(1)| HS31XEMLO2H() | HS31YEMLO3H(') | HD35YEMLOSH(1)
Emul HD180ABX02H#) 180A (4)
mulater HIIMX4D | (HaIMIX2® (HBIMIX3)@) (H35MIXS) 2HEG | HSTBOABXOSH

ASE (Adaptive System Emulator) HS180ASTO1H HS180ASTO1H
H User Cable HS180ACUCTH
A

I

m | Emulaton Memory He4EMBO2 H64EMB02
b Board up to 64K Byte
w Emulation Memory Board H680SM01S(6) H680SM01S(6)
A
R Evaluation Board US180EVBO1H
E Programming Socket Adapter HS31YESS11H

Programming Socket Adapter

Programming Socket Adapter

Cross Assembler (IBM-PC) S311BMPC@) S311BMPC(3) S31IBMPC(3) S351BMPC(3)

SOFTWARE

C Compiler (IBM-PC) US31PCLI1SF US31PCLI1SF US3tPCLI1SF
L Data Sheet M21T006 M21T006 M21T006 M21T006 M21T182 M21T132
1 M21T132 M21T132 M217132 M21T132
T
g Hand Book M217019(5) M217019(5) M217019(5) M21T020(5)
¢ Specification Sheet M21T011 M21T013
g Hardware Manual M21T053 M21T053
E Product Brief M217025

@ HITACHI
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Device Availability

HD641180X
HD643180X HDE4180Z HD648180W* HD6309** HD68HC000" * HD68000" * HD6802* * HD6803 HD6809"* *
HD647180X
HS180ABX04H(4) | HS1B0ABX03H() HG1EVT2Y)
HS180ASTO1H HS180ASTO1H
HS180ACUCIM
HB4EMBO1
HBBOSMO1S(6) | H680SMO1S(7)
HS18XESFO1H
HS18XESCO1H
HS18XESSO1H
HS18XESGO1H
M21T132 M21T132 M21T006
1
M21T132 M21T132 M21T132 M21T132 M22T003 M22T003 M21T132 M21T132 M21T132
M21T012 M21T011
M21T113 M217053
M21T026 M217025
(Note) 1. Emulator includes an RS-232 port for connection to IBM PC or PC compatible machines. Software not included.

1.
2. Same as footnote (1) above, but shipped with cross assembler (8” floppy disk) that operates with Hitachi's H68SD5 development system.
3

. Developed by one of Hitachi’s engineering subsidianies Cross assembler include software utility to download/upload code between PC host
and emulator.

4. Must be used with ASE station (P/N: HS180ASTO1H)
5. Includes user’s manual, hardware and software application notes, and other relevant information
6. 64K bytes user memory is provided in standard configuration. Can be expanded up to 512K bytes. Maximum of two 256K byte memory
boards can be installed (optional).

*Contact Marketing.
**Refers to third-party support tools.

Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 e (415) 589-8300
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C Compiler

[ol e R —
Assembler

EPROM On-Package LSi ~

LEPROM On-Chip LS Ml D
P
Programming /

Socket Adapter

Emulator

B SINGLE-CHIP MICROCOMPUTER SUPPORT SYSTEMS

Hitachi and its engineering subsidiaries make hardware and soft
ware support tools to operate with many popular host computers and
expedite the development of the microcomputer-based target sys-
tem. The support system includes in-circuit emulators, cross asseni-
blers, passive socket adapters for easily programming EPROM on-
chip devices, and documentation.

In addition to hardware and software support, Hitachi has Field
Application Engineers (FAE) to help identify the most cost-effective
IC(s) for your application and answer your technical questions

B IN-CIRCUIT EMULATOR FUNCTIONS FOR HD6303/05 Series*

Typical Support Tools for HD6303/05 Series

® Real-time tracing 1s possible on most emulators, the emulator
stores and displays bus dats and external signals lor up to 1011
machine cycles on some emulators, o1 2035 machine cycles on
other emulators before and after the address where a breakpoint
1s set
@ Line asseinbler and disassembler on some emulators
*Functions listed 1 the overview may not exactly apply to all emula-
tors Reter to the applicable emulator user’s manual for further
mformation

B CROSS ASSEMBLER FUNCTIONS (PC-DOS)
The softwate 1s divided into six main parts.

® Serial interface connection to many host computers via RS-232C ® Structured Relocatable Cross Macro Assembler
port. The cross assembler 1s designed to meet the specification outlined
® Executes user’s program m teal-time on some emulators, or i Hitach’s HD6303 and HD6305 assembler user’s manual,
when loaded m emulator’s memory starting from a selected ad- which means that mnemonic, macro and directive compatibility
dress. Execution is interrupted when breakpoints are detected, or 1s maintained
when RESET or ABORT s switched The assembler also offers a structured code facility, similar to
® Single step tracing of user’s progiam is possible. Data in registers that found in some high level languages The mam structured
and data 1n memory are displayed after every execution features are listed below
® Breakpoints can be set in user’s program by using the program IF. . THEN .ELSE ..DO WHILE . .. REPEAT
counter address, data bus, or external signal probes Breakpoints UNTIL .. FOR. .TO
can be displayed and changed. CALL (with parameters passed on the stack)
® Data n internal registers of the subject microcomputer can be ® Linker
displayed or changed The linker concatenates and locates all relocatable modules into
@ HITACHI
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Device Availability

an executable object file (Motorola S-type format). Start ad-

dresses of relocatable program and data sections can be entered at

linkage time
® Macro Librarian
Named libraries of useful macros can be built by the user, saving
time during generation of source code. The macro librarian 1s
searched during assembly time for the appropriate macro defini-
tions that do not appear 1n the source file
® Object Module Librarian
Named libraries of useful object modules can be built by the user.
The libraries called up at linkage time are searched by the linker
to sec if unsatisfied external references can be resolved. Object
modules which satisfy the unresolved references are automati-
cally included in the executable object file (S-record format).
Emulator Interface Software
The interface software allows connection between Hitachi's seri-
ally linked emulators and the IBM PC using an RS232 asyn-
chronous interface.

Commands from the PC keyboard are directed to the emulator
and responses are displayed on the screen. File upload and
download 1in Motorola S-type format enables assembled and
linked programs to be run on the emulator. Real time trace facili-
ties are available on all serial linked emulators.
® EPROM Programmer Interface Software

The 1nterface software allows connection to most proprietary

EPROM Programmers for downloading (or uploading) execut-

able object modules in Motorola S-type* data format. The pro-

grammers can be run either in REMOTE CONTROL or LOCAL
mode.

In local mode, programmer commands can be entered on the
programmer keyboard and upload/download of object modules
can be activated using the IBM PC keyboard.

In remote control mode, all programmer commands are en-
tered via the IBM PC keyboard

All programmer commands will be specific to the particular
programmer used.

B C COMPILER FUNCTIONS (PC-DOS)
The HD6303 and HD6305** compiler comprises three pro-

grams, a pre-processor, the main compiler and an optimiser. The
system also provides standard library files (which facilitates I/0
and floating point operations), the standard ‘“‘include” files
which contain the necessary declarations for the usage of library
function. Runtime object files for integer and floating point
arithmetic are included. Compatible with Hitachi and Microtec
Research*** assemblers.
® Compiler Options

The following tables indicate the options available during pre-
processing and compiling.

*Motorola S-type is a trademark of Motorola, Inc.
**Conforms to Kerninghan and Ritchie C programming
language standard rather than ANSI C programming language
standard.
***Microtec Research is a trademark of Microtec Research, Inc.

Table 1. Pre-processor Options

No. Option Description

Issues error messages to the pre-processor

1 A -
source program file
2 D Defines a macro name
3 L Inserts the original source program lines

nto the pre-processed source program as
comments

Table 2. Compiler Options

No. Option Description

Generates object code which calls a
profiler routine (a routine which profiles
1 P the hustory of the program exccution)
everyume a function 1s called (see

Note 1).

Generates object code which calls a stack
3 L check routine everytime a function 1s
called (see Note 1)

Note 1: The profiler routine and the stack check routine
should be prepared in a separate module for your own target
system.

©® Limits in Compilation
(1) Length of an input hine 512 characters
(2) Length of a character string. 510 characters
(3) Number of external names 156
(4) Effective length of identifiers. 8 characters
(5) Effective length of external identifiers 6
(6) Nest of conditional complication 32 level
(7) Nesting of file inclusion. 14 level
(8) Number of macro parameters. 32
(9) Length of a macro defimtion. 512 characters

(10) Recursive expansion of a macro name: 32 times

® Data Size
(I) Char type: 8 bit
(2) Short type, int type. 16 bit
(3) Long type: 32 bit
(4) Float type: 32 bt
(5) Double type: 64 bit
(6) Pointer type: 16 bit
No data alignment is done in allocation of structured data

GO HITACHI
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(3) Character Handling Library Functions
isalnum, 1salpha, issascii, iscntl, isdigit, islower, isprint,
ispunct, isspace, isupper, tolower, toupper.

(4) Character String Handling Library Functions
index, rindex, strcat, strcmp, strcpy, strlen, strncat,
strncopy

(5) Data Conversion Library Function
atoi, atol

(6) Memory Allocation Library Functions (see Note 2)
malloc, calloc, free, cfree

(7) Miscellaneous Library Functions
NOTE 2: To use the I/0 library functions and Memory
allocation library functions, low level routines must be
prepared by the user according to the target system
requirements.

USHPCLUSF I usuectust

+ SIIBMPC

| User 1/0 Routine ]

’6303 Standard Library l

_ _ _ ) [6303 Relocatable Object

-
I
I
L

6303 Absolute Object

M IN-CIRCUIT EMULATOR FOR HD64180 SERIES
Hitachi’s hardware emulator consists of the Adaptive System Emula-
tor (ASE) plus emulator box for the corresponding microprocessor.
The emulator supports hardware and software development when
connected to a Vax-II, IBM-PC, or PC compatible host machine.

B ASE FEATURES
¢ Serial connection to host computer, or console via RS-232C port
allows loading, saving, and verifying of user programs.
® Object formats* Intel HEX; and Motorola S.
¢ Connects to centronics printer.
¢ Includes 3.5 nch floppy disk drive.

B EMULATOR BOX FEATURES

 Executes program in realtime from 0.5 MHz to 8 MHz for all
emulators except HS180 ABXOSH which executes in realtime
from 0.5 MHz to 10 MHz.
* Memory:
—Includes 64-kbyte user memory
—Expandable to 512 kbytes with an optional memory board (up to
6 MHz without wait states)

B EMULATOR BOX FUNCTIONS

o Executes user’s program loaded in emulator’s memory:

—Realtime

—Single step

Breaks on combination of specified number of the following

conditions:

—Program counter (logical or physical address)

—Access to specified memory area

—DMAC transfer request or completion

—Eight external probe signals

Up to 255 software breakpoints on RAM area

Multi-break function: In multi-MPU system using several ASEs,

an ASE break acts as a trigger which causes other ASEs to break.

(HSI80ABXO05H).

Sequential break: Analyzes order m which up to 4 software break-

points were passed (HSISOABX04H/05H).

Realtime tracing.

—Stores or displays bus information, external signal, or I/O sig-
nals for up to 2048 machine cycles

—Traces by bus cycle or 125 ns after user program execution stops
at breakpoint

—Trace starting or extracting condition can be specified

© Pseudo-I/0 emulation function (HS180ABX04H/05H)

® Disassembler

® Line assembler

* Symbolic debugger

® Execution time measurement

* Displays, sets, changes, or transfers data in memory

@ HITACHI
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Section Two

HD6300, HD6800
8-Bit
Microcomputer Family

@ HITACHI






HD6303R,HD63A03R,
HD63B0O3R
CMOS MPU (Micro Processing Unit)

The HD6303R 1s an 8bit CMOS micro processing unit
which has the completely compatible instruction set with the HD6303RP, HDE3A03RP,
HD6301V1 128 bytes RAM, Senial Communication Interface HD63BO3RP
(SCI), parallel 1/O ports and mult function timer are incorpora-
ted 1n the HD6303R It 1s bus compatible with HMCS6800 and
can be expanded up to 65k bytes Like the HMCS6800 family,
1/0 level 1s TTL compatible with +5 0V single power supply
As the HD6303R 1s CMOS MPU, power dissipation 1s extremely
low And also HD6303R has Sleep Mode and Stand-by Mode
as lower power dissipation mode. Therefore, flexible low power
consumptton application 1s possible.

= FEATURES HD6303RF, HD63A03RF,
® Object Code Upward Compatible with the HD6800, HD6801, HD63B03RF
HD6802

® Multiplexed Bus (Dy/Ap~D7/A,As~As), Non Multiplexed
Bus (Do~D;, Ap~As)
® Abundant On-Chip Functions Compatible with the
HD6301V1; 128 Bytes RAM, 13 Parallel 1/O Lines, 16-bit
Timer, Serial Communication Interface (SCI)
Low Power Consumption Mode, Sleep Mode, Stand-By Mode
Minimum Instruction Execution Time
1us (f=1MHz), 0.6 s (f=1 5MHz), 0.5us (f=2.0MH2) (FP-54)
Bit Manipulation, Bit Test Instruction
Error Detecting Function, Address Trap, Op Code Trap HD6303RCG,HD63A03RCG,
Up to 65k Bytes Address Space HD63BO3RCG
Wide Operation Range
Vec=3to 6V (f=01~0.5MHz)
f=0.1102.0MHz (Ve = 5V + 10%)

s TYPE OF PRODUCTS

Type No. Bus Timing

HD6303R 1.0 MHz (CG-40)
HD63A03R 1.6 MHz

HD63BO3R 2.0 MHz HD6303RCP, HD63A03RCP

HD63BO3RCP

B PROGRAM DEVELOPMENT SUPPORT TOOLS

® Cross assembler and C compiler software for IBM PCs and
compatibles

® In circuit emulator for use with IBM PCs and compatibles

(CP-52)
HD6303RL, HD63A03RL
HD63BO3RL
(CP-44)
@ HITACHI
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HD6303R, HD63A03R, HD63BO3R

® PIN ARRANGEMENT

® HD6303RP, HD63A03RP, ® HD6303RF, HD63A03RF, ® HDB303RCG, HDB3AO3RCG,
HDB3BO3RP HDB63BO3RF HDB3BO3RCG

(Top View) (Top View) (Top View)
®HD6303RCP, HD63A03RCP, * HD 6303RL, HD63A03RL
HD63BO3RCP HD6&3BO3RL

2
®

FRIEFREREEEERE

=1
° o
<

'UB'VN'UBHN'U [

(Top View)
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HD6303R, HD63A03R, HD63BO3R

s BLOCK DIAGRAM

43
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HD6303R, HD63A03R, HD63BO3R

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -0.3~+7.0 v
Input Voltage Vin 0.3~ Vcct0.3 v
Operating Temperature Topr 0~ +70 °c
Storage Temperature Teo -55 ~ +150 °c

(NOTE) Ths product has protection circuits in input terminal from high static electricity voltage and high electric field.
But be careful not to apply overvoitage more than maximum ratings to these high input impedance protection
circuits. To assure the normal operation, we reccmmend V,n, Vout - Vss S (Vinor Voue) S Vee.

= ELECTRICAL CHARACTERISTICS
¢ DC CHARACTERISTICS (V¢c = 5.0V+10%, Vgg =0V, Ta = 0~+70°C, unless otherwise noted.)

Item Symbol Test Condition min typ [ max | Unit
RES, STBY Vee-05] - |,
Input “High” Voltage | EXTAL Vi Veex0.7| - +o°§ v
Other Inputs 20 - ’
Input “Low’’ Voltage All Inputs Vi -0.3 - /108 v
Input Leakage Current | NMI, iRQ,, RES, STBY| I,,! Vin =05~Vcc-05V| ~— - 110 | A
Three State (off-state) Pyo~Py7, P2o~Paa, _
Leakage Current Do~D+, As~Ars lirsil | Vin =0.5~Vcc-0.5V - - 110 MA
lon = -200uA ) .
Output “High”’ Voltage | All Outputs Von 2 00y 24 v
lown = -104A Vee-07] - | - v
Output ““Low" Voltage | All Outputs VoL loL = 1.6mA - - | 0585] V
V,n=0V, f=1.0MHz
Input C t All n 5 ‘ - - R
nput Capacitance Inputs (o Ta< 25°C 125| pF
V, (STBY) =0~0.6V
RES) = V
Standby Current Non Operation lee Vin { _(;'5,\,\/22\, - 20 | 15.0| uA
V, (RES)=0~0.6V
B Operating (f=IMHz**)| — 6.0 | 10.0 A
Current Dissipation lec  [Sieeping (=1MHZ*") | — 10l 201 ™
RAM Stand-By Voltage Vaam 2.0 - |~ v

* Vi min = Vee-1.0V, Vi max = 0.8V
«= Current Dissipation of the operating or sleeping condition is proportional to the operating frefzuencv So the typ. or max.
values about Current Dissipations at f = x MHz operation are decided according to the following formula,

typ value (f =xMHz) = typ. value (f = 1MHz) x x
max. value (f = xMHz) = max. value (f = 1MHz2) x x
(both the sleeping and operating)
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HD6303R, HD63A03R, HD63BO3R

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

BUS TIMING
Test HD6303R HDB63A03R HD63BO3R
Item Symbol| Con- - Unit
dition | Min { typ | max| min |typ | max | min | typ | max
Cycle Time teye 1! — 10 | 0.666| — 10 (05 | — 10| us
— - —_—
ﬁgldl:’s's Strobe Pulse Width = PW ast 220/ — _ 180/ - _
g S - .
Address Strobe Rise Time tase - — 20| - - 20
Address Strobe Fall Time tast - - 20| - - 20
Address Strobe Delay Time * taso 60 | — - 40 - | —
Enable Rise Time o e [_: |l=-]l2|- ;-] 2
Enable Fall Time ter | - - 20| - — 20
Enable Pulse Width ““High*’ Level* | PWg, 450 — | - 1300| - | -
Enable Pulse Width “Low’’ Level™ | PWg 450 — | - 300 - | -
Address Strobe to Enable Delay* ol — | -
Time V' | taseo 60 — 40 - |- | 20— | — | ns
tap1 =1 =1250] — |- [190] — |- [160 | ns
Address Delay T S S B B B o SR
o ™ Twee Fet [ =T —lasol 1 faeol - [ - 160 [ ne
Address Delay Time for Latch* tapL | Fig. 2 i 250 | — - 190.~,f — | 160 | ns
Data S T Write | tpgw 230) — | - [ 150~ | - 1100} - | — ns
ata Set-up Time Read | toen g0l = - _6*0*; - sl - 1= s
Dat ; o T Read |tug I s T S e I e R .
ata Hold Time Write | tuw 0 - [ -2 - [ J20[-]- |
Address Set-up Time for Latch® | tasL | 60 - | — 40| - | - 200 - | — ns
Address Hold Time for Latch tanL 30 - | - 2 - | - 20 - | - ns
- —
Address Hold Time tan 20| — - 20 | - - 20| — - ns
Ao ~ A, Set-up Time Before E* | tasm 200 — - 1Mo - | - 60| — - ns
Non-Multiplexed
Peripheral Read | gor 0o a0| (tacen) - |- |es0| — |- 395 - |~ | 270 ns
Ti -
Access Time Iy} tiplexed Bus'| (tacom] [ =] -es0] - |- J3s|- |- [270] ns
Oscillator stabilization Time tre Fig.8 | 20| — - 20 | — - 20| - - ms
Processor Control Set-up Time tecs Fig.9 {200 - - | 200 - - 1200 — - ns

*These timings change in approximate proportion to teye. The figures in this characteristics represent those when teyc 1s minimum
(= 1n the highest speed operation)

PERIPHERAL PORT TIMING

Test HD63A03R | HD63BO3R
Item Symbol | Con- ,HDSSOSR - DS - Unit
dition | Min [ typ | max | min | typ | max| min | typ | max
Peripheral Dat ;
Gruonea® [ otz Luosy g3 0] = [ = [ - [~ Jaw] - (- | m
Peripheral Dat .
H‘(;I'g.ﬁ:;e &8 | Port1,2 teon | Fig.3[200| — | — | 200 — | — |200| - | = | ns
Delay Time, Enable Nega-| po¢ 1 )
tive Transition to Peri- | ¢ '|tpwp |Fig.4| — | — [ 300 — | — |300| — | — [300| ns
pheral Data Valid
* Except Py,
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HD6303R, HD63A03R, HD63BO3R

TIMER, SCI TIMING

Test HD6303R HD63A03R | HD63BO3R .
Item Symbol | Con- " - - Unit
dition| min| typ | max|min| typ | max|min| typ | max
Timer Input Pulse Width tewT 20 - | - |20 — | = |20 — | = | teye
Delay Time, Enable Positive .
Transition to Timer Out troo |Fig. 5 — | — [ 400] — | — | 400} — 400| ns
SCI Input Clock Cycle tseye 20— | — |20] - | - 20| — | — |teve
SCI Input Clock Pulse Width tewsck 04| - |06 |04 | — |06 [04]| — | 0.6 |tscyc
MODE PROGRAMMING
Test HD6303R HD63A03R HD63BO3R .
Item Symbol | Con- - . ~ Unit
dition | Min | typ | max i min | typ | max | min| typ | max
RES “Low" Pulse Width PWasTL 3 |- -3 |-1=-13 -]~ [teye
Mode Programming Set-up Time | typs | Fig. 6] 2 - | - ]2 - | - ]2 — | = | teye
Mode Programming Hold Time tMPH 150 — - |180}| — — |150]| — - ns

Address Strobe
(AS)
I ASE Of«—
24v \ r
PWe
Enable ‘
(€) PWeL
0.8v ( ‘
— e tE, — e tEf
[——1aD
- |*tan
— 24v
RIW,A,~A, i
Address Valid
0 8V
— )
taSL —+f o
—4 * tamHL L_
tosw— tHw
MPU Write rFzav Y\ 2.4V
D,~D,.A,~A, C‘;g:” Data Valid }-—-——
08V 08V
"_"'ASM‘_—'"J
taou

MPU Read F2av Y
Address

0,~0,. A,~A, Valid
08V

Figure 1 Multiplexed Bus Timing

tacem!

Not Vahd
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teye

24v
Ensble S A —
(€)

PWeL {

osv K
[ tap1—| - r"l"

24v
R/W Address Vahd
k 08V

|e——togw ——|

MPU Write f-24v
0,~0, Data Valid
0 8v

f*—tosp —|

(tacen) — tHR
MPU Read : OV; Data Vaud
0,~0, a0z osv
1
— el
A,~A, (Port 1) f2av
A~A, K06V e e

224 Not Valid

Figure 2 Non-Multiplexed Bus Timing

MPU Write
:—MPU Read r
€ 24v 24v 3
0.8v 0.8V o8v
trosU POH
P ~P, 3 v |*— tPwD —ef
": “;’u 08V i DauVohdm
puts 1 All Oata 24v
Port Cutputs ) 08V Data Vaiud
Note) Port 2: Except P,,
Figure 3 Port Data Set-up and Hold Times Figure 4 Port Data Delay Times
(MPU Read) (MPU Write)
Timer Output Compare
Counter X Matched X 20v
"'voo’ ‘,"::"',;""’:::‘ av Data Vaig }-————
Py, 24V -
Qutput [ X:\2
Figure 5 Timer Output Timing Figure 6 Mode Programming Timing
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Vee

RL = 2.2k

(4.0kQ for E)
Test Point

152074 @

or Equiv.

C=90pF for AS, R/W, Do/A, ~ D-/A,, and AS
=30pF for P3o ~ P34 and Ag/P1o ~ A7 /Py,
=40pF for E

R=12kQ

Figure 7 Bus Timing Test Loads (TTL Load)

Interrupt
Test
-—

E

Internal
Address Bus

Op Code Op Code FFFF SP SP 1 SP 2 SP 3 ;P 4 SP5 SP 6 x'egéov Vector New PC

— L Add
NMI IRQ; —m Address Address + 1 Address Addres}__f’ss
“"{ tpcs
Internal
Data Bus
Op Code Jperand irrelevant pCO - PC8 1X0 IX8 ACCA ACCB CCR ector Vector First inst of
Internal 20 0% Op Code para pc7 PCYS  x7 ixis LS8'®" interrupt Aoutine
Read
Internal / \ I
Write )
Figure 8 Interrupt Sequence
¢ MAN L,
—55V

"

:f?sv

ﬂ_FLJ—LﬂJ'Lﬂ_J‘—L**——m

ped

! ;-vc,,o sv

tRC
Vee "
Vee-05v
TBY -~ = tpcs pCS of
]
RES i 0.8v

a2 T s+ —————C XX (OO

08v

FFFF FFFE FFFF New PC

-

D G

v
Z TS

Figure 9 Reset Timing

® FUNCTIONAL PIN DESCRIPTION

® Vee. Vss

These two pins are used for power supply and GND.
Recommended power supply voltage 1s SV + 10%, 3.to 6V can
be used for low speed operation (100 ~ 500 kHz).

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

mental crystal, AT cut. For instance, in order to obtain the
system clock 1MHz, a 4MHz resonant fundamental crystal 1s
used because the devide-by-4 circuitry is included. An example
of the crystal interface is shown in Fig. 10. EXTAL accepts
an external clock input of duty 45% to 55% to drive. For
external clock, XTAL pin should be open. The crystal and
capacitors should be mounted as close as possible to the pins.

@ HITACHI
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AT Cut Parallel Resonance Crystal
Co = 7 pF max

Rg = 60 Q2 max
XTAL —I—
Cpq = CLg =10~22pF + 20%
[a—) L1 =C2
(32-~8MH2)
EXTAL

JCLQ ;LCLJ

Figure 10 Crystal Interface

® Standby (STBY)

This pin 1s used to place the MPU n the standby mode
If this goes to “Low” level, the oscillation stops, the internal
clock 1s tied to Vgg or Ve and the MPU 1s reset. In order to
retain mnformation in RAM during standby, wnte “0”" into RAM
enable bit (RAME) RAME s bit 6 of the RAM Control Register
at address $0014 This disables the RAM, so the contents of
RAM 1s guaranteed For details of the standby mode, see the
Standby section

® Reset (RES)

This mput 1s used to reset the MPU. RES must be held
“Low” for at least 20ms when the power starts up. It should be
noted that, before clock generator stabilize, the internal state
and I/O ports are uncertain, because MPU can not be reset
without clock. To reset the MPU during system operation, 1t
must be held “Low” for at least 3 system clock cycles From
the third cycle, all address buses become ‘‘high-impedance”
and 1t continues while RES 1s “Low” If RES goes to “High”,
CPU does the following.

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

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

(3) The interrupt mask bit 1s set In order to have the CPU
recogmze the maskable interrupts IRQ, and IRQ,, clear 1t
before those are used

® Enable (E)

This output pin supples system clock. Output is a single-
phase, TTL compatible and 1/4 the crystal oscillation frequen-
cy. It will drive two LS TTL load and 40pF capacitance

® Non Maskable Interrupt (NMI)

When the falling edge of the input signal of this pin 1s re-
cogmzed, NMI sequence starts. The current instruction 1s con-
tinued to complete, even 1f NMI signal 1s detected. Interrupt
mask bit in Condition Code Register has no effect on NMI
detection. In response to NMI interrupt, the information of
Program Counter, Index Register, Accumulators, and Condition
Code Regster are stored on the stack On completion of this
sequence, vectoring address SFFFC and $SFFFD are generated
to load the contents to the program counter. Then the CPU
branch to a non maskable interrupt service routine

® Interrupt Request (IRQ1)

This level sensitive input requests a maskable interrupt
sequence. When TRQ: goes to “Low”, the CPU waits until 1t
completes the current instruction that 1s being executed. Then,
if the mterrupt mask bit in Condition Code Register 1s not set,
CPU begins interrupt sequence, otherwise, interrupt request
1s neglected

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

Table 1 Interrupt Vectoring memory map
Vector Interrupt
Highest il Ls8
Prionity FFFE | FFFF AES
FFEE | FFEF | TRAP
FFFC | FFFD (]
TFFEA | FFFB | Sofware Interrupt (SWIl
FrFe | FFFe | IAG, or 83
FFF6 | FFF7 | ICF (Tumer Input Capture
FFF4 | FFF5 OCF (Tumer Output Compare)
FEF2 | FFF3 TOF (Timer Overfiow)
Lowest FFFO | FFF1 | SCI (RDRF + ORFE + TORE)
Prionity

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

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

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

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

SFFEE, $FFEF

® Read/Write (R/W)

This TTL compatible output signals peripheral and memory
devices whether CPU 1s in Read (“High™), or in Write (“Low™).
The normal stand-by state 1s Read (“High”) Its output will
dnive one TTL load and 90pF capacitance

® Address Strobe (AS)

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

Address Strobe (AS) 1s sent out even if the internal address
1s accessed.

s PORTS

There are two 1/O ports on HD6303R MPU (one 8-bit ports
and one 5-bit port). Each port has an independent write-only
data direction register to program individual I/O pins for
nput or output.®

When the bit of associated Data Direction Register is 17,
1/0 pin 1s programmed for output, if “0”, then programmed for
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an input.
There are two ports: Port 1, Port 2. Addresses of each
port and associated Data Direction Register are shown in

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

port.

Table 2 Port and Data Direction Register Addresses

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

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

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

® /O Port2

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

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

s BUS
® Dy/Ay, ~D,/A,

This TTL compatible three-state buffer can drive one TTL
load and 90 pF capacitance
Non Multiplexed Mode

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

These pins becomes both the data bus (Dy ~ D,) and lower
bits of the address bus (Ao ~ A,) An address strobe output 1s
“High” when the address is on the pins.

® Ag ~Aj

Each Iine 1s TTL compatible and can dnive one TTL load and
90 pF capacitance After reset, these pins become output for
upper order address lines (Ay ~ A5)

® MODE SELECTION

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

Port 2 DATA REGISTER

7 6 s 4 3 2 1 [

o Tvor [ror oo

An example of external hardware used for Mode Selection
1s shown in Figure 11. The HD14053B is used to separate the
peripheral device from the MPU during reset. It is necessary if
the data may conflict between peripheral device and Mode
generation circuit,

No mode can be changed through software because the bits
5, 6, and 7 of Port 2 Data Register are read-only The mode
selection of the HD6303R 1s shown 1n Table 3.

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

$0003 l rC2 I (3] l m] o4

® Multiplexed Mode

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

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

® Non Multiplexed Mode

In this mode, the HD6303R can directly address HMCS6800
peripherals with no address latch. Do/A, ~ D;/A, become a
data bus and Port 1 becomes A, ~ A, address bus.

In this mode, the HD6303R 1s expandable up to 65k bytes
with no address latch.

® Lower Order Address Bus Latch

Because the data bus i1s multiplexed with the lower order
address bus in Do/Ao~ D7/A7 1n the multiplexed mode, address
bits must be latched. It requires the 74LS373 Transparent octal
D-type to latch the LSB. Latch connection of the HD6303R
is shown 1n Figure 15.
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Vee
R 23 3
T R RR
AL HD6303R
o
Y, P,, (PCO)
z, Y P,, (PCY)
Pie \ z P,, (PC2)
Py \f
2 2,
o J 4 Inh HD140538 Note 1) Figure of Multiplexed Mode
cs 9 ’L 2) RC=~Reset Constant
'é'.f’f’"o. 3) R, =10kQ2
Switch
Figure 11 Recommended Circuit for Mode Selection
Truth Table
?VDD
Control Input
InhO- —_— o On Switch
| lect
AO- Level | Bg\arv to 1-0f-2 Inhibit
] ] ecoder with c|8|A| HD140538
B8 O~ Converter Inhib
CO- . nhibit o Jofofo] z,v,|x,
J) o [ojol1] z)v,x,
Vss OVegeg o |o[1]of z|v,[x,
X,O 0 {ofvir] ZJv,ix,
° % }—ox
X, o £3 o [1]olo] z[v,[x,
YO o |r]o|1] z[v,x
° 1233 ) _ o | Yo X4
Y,o gyl _rov o [r1[1]o] z]v]x,
Z,0- &*._} o frir]1] zlv,ix,
2,0 -{éﬁ— ©z 1 LIRIRS
Figure 12 HD14053B Multiplexers/De-Multiplexers
Vee Vee
| —> Enable Nommn |——> Enable
[} J— [n]
_L‘} l«—o0 NMI - | fe—0 NMI
STBY 0—> l«—0 IRQ,
STBY O——> l«<—0 IRQ, AEs
RES 0—»{ HD6303R | 5 p/W voret HD.:?;?)JR oo
ort . ~ 0.
MPU Do/A, ~ D, /A, 8 Address L|nes<\: <:> 8 Data Lines
Port 1 8 Lines Ao ~ A
81/0 Lines Multiplexed ! L R
Data/Address
|—— Address Strobe Port 2 A, A,
Port 2 A ~a s Porate 10 <::"> ——i> 8 Addron
51/0 Lmn< > :: > * ' Lines
sl ?-Address Timer h
Timer ines Vss

7

Vss

Figure 13 HD6303R MPU Multiplexed Mode

Figure 14 HD6303R MPU Non Multiplexed Mode
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GND
AS ‘l
G OC
o, oQf—*)
—
p——————
Function Table
. ~
Du/Aq, ~ Dy /A, 7418373 Address A, ~A,
>
Address/Data Output Enable Output
Contro!
—_— 1ocC) s d a
0,. Qq, L H H H
— L H L L
L L X Q,
H x X z
Dsta 0,~0,

Figure 15 Latch Connection

Table 3 Mode Selection Table 4 Internal Register Area

Operating Mode

Py | Py | P

Multiplexed Mode

L

Non M;Eplexed Mode

H L
L L [ v
L L

L: logic 0"
H: logic “1"

® MEMORY MAP

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

as shown in Table 4.

Register Address
Port 1 Data Direction Register** 00*
Port 2 Data Direction Register*®* 01
Port 1 Data Register 02*
Port 2 Data Register 03
Timer Control and Status Register 08
Counter (High Byte) 09
Counter (Low Byte) 0A
Output Compare Register (High Byte) o8
Output Compare Register (Low Byte) oc
Input Capture Register (High Byte) oD
Input Capture Register (Low Byte) 0E
Rate and Mode Control Register 10
Transmit/Receive Control and Status Register "
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 16-1F

* External address in Non Multiplexed Mode
** 1 =Qutput, 0 = Input

$0000 L internat Regusters
so01¢ I
$0080
} Internat RAM
SOOF F
I External Memory Space
|
SFFFF l
[(NOTE
Excludes the f: 9 which may be
used externaily ; $00, $02.

Muluplexed

$0000

0 TN e ey some
- ////// el AW
SOOF F / /// .

External Memocy Space
SFFFF
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Figure 16 HD6303R Memory Maps

@ HITACHI



HD6303R, HD63A03R, HD63BO3R

= PROGRAMMABLE TIMER

The HD6303R contains 16-bit programmable timer which
may measure input waveform.In addition to that 1t can generate
an output waveform by 1tself. For both input and output wave-
form, the pulse width may vary from a few microseconds to
several seconds
The timer hardware consists of

+ an 8-bit control and status register

+a 16-bit free running counter

+a 16-bit output compare register

+ a 16-bit Input capture register
A block diagram of the timer 1s shown in Figure 17.

< HDB303R Internal Bus >

Ovectiow Detect

Timer 4y o
Conwol[er Jocr [ ror [ v Jeon] o woc [ au]
Status. T
Register

$08

Output Compare Pulse

------- Output Input
Edge

Bl B8O

Port2 Port2

Figure 17 Programmable Timer Block Diagram

® Free Running Counter ($0009: $000A)

The key element in the programmable timer is a 16-bit free
running counter, that is driven by an E (Enable) clock to
increment 1ts values. The counter value will be read out by the
CPU software at any time with no effects on the counter.
Reset will clear the counter.

When the MSB of this counter 1s read, the LSB 1s stored
in temporary latch, The data 1s fetched from this latch by the
subsequent read of LSB. Thus consistent double byte data can
be read from the counter.

When the CPU writes arbitrary data to the MSB (809), the
value of $FFF8 is being pre-set to the counter ($09, $0A)
regardless of the write data value. Then the CPU writes arbi-
trary data to the LSB (80A), the data 1s set to the “Low” byte
of the counter, at the same time, the data preceedingly written
in the MSB ($09) is set to “High” byte of the counter.

When the data 1s written to this counter, a double byte
store instruction (ex. STD) must be used. If only the MSB of
counter is written, the counter 1s set to $FFF8,

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

To write to the counter can disturb serial operations, so 1t
should be inhibited during using the SCI. If extemal clock
mode is used for SCI, this will not disturb serial operations.

Counter

(SAF 3 written to the counter)

Figure 18 Counter Write Timing

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

This 1s a 16-bit read/write register which 1s used to control an
output waveform The contents of this register are constantly
being compared with current value of the free running counter,

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

The output compare register 1s set to SFFFF durnng reset.

The compare function is inhibited at the cycle of wrnting to
the high byte of the output compare register and at the cycle
just after that to ensure valid compare. It is also inhibited 1n
same manner at writing to the free running counter.

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

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

The input capture register 1s a 16-bit read-only register used
to hold the current value of free running counter captured when
the proper transition of an external input signal occurs.

The input transition change required to trigger the counter
transfer 1s controlled by the input edge bit (IEDG).

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

To 1nsure mput capture 1n all cases, the width of an input
pulse requires at least 2 Enable cycles.

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

Timer Control / Status Register

7 6 S 4 3 2 1 0
tc‘l OCF I TOFI ElCIIEOCI] (TOIIIEDG—IBUIL $0008

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

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

Bit 2 ETO! (Enable Timer Overflow Interrupt); When set,
this bit enables TOF interrupt to generate the
interrupt request (IRQz). When cleared, the inter-
rupt 1s inhibited.

Bit 3 EOCI (Enable Output Compare Interrupt); When set,
this bit enables OCF interrupt to generate the
interrupt request (IRQ2). When cleared, the inter-
rupt is inhibited.

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

Bit 5 TOF (Timer Over Flow Flag); This read-only bit 1s set
at the transition of $FFFF to $0000 of the
counter. It 1s cleared by CPU read of TCSR (with
TOF set) followed by a CPU read of the counter
($0009).

Bit 6 OCF (Output Compare Flag); This read-only bit is set
when a match 1s found in the value between the
output compare register and the counter. It 1s
cleared by a read of TCSR (with OCF set) fol-
lowed by a CPU write to the output compare re-
gister ($000B or $000C).

Bit 7 ICF (Input Capture Flag); The read-only bit is set by a
proper transition on the input, and 1s cleared by
a read of TCSR (with ICF set) followed by a
CPU read of Input Capture Register ($000D).

Reset will clear each bit of Timer Control and Status

Register.

® SERIAL COMMUNICATION INTERFACE

The HD6303R contamns a full-duplex asynchronous Serial
Communication Interface (SCI). SCI may select the several
kinds of the data rate It consists of a transmitter and a recewver
which operate independently but with the same data format
and the same data rate. Both of transmitter and receiver com-
municate with the CPU via the data bus and with the outside
world through Port 2 bit 2, 3 and 4 Description of hardware,
software and register 1s as follows.

® Wake-Up Feature

In typical multiprocessor applications the software protocol
will usually have the designated address at the initial byte of the
message. The purpose of Wake-Up feature 1s to have the non-
selected MPU neglect the remainder of the message. Thus
the non-selected MPU can inhibit the all further interrupt
process until the next message begins

Wake-Up feature is re-enabled by a ten consecutive “1”’s
which indicates an 1dle transmit hine Therefore software pro-
tocol must put an idle period between the messages and must
prevent it within the message

With this hardware feature, the non-selected MPU is re-
enabled (or “waked-up”) by the next message.

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

® Serial Communication Hardware

The serial communications hardware 1s controlled by 4
registers as shown in Figure 19. The registers include:

- an 8-bit control/status register

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

«an 8-bit read-only receive data register

«an 8-bit write-only transmit data register

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

® Transmit/Receive Control Status Register (TRCSR)
TRCS Register consists of 8 bits which all may be read while

only bits 0 to 4 may be written. The register 1s initialized to $20
on RES. The buts of the TRCS Register are explained below.

Transmit / Receive Control Status Register

7 6 5 4 3 2 1 (]
[NDRFTO&‘EITDRSJ RIE IRE l TIE l TE I WU]ADDN
$0011

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

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

Bit 2 TIE (Transmit Interrupt Enable); When this bit is set,
TDRE (bit S) causes an TRQz interrupt. When
cleared, TDRE interrupt 1s masked.

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

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

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

Bit 6 ORFE (Over Run Framing Error); When overrun or by RES.
framing error occurs (receive only), this bit is set Bit 7 RDRF (Receive Data Register Full); This bit 1s set by
by hardware. Over Run Error occurs if the attempt hardware when the data is transferred from the
is made to transfer the new byte to the receive receive shift register to the recewve data register.
data register while the RDRF 1s “1”, Framing It 1s cleared by reading the status register followed
Error occurs when the bit counter is not synchro- by reading the receive data register, or by RES.
nized with the boundary of the byte in the re-

87 Rate and Mode Cantrol Register 81t 0

| oo oo

Transmit/Receive Control and Status Register

[ o drond e | e [ e | v [

Receive Data Register

Por1 2

(Not Addressablel

Receive Shift Register

Clock 0 Bit Rate
5}‘ Generator nE—
l (No! Addressable)

[ Transmit Shift Register —]
' LIIJ*JIUN

Transmit Data Register

Figure 19 Serial 1/0O Register

7 6 5 4 3 2 1 0
[xl X l X l X lCCllCCO]SSI]SSOJADDR $0010

Transter Rate / Mode Control Register

Table 5 SCI Bit Times and Transfer Rates

XTAL 24576 MHz 40 MH:z 49152MH;
SS1  SSO E 614 4 kHz 10 MHz 1 2288MH;
0 [} E-16 26 us/38,400 Baud 16 ps/62,500 Baud 13 .s/76.800Baud
0 1 E-128 208,s5/4.800 Baud 128 us/7812.5 Baud 104 2,5/ 9.600Baud
1 0 € -1024 1 67ms/600 Baud 1 024ms/976.6 Baud 833 3us/ 1.2008aud
1 1 E - 4096 6 67ms/150 Baud 4 096ms/244 1 Baud 3333ms/  300Baud
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Table 6 SCI Format and Clock Source Control

cc1 cco Format |  Clock Source Port 2 811 2 Port 2Bt 3 Port 281t 4
0 0 - - - - -
0 NRZ Internal Not Used *** .. ..
1 0 NR2Z Internal Output® .. ..
1 1 NRZ External Input A b
* Clock output is available regardless of values for bits RE and TE
** Bit 315 used for serial input if RE = "1 in TRCS
Bit 4 15 used for serial output if TE = 1" i1n TRCS
*** This pin can be used as |/0 port
® Transfer Rate/Mode Control Register (RMCR) register - When set, the output of the transmit shift register

The register controls the following serial 1O tunctions
- Bauds rate +data format « clock source
*Port 2 bit 2 feature
It 1s 4-bit write-only regster, cleared by RES. The 4 buts are
considered as a pair of 2-bit fields The lower 2 bits control the
bit rate of internal clock while the upper 2 bits control the
format and the clock select Jogic
Bit 0 SSO
Bit 1 SS1
These bits select the Baud rate for the internal clock The
rates selectable are function of E clock frequency of the CPU.
Table S lists the avallable Baud Rates
g::zzc(jccol } Clock Control/Format Select
They control the data format and the clock select logic
Table 6 defines the bit field

} Speed Select

® Internally Generated Clock

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

+CCl1, CCO must be set to “10”

» The maximum clock rate must be E/16.

* The clock rate 1s equal to the bit rate

+ The values of RE and TE have no effect

® Externally Generated Clock
If the user wish to supply an external clock to the Serial
1/0, the following requirements should be noted
*The CC1, CCO must be set to 117" (See Table 6).
+The external clock must be set to 8 tumes of the desired
baud rate
+ The maximum external clock frequency 1s E/2 clock

® Senal Operations
The senal 1/O hardware must be initialized by the software
before operation The sequence will be normally as follows
*Wiiting the desired operation control bits of the Rate and
Mode Control Register
*Wnting the desired operation control bits of the TRCS
register
If Port 2 bit 3, 4 are used for senal 1/O, TE. RE bits may be
kept set When TE, RE bit are cleared duning SCI operation,
and subsequently set again, it should be noted that TE. RE
must be kept “0"" for at least one bit time of the current baud
rate If TE, RE are set again within one bit time, there may be
the case where the mitiahzing of internal function for trans-
mitter and recewver does not take place correctly

® Transmit Operation
Data transmission 1s enabled by the TE bit in the TRCS

15 connected with Port 2 bit 4 which 1s unconditionally con-
figured as an output

After RES, the user should initialize both the RMC register
and the TRCS register for desired operation Setting the TE bit
causes a transmission of ten-bit preamble of “17s Following the
preamble, internal synchronization is established and the trans-
mutter 1s 1eady to operate Then either of the following states
exists

(1) If the transmit data 1egister 1s empty (TDRE = 1), the

consecutive “1"s are transmitted ndicating an idle
states

(2) If the data has been loaded into the Transmit Data

Register (TDRE = 0), 1t 1s transferred to the output
shift register and data transnussion begins,

During the data transfer, the start bit (*0™) 1s first trans-
ferred Next the 8-bit data (beginning at bit 0) and finally the
stop bit (1) When the contents of the Transmut Data Register
15 transferred to the output shift register, the hardware sets the
TDRE flag bit If the CPU fails to respond to the flag within
the proper time, TDRE 1s kept set and then a continuous string
of I’s1s sent until the data 1s supphied to the data register

® Receive Operation

The recewve operation 1s enabled by the RE bit The senal
mnput 1s connected with Port 2 bit 3. The recewver operation
1s determined by the contents of the TRCS and RMC register
The receved bit stream 1s synchromzed by the first “0™ (start
bit) Dunng 10-bit time, the data 1s strobed approximately at
the center of each bit If the tenth bit 1s not 1" (stop but),
the system assumes a framing error and the ORFE 1s set

If the tenth bit 1s ““1™| the data 15 transferred to the receive
data register, and the RDRF flag 1s set. If the tenth bit of the
next data 1s recerved and stull RDRF 15 preserved set, then
ORFE 15 set indicating that an overrun error has occurred

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

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

RAM Control Register
7 (] 5 4 3 2

1 2]
Bit 0 Not used.

Bit 1 Not used.
Bit 2 Not used.
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Bit 3 Not used.
Bit 4 Not used.
Bit5 Not used.
Bit 6 RAM Enable (RAME).

Using this control bit, the user can disable the RAM RAM
Enable bit 15 set on the positive edge of RES and RAM is
enabled. The program can wrnte “1 or 0" If RAME 1s
cleared. the RAM address becomes external address and the
CPU may read the data from the outside memory.

Bit 7 Standby Power Bit (STBY PWR)

This bit can be read or wntten by the user program. It is
cleared when the V(‘C voltage 1s removed. Normally this bit
15 set by the program before going mto stand-by mode When
the CPU recovers from stand-by mode, this bit should be
checked I 1t s 17, the data of the RAM is retamed during
stand-by and 1t 1s vahd.

® GENERAL DESCRIPTION OF INSTRUCTION SET

The HD6303R has an upward object code compatible with
the HDO6801 to utilize all mstruction sets of the HMCS6800
The execution time of the key instiuction 1s reduced to increase
the system through-put In addition, the bit operation mstiuc-
tion, the exchange mstruction between the mdex and the
accumulator, the sleep instruction aie added. This section
describes

*CPU programming model (See Fig. 20)

- Addressing modes

* Accumulator and memory manipulation instructions (See

Table 7)

*New instructions

*Index register and stack mampulation nstructions (See

Table 8)

* Jump and branch instructions (See Table 9)

+Condition code register manipulation instructions (See

Table 10)

* Op-code map (See Table 11)

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

® CPU Programming Model

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

7 [}
’ A N s %) s Accumustons aanas
"""" ° o] ©r 16 Bit Double Accumulator D

Fs X ﬂ Index Register (X]
[s s» 0] Stack Pounter (sP)
[ PC 0] Program Counter (PC!

2 [

I! 1m IIN Z(v CI Condition Code Register (CCR!
1 Carry/Borrow from MSB.
Overtiow
Zero

b Negative
interrupt
== Half Carry (From 8:1 3/

Figure 20 CPU Programming Model

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

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

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

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

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

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

In this mode, the contents of the second byte 1s added to the
lower 8 bits in the Index Register. For each of AIM, OIM, EIM
and TIM instructions, the contents of the third byte are added
to the lower 8 bits 1n the Index Register. In addition, the result-
ing “carry” is added to the upper 8 bits in the Index Register.
The result 15 used for addressing memory. Because the modified
address is held in the Temporary Address Register, there is no
change to the Index Register. These are two-byte instructions
but AIM, OIM, EIM, TIM have three-byte.
Implied Addressing

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

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

Condition Code
Addressing Modes
Register
[o] Boolean/

IMMED | DIRECT | INDEX |[EXTEND | IMPLIED Ar P sfa[3]2]1]0

opP|~|#|OP|~ |#|OP|~|#|OP|~|#|OP|~|# Hl1[N|Z|V]C

Add ADDA |88 [2[2/98]3 [2]AB[4[2[BB[4 |3 A+ M= A tleft]s]s]s
ADDB [cB |22 |oB|[3]2[€B|4|2|FB [4]3 B+M—B tfes[eTs]s

Add Double ADDD €3 (3|3 |D3|4 (2|E3]|5]2|F3|5|3 A B+M M+1-A 8 (eleftfs]sie
Add Accumulators ABA 1B{1[1|]A+B~A tjeltjt]t|s
Add With Carry ADCA |89 [2]2/99 |3 (2 |A9)4]2]B9 |43 A+M+C~A tlefstft]e
ADCB C9|2]|2|D9|3|2|E9 4|2 |F9 |43 B+M+C—~B tlefsltis]s

AND ANDA 184 (2 /294 |3 |2|A4]4[2 B4 (43 A-M—=A ejlefift[r]e
ANDB [Ca [2|2!Da[3 [2[E4 |4 |2 [Fa |4 |3 8-M—8 eleftit|R]e

Bit Test BITA 85 [2/2 95 [3[2]a5]4 (2 [B5 |43 A-M eleft|t[R]e
8ITB c5 (2|2 !D5|3 |2 E5|4 |2 [F5 43 8-M eleft|tiR]e

Clear CLR 6F |52 [7F (53 00~ M ele[r[sIR]R
CLRA aF [1][1]o0~A oo [R][S|R[R

CLRB sF|1]1]|o0~8 eleR|S|R|R

Compare CMPA |81 [2]2 /91 |3 |2 A1]|4]2 B1 A-M efeft |ttt
CMPB ci|2|2(|o1|3|2]er]af2|F1 (a3 8-M efefs{sfs]s

Compare ors cea 1mi1]1]|a-8 olelt|t]s]s
Complement, 1's COoM 63 [6{2 {73 |63 M-M eleftlt|R]|S
COMA a1 |1|A-A e|e[t|t|R[S

COMB s3[1[1|8 ~8 efeftlt[RS

Complement, 2's NEG 60 (62 (70 |63 00-M~M eleftiti™D
(Negate) NEGA 40 {1 {1 ]00-A—~A elelt|t WD
NEGB 50 |1]1]|00-B—~B eleitlt W3

Decmal Adwst. A | DAA 19 2|1 Gt e aos rermar |* 1 1] |7 ]2
Decrement DEC 6A |62 |7A (6|3 M-1-M ele(tlt|@]|e
DECA 4A (1 (1 {A-1—-A ool @]

DECB sal1[1{B-1-8 eleft|t]|@]e

Exclusive OR EORA 88 |2 {2({98 |3 12|A8|4 2 |B8 |43 A@M-A ele|t|t[R|e
EORB cs [2/2/p8]3 [2]es |4 [2 |F8 [4]3 8@M- 8 ele st |R]e

Increment INC 6C |6 (2 (7C |63 M+1 =M ool ®|e
INCA acl1f1[as1-a elelt]|1[|®]e

INCB scl1|1[B+1~8 efe 3]t [B®]e

Load LDAA |86 |22 (96 |3 |2 |A6[4 |2 |86 |43 M~ A elet[s]|R]e
Accumulator LpAB  |c6 |2 |2 |D6 |3 [2 [€6 |4 2 [F6 (4 [3 M-8 ofeft]t]r]e
Loed Doube LoD cc|3|3|oc|s |2 |ec|s|2 |Fc|s |3 M+1-8M=A eleft|t|rle
Multiply Unsigned MUL 3Dj7|1|AxB—~-A B e (o |eleie @
OR, Inclusive ORAA |8A|2|2|9a|3|2|AA|4|2]BA |43 A+M=~A ele[t[t[R[e
ORAB |CA|2|2 [DA[3 [2[EA[4a[2[FA[4a]3 B+M—- B ele(t|T|R[e

Push Deta PSHA 36 (4|1 [A—~Msp, SP-1-SP e |efefelele
PSHB 37 [4[1]B~Msp, SP-1-5SP elelolo]e]e

Pull Deta PULA 32[3[1|SP+1—~+SP Mp— A ele|ojo]ele
PULB 33(3[1|SP+1—~SP, Msp +B elejelo|e]e

Rotate Left ROL 69 [6(2(79 {63 " CRECRERRRIONES
ROLA a9 1] A}@ ele[t[t[@2

ROLB 59 [1]1]® » OHBOE

Rotate Right ROR 66 [6(/2[76 |63 ~ eleit|ti@®@|?
RORB s6|[1]1]°® DB BRE
Note) Condition Code Register will be explained in Note of Table 10 (to be continued)
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Table 7 Accumulator, Memory Manipulation Instructions

Addressing Modes Oon:u:;o':"smo

Oparations Mnemonic | \MMED | DIRECT | INDEX [EXTEND | IMPLIED |  ,, _’“";’:’_ 5[a]3[2]1]0
op|~|wlop|~|w|op|~|u|op|~|s{oP|~|# Hii|njz|v]e

Shift Left ASL 68 |6(2]78 |63 ole|t|t|®
Arithmetic ASLA 48 |1 |1 :lQ.ﬂj.:—ﬁ—:I]I).—o CRCRES ’1@)’_8_
ASLS 58 (118 ® © o eTe [t [t Ot

E:'l:?‘:us:xr\mc AsLD 05 |11 L e o|efelt]|s $
Shift Aight ASR 6762717 |63 " . ole s [s Ot
Arthmetic FErYy rYRERE A}L—c‘pm@ BODRAE
ASRB s [7]* " * BODBRCOE
Shift Right LsR 64 6274 63 " . o e [R[1[®]1
Logical LSRA KK A}O‘CE[IIIED‘Q BO0BO
LSR8 sej1]1]% * ole RIS O?
[—

s | wo o[ | [ p |- ] e
Store STAA 97 |3 [2|A7]4 287 (4|3 A-M elelt[t|R]e
Accumulator STAB D7 (3 [2|€7 |4 |2 [F7 |43 B-M o [e i [ [R]e
o sTO oo|a |2 |eo|s |2 |Fos |3 fm eleft{s(r]e
Subtract susa |80 |2]2]90 [3[2]a0la{2]s0]a]3 A-M-A oloft{s[t]t
suse__ | C0 |22 (003 [2]€0 |4 |2 |F0 43 B-M-8 o e [t 1 1 2

Double Subtract SUBD |83 |33 93 |4 |2 |A3[5 |2 [B3 (53 A B-M M+1-A B [elefs|t]t]t
Subtract o SBA R ofoftfs]s|s
Subtract SBCA 82 |2]|292 |3 |2|A2|4|2|B2 |4 |3 A-M-C—A LECRERERERE]
With Carry s8CB__ |C2 (2|2 [D23 |2 [€2]|4 (2 |F2 |43 B-M-C-8 sl B3 1
“Transter TaB 16 [1]1 A8 o [s [t [t |R]e
Accumulators TBA 2111 ]8~A ele|t|t|R]e
Test Zero or TST 6D|4 ({27043 M - 00 e fe 3|3 |RIR
Minug TSTA 40 |1 |1 ]A-00 el st |R|R
TsT8 501 |1 |8 - 00 els [t [T |R[R

And Immediate AM 71]6[3]61]7]3 M IMM M ole [t |1 [R]e
OR Immediate oM 72| 6|3]/62{7|3 M+IMM—-M ele|l[!|R|e
EOR Immediate EIm 75| 6|3|65[7|3 MDIMM -M elefi|1|R]e
Test Immediate ™ 78|4(3{6B|5|3 M IMM ole|l|tR|e

Note) Condition Code Register will be explained in Note of Table 10
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® New Instructions
In addition to the HD6801 Instruction Set, the HD6303R
has the following new instructions:
AIM----(M) - (IMM) > (M)
Evaluates the AND of the immediate data and the
memory, places the result in the memory.
OIM---- (M) + (IMM) > (M)
Evaluates the OR of the immediate data and the
memory, places the result in the memory.
EIM---- (M) ® (IMM) > (M)
Evaluates the EOR of the immediate data and the
memory, places the result in the memory.

TIM----(M) - (IMM)
Evaluates the AND of the immediate data and the
memory, changes the flag of associated condition code
register

Each instruction has three bytes; the first is op-code, the

second is immediate data, the third is address modifier.

XGDX--(ACCD) « (IX)
Exchanges the contents of accumulator and the index
register,

SLP----The MPU is brought to the sleep mode. For sleep
mode, see the “sleep mode’ section.

Table 8 Index Register, Stack Manipulation Instructions

Addressing Modes N Co'\gu.t::;'?oao

Pointer Operations | Mnemonic [1mmep | DIRECT | INDEX | EXTEND |[IMPLIED | Anthmeuc Operaton |54 13]2]1]0
OP |~ |#|OP|~i#|[OP|~|#|OP|~|#|OP|~|# HIIIN[Z]VIC

Compare Index Reg CPX 8C|3|3|9C |42 |AC|5|2(BC|5]|3 X-MM+1 ejof ittt
Decrement Index Reg DEX 09 |11 [X-1-+X olefeitlefe
Decrement Stack Pntr DES 34 (1 [1|SP-1~5SP olojelejele
Increment Index Reg INX 08 1 {1 (X+1-X o|ofeitiele
Increment Stack Pntr INS 31 {1 |1 |SP+1+8P ejojejeje]e
Load Index Reg LOX CE|{3[{3|DE|4|2 (EE[S|2|FE|5|3 M= Xy, (M+1) = X elel@®|t|R|e
Load Stack Pntr LDS BE |33 |9E |42 |AE|5 ]2 |BE |53 M~ SPy (M+1)~SP_ |ele @IS |Rje
Store Index Reg STX OF |4 |2 |[EF |5 |2 |FF |53 Xpy =M, X~ (M+1) el D[t |R|e
Store Stack Pntr STS 9F |4 |2 |AF |52 |BF |53 SPy =M, SP = (M+1) [efe DIt R e
Index Reg ~ Stack Pntr| TXS 311 [X-1-8P olefelejele
Steck Pntr — Index Reg| TSX 30 |1 (1 (SP+1—-X ojefolejole
Add ABX A1 |1 [B+X—~X ojejejeio]e
Push Data PSHX 3C |5 |1 |X ~*My,SP-1-SP [e]e]ee|oe

Xp— Mg, SP - 1+ SP
Pull Dats PULX 38 |4 (1 |SP+1+SP. Mz~ Xy [e]e]e(e]e]e
SP+ 1 SP, Mg~ X
Exchange XGDX 18 |2 |1 |[ACCD-IX oj(ojejeioje

Note) Condition Code Register will be explained in Note of Table 10.
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Table 9 Jump, Branch Instruction

Addressing Modes Condition Code
Register

Operations Mnemonic ae  ATIVE | DIRECT | INDEX |EXTEND |IMPLIED Branch Text s[a][3]2]1]o
OP| ~ # |OP|~|# |OP|~ | #|OP |~ |#|OP|~|# HIIINJZ{V]|C
Branch Always BRA 2032 4o None olojeolojoije
Branch Never BRN 21)3/2 Ll None olojofo]o|e
Branch If Carry Clesr BCC ?f 3|2 1 | | . 11 7 ‘_c_-o ojlojojejole
Branch if Cerry Set 8Cs 25|32 4] C=1 efefefe(eo(e
Branch If = Zero BEQ 27132 Z=1 D000
Branch If > Zero BGE 2C{3|2 TTT T NOV=0 ojejeololele
Branch If > Zero 8GT 2€ |32 11 ] T [ZeN@®WvI-0 clefelelele
Branch If Higher B8HI 22132 C+Z=0 elelelele]e
Branch If < Zero BLE 2: 3 L T -—Z +INO® \-/) -1 ojle|ejofe]e
Spanch If Lower Or 8Ls (32 cez-1 ofofofofo]e
Branch It < Zero e 2032 T T N@®V=1 oflejeojejofe
Branch If Minus BMI 28|32 N=1 o|ejefeo]oe
Sranch If Not Equal | gng 26|32 z-0 olefofole]e
Sranch If Overtlow Bve 2|32 veo olofefo]efe
Branch if Overflow Set| BVS 29312 V=1 olejefofo]e
Branch If Plus B8PL 2A|3 ]2 N=0 ojelejofo]|e
Branch To Subroutine BSR 80(5|2 o|ej|efolo]e
Jump JMP E[3[2E (3 |3 olefeefe]e
Jump To Subroutine JSR 9D |5 |2 |AD|5 |2 [BD |6 |3 ejejo|ofo]e
No Operstion NOP 01 |11 ;;lvmen Prog Cotr (45 1g 0 [0 [ |
Return From Interrupt| RTI 38 (10]1 —_—® —
g’::;:::m RTS 39 |5 |1 ole (e ]ofefe
Software Interrupt SWi 3F 121 S|e |o e e
Wart for Interrupt® WAI 3E |9 |1 o |@|e |o (o]
SLP 1Al4]1 D00

Note) *WAI puts R/W high, Address Bus goes to FFFF; Data Bus goes to the three state

Condition Code Register will be explained in Note of Table 10
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Table 10 Condition Code Register Manipulation Instructions

A Condition Code Register

Operations Mnemonic IMPLIED Boolean Operation S|4 [3]211]0

OP | ~ | » H I |N]J2Z |V |C

Ciear Carry cLC oc |1 1 0-C ele e e e R
Clear Interrupt Mask cul 0E [ 1 (1 0~ e(R|{ej[e e o
Clear Overfiow CcLv 0A [ 1 {1 0~V e|ele|e R |e
Set Corry SEC 00 1 1 1-C EEEEREEENE]
Sat Interrupt Mask SE! OF 1 1 11 e[S |eje (e e
Set Overflow SEV 08 1 1 1=V e|{e e je|S e
Accumulstor A - CCR TAP 06 [ 1 |1 A~ CCR — Q® —
CCR ~ Accumulator A TPA o7 |1 1] CCR -~ A elefe]e]e]e

[NOTE 1] Condition Code Register Notes (Bit set if test is true and cleared otherwise)

68

(1) (BitV) Test Result = 100000007

@ (BitC)  Test Result X 000000007

@ (81C) Test BCD Character of high-order byte greater than 9 ? (Not cleared if previously set)

@ (B1tV) Test Operand = 10000000 prior to execution?

® (BitV) Test Operand = 01111111 prior to execution?

® (BitV) Test Setequal to NeC=1 after the execution of instructions

@ (BitN)  Test Result less than zero? (Bit 15=1)

@ (Al Bit)  Load Condition Code Register from Stack

O] (Bit 1) Set when interrupt occurs |If previously set, a Non-Maskable Interrupt is required to exit the wait
state

@ (Al Bit) Set according to the contents of Accumulator A

@ (BitC)  Result of Multiphcation Bit 7=1 of ACCB?

[NOTE 2] CL! instruction and interrupt I
If interrupt mask-bit 1s set (1=""1"") and interrupt s requested (IRQ, = 0" or RQ; ="“0"),
and then CLI instruction is executed, the CPU responds as follows
The next instruction of CLI 1s one-machine cycle instruction
Subsequent two instructions are executed before the interrupt 1s responded.
That is, the next and the next of the next instruction are executed.
The next instruction of CLI 1s two-machine cycle (or more) instruction.
Only the next instruction is executed and then the CPU jump to the interrupt routine
Even if TAP instruction 1s used, instead of CLI, the same thing occurs.
Table 11 OP-Code Map
op ACC | AcC wo | BT ACCA or SP ACCB or X
CODE A | B DR [ IMM ] OR ] IND ] EXT [ IMM [ DIR | IND | EXT
T +
| 0000 [ 0001 | 0010 [ oot [ oro0 | otor [ orso | orri [ 1000 | toor | 1010 | 1011 | 1100 | 1101 | 110 | 1
Lo o | 2 |3 « s 6 | 1 8 | 9 A 8 | ¢ o | € F
0000 | 0 SBA | BRA | TSX NEG SuB 0
0001 | 1 | NOP | CBA | BRN | INS AIM I CcmP 1
0010 2 OIM 1 SBC 2
CIRE L SUBD | ADDD 3
0100 | 4 | LSRD L 1 AND B ‘
0101 | 5 | ASLD BCS [TXs | __—— | &M T BIT 5
0110] 6 [ TAP [TAB [BNE | PSHA | LDA [
0111 [ 7 [TPA_ [TBA |BEQ | PSHB | 1 STA 7
1000 8 | INX_ [ XGDX|BVC | PULX EOR ]
1001 [ 9 [DEX | DAA [BVS |RTS ADC []
1010 [ A [CLV [SLP ‘Len [ aBx ORA A
1011 | B | SEV | ABA | BMI RTI ADD B8
1100 | C | CLC | BGE | PSHX LDD [
1101 | O [ SEC [BLT [ muL STD ]
1110 € | CLI BGT | WAI LDX E
11| F | SEI BLE | SWI CLR | STS | STX F
0 1 2 3 [ 4« [ s T« 7 18| s [ A8 c | o0]€]F
UNDEFINED OP CODE =
* Only for instructions of AIM, OIM, EIM, TIM
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©® Instruction Execution Cycles

In the HMCS6800 series, the execution cycle of each instruc-
tion 1s the number of cycles between the start of the current
instruction fetch and just before the start of the subsequent

instruction fetch.

The HD6303R uses a mechamism of the pipeline control

Therefore, the method to count instruction cycles used in

the HMCS6800 series cannot be applied to the instruction
cycles such as MULT, PULL, DAA and XGDX in the HD6303R.
Table 12 provides the information about the relationship

among each data on the Address Bus, Data Bus, and R/W status

for the instruction fetch and the subsequent instruction fetch
is performed during the current instruction being executed.

Table 12 Cycle-by-Cycle Operation

in cycle-by-cycle basis during the execution of each instruction.

Address Mode &

T

FFFF
Address of Operand

Restart Address (LSB)
New Operand Data

Instructions | Cycles CV;"’ i Address Bus J R/'W 1 Data Bus
IMMEDIATE
ADC ADD 1 Op Code Address+1 Operand Data
AND BIT 2 Op Code Address+2 Next Op Code
Cmp EOR 2
LDA ORA
SBC sus
ADDD CPX 1 |1 7 Op Code Address+1 771 7] "Operand Data (MSB)
LDD LDS 3 2 Op Code Address+2 1 Operand Data (LSB)
LDX  suBD | 3 Op Code Address+3 1| Next Op Code
DIRECT
ADC ADD 1 Op Code Address+ 1 1 Address of Operand (LSB)
AND BIT 2 Address of Operand 1 Operand Data
CmpP EOR 3 3 Op Code Address+2 1 Next Op Code
LDA ORA
SBC sus !
STATT T 77177 T 71 | Op Code Address+1 | 1| Destination Address
| 3 2 Destination Address (0] Accumulator Data
| 3 Op Code Address+2 1 Next Op Code R
ABDD cPx~ T "~ 1 | Op Code Address+1 1] ‘Address of Operand (LSB)
LDD LDS 4 2 Address of Operand 1 Operand Data (MSB)
LDX SuUBD 3 Address of Operand+1 1 Operand Data (LSB)
4 Op Code Address+2 1 Next Op Code
STD §TS | il Op Code Address+ 1 1 Destination Address (LSB)
STX a 2 Destination Address (o] Register Data (MSB)
3 Destination Address+ 1 [o] Register Data (LSB)
4 Op Code Address+2 1 Next Op Code
JSR - "1 | Op Code Address+1 1 Jump Address (LSB)
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer (o] Return Address (LSB)
4 Stack Pointer—1 0o Return Address (MSB)
5 Jump Address 1 First Subroutine Op Code
TIM " Op Code Address+1 | 1~ Immediate Data
4 2 Op Code Address+2 1 Address of Operand (LSB)
3 Address of Operand 1 Operand Data
4 Op Code Address+3 1 Next Op Code
TAIM T EIM 1 Op Code Address+ 1 1 Immediate Data
oM 2 Op Code Address+2 1 Address of Operand (LSB)
6 3 Address of Operand 1 Operand Data
a4 1
5 0
6 1

Op Code Address+3

' Next Op Code
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Table 12 Cycle-by-Cycle Operation (Continued)

Op Code Address+3

Ad&zﬁzc':g:: & Cycles [Cy;le 1 Address Bus J‘ R/W ? Data Bus
INDEXED
JMP 1 Op Code Address +1 1 Offset
3 2 FFFF 1 Restart Address (LSB)
3 Jump Address 1 First Op Code of Jump Routine
“ADC ADD "1 | Op Code Address+1 1 | Offset
AND BIT 2 FFFF 1 Restart Address (LSB)
CMP EOR a 3 IX + Offset 1 Operand Data
LDA ORA 4 Op Code Address+2 1 Next Op Code
SBC suB
TST
CSTAT 1 | Op Code Address+1 1 Offset
4 2 FFFF 1 Restart Address (LSB)
3 IX + Offset [o] Accumulator Data
4 Op Code Address+2 1 Next Op Code
" ADDD 1 | Op Code Address+1 1 Offset
CPX LDD 2 FFFF 1 Restart Address (LSB)
LDS LDX 5 3 IX + Offset 1 Operand Data (MSB)
SUBD 4 IX+ Offset+1 1 Operand Data (LSB)
B 5 Op Code Address+2 1 Next Op Code
~8TD  STS 1 Op Code Address+ 1 1 | Offset
STX 2 FFFF 1 Restart Address (LSB)
5 3 IX + Offset 0 Register Data (MSB)
4 IX+ Offset+ 1 0 Register Data (LSB)
) 5 Op Code Address+2 1 Next Op Code
“JSR 1 Op Code Address+ 1 |71 | Offset
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer—1 (o] Return Address (MSB)
5 IX+Offset 1 First Subroutine Op Code
ASL ASR 1 Op Code Address+ 1 1 Offset
COM DEC 2 FFFF 1 Restart Address (LSB)
INC LSR 6 3 IX+Offset 1 Operand Data
NEG ROL 4 FFFF 1 Restart Address (LSB)
ROR 5 IX+Offset 0 New Operand Data
6 Op Code Address+ 2 1 Next Op Code
TIM 1 Op Code Address+1 1 Immediate Data
2 Op Code Address+2 1 Offset
5 3 FFFF 1 Restart Address (LSB)
4 1X + Offset 1 Operand Data
5 Op Code Address+3 1 Next Op Code
CLR 1 Op Code Address+ 1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 IX +Offset 1 Operand Data
4 I1X + Offset 0 00
5 Op Code Address+2 1 Next Op Code
AIM EIM 1 Op Code Address+1 1 Immediate Data
oM 2 Op Code Address+2 1 Offset
3 FFFF 1 Restart Address (LSB)
7 4 IX+ Offset | Operand Data
5 FFFF (| Restart Address (LSB)
6 1X + Offset 0 New Operand Data
7 1

Next Op Code
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Table 12 Cycle-by-Cycle Operation (Continued)

Address Mode &
Instructions

Address Bus

Cycle
Cyc|esT ~ L

lRW

Data Bus

EXTEND
JMP 1 Op Code Address+1 1 Jump Address (MSB)
3 2 Op Code Address+2 1 Jump Address (LSB)
3 Jump Address 1 Next Op Code
‘ADC ADD TST 1 Op Code Address+ 1 77 T Address of Operand (MSB)
AND BIT a 2 Op Code Address+2 1 Address of Operand (LSB)
CMP EOR 3 Address of Operand 1 Operand Data
LDA ORA 4 Op Code Address+3 1 Next Op Code
sec_sus | 4. o
STA 1 Op Code Address+1 1 Destination Address (MSB)
a 2 Op Code Address+2 1 Destination Address {LSB)
3 Destination Address 0 Accumulator Data
4 Op Code Address+3 1 Next Op Code
ADDD 1 Op Code Address+ 1 1 Address of Operand (MSB)
CPX LDD 2 Op Code Address+2 1 Address of Operand (LSB)
LDS LDX 5 3 Address of Operand 1 Operand Data (MSB)
SuUBD 4 Address of Operand +1 1 Operand Data (LSB)
5 Op Code Address+3 1 Next Op Code
STD STS 1T "'Op Code Address+ 1 T Destination Address (MSB)
STX 2 Op Code Address+2 1 Destination Address (LSB)
5 3 Destination Address 0 Register Data (MSB)
4 Destination Address +1 0 Register Data (LSB)
5 Op Code Address+3 1 Next Op Code
TUSRTTT T 171 Op Code Address+1 | 1 Jump Address (MSB)
2 Op Code Address+2 1 Jump Address (LSB)
6 3 FFFF 1 Restart Address (LSB)
4 Stack Pointer 0] Return Address (LSB)
5 Stack Pointer—1 0] Return Address (MSB)
o 6 a Jump Address 1 . ~F_|r§t_Srut3r99L|ne__Qp_EcﬁAi
ASL ASR 1 Op Code Address+1 1 Address of Operand (MSB)
[of0] V] DEC 2 Op Code Address+2 1 Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 Operand Data
NEG ROL 4 FFFF 1 Restart Address (LSB)
ROR 5 Address of Operand 0 New Operand Data
6 Op Code Address+3 1 Next Op Code
CLR 1 Op Code Address+ 1 1 Address of Operand (MSB)
2 Op Code Address+2 1 Address of Operand (LSB)
5 3 Address of Operand 1 Operand Data
4 Address of Operand 0 00
5 Op Code Address+3 1 Next Op Code
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Table 12 Cycle-by-Cycle Operation (Continued)

Address Mode & ICycIesT Cycle Address Bus R/W ' Data Bus
Instructions | | #
IMPLIED
ABA ABX 1 Op Code Address+ 1 1 Next Op Code
ASL ASLD
ASR CBA
cLC cLi
CLR CLvV
coOM DEC
DES DEX
INC INS
INX LSR 1
LSRD ROL
ROR NOP
SBA SEC
SEI SEV
TAB TAP
TBA TPA
TST TSX
TXS
TDAA  XGDX ’2 1 "1 1 OpCode Address+1 | 1 | Next Op Code
2 FFFF 1 Restart Address (LSB)
TPULA PULB | 1| Op Code Address+1 1 | Next Op Code
3 2 FFFF 1 Restart Address (LSB)
3 Stack Pointer +1 1 Data from Stack
“PSHA  PSHB "1 71 ] Op Code Address+1 1 Next Op Code
4 2 FFFF 1 Restart Address (LSB)
3 Stack Pointer [¢] Accumulator Data
4 Op Code Address+ 1 1 Next Op Code
TPULX 777 ] 1] OpcCode Address+1 | 1 | NextOp Code
4 2 FFFF 1 Restart Address (LSB)
3 Stack Pointer+1 1 Data from Stack (MSB)
4 Stack Pointer+2 1 Data from Stack (LSB)
PSHX [T 77171 T Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer 0 Index Register (LSB)
4 Stack Pointer—1 0 Index Register (MSB)
5 Op Code Address+1 1 Next Op Code
RTS 777 1| Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer+1 1 Return Address (MSB)
4 Stack Pointer+2 1 Return Address (LSB)
5 Return Address 1 First Op Code of Return Routine
MUl T 1 Op Code Address+ 1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 FFFF 1 Restart Address (LSB)
7 4 FFFF 1 Restart Address (LSB)
5 FFFF 1 Restart Address (LSB)
6 FFFF 1 Restart Address (LSB)
7 FFFF 1 Restart Address (LSB)
~ Continued —
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Table 12 Cycle-by-Cycle Operation (Continued)

Address Mode & Cycles ] Cycle T Address Bus R/W Data Bus
Instructions #
IMPLIED
WAI 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer—1 o] Return Address (MSB)
9 5 Stack Pointer—2 o] Index Register (LSB)
6 Stack Pointer—3 0 Index Register (MSB)
7 Stack Pointer—4 (0] Accumulator. A
8 Stack Pointer—5 0 Accumulator B
9 Stack Pointer —6 0 Conditional Code Regrster
RTI 1 Op Code Address+ 1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer +1 1 Conditional Code Register
4 Stack Pointer+2 1 Accumulator B
10 5 Stack Pointer+3 1 Accumulator A
6 Stack Pointer +4 1 Index Register (MSB)
7 Stack Pointer+5 1 Index Register (LSB)
8 Stack Pointer +6 1 Return Address (MSB)
9 Stack Pointer+7 1 Return Address (LSB)
10 Return Address 1 First Op Code of Return Routine
SWi 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
3 Stack Pointer 0 Return Address (LSB)
4 Stack Pointer — 1 (0] Return Address (MSB)
5 Stack Pointer — 2 0 Index Register (LSB)
12 6 Stack Pointer — 3 0 Index Register (MSB)
7 Stack Pointer — 4 0o Accumulator A
8 Stack Pointer — 5 o Accumulator B
9 Stack Pointer — 6 (0] Conditional Code Register
10 Vector Address FFFA 1 Address of SWI Routine (MSB)
" Vector Address FFFB 1 Address of SWI Routine (LSB)
12 Address of SWI Routine 1 First Op Code of SWI Routine
SLP 1 Op Code Address+1 1 Next Op Code
2 FFFF 1 Restart Address (LSB)
1 FFFF High Impedance-Non MPX Mode
' Address Bus -MPX Mode
4 Sleep '
3 FFFF Restart Address (LSB)
4 Op Code Address+1 Next Op Code
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Table 12 Cycle-by-Cycle Operation (Continued)

Ad'c:‘ r:ttzc'tv:g:: & JCycles Cy;le ! Address Bus ; R'W IL Data Bus
RELATIVE
BCC BCS 1 Op Code Address+ 1 1 Branch Offset
BEQ BGE 3 FFFF 1 Restart Address (LSB)
BGT BHI 3 { Branch Address  Test="1" 1 First Op Code of Branch Routine
BLE BLS Op Code Address+1 -Test="0" Next Op Code
BLT BMT
BNE BPL
BRA BRN
_BVC__ BVS
BSR T T 0p Code Address+ 1 1 Offset
2 FFFF 1 Restart Address (LSB)
5 3 Stack Pointer [o] Return Address (LSB)
4 Stack Pointer—1 (o] Return Address (MSB)
5 | Branch Address 1 First Op Code of Subroutine

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

® Sleep Mode

On execution of SLP instruction, the MPU 1s brought to the
sleep mode. In the sleep mode, the CPU stops 1ts operation,
but the contents of the registers in the CPU are retained. In this
mode, the peripherals of CPU will remain active. So the opera-
tions such as transmit and receive of the SCI data and counter
may keep in operation. In this mode, the power consumption
is reduced to about 1/6 the value of a normal operation.

The escape from this mode can be done by interrupt, RES,
STBY. The RES resets the MPU and the STBY brings it into the
standby mode (This will be mentioned later). When interrupt is
requested to the CPU and accepted, the sleep mode is released,
then the CPU is brought in the operation mode and jumps to
the interrupt routine. When the CPU has masked the interrupt,
after recovering from the sleep mode, the next instruction of
SLP starts to execute. However, 1n such a case that the timer
interrupt is inhibited on the timer side, the sleep mode cannot
be released due to the absence of the interrupt request to the
CPU.

I
|
|
HDB6303R . _—T_“
s RES X
STBY

I
3 L [ ' t
[ —
* Stack registers Oscillator |

> RAM control stabilizing
register set time

restart

Figure 21 Standby Mode Timing

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

® Standby Mode

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

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

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

When the HD6303R fetches an undefined instruction or
fetches an instruction from unusable memory area, 1t generates
the highest priority internal interrupt, that may protect from
system upset due to noise or a program error,

® Op-Code Error

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

©® Address Error

When an instruction is fetched from other than a resident
RAM, or an external memory area, the CPU starts the same
interrupt as op-code error. In the case which the instruction 1s
fetched from external memory area and that area is not usable,
the address error can not be detected.

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

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

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

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

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

Table 13 Address Error

Address Error
$0000 ~ $001F

é—— HD6303R Enable

< MPU
Aadress . r_—_»“E HD6303R MPU |—_E"'°"
8
o -

16 8 16 8
ROM ROM
RAM RAM
PIA PIA
GPIA GPIA
PTM PTM

Address Bus Data Bus Address Bus Data Bus

Figure 23 HD6303R MPU Multiplexed Mode Figure 24 HDB6303R MPU Non-Multiplexed Mode
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PC — PC-1

STACK

PCL — MSP

PCH — MSP-1

IXL — MSP-2
IXH — MSP-3
ACCA -MSP-4

ACCB -- MSP-5

CCR — MSP-6

WAI

RUPT

SLEEP Flag
EAR

o o | o o o o s =

VECTORING| [VECTORING| [vecToriNG| | VECTORING| |vecToring] [VECTORING] [VECTORING] {VECTORING
Free, FFEF | | FFFC. FFFD | | FFFA. FrFB | | FFF8. FFFO | | FFF6, FrF7 | | FRFa, FFES | | FFF2, FFF3 | | FFFO, FFFI
1

NMIINTERRUPT

REQUEST FLAG
CLEAR

I

I

INTERRUPT REQUEST FLAG
EXCEPT NMI CLEAR

@

Figure 26 HD6303R System Flow Chart
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® PRECAUTION TO THE BOARD DESIGN OF OSCILLA- 20mm max—
TION CIRCUIT “ *l Avoid signal lines
As shown in Fig. 26, there 1s a case that the cross talk dis- GND] & 'nthisarea
turbs the normal oscillation if signal lines are put near the Z
oscillation circuit. When designing a board, pay attention to = ?
this. Crystal and Cp must be put as near the HD6303R as / |
possible. é
€
g ¢ s
HE I_
a & N
S i
’Fﬂ%—o——-{ —{ XTAL 40 .
r;ﬂ-:—-‘—}—ﬂ EXTAL
CL &
HD6303R
P HD6303R
(DP-40)

Do not use this kind of print board design

Figure 26 Precaution to the boad design (Top View)
of oscillation circuit
Fig. 27 Example of Oscillation Circuits in Board Design

® PIN CONDITIONS AT SLEEP AND STANDBY STATE
® Sleep State

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

® Standby State

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

Table 14 Pin Condition in Sleep State

Pin Mode Non Multiplexed Mode I Multiplexed Mode
Function 1/0 Port 1/0 Port
P20 ~ P2 —
Condition Keep the condition just before sleep ——
Ao /P10 ~ Function Address Bus (Ag ~Aj) 1/0 Port o
A7/P17 Condition Output “1” Keep the condition just before sleep
As ~ Aus Function Address Bus {Ag ~A;s) i ) Address Bus (Ag '_*_A,s)
Condition Output “1” - ‘_ o -
Do/Ao ~ | Function | _A____‘?fla,,Buf,,(D‘!j)’l_,,_ . E Address Bus (Ao ~A;), E: Data Bus
D7/A7 Condition | High Impedance E: Output “1", E: High Impedance
AW Function R/W Signal ] S R,/W_?'grfl;A o
Condition Output “1” —-—
AS — Qutput AS
G HITACHI
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Table 15 Pin Condition during RESET

Mode .
P —~ Non-Multiplexed Mode Muitiplexed Mode
n
P20 ~ P24 : High impedance -—
|
1
Ao/P1o ~ A1/P17 ! High Impedance - - - -
As ~ Ais High Impedance -
) E 1" Output
Do/Ao ~ D7/A~ High Impedance E 17 Output ™o
L R S I (High Impedance)
R/W “1”* Output D -
E . 1" Output
AS E ' High Impedance D

{(Note) In the multiplexed mode, the data bus s set to **

1’ output state during E = ""1' and 1t causes the conflict with the output of

external memory Following 1 and 2 should be done to avoid the conflict,
(1) Construct the system that disables the external memory during reset

(2) Add 4 7 kQ pull-down resistance to the AS pin to make AS pin

data bus high impedance state

8 DIFFERENCE BETWEEN HD6303 AND HD6303R

The HD6303R is an upgraded version of the HD6303. The
difference between HD6303 and HD6303R is shown in Table
16.

0" level during E="1" This operation makes the

® RECEIVE MARGIN OF THE SCI

Recerve margin of the SCI contamed in the HD6303R 1s
shown n Table 17
Note SCI = Serial Communication Interface

Table 16 Difference between HD6303 and HD6303R Table 17
Bit distortion Character
Item HD6303 HD6303R tolerance distortion tolerance
Operating Mode 2: Multiplexed (t=to) /to (T—Tol /To
Mode 2* Not defined Mode +3.75%
Mode (Equivalent to Mode 4) HD6303R +375% -25%
" The electrical character- Some char;cterisncs
g:f::ar;::_ istics of 2MHz version are improved.
istics (B version) are not spec- | The 2MHz version is
ified. guaranteed.
Has problem in output B
compare function.
Timer (Can be avoided by soft- The problem 1s solved.
ware.)
START 1 2 3 4 S 6 7 8 STOP

Ideal Waveform

L |

N S I

Real Waveform

Bit length i‘—lo-——i

Character length Tq

L 1
T}‘“_’{ J

® APPLICATION NOTE FOR HIGH SPEED SYSTEM
DESIGN USING THE HD6303R
This note describes the solutions of the potential problem
caused by noise generation in the system using the HD6303R.
The CMOS ICs and LSIs featured by low power consumption

and high noise immunity are generally considered to be enough
with simply designed power source and the GND line.

But this does not apply to the applications configured of
high speed system or of high speed parts Such high speed sys-
tem may have a chance to work incorrectly because of the noise
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by the transient current generated during switching One of
example 1s a system in which the HD6303R directly accesses
high speed memory such as the HM6264. The noise generation
owing to the over current (Sometimes 1t may be several
hundreds mA for peak level ) durning switching may cause data
write error

This noise problem may be observed only at the Expanded
Mode (Mode 1, 2,4, 5 and 6) of the HD6303R

Assuming the HD6303R 1s used as CPU in a system

1. Noise Occurrence

If the HD6303R 1s connected to high speed RAM, a write
error may occur As shown in Fig 28, the noise 1s generated in
address bus during write cycle and data 1s written into an unex-
pected address from the HD6303R This phenomenon causes
random failures in systems whose data bus load capacitance
exceeds the specification value (90 pF max.) and/or the impe-
dance of the GND line 1s high

/

X

Ae— Noise

Do ~ D,

|

Fig. 28 Noise Occurrence in address bus during write cycle

If the data bus Dy ~ D, changes from “FF” to “00™, ex-
tremely large transient current flows through the GND hne
Then the noise 1s generated on the LSI’s Vs pins proportioning
to the transient current and to the impedance [Zg] of the GND
line.

\’_C
WA

HD6303R

Fig 29 Noise Source

This noise level. V. appears on all output pins on the LSI
including the address bus.

X

TX\W(

Fig. 30 shows the dependency of the noise voltage on the each

parameter.
Vn Vn
Vee Cq
Vi Vi
Zg N

Vn Noise Voitage 2g GND Impedance
Cd Data bus load capacitance
N Number of data bus lines switching from H to L

Fig 30 Dependency of the noise voltage on each parameter

1. Noise Protection
To avoid the noise on the address bus during the system
operation mentioned before. there are two solutions as follows
The one method 1s to 1solate the HD6303R from peripheral
devices so that peripherals are not affected by the noise The
other 1s to reduce noise level to the extent of not affecting peri-
pherals using analog method.
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Hitachi America, Ltd. e Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300

79



HD6303R, HD63A03R, HD63BO3R

1. Noise Isolation

Addresses should be latched at the negative edge of the
AS signal or at the positive edge of the E signal. The 74LS373
1s often used n this case.

———————aa—— Dy ~ D,

2. Noise Reduction
As the noise level depends on each parameter such Cd, Ve,
Zg, the noise level can be reduced to the allowable level by con-
trolling those analog parameters.
(a) Transient Current Reduction
(1) Reduce the data bus load capacitance. If large load

capacitance 1s expected, a bus buffer should be in-
T5373 serted.
(2) Lower the power supply voltage Ve within specifi-
D,/A,~D,/A, Ao ~ A; cation.
G (3) Increase a time constant at transient state by insert-
Ing a resistor (100 ~ 20082) to Data Buses in series
HD6303R r———, to keep noise level down.
(5373 Table 18 shows the relationship between a series
As ~ As As ~ Ass resistor and noise level or a resistor and DC/AC
B characteristics.
AS G
\ Additional Latch Dy v‘v‘?‘
[Rd
(7415373 for t I 3
noise isolation) "
HD6303R RO RAM 1o
Table 18.
Resistor
Itemn No 10002 20092
Noise Voltage Level See Fig. 31
DC Characteristics IOL 1.6 mA 1.6 mA 1.0mA
f=1MHz No change
ér(,: tADL 190 ns 190 ns 210 ns
arac-
f=15MH t 395 395 375
teristics 2 ACCM s ne ne
tADL 160 ns 180 ns 200 ns
f=2MHz tASL 20 ns 20 ns Ons
taccM 270 ns 250 ns 230 ns

Fig 31 shows an example of the dependency of the noise
voltage on the load capacitance of the data bus.*

Maximum allowed

*Note The value of series resistor should be carefully selected because
1t heavily depends on each parameter of actual application
system

conditions load capacitance of Fig. 32 shows the typical wave form of the noise.
154 the HD6303R

Vec =50V | cd=90pF specification

Ta=25°C

29=0

N=8 |
>C 1
@104 : R=0
g ! € ———————
3 ) R = 1000 pin
>
b4 R = 2000
2

054 R Series Resistor - 25 ns
Vn
Ag pin
I
! ns
0 T T
50 100
Data bus load capacitance Cd [pF) Fig. 32
Fig. 31
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(b) Reduction of GND line impedance
(1) Widen the GND line width on the PC board.
(2) Place the HD6303R close by power source.

(3) Insert a bypass capacitor between the Vg line and the
GND of the HD6303R. A tantalum capacitor (about
0.1uF) is effective on the reduction.

Vee "
Power L I L i
Source [ HD6303R ] L Mcmory_] [ o l
GND | ] ] i
mir -
(Recommended)
Vcc {é
Power
ot 110 HD6303R
GND "
7-}7- (Not recommended)

Fig. 33 Layout of the HD6303R on the PC board

® WARNING CONCERNING POWER START-UP

RES must be held low for at least 20 ms when the power
starts up. In this case, the internal reset function is not effective
until the oscillation begins at power-on. The RES signal is input
to the LSI in synchronism with the internal clock ¢ (shown in
Figure 34))

Therefore, after power starts up, the LSI conditions such as
its I/O ports and operating mode, are unstable. Fix the level of
1/O ports by means of an external circuit to determine the level
for system operation during the oscillator stabilization time.

LS| ¢ K3

. internal reset
RES pin D Q [»] Q signal

Figure 34 RES circuit

B NOTICE ON HD6303R

The HD6303R is the same die as the HD6301V1. The on-chip
Mask ROM is disabled by mask option; therefore not all modes of
operation are available on the HD6303R. Please note that wherever
HD6301V1 is referenced, the information also applies to the
HD6303R.

s WRITE-ONLY REGISTER

When the CPU reads a write-only register, the read data is
always $FF, regardless of the value in the write-only register.
Therefore, be careful of the results of instructions which read a
write-only register and perform an arithmetic or logical opera-
tion on its contents, such as AIM, ADD, or ROL, is executed,
because the arithmetic or logical operation is always done with
the data $FF. In particular, don’t use the AIM, OIM or EIM
instruction to manipulate the DDR bit of PORT.

B NOTICE ON HD6303R1

The HD6303R has been upgraded to HD6303R 1. Refer to the
following figures for differences between the devices. All other
characteristics remain the same.
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B DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0

Item HD6301V HD63701V0
RAM Size: 128-byte RAM Size: 192-byte
Address: $0080-$00FF Address: $0040-$00FF
$0000 [ ~IRegister $0000 | Register
RAM $0040 /
$0080 / / RAM
RAM
$O0OFF $O0FF /
N————— \_/_\
Operation Mode | Mode 4: Expanded Multiplexed Mode = Mode 2 HD63701V0 does not have Mode 4
After providing supply voltage, output level is undefined | The Output Level Register is initialized to 0 by reset.
(0 or 1) unless the contents of the Output Compare Register
matches with those of the Free Running Counter. The Out-
put Level Register is not initialized by reset.
< 'HDE3701VO > <
Timer
c
8
°
c
>
w
Figure 20 Programmable Timer Block Diagram Figure 20 Programmable Timer Block Diagram
HD6301V1, HD6303R, HD6303R1 Receive data is ferred from R Shift Register to
HD63PO1M1 RDR even if framing error occurs.
When framing error occurs, | Receive data is transferred
receive data is not transfer- | from Receive Shift Register
red from the Receive Shift | to RDR even if framing error
Register to Receive Data | occurs.
Register (RDR).
SCI

82
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B DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued)

ltem HD6301V HD63701V0
The DDR of port is reset synchronously with E clock /O | The DDR of port is reset asynchronously with E clock, CPU
state I1s undefined from providing power supply till oscillation | enters into high impedance state (input state) by bringing
start (max 20ms) RES Low
Reset release and MCU internal reset 1s performed synchro-
nously with E clock
Port Reset 1/0
port +—]
reset
MCU
internal RES
reset
1/0 reset ! 1
STBY signal is latched synchronously with E clock STBY signal is latched asynchronously with E clock CPU
E enters into standby state by bringing STBY low
Standby Mode
STBY ——{E>——-—'I >O——— STBY
STBY STBY
HD6301V1, HD6303R,
HD63P0O1M1 HD6303R1
[ S R S
) FE D PR (i AR D O
S 1 output yy_ o
= AS T r-l AS I |
g (Address Ao lecmees s n
u Strobe)
In Expanded Multiplexed | During reset, AS functions | During reset, AS functions normally
Mode (mode 0, 2, 4 or 6), AS | normally.
becomes high impedance
state for a half E clock cycle
during reset.
Therefore, /O Port 3 func-
tions as data bus during re-
set
HD6301V1, HD6303R, The SCI receive margin 1s shown below
HD6303R1 HD63PO1M1
The SCI receive margin is | The SCI receive margin is START 1 2 3 4 5 6 7 8 STOP
shown below. shown below
t
Bit distortion Bit distortion ;dealf.o W
tolerance +37.5%| | [tolerance +250| | VAVEROT | To y
(t-to)fto (t-totg
SC’IwHecelve Character Character
argin L I I L____J l-—-j L—J l—
distortion +3 5% | | |distortion Real €
tolerance -2.5% | | |tolerance +375% | | wave form L._.] I
T-TolTo (T-TolTo ! T {
Bit distortion tolerance (t-to)/ty +37.5%
Character distortion tolerance (T-Tq)/Tq +3.75%
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@ DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued)

Item HD6301V HD63701V0
HD6301V1, HD6303R,
HD6303R1 HD63P0O1M1
Supply Voltage | Vcc = 5V + 10% Vo = 5V + 10% (f = 0.1 ~ 2 MH2)

(f =01 ~ 2MH2) Vee = 5V = 10%

Vee =3 ~ 6V (f =01 ~ 1MHz)

(f =01 ~ 0.5MH2)

[
-% tan = 20 ns min. tan: thw = 60 ns (f = 1 MHz)
S tyw = 20 ns min. =40 ns (f = 1.5 MHz)
[ tan and tyy are constant independently of operating fre- = 30 ns (f = 2MHz)
Address/Data quency. tay @and t,w are proportion to 1/f. (f = operating frequency)
Hold Time .
A
(tan: thw) o
o 1 2 1 (wnz)

(1) tapy and tapp are constant independently of operating | tapy, tap2 and tap are related to operating frequency (They
frequency. In HD63B01V (B version of HD6301V), tap¢ | are in proportion to 1/f.f = operating frequency). Therefore,
and tapo are 160 ns max. at 0.1 MHz through 2 MHz | if HD637B01V operates at lower operating frequency, tap1,
operation. tap2 and tap; will become 160 ns or more. tapy, tapy and

Address tapL are calculated as follows.
Delay (2) tapy s related to operating frequency. (tapy is in propor- | “ADL ’
Time tion to 1/f. f = operating frequency) tap (f MHz) = 250 ns (1 MHz) x 1/f (MHz)
liy and Cj, _ kn = 10pAmax. C,, = 50 pF max. Since RES is multiplexed
. of RES lin = 10 pA max., Cpp = 12.5 pF max. with Vpp, C,, and |, are larger than those of HD6301V.
S
] Load
E Capacitance 2 - LSTTL + 40pF 1-TTL + 90pF
8 ”ofE loL = 0.8 MA, lgy = -200 4A loL = 1.6MA, gy = ~200 uA
Load
Capacitance 1-TTL + 30pF 1-TTL + 90pF
of Port 1
Spec.
Spec. of
gryml Spec. Clock frequency (MH2) 25 | 40 | 60 | 80
Osci Rg = 600 max.
scillator Rs max. (@) 500 | 120 | 80 60
Storage _ o o
Temperature Tstg = =55 - +150°C Tstg = ~55 - +125°C

84
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B DIFFERENCES BETWEEN HD6301V1, HD6303R, HD6303R1, HD63P01M1, AND HD63701V0 (Continued)

item HDB301V HD63701V0
HD6303R1,
HD6301V1, HD6303R HDB3POIM1
e /[
PR A N
RV \ /
AL X ANoise x:
GND Noise Noise is

D3 -
—CTXTTTT | reduced Noise is reduced by 50%.

by 33%.

Function

If load capacitance in each data line and
GND impedance are large, noise may ap-
pear on address bus during MCU write cy-
cle and data won’t be written into RAM cor-
rectly. The noise is caused by GND
impedance which becomes large when
large transient current flows into GND at
High to Low transition of data line.

Chip design and manufacturing process of the HD6301V differ from those of the HD63701V0. Therefore, actual spec. and
Miscellaneous | margin are different between the HDE301V and the HD63701V0. Please carefully examine your system before applying
HD6301V or HD63701V0 to your system.
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HD63B03X
CMOS MPU (Micro Processing Unit)

The HD6303X is a CMOS 8-bit micro processing unit (MPU)

which includes a CPU compatible with the HD6301V], 192
bytes of RAM, 24 parallel 1/O pins, a Serial Communication
Interface (SCI) and two timers on chip

86

FEATURES
Instruction Set Compatible with the HD6301V 1
192 Bytes of RAM
24 Parallel 1/0 Pins
16 1/0 Pins-Port 2, 6
8 Input Pins-Port 5
Darlington Transistor Drive (Port 2, 6)
16-Bit Programmable Timer
Input Capture Register x 1
Free Running Counter x 1
Output Compare Register x 2
8-Bit Reloadable Timer '
External Event Counter Square Wave Generation
Serial Communication Interface
Memory Ready
Halt
Error-Detection (Address Trap, Op-Code Trap)
Interrupts . . . 3 External, 7 Internal
Up to 65k Bytes Address Space
Low Power Dissipation Mode
Sleep Mode
Standby Mode
Minimum Instruction Execution Time -0.5us
(f= 2.0 MHz)
Wide Range of Operation
Vec=3~6V (f=0.1~0.5MHz).
f=0.1~1.0MHz; HD6303X
Vee = 5V210% | f=0.1 ~ 1.5 MHz; HD63A03X
f=0.1~2.0MHz; HD63BO3X

PROGRAM DEVELOPMENT SUPPORT TOOLS

Cross assembler and C compiler software for IBM PCs and
compatibles

In circuit emulator for use with IBM PCs and compatibles

HD6303XP,HD63A03XP,
HD63BO3XP

(DP-64S)

HD6303XF,HD63A03XF,
HD63BO3XF

(FP-80)

HD6303XCP,HD63A03XCP,
HD63BO3XCP

(CP-68)
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® PIN ARRANGEMENT

®HD6303XP,HD63A03XP,HD63BO3XP ® HD6303XF,HD63A03XF,HD63BO3XF

44Dy
63|NC
62| D,

61]NC

NC
59| D3
58] Da

ED&

36] De
55] D7
S4|NC

S3JNC

52] Ao
0 A2
49 As
48] Ay
%As
48] Ag
4sf Ay
44] vgs
43] Ao
42] NC
4 NC

(Top View)

® HD6303XCP,HD63A03XCP,HD63BO3XCP

LELéi >
i

P20 [10] 80) D2
P2y ] B D3
P22 2] 28 D4
P23 3] Ds
Pas [ 38 D¢
Pas [I3] 33 O,
P2¢ [13] 38 NC
P2y [i7] J Ao
NC (] A
Pso (19) 3] A2
Ps: (2] g As
Ps2 (2] q A
Ps3 [ As
Psa [2 As
Pss &4] g A
Pss B3] Vss
Psy @8 Ae
KR = s SRR
- oo "3 ~ Quenmor-o
EESEIBEE82i35 3
(Top View)
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® BLOCK DIAGRAM

o - =
Ve¢ ————e ; g sz 'g E w
Vs ————
i m[[[[]]
-
P20(Tin) & § E S EE é%g
P21(Tout1) == [© '5 CPU -
P22(SCLK) 58 g‘g’g‘gﬁ w
P23(Rx) o= Lo T TWR
P2e(Tx) $ T\ —Ly
P2s(Tout2) < BA
P26(Tout3)
P27(Tewk)
-~ Do
N My
] T @
@ < > - D3
E @ 0
S 0
8 0,
le—n,
2 K
0 = Ag
-1 —
2 L
: ; 3~
£ < 2 —a,
s 3
L > § F— As
é g Ae
Pso(IRQ1) a < —— A,
Ps1(TRQ2) -§
Ps2(MR) <
Psa(FALT) pi L — A
Pes & E —a
Pss 13 Ao
Pg o] s Ay
Pgy e eef 2 Az
> £ Avs
° Are
Pgo =1 < [ A
Pgy =t <
eI "
Paam—ef © | ©
Pgq —=——ert E ‘;
Pes ~——ot & RAM
Pgg ~—ed 192 Bytes
Py —o—ed
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® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee -0.3~+7.0 v
Input Voltage Vin -0.3~Vec+0.3 \4
Operating Temperature Topr 0~+70 °c
Storage Temperature Teg -55 ~ +150 °c
(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field.
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection
circuits. To assure the normal operation, we recommend V,n, Vo ¢ Vgs S (V01 Voue) £ Vee
® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (V¢c = 5.0V+10%, Vgg = OV, Ta = 0~ +70°C, unless otherwise noted.)
Item Symbol Test Condition min typ max Unit
RES, STBY Vce-0.5 - v
Input ““High’’ Voltage EXTAL Vik Veex0.7 — +(;:§ \"
Other Inputs 2.0 — ’
Input ““Low’’ Voltage All Inputs Viu -0.3 — 0.8 \
NMI, RES, STBY, - ~ - - -
Input Leakage Current MP,. MP, . Port 6 nl Vin=05~Vcc-05V 1.0 MA
Three State (offstate)  |Ao~A,s, Do~D-, RD, e~
Leakage Current WR,R/W Port 2,Port 6| I'rsil Vin=05~Vcc-0.5V - - 1.0 uA
. lon = -200uA 24 - - \%
Output “High’’ Voltage All Outputs \
put Hig 9 P oH Tor = ~10A Ve 07 | = - v
Output “Low’’ Voltage All Outputs Voo loL = 1.6mA - - 0.4 \"
Darlington Drive _ _
Current Ports 2, 6 -lon Vout = 1.5V 1.0 10.0 mA
. Vin=0V, f=1MHz,
Input Capacitance All Inputs Cn T;"= 28°C - - 125 pF
Standby Current Non Operation lstg - 3.0 15.0 HA
Sleeping (f = TMHz"* ") - 1.5 3.0 mA
IsLe Sleeping (f = 1.5MHz"*) - 2.3 45 mA
c ¢ Dissipation® Sleeping (f = 2MHz**) - 3.0 6.0 mA
urrent Di )
P Operating (f = TMHZ**) . 70 | 100 | mA
lee Operating (f = 1.56MHz**) - 10.5 15.0 mA
Operating (f = 2MHz"**) - 14.0 20.0 mA
RAM Standby Voltage Veam 2.0 — - \
*Vigmin=Vee-10V, V) _max =08V , All output terminals are at no load
** Current Dissipation of the operating or sleeping condition 1s proportional to the operating frequency. So the typ or max
values about Current Dissipations at x MHz operation are decided according to the following formula,
typ value (f =x MHz) = typ value (f=1MHz) xx
max value {f =x MHz) = max value (f = 1MHz) x x
(both the sleeping and operating)
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® AC CHARACTERISTICS (Vcc = 5.0V+10%, Vgs = OV, Ta = 0~+70°C, unless otherwise noted.)

BUS TIMING
It Symbol Test HD6303X HD63A03X HD63B03X Umit
m oy ni
em YMOOT | Condition | min typ | max | min | typ | max | min | typ | max
Cycle Time teye 1 — 10 |0.666| -— 10 0.5 - 10 us
Enable Rise Time te, — - 25 - - 25 - - 25 ns
Enable Fall Time tet - - 25 - - 25 - - 25 ns
Enable Pulse Width “High”" Level* | PWgy 450 - - 300 - - 220 - - ns
Enable Pulse Width “Low” Level* | PWg_ 450 - - 300 - - 220 - - ns
Address, R/W Delay Time* tap - - 250 — - 190 - - 160 ns
Data Delay Time Write toow - - 200 - - 160 - - 120 ns
Data Set-up Time Read tosr Fig. 1 80 - - 70 - - 70 - - ns
1g.
Address, R/W Hold Time* tan 80 - - 50 - = 35 - - ns
ite* t 0 - - 50 - - 40 - -
Data Hold Time Write HW 8 =
Read tHR 0 - - 0 — — 0 - — ns
RD, WR Pulse Width* PWaw 450 | — - | 300 | - - {220 | - - ns
RD, WR Delay Time tRwD — - 40 - - 40 - - 40 ns
RD, WR Hold Time tHRW - - 30 - - 30 - - 25 ns
LTR Delay Time toLR - - 200 - - 160 - - 120 | ns
LIR Hold Time thLR 10 - — 10 — — 10 — — ns
MR Set-up Time* tsmr 400 - - 280 - - | 230 - - ns
MR Hold Time* tHMR Fig. 2 - - 90 - - 40 - - 0 ns
E Clock Pulse Width at MR PWemr - — 9 - - 9 — — 9 Hs
Processor Control Set-up Time tecs f&g'ﬁ’ 200 - - 200 - - 200 - - ns
Processor Control Rise Time tecr Flg 2.3 — — 100 — - 100 - - 100 ns
! f
Processor Control Fall Time tect 9 - - 100 - - 100 - - 100 ns
BA Delay Time tsa Fig. 3 - - 250 - - 190 - - 160 ns
Oscillator Stabilization Time tac Fig. 11 20 = - 20 - - 20 = - ms
Reset Pulse Width PWgsT 3 - - 3 — — 3 - - toye
* These timings change in approximate proportion to teye The figures in this characteristics represent those when teyc IS mimimum
(= 1n the highest speed operation)
PERIPHERAL PORT TIMING
Test HD6303X HDB3A03X HD63B03X
| .
tem Symbol Condition [ min [ typ [ max | min | typ | max | min | typ | max Unit
Peripheral Dat:
siifﬁ:{?mea @ | Ports2,5,6 | tepsy Fig.5 | 200 | — | — |200| - | - j200| = | = | ns
Peripheral Dat.
Hol Time 1@ | Ports 2,5,6 | tepp Fig5 [ 200 | — | — [200| - | — |200| — | = | ns
Delay Time (Enable
Negative Transition to | Ports 2, 6 | trpwp Fig. 6 - - 300 - 300 - - 300 ns
Peripheral Data Valid)
@ HITACHI
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TIMER, SCI TIMING

Test HD6303X HDB3A03X HD63B03X X
Item Symbol X - - Unit
Condition | min | typ | max | min | typ | max | min | typ | max
Timer 1 Input Pulse Width tewT Fig.8 20 - - 2.0 - - 20 - - teye
Delay Time (Enable Positive
Transition to Timer Output) troo Fig. 7 - - | 400 | - - | 400 ) - - | 400 ns
SCI Input Async. Mode . Fig. 8 1.0 - - 1.0 - - 1.0 — - teye
Clock Cycle [ Clock Sync. Seve Fig.4,8 |20 | — | — |20 | = | = |20 | = | = | teye
SCi Transmit Data Delay
Time (Clock Sync. Mode) trxo - | - |20} - | - |20} - | - }200  ns
T tonk v iome | tome | pwa o | - [ - Jao] - [~ Jae| - | -] m
SCI Receive Data Hold Time
(Clock Sync. Mode) thRx 100 - - 100 - - 100 - - ns
SCI Input Clock Pulse Width tewsck 0.4 - | 06 |04 - | 06 |04 - | 06 | tseye
Timer 2 Input Clock Cycle teeye 20 - - 20 - - 20 - - teye
J;:':ter: 2 Input Clock Pulse tewrek fo.8 200 _ _ 200 _ _ 200 _ _ ns
er w2, 5C Input Clock ¢, -~ | - Jwo| - | - Jwo| -] - |1w00]| ns
Tumer 1:2,SCHinput Clock |, | = fwo| = | - [w00]| - | - [100] ns
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24v
E I PWe PWen
o8V

tao ter ter tan
AolAw, 24v
RW 0 8v

e toOW p— thw
MPU Write 24v
Do~Dy 0 8V

TSR —emf thr

MPU Read 20V
Do-D» o8V

~—toLr thia

LR
0 8V

Figure 1 Bus Timing

PWemn |
(
f2av V
E
08V
thmr tsmr
—
MR 20v [
KO8V " v
= tect B tecr

Figure 2 Memory Ready and E Clock Timing
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Last Instruction

Instruction Execution

. Execution Cycle HALT Cycle L Cycle
I T Bt
+24v
E
o8v
2 OV!
HALT Z
0.8V . 0 8V
tect % tecs 7 tecr tecs toa
tea {f
24v
BA 08V

Figure 3 HALT and BA Timin

2 0V(2 4V)
Synchronous Clock

I/

tseve

Transmit Data

)

y

P=-thax

Receive Data

TSR~y
20V
0 8V

* 2.0V s high level when clock 1nput
2 4V s high level when clock output

Figure 4 SCI Clocked Synchronous Timing

{—— MPU Read ‘——- MPU Write
E F'_"\_ E
teou o8v J—

P20 - P27 t

Pso Psr 2 OVNEData vad Y 2 OV L

Peo - Pe7 08V

(Inputs)
P20~ P27 24V
bao—Par X 22V pata Vaiud
(Outputs)

Figure 5 Port Data Set-up and Hold Times (MPU Read)
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E /__\—]W E _/ 24V
Ti 1 Output
imer
FRC ompare T2CNT S X %
_7 troo P le—tTOD-

PII, st X 24V b ou 5TV

Outputs 08V 26 Output X 88V
TCONR =N

(a) Timer 1 Output Timing (b) Timer 2 Output Timing

Figure 7 Timer Output Timing

* { Vee
2 OV-l 3 RL=2 2kQ
Test Point
08V 1520748
tekr =t - o 4 c R or Equiv
text
. C =90pF for Do~D,, Ag~A, s, E
. T 1, p— — J—
S eye T e 2, towrck =30pF for Port 2, Port 6, RD, WR, R/W, BA, LI
SCI ,tPWSCK R=12kQ2
Figure 8 Timer 1+2, SCI Input Clock Timing Figure 9 Bus Timing Test Loads (TTL Load)
lTnetse'num

E

Internal
Address Bus

Op Code Op Code FFFF SP5 Spg Vector Vector New
NMI, A s MSB LSB P
o, i rm ddrass Addrass+ 1 Address Address Address
2 IRQ3 1
-{ i—‘— PCS
ata Bus
Op  Operand Irrelevant PCO - PC8 IX0-  1X8 ACCA ACCB CCR  Vector Vector First Inst of
Code Op Code Data PC?7 PCI15 X7 X158 MSB LSB  Interrupt Routine
Internal
Read ﬂ /
Internal /
Write \

Figure 10 Interrupt Sequence
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e

Vee 05V

sTeY o = wes

fyecosy
teCs o

—.._—._____JKOBV

e 1 X

FFFF

AFS

08v

FFFF FFFE FFFF FFFF FFFE FFFF New PC ;;n FFFF FFFF

s

v

o I, TR

PRI A
s T D

AT

Figure 11

® FUNCTIONAL PIN DESCRIPTION
® Ve, Vss

Ve and Vs provide power to the MPU with 5V+10% sup-
ply. In the case of low speed operation (fmax = 500kHz), the
MPU can operate with three through six volts. Two Vgg pms
should be tied to ground.

® XTAL, EXTAL

These two pins interface with an AT-cut parallel resonant
crystal Divide-by-four circuit 1s on chip, so if 4MHz crystal
oscillator s used, the system clock 1s IMHz for example.

AT Cut Parallel Resonant Crystal Oscillator

Co=7pF max
Rs=600Q max
XTAL
= Cui=Cu2
= 10pF - 22pF - 202,
EXTAL (32 -8MHz)

;CLZJ;TC

Figure 12 Crystal Interface

(8}

EXTAL pin can be drived by the external clock of 45 to
55% duty, and one fourth frequency of the external clock
is produced in the LSI. The external clock frequency should
be less than four times of the maximum operable frequency
When using the external clock, XTAL pin should be open
Fig. 12 shows an example of the crystal interface The crystal
and Cpj, Cr, should be mounted as close as possible to XTAL

PC8B PCO- First
PC15 PC7 Instruction
Reset Timing

and EXTAL pins. Any line must not cross the line between the
crystal oscillator and XTAL, EXTAL.

e STBY

This pin makes the MPU standby mode. In “Low” level, the
oscillation stops and the internal clock 1s stabilized to make
reset condition To retain the contents of RAM at standby
mode, “0” should be wntten into RAM enable bit (RAME).
RAME 1s the bit 6 of the RAM/port 5 control register at $0014.
RAM 1s disabled by this operation and 1ts contents 1s sustained

Refer to “LOW POWER DISSIPATION MODE” for the
standby mode.

® Reset (RES)

This pin resets the MPU from power OFF state and pro-
vides a startup procedure During power-on, RES pin must
be held “Low” level for at least 20ms.

The CPU registers (accumulator, index register, stack pointer,
condition code register except for interrupt mask bit), RAM
and the data register of a port are not initialized during reset,
so their contents are unknown in this procedure.

To reset the MPU during operation, RES should be held
“Low” for at least 3 system-clock cycles. At the 3rd cycle
during “Low” level, all the address buses become “High”. When
RES remains “Low”, the address buses keep “High”. If RES
becomes “High”, the MPU starts the next operation.

(1) Latch the value of the mode program pins; MP, and MP, .

(2) Initialize each internal register (Refer to Table 3)

(3) Set the interrupt mask bit. For the CPU to recognize the

maskable interrupts IRQ,, IRQ, and IRQj;, this bit should
be cleared 1n advance.
Put the contents (= start address) of the last two addresses
($FFFE, SFFFF) into the program counter and start the
program from this address (Refer to Table 1).

*The MPU 15 usable to accept a reset input unul the clock

(4)
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becomes normal oscillation after power on (max. 20ms). During
this transient time, the MPU and I/O pins are undefined. Please
be aware of this for system designing.

® Enable (E)

This pin provides a TTL-compatible system clock to external
circuits. Its frequency 1s one fourth that of the crystal oscillator
or external clock. This pin can drive one TTL load and 90pF
capacitance.

® Non-Maskable Interrupt (NMi)

When the falling edge of the input signal 1s detected at this
pin, the CPU begins non-maskable interrupt sequence internally.
As well as the IRQ mentioned below, the instruction being
executed at NMI signal detection will proceed to its completion.
The interrupt mask bit of the condition code register doesn’t
affect non-maskable interrupt at all. o

When starting the acknowledge to the NMI, the contents of
the program counter, index register, accumulators and condition
code register will be saved onto the stack. Upon completion
of this sequence, a vector 1s fetched from $FFFC and $FFFD
to transfer their contents into the program counter and branch
to the non-maskable interrupt service routine
(Note) After reset start, the stack pointer should be imtialized

on an appropreate memory area and then the falling edge

should be mnput to NMI pin.

® Interrupt Request (IRQ,, IRQ;)

These are level-sensitive pins which request an internal
interrupt sequence to the CPU. At interrupt request, the CPU
will complete the current instruction before its request acknowl-
edgement. Unless the interrupt mask in the condition code
register is set, the CPU starts an interrupt sequence; if set, the
interrupt request will be ignored. When the sequence starts, the
contents of the program counter, index register, accumulators
and condition code register will be saved onto the stack, then
the CPU sets the imterrupt mask bit and will not acknowledge
the maskable request. During the last cycle, the CPU fetches
vectors depicted in Table 1 and transfers their contents to the
program counter and branches to the service routine.

The CPU uses the external interrupt pins, IRQ, and IRQ;,,
also as port pins Ps, and Ps;, so it provides an enable bit to
Bit 0 and 1 of the RAM port 5 control register at $0014 Refer
to “RAM/PORT 5 CONTROL REGISTER” for the details.

When one of the internal mnterrupts, ICI, OCI, TOI, CMI or
SIO is generated, the CPU produces internal interrupt signal
(IRQ;) IRQ; functions just the same as IRQ, or IRQ; except
for its vector address. Fig 13 shows the block diagram of the
iterrupt circuit.

Table 1 Interrupt Vector Memory Map

Priority Vector Interrupt
MSB LSB

Highest FFFE FFFF RES
FFEE FFEF TRAP
FFFC FFFD NmI
FFFA FFFB SWI (Software Interrupt)
FFF8 FFF9 TRQ,
FFF6 FFF7 ICI (Timer 1 Input Capture)
FFF4 FFF5 OC! (Timer 1 Output Compare 1, 2)
FFF2 FFF3 TOI (Timer 1 Overflow)
FFEC FFED CMI (Timer 2 Counter Match)
FFEA FFEB 1RQ,

Lowest FFFO FFF1 SIO (RDRF+ORFE+TDRE)
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Each Regrster s Inteirupt

Enable Flag
"'”,Enable, "0”,D|sable
T J——
! oo Condition
R Code
1RQ; o0 Register
I-MASK
ICF 00 "0, Enable
— 1", Disablef
OCF1 -0~
OocCl
OCF2 e e} o0~
-4 (o Interrupt
TOF oo rO/ Request
IRQ» Signal
CMF ————0-"0
RDRF -
}“‘*—*—-O/O-~
ORFE
TDRE et }—o0—"0—4
Sleep
JR— Edge D"" Cancel
NMI — Detective Signal
Circuit
Address Error | TRAP
Op Code Error
Detective Circuit
[V J———

Figure 13 Interrupt Circuit Block Diagram

® Mode Program (MP,, MP,)

To operate MPU, MP, pin should be connected to “High™
level and MP, should be connected to “Low " level (refer to
g 19)

® Read/Write (R/W)

This signal, usually be in read state (“High”), shows whether
the CPU 1s i read (“High”) or wnte (“Low”) state to the
peripheral or memory devices This can drive one TTL load
and 30pF capacitance

e RD,WR

These signals show active low outputs when the CPU 1s
reading/writing to the peripherals or memones This enables
the CPU easy to access the peripheral LSI with RD and WR
input pins These pins can drve one TTL load and 30pF capaci-
tance

® Load Instruction Register (L1R)

This signal shows the wnstruction opecode bemng on data
bus (active low) This pin can drive one TTIL load and 30pF
capacitance

® Memory Ready (MR, Ps,)

This 15 the mnput control signal which stretches the system
clock’s “High™ period to access low-speed memores. During
this signal 1s in “High”, the system clock operates in normal
sequence But this signal in “Low”, the “High™ period of the
system clock will be stretched depending on its “Low” level
duration n mtegral multiples of the cycle time This allows the
CPU to inteiface with low-speed memories (see Fig 2) Up to
9 ps can be stretched

During internal address space access or nonvahd memory

access, MR 1s prohibited internally to prevent decrease of oper-
ation speed Even in the halt state, MR can also stretch “High”
period of system clock to allow peripheral devices to access
low-speed memories. As this signal is used also as Ps, , an enable
bit 1s provided at bit 2 of the RAM/port 5 control register at
$0014. Refer to “RAM/PORT 5 CONTROL REGISTER” for
more details

® Halt (HALT; Ps;)

This 1s an mput control signal to stop nstruction execution
and to release buses When this signal switches to “Low”, the
CPU stops to enter into the halt state after having executed
the present nstruction When entering into the halt state, it
makes BA (P44) “‘High™ and also an address bus, data bus, RD,
WR, R/W high 1mpedance When an interrupt 1s generated
in the halt state, the CPU uses the interrupt handler after the
halt 1s cancelled
(Note) 1 Please don’t switch the HALT signal to “Low” when

the CPU executes the WAI mstruction and 1s in the
interrupt wait state to avoid the trouble of the CPU’s
operation after the halt is cancelled.

2 When power 1s supplied with the condition that
HALT 1s “low”, MCU cannot sometimes release the
reset condition, even if RESET becomes “High”.
HALT should be low before RESET nses up.

® Bus Available (BA)

This 1s an output control signal which is normally “Low”
but “High” when the CPU accepts HALT and releases the buses.
The HD6800 and HD6802 make BA “High” and release the
buses at WAL execution, while the HD6303X doesn’t make
BA “High” under the same condition. But if the HALT becomes
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“Low” when the CPU is in the interrupt wait state after having
executed the WAI, the CPU makes BA “High” and releases the
buses. And when the HALT becomes “High”, the CPU returns
to the interrupt wait state.

® PORT

The HD6303X provides three 1/O ports. Table 2 gives the
address of ports and the data direction register and Fig. 14
the block diagrams of each port.

Table 2 Port and Data Direction Register Address

Port Port Address Data Direction Register
Port 2 $0003 $0001
Port 6 $0015 -
Port 6 $0017 $0016
® Port2

An 8-bit input/output port. The data direction register
(DDR) of port 2 controls the 1/O state. It provides two bits;

Port Write Signal
| Port Output Enable
i

bit O decides the 1/O direction of P,o and bit 1 the I/O direc-
tion of P,y to Py, (“0” for input, “1” for output).

Port 2 is also used as an I/O pin for the timers and the
SCI. When used as an 1/O pin for the timers and the SCI, port
2 except P,o automatically becomes an input or an output
depending on their functions regardless of the data direction
register’s value.

Port 2 Data Direction Register
7 6 5 4 3 2 1 0

DOR [ DDR
E R

A reset clears the DDR of port 2 and configures port 2 as an
input port. This port can drive one TTL and 30pF capaci-
tance. In addition, it can produce 1mA current when Vg, =
1.5V to drive directly the base of Darlington transistors.

Port Write Signal

l
Cc
Data Bus D Q ’\

DDR Write Signal
L

C
Q
R Port Read Signal
P

Reset ]
Timer 1 Input
(P, only)
Port 6, Port 2 (Bit 0)

D

Figure 14 Port Block Diagram

c
Data Bus D Q
Timer, SCI
Output Enable
Timer 1, 2, =3
SCI Output | Tri-state
Port Read Signal Control
*F—L\___Q__.
Timer 1,2 1
SCI Input \l
Port 2
Port Read Signal
-
Data Bus
Port 5
® Port5

An 8-bit port for input only. The lower four bits are also
usable as input pins for interrupt, MR and HALT.

® Port6

An 8-bit I/0O port. This port provides an 8-bit DDR corre-
sponding to each bit and can specify input or output by the
bit (“0” for input, “1” for output). This port can drive one
TTL load and 30pF capacitance. A reset clears the DDR of port
6. In addition, it can produce 1mA current when Vg, = 1.5V
to drive directly the base of Darlington transistors.

= BUS
® D,~D,

These pins are data bus and can drive one TTL load and
90pF capacitance respectively.

® Ag~A;s
These pins are address bus and can drive one TTL load and
90pF capacitance respectively.

® RAM/PORT 5 CONTROL REGISTER
The control register located at $0014 controls on-chip
RAM and port S.

RAM/Port 5 Control Register

7 6 5 4 3 2 1 0
STBY MR IRQz | IRQy $0014
PWR AME| — HLTE E £ E 0

Bit 0, Bit 1 IRQ,, IRQ; Enable Bit (IRQ, E, IRQ,E)

When using Psy and Pg, as interrupt pins, write “1” in
these bits. When “0”, the CPU doesn’t accept an external
interrupt or a sleep cancellation by the external interrupt.
These bits become “0” during reset.

Bit 2 Memory Ready Enable Bit (MRE)
When using Py, as an input for Memory Ready signal, write
“1” in this bit. When “0”. the memory ready function is pro-
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hibited and Pg;, can be used as 1/O port This bit becomes
“1" during reset.

Bit 3 Halt Enable bit (HLTE)

When using Py as an input for Halt signal, write 17 1n this
bit. When “0”, the halt function 1s prohibited and Ps3 can be
used as 1/O port. This bit becomes “1”” durning reset.

(Note) When using Ps; and Py as the mput ports in mode 1
and 2, MRE and HLTE bit should be cleared just after
the reset.

Notice that memory ready and halt function 1s enable
till MRE and HLTE bit is cleared

Bit 4, Bit 5 Not Used.

Bit6 RAM Enable (RAME)

On<chip RAM can be disabled by this control bit By re-
setting the MPU, “1” is set to this bit, and on-chip RAM is
enabled. This bit can be written “1” or “0” by software. When
RAM is in disable condition (= logic “0"), on-chip RAM 1s
invalid and the CPU can read data from external memory.
This bit should be “0” before getting into the standby mode to
protect on-chip RAM data.

Bit 7 Standby Power Bit (STBY PWR)

When Vcc is not provided in standby mode, this bit 1s
cleared. This is a flag for both read/write by software. If this bit
is set before standby mode, and remains set even after returning
from standby mode, V¢ voltage is provided during standby

mode and the on-chip RAM data 1s valid

Vee
L MPo
MP, ——=—E
r B -
i ——— WR
= T WR
J n—— = R/W
RES — L TR
§T8Y —— LIR
By wWpesoax | _ ..
Port 2 MPU
81/0 Lines
el 8
D.
1S () somns.
8 Input Lines
RQ:, IRQ;
MR HALT | ) 16 Address
Port 6 <:> Bus
81/0 Lines
Vss  Vss

Figure 15 Operation Mode

= MEMORY MAP

The MPU can address up to 65k bytes Fig 16 gives memory
map of HD6303X. 32 internal registers use addresses from 00"

as shown in Table 3

Table 3 internal Register

Address Registers R/W**"* Initialize at RESET
00 - - —
01 Port 2 Data Direction Register w $FC
02° - s -
03 Port 2 R/W Undefined
04" - - -
05 — - -
06" - - -
07* - - -
08 Timer Control/Status Register 1 R/W $00
09 Free Running Counter (“’High"’) R/W $00
0A Free Running Counter (“Low"’) R/W $00
o8 Output Compare Register 1 (*‘High"’) R/W $FF
ocC Output Compare Register 1 ("“Low"’) R/W $FF
oD Input Capture Register (‘‘High’’) R $00
0E Input Capture Register ("'Low’’) R $00
OF Timer Control/Status Register 2 R/W $10
10 Rate, Mode Control Register R/W $00
1" Tx/Rx Control Status Register R/W $20
12 Receive Data Register R $00
13 Transmit Data Register w $00
14 RAM/Port 5 Control Register R/W $7C or $FC
15 Port 5 R —
16 Port 6 Data Direction Register w $00
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Table 3 Internal Register

Address Registers R/W"** Initialize at RESET
17 Port 6 R/W Undefined
18* - - -

19 Output Compare Register 2 (“High”’) R/W $FF
1A Output Compare Register 2 (‘‘Low"’) R/W $FF
18 Timer Control/Status Register 3 R/W $20
1C Time Constant Register w $FF
1D Timer 2 Up Counter R/W $00
1E - - -

1F** Test Register - -

* External Address
** Test Register Do not access to this register.
*** R :Read Only Register
W : Write Only Register
R/W: Read/Write Register

HD6303X
Expanded Mode

2 |

External
Memory
$0040F Space

Internal
/ RAM
$00FF 7.

External
Memory
Space

SFFEF

* Excludes the following addresses
which may be used externally:
$02, $04, $06, $07, $18

Figure 16 HD6303X Memory Map

® TIMER1

The HD6303X provides a 16-bit programmable timer which
can simultaneously measure an input waveform and generate
two independent output waveforms. The pulse widths of both
input/output waveforms vary from microseconds to seconds.

Timer 1 is configurated as follows (refer to Fig. 18)

+ Control/Status Register 1 (8 bit)

« Control/Status Register 2 (7 bit)

+ Free Running Counter (16 bit)

+ Output Compare Register 1 (16 bit)

+ Output Compare Regster 2 (16 bit)

+ Input Capture Register (16 bit)

® Free-Running Counter (FRC) ($0009 : 000A)
The key timer element is a 16-bit free-running counter driven

and incremented by system clock. The counter value is readable
by software without affecting the counter. The counter is
cleared by reset.

When writing to the upper byte ($09), the CPU writes the
preset value (SFFF8) into the counter (address $09, $0A)
regardless of the write data value. But when wrting to the
lower byte (30A) after the upper byte writing, the CPU writes
not only the lower byte data into lower 8 bit, but also the
upper byte data into higher 8 bit of the FRC.

The counter will be as follows When the CPU writes to it
by double store instructions (STD, STX etc.).

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

LT

Counter value $FFF8 |

$5AF3
In the case of the CPU write ($5AF3) to the FRC

Figure 17 Counter Write Timing

® Qutput Compare Register (OCR)

($0008B, $000C; OCR1) ($0019, $001A ; OCR2)

The output compare register is a 16-bit read/write register
which can control an output waveform. The data of OCR is
always compared with the FRC.

When the data matches, output compare flag (OCF) in the
timer control/status register (TCSR) is set. If an output enable
bit (OE) in the TCSR2 is “1”, an output level bit (OLVL) in
the TCSR will be output to bit 1 (Tout 1) and bit 5 (Tout 2)
of port 2. To control the output level again by the next com-
pare, the value of OCR and OLVL should be changed. The
OCR 1s set to SFFFF at reset. The compare function is inhibited
for a cycle just after a write to the OCR or to the upper byte
of the FRC. This is to begin the comparison after setting the
16-bit value valid in the register and to inhibit the compare
function at this cycle, because the CPU writes the upper byte
to the FRC, and at the next cycle the counter is set to SFFF8.

* For data wnte to the FRC or the OCR, 2-byte transfer

nstruction (such as STX etc ) should be used.

® Input Capture Register (ICR) ($000D : 000E)
The input capture register is a 16-bit read only register which
stores the FRC’s value when external input signal transition
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generates an input capture pulse. Such transition is controlled
by input edge bit (IEDG) in the TCSR1.

In order to input the external input signal to the edge
detecter, a bit of the DDR corresponding to bit 0 of port 2
should be cleared (“0”). When an mnput capture pulse occurs
by the external mput signal transition at the next cycle of CPU’s
high-byte read of the ICR, the input capture pulse will be de-
layed by one cycle. In order to ensure the input capture oper-
ation, a CPU read of the ICR needs 2-byte transfer instruction.
The nput pulse width should be at least 2 system cycles. This
register is cleared (30000) during reset

® Timer Control/Status Register 1 (TCSR1) ($0008)
The timer control/status register 1 is an 8-bit register. All bits
are readable and the lower 5 bits are also writable. The upper 3
bits are read only which indicate the following timer status.
BitS The counter value reached to $0000 as a result of
counting-up (TOF)

Bit 6 A match has occured between the FRC and the OCR 1
(OCF1)

Bit 7 Defined transition of the timer mput signal causes the
counter to transfer 1ts data to the ICR (ICF).

The followings are each bit descriptions.

Timer Control/Status Register 1
7 6 5 4 3 2 1 0

oLvL1f $0008

| ICF IOCHITOF l EIC! IEOCH ETOIIIEDG

Bit0 OLVL1 Output Level 1
OLVLI1 1s transferred to port 2, bit 1 when a match
occurs between the counter and the OCRI. If bit O of
the TCSR2 (OE1) is set to “1”, OLVL1 will appear at
bit 1 of port 2
Bit1 IEDG Input Edge
This bit determines which edge, rising or falling, of
input signal of port 2, bit 0 will trigger data transfer
from the counter to the ICR. For this function, the
DDR corresponding to port 2, bit O should be cleared
beforehand
IEDG=0, triggered on a falling edge
(“High” to “Low™)
IEDG=1, triggered on a nsing edge
(“Low” to “High™)
Bit2 ETO! Enable Timer Overflow Interrupt
When this bit s set, an internal interrupt (IRQs) by
TOI interrupt 1s enabled When cleared, the interrupt is
inhibited
Bit3 EOCI1  Enable OQutput Compare Interrupt 1
When this bit 1s set. an internal interrupt (IRQ3) by
OCI1 interrupt 1s enabled. When cleared, the interrupt
1s inhibited.
Bit4 EICI Enable Input Capture Interrupt
When this bit 1s set, an internal nterrupt (IRQ3) by
ICI interrupt 1s enabled. When cleared, the interrupt is
mhibited.
Bit5 TOF Timer Overflow Flag
This read-only bit is set when the counter incre-
ments from SFFFF by 1. Cleared when the counter’s
upper byte ($0009) 1s ready by the CPU after the
TCSR1 read
Bit6 OCF1 Output Compare Flag 1
This read-only bit 1s set when a match occurs be-
tween the OCR1 and the FRC. Cleared when writing

to the OCR1 ($000B or $000C) after the TCSR1 or
TCSR2 read.
Bit7 ICF Input Capture Flag

This read-only bit is set when an input signal of
port 2, bit 0 makes a transition as defined by IEDG and
the FRC 1s transferred to the ICR. Cleared when reading
the upper byte ($000D) of the ICR following the
TCSR1 or TCSR2 read.

® Timer Control/Status Register 2 (TCSR2) ($000F)

The timer control/status register 2 is a 7-bit register. All bits
are readable and the lower 4 bits are also writable. But the
upper 3 bits are read-only which indicate the following timer
status,

Bit S A match has occured between the FRC and the OCR2
(OCF2).

Bit 6 The same status flag as the OCF1 flag of the TCSRI,
bit 6.

Bit 7 The same status flag as the ICF flag of the TCSR1, bit 7.

The followings are the each bit descriptions.

Timer Control/Status Register 2
7 6 5 4 3 2 1 0

OCFllOCH -

Bit0 OE1 Output Enable 1
This bit enables the OLVLI to appear at port 2, bit
1 when a match has occurred between the counter and
the output compare register 1 When this bit 1s cleared,
bit 1 of port 2 will be an 1/O port. When set, it will be
an output of OLVLI automatically.
Bit1 OE2 Output Enable 2
This bit enables the OLVL2 to appear at port 2, bit
S when a match has occurred between the counter and
the output compare register 2. When this bit is cleared,
port 2, bit S will be an 1/0 port. When set, it will be an
output of OLVL2 automatically.
Bit2 OLVL2 Output Level 2
OLVL2 1s transferred to port 2, bit S when a match
has occurred between the counter and the OCR2. If
bit 5 of the TCSR2 (OE2) 1s set to “1”, OLVL2 will
appear at port 2, bit 5.
Bit3 EOCI2 Enable Output Compare Interrupt 2
When this bit 1s set, an mnternal interrupt (IRQ3) by
OCI2 interrupt is enabled. When cleared, the interrupt
is inhibated.
Bit4 Not Used
Bit5 OCF2 Output Compare Flag 2
This read-only bit is set when a match has occurred
between the counter and the OCR2. Cleared when
wnting to the OCR2 (30019 or $001A) after the TCSR2

IC

"

OCIZ}OLVLZ OE2 | OE1 | $O00F

read.
Bit6 OCF1 Output Compare Flag 1
Bit7 ICF InputCapture Flag

OCF1 and ICF addresses are partially decoded.
The CPU read of the TCSR1/TCSR2 makes 1t possible
to read OCF1 and ICF into bit 6 and bit 7.
Both the TCSR1 and TCSR2 will be cleared during reset.
(Note) If OE1 or OE2 1s set to “1” before the first output
compare match occurs after reset restart, bit 1 or bit 5
of port 2 will produce “0” respectively.
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Figure 18 Timer 1 Block Diagram

= TIMER 2
In addition to the timer 1, the HD6303X provides an 8-bit
reloadable timer, which 1s capable of counting the external
event. This timer 2 contains a timer output, so the MPU can
generate three independent waveforms (refer to Fig. 19).
The timer 2 is configured as follows.
Control/Status Register 3 (7 bit)
8-bit Up Counter
Time Constant Register (8 bit)

® Timer 2 Up Counter (T2CNT) ($001D)

This 1s an 8-bit up counter which operates with the clock
decided by CKSO and CKS!1 of the TCSR3. The CPU can read
the value of the counter without affecting the counter. In ad-
dition, any value can be written to the counter by software
even during counting.

The counter is cleared when a match occurs between the
counter and the TCONR or during reset.

If a write operation is made by software to the counter at the
cycle of counter clear, it does not reset the counter but put the
write data to the counter.

® Time Constant Register (TCONR) ($001C)

The time constant register is an 8-bit write only register. It
is always compared with the counter.

When a match has occurred, counter match flag (CMF) of
the timer control status register 3 (TCSR3) is set and the value
selected by TOSO and TOS! of the TCSR3 will appear at port 2,
bit 6. When CMF is set, the counter will be cleared simultane-
ously and then start counting from $00. This enables regular
interrupts and waveform outputs without any software support.
The TCONR is set to “$FF” during reset.

® Timer Control/Status Register 3 (TCSR3) ($0018)

The timer control/status register 3 is a 7-bit register. All bits
are readable and 6 bits except for CMF can be written.

The followings are each pin descriptions.

Timer Control/Status Register 3
7 6 5 4 3 2 1 0

ICMF IECMI -

T2E {TOS?

TOSO]VCKS 1|CKSOI $0018
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Figure 19 Timer 2 Block Diagram

Bit0 CKSO Input Clock Select 0
Bit1 CKS1 Input Clock Select 1
Input clock to the counter 1s selected as shown TOS1 TOSO

Table 4 depending on these two bits. When an external 0 0
clock 1s selected, bit 7 of port 2 will be a clock input

Table 5 Timer 2 Output Select

Timer Output
Timer Output Inhibited

-
automatically. Timer 2 detects the rising edge of the ! Toggle Output
external clock and increments the counter. The external 1 0 Output "0
clock 1s countable up to half the frequency of the 1 1 Output 1"

system clock
* When a match occurs between the counter and the TCONR, timer 2
output level i1s reversed This leads to production of a square wave with

Table 4 1Input Clock Select 50% duty to the external without any software support

CKS1 CKSO0 Input Clock to the Counter Bit4 T2E Timer 2 Enable Bit
0 0 E clock When this bit is cleared, a clock input to the up
" counter 1s prohibited and the up counter stops. When set
! E clock/8 to 17, a clock selected by CKS1 and CKSO (Table 4)

! 0 E clock/128" is input to the up counter
1 1 External clock (Note) P,¢ outputs “0” when T2E bit cleared and timer 2 set

n output enable condition by TOS1 or TOSO. It also

* These clocks come from the FRC of the timer 1 If one of these clocks

1s selected as an input clock to the up counter, the CPU should not
write to the FRC of the timer 1

Bit2 TOSO Timer Output Select O
Bit3 TOS1 Timer Output Select 1
When a match occurs between the counter and the
TCONR timer 2 outputs shown in Table 5 will appear at
port 2, bit 6 depending on these two bits When both
TOSO and TOS1 ate “0”, bit 6 of port 2 will be an I/O
port.

outputs “0” when T2E bit set “1” and timer 2 set in
output enable condition before the first counter match

oceurs
Bit5 Not Used
Bit6 ECMI Enable Counter Match Interrupt

When this bit is set. an nternal interrupt (IRQ3) by

CMI 1s enabled When cleared, the interrupt is inhibited.
Bit 7 CMF Counter Match Flag

This read-only bit 1s set when a match occurs between
the up counter and the TCONR. Cleared by writing
“0” by software write (unable to write “1” by soft-
ware).
Each bit of the TCSR3 is cleared during reset.
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® SERIAL COMMUNICATION INTERFACE (SCI)

The HD6303X SCI contains two operation modes; one is an
asynchronous mode by the NRZ format and the other is a
clocked synchronous mode which transfers data synchronizing
with the serial clock.

The SCI consists of the following registers as shown in
Fig. 20 Block Diagram.

+ Control/Status Register (TRCSR)

+ Rate/Mode Control Register (RMCR)

* Receive Data Register (RDR)

*+ Receive Data Shift Register (RDSR)

* Transmit Data Register (TDR)

+ Transmit Data Shift Register (TDSR)

The serial 1/0 hardware requires an initialization by software
for operation. The procedure is usually as follows.

1) Write a desirable operation mode into each correspond-

ing control bit of the RMCR.

2) Write a desirable operation mode into each correspond-

ing control bit of the TRCSR.

When using bit 3 and 4 of port 2 for serial I/O only, there is
no problem even if TE and RE bit are set. But when setting the
baud rate and operation mode, TE and RE should be ““0”’. When
clearing TE and RE bit and setting them again, more than 1 bit
cycle of the current baud rate is necessary. If set in less than 1
bit cycle, there may be a case that the internal transmit/receive
initialization fails.

® Asynchronous Mode

An asynchronous mode contains the following two data
formats:

1 Start Bit + 8 Bit Data + 1 Stop Bit
1 Start Bit + 9 Bit Data + 1 Stop Bit

In addition, if the 9th bit is set to “1” when making 9

bit data format, the format of
1 Start bit + 8 Bit Data + 2 Stop Bit
is also transferred.

Data transmission is enabled by setting TE bit of the TRCSR,
then port 2, bit 4 will become a serial output independently of
the corresponding DDR.

For data transmit, both the RMCR and TRCSR should be
set under the desirable operating conditions. When TE bit 1s
set during this process, 10 bit preamble will be sent in 8-bit data
format and 11 bit in 9-bit data format. When the preamble 1s
produced, the internal synchronization will become stable and
the transmitter is ready to act.

The conditions at this stage are as follows.

1) If the TDR is empty (TDRE=1), consecutive 1’s are

produced to indicate the idle state.

2) If the TDR contains data (TDRE=0), data is sent to the

transmit data shift register and data transmit starts.

During data transmit, a start bit of *0” is transmitted first.
Then 8-bit or 9-bit data (starts from bit 0) and a stop bit *“1”
are transmitted.

When the TDR is “empty”, hardware sets TDRE flag bit. If
the CPU doesn’t respond to the flag in proper timing (the TDRE
is in set condition till the next normal data transfer starts from
the transmit data register to the transmit sift register), “1” 1s
transferred instead of the start bit “0” and continues to be
transferred till data is provided to the data register. While the
TDRE 1s “1”, “0” is not transferred.

Data receive is possible by setting RE bit. This makes port 2,
bit 3 be a serial input. The operation mode of data receive is
decided by the contents of the TRCSR and RMCR. The first
“0” (space) synchronizes the receive bit flow. Each bit of the
following data will be strobed in the middle. If a stop bit is not
1", a framing error assumed and ORFE 1s set

When a framing error occurs, receive data is transferred to
the receive data register and the CPU can read error-generating
data. This makes it possible to detect a line break.

If the stop bit is “1”, data 1s transferred to the receive data
register and an interrupt flag RDRF is set. If RDRF is still
set when receiving the stop bit of the next data, ORFE 1s set to
indicate overrun generation.

When the CPU read the receive data register as a response to
RDRF flag or ORFE flag after having read TRCS, RDRF or
ORFE is cleared.

(Note) Clock Source 1n Asynchronous Mode
If CC1 . CCO = 10, the internal bit rate clock 1s provided
at P,, regardless of the values for TE or RE. Maximum
clock rate 1s E~ 16.
If both CC1 and CCO are set, an external TTL compati-
ble clock must be connected to P,, at sixteen times
(16x) the desired bit rate, but not greater than E.

@ Clocked Synchronous Mode

In the clocked synchronous mode, data transmit is
synchronized with the clock pulse. The HD6303X SCI
provides functionally independent transmitter and receiver
which makes full duplex operation possible in the asynchronous
mode. But in the clocked synchronous mode an SCI clock 1/O
pin is only P,,, so the simultaneous receive and transmit
operation is not available. In this mode, TE and RE should
not be in set condition (*“1”’) simultaneously. Fig. 21 gives a
synchronous clock and a data format in the clocked synchro-
nous mode.
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Figure 20 Serial Communication Interface Block Diagram

Data transmit is realized by setting TE bit in the TRCSR.
Port 2, bit 4 becomes an output unconditionally independent
of the value of the corresponding DDR.

Both the RMCR and TRCSR should be set in the desirable
operating condition for data transmt.

When an external clock input is selected, data transmit is

performed under the TDRE flag “0” from port 2, bit 4, syn-
chronizing with 8 clock pulses input from external to port 2,
bit 2.

Data is transmitted from bit O and the TDRE is set when the
transmit data shift register is “empty”. More than 9th clock
pulse of external are ignored.

{&——————3 Transmit Direction

clock

e
" B |
A P7777] Not Valid

- Transmit data 1s output from a falling edge of a synchronous clock to the next falling edge

« Receive data is latched at the rising edge
Figure 21

When data transnut 1s selected to the clock output, the MPU
produces transmit data and synchronous clock at TDRE flag
clear.

Data receive is enabled by setting RE bit. Port 2, bit 3 will
be a serial input. The operating mode of data receive 1s decided
by the TRCSR and the RMCR.

If the external clock input 1s selected. RE bit should be
set when P22 1s “High". Then 8 external clock pulses and
the synchronized recewve data are mput to port 2, bit 2
and bit 3 respectively The MPU put recewve data into the
receive data shift register by this clock and set the RDRF
flag at the termmation of 8 bit data receive More than 9th
clock pulse of external mput are ignored When RDRF 1s
cleared by reading the recewve data register, the MPU starts

Clocked Synchronous Mode Format

receiving the next data. So RDRF should be cleared with P,,
“High”

When data receuve 1s selected to the clock output, 8 synchro-
nous clocks are output to the external by setting RE bit. So re-
cewve data should be input from external, synchronously with
this clock. When the first byte data is received, the RDRF flag
1s set. After the second byte, receive operation 1s performed and

output the synchronous clock to the external by clearing the
RDREF bit.

® Transmit/Receive Control Status Register (TRCSR) ($0011)

The TRCSR 1s composed of 8 bits which are all readable. Bits
0 to 4 are also writable. This register 1s imtialized to $20 durning
reset. Each bit functions as follows.
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Transmit/Receive Control Status Register
76 5 4 3 2 1 0

TEJWU]$0011

RODRF)ORFE | TDRE| RIE | RE TIE

Bit0 WU Wake-up

In a typical multi-processor configuration, the
software protocol provides the destination address at
the first byte of the message In order to make un-
interested MPU ignore the remaining message, a wake-up
function is available. By this, uninterested MPU can in-
hibit all further receive processing till the next message
starts.

Then wake-up function is triggered by consecutive
I’s with 1 frame length (10 bits for 8-bit data, 11 for
9-bit). The software protocol should provide the idle
time between messages.

By setting this bit, the MPU stops data receive till the
next message. The receive of consecutive “1” with one
frame length wakes up and clears this bit and then the
MPU restarts receive operation. However, the RE flag
should be already set before setting this bit. In the
clocked synchronous mode WU is not available, so this
bit should not be set.

Bit1 TE Transmit Enable

When this bit 1s set, transmit data will appear at port
2, bit 4 after one frame preamble in asynchronous mode,
while 1n clocked synchronous mode it appears im-
mediately. This is executed regardless of the value of
the corresponding DDR. When TE is cleared, the serial
1/0 doesn’t affect port 2, bit 4.

Bit2 TIE Transmit Interrupt Enable

When this bit is set. an internal interrupt (IRQ3) is
enabled when TDRE (bit S) is set. When cleared, the
interrupt is inhibited.

Bit3 RE Recewve Enable

When set, a signal 1s input to the receiver from port
2, bit 3 regardless of the value of the DDR. When RE
is cleared, the serial 1/0 doesn’t affect port 2, bit 3.

Bit4 RIE Receive Interrupt Enable

When this bit 1s set, an internal nterrupt, IRQ3 1s
enabled when RDRF (bit 7) or ORFE (bit 6) is set.
When cleared, the interrupt is inhibited.

Bit5 TDRE Transmit Data Register Empty

TDRE is set when the TDR is transferred to the
transmit data shift register in the asynchronous mode,
while in clocked synchronous mode when the TDSR is
“empty”. This bit is reset by reading the TRCSR and
writing new transmit data to the transmit data register.
TDRE is set to ‘1™ during reset,

(Note) TDRE should be cleared in the transmittable state after
the TE set.
Bit6 ORFE Overrun Framing Error

OREFE is set by hardware when an overrun or a fram-
ing error is generated (during data receive only). An
overrun error occurs when new receive data is ready to

be transferred to the RDR during RDRF still being set.
A framing error occurs when a stop bit is “0”. But in
clocked synchronous mode, this bit is not affected. This
bit is cleared when reading the TRCSR, then the RDR,
or during reset.

Bit7 RDRF Receive Data Register Full

RDREF is set by hardware when the RDSR is transfer-
red to the RDR. Cleared when reading the TRCSR, then
the RDR, or during reset.

(Note) When a few bits are set between bit S to bit 7 in the
TRCSR, a read of the TRCSR is sufficient for clearing
those bits. It is not necessary to read the TRCSR every-
time to clear each bit.

® Transmit Rate/Mode Control Register (RMCR)
The RMCR controls the following serial I/0:

* Baud Rate
* Clock Source

* Data Format
* Port 2, Bit 2 Function

In addition, if 9-bit data format is set in the asynchronous
mode, the 9th bit is put in this register. All bits are readable and
writable except bit 7 (read only). This register is set to $00
during reset.

Transfer Rate/Mode Control Register

7 6 5 4 3 2 1 0

RDSITDB §s2 |cc2fcct|cco|sst | sso|$o010

Bit0 SS0
Bit 1 SS1 Speed Select
Bit5 SS2

These bits control the baud rate used for the SCI. Table
6 lists the available baud rates. The timer 1 FRC (S52=0) and
the timer 2 up counter (SS2=1) provide the internal clock to the
SCI. When selecting the timer 2 as a baud rate source, it func-
tions as a baud rate generator. The timer 2 generates the baud
rate listed in Table 7 depending on the value of the TCONR.
(Note) When operating the SCI with internal clock, do not
perform write operation to the timer/counter which is
the clock source of the SCI.

Bit 2 cco
Bit3 CC1 Clock Control/Format Select®
Bit4 cc2

These bits control the data format and the clock source
(refer to Table 8)

* CCO, CC1 and CC2 are cleared during reset and the MPU
goes to the clocked synchronous mode of the external
clock operation. Then the MPU sets port 2, bit 2 into
the clock input state. When using port 2, bit 2 as an
output port, the DDR of port 2 should be set to “1”* and
CC1 and CCO to ““0" and “1” respectively.
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Table 6 SCI Bit Times and Transfer Rates

(1) Asynchronous Mode

XTAL 2 4576MHz 4 OMHz i 49152MHz
$SS2 SS1 SSO| e | e144kHz 1 OMHz V 12288MHz
0 0 o E-16 2645 38400Baud | 164s. 62500Baud 135/76800Baud
o o0 1 E-128 20845/4800Baud | 128,s/7812 5Baud | 104 2 us/9600Baud
0o 1 o0 E-1024 167ms/600Baud | 1024ms 976 6Baud | 833 3us, 1200Baud
o] 1 1 E-4096 6 67ms/150Baud 4 096ms 244 1Baud 3 333ms '‘300Baud
1 — - — * * *

*When SS21s “1”’, Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N

f input clock frequency to the

Baud Rate = 32 (N D) timer 2 counter
N=0~2S55
(2) Clocked Synchronous Mode *
XTAL 4 OMHz 6 OMHz ! 8 OMHz
SS2 SS1 SSO| E 1OMHz | 15MHz 2 OMHz
0o (/] 0 E+2 2usbit 1 33us’/bit 1us. bit
(0] 0 1 E+-16 16 us/bit 10 7us, bit 8us/bit
0 1 [o] E-128 128us/bit 85 3us/bit | 64us/bit
o] 1 1 E+512 512us/bit 341 us/bit 256us bit
1 — — — * % * % * x

* Bit rates in the case of internal clock operation. In the case of external clock vperation, the external clock is
operatable up to DC ~ 1/2 system clock.

** The bit rate 1s shown as follows with the TCONR as N.

Bit Rate (us/bit) = 4(1‘;*1) (f : :rrﬁ:: glzgl;:::?uency to the

N=0~255

Table 7 Baud Rate and Time Constant Register Example

Baud F;;;(;m {‘TAL 2 4576MHz 3 6864MHz 4 OMHz 4 9152MHz 8 OMHz
110 21° 37 35° 43" 70°
150 127 191 207 255 51°
300 63 95 103 127 207
600 31 47 51 63 103

1200 15 23 25 31 51
2400 7 1 12 15 25
4800 3 5 - 7 12
9600 1 2 _ 3
19200 0 - - 1 -
38400 - - - 0 -

* E/8 clock 1s input to the timer 2 up counter and E clock otherwise.
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Table 8 SCI Format and Clock Source Control

CC2 CcC1 ccCo Format Mode Clock Source |Port 2, Bit 2 Port 2, Bit 3 Port 2, Bit 4

0 0 0 8-bit data | Clocked Synchronous | External Input M

0 0 1 | 8-bitdata | Asynchronous Internal Not Used** T RE bit is 1"

0 1 0 8-bit data | Asynchronous Internal Output* \A{hen' the TRCSR, . bitis ™17,
bit 3 is used as a serial input.

0 1 1 8-bit data | Asynchronous External Input

1 0 0 8-bit data | Clocked Synchronous | Internal Output

1 0 1 9-bit data | Asynchronous Internal Not Used** hen the TRCSR. TE e

1 1 0 |9-bitdata | Asynchronous Internal Output*® When the T R. . bt 1s 17,
bit 4 is used as a serial output.

1 1 1 9-bit data | Asynchronous External Input }

* Clock output regardless of the TRCSR, bit RE and TE.

Bit6 TD8 Transmit DataBit8

When selecting 9-bit data format in the asynchron-
ous mode, this bit is transmitted as the 9th data. In
transmitting 9-bit data, write the 9th data into this bit
then write data to the receive data register.
RD8 Receive Data Bit 8

When selecting 9-bit data format in the asynchronous
mode, this bit stores the 9th bit data. In receiving 9-bit
data, read this bit then the receive data register.

Bit7

B PRECAUTION 1

In the synchronous clocked receive operation with clock-output,
there are three cases for clock pulse timing after RDRF clear as
shown below.

Please consider above in designing system, since transmitting
receiving time is not uniform.

The clock-output of case 1 or case 2 is determined by ““1”” or ““0”
of SCI internal operation clock of RDRF clearing cycle. In addition,
in the case of low voltage operation (V¢ < 4.5V), the clock-output
of case 1 may transfer to case 3.

RDR read cycle (RDRF clear)

** Not used for the SCI.

8 PRECAUTION 2
When transmitting through clock-synchronous serial communi-
cation interface, TE bit should not be cleared with TDRE of TRCSR

($11) is “0”.

The TDRE set and clear conditions of SCI are shown as follows.

TDRE

Set condition Clear condition
1. TDR — transmit When writing to TDR
shift register after TRSCR read,

(asynchronous)

2. Transmit shift
register is empty.
(clock-synchronous)

3. RES =0

with TDRE = 1, TDRE
is cleared.

If transmit data is written to TDR, and then TE bat is cleared with
TDRE = 0 to stop transmitting, TDRE remains “0”.

Inthis case, even if TE bit is set and transmit data is written again,
the TDR data is not transmitted.

Please note that TE bit must be cleared after the last data has been

transmitted.

(This caution is not applied to asynchronous serial communica-
tion interface.)

bit 1

—

bit0
clock-output I l
case 1
t bit 0
case 2 | [
t2 bit 0
case 3 l
(note) Whenbitrateis E/2, t;=E, and t,=2E. E/128, t, = 64E,
E/16, t, = 8E, t, = 16E. E/512, t, = 256E,
Precaution 1 Diagram
G HITACHI
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OCF2 of Timer 1, the set signal is generated periodically when-
ever FRC matches OCR after the set, and which can cause the
unclear of the flag. To clear surely, the method is necessary to
avoid the occurence of the set signal between TCSR Read and
OCR write. For example, match the OCR value to FRC first,
and next read TCSR, and then write OCR at once.

® TIMER, SCI STATUS FLAG

Table 9 shows the sct and resct conditions of cach status
flag in the timer 1, timer 2 and SCI.

As for Timer 1 and Timer 2 status flag, if the set and reset
condition occur simultaneously, the set condition 1s prior to
the reset condition. But in case of SCI control status flag,
the reset condition has priority. Especially as for OCF1 and

Table 9 Timer 1, Timer 2 and SCI Status Flag

Set Condition Reset Condition
ICF FRC — ICR by edge input to Py. 1 Read the TCSR1 or TCSR2 then ICRH,
when ICF=1
2. RES=0
OCF1 OCR1=FRC 1. Read the TCSR1 or TCSR2 then write to the
OCR1H or OCR1L, when OCF1=1
Timer 2. RES=0
1 OCF2 OCR2=FRC 1 Read the TCSR2 then write to the OCR2H or
OCR2L, when OCF2=1
2. RES=0
TOF FRC=$FFFF+1 cycle 1. Read the TCSR1 then FRCH, when TOF=1
2. RES=0
Timer CMF T2CNT=TCONR 1. Write “0" to CMF, when CMF=1
2. RES=0
RDRF Receive Shift Register -~ RDR 1. Read the TRCSR then RDR, when RDRF =1
2. RES=0
ORFE 1. Framing Error (Asynchronous Mode) 1. Read the TRCSR then RDR, when ORFE=1
Stop Bit=0 2. RES=0
2. Overrun Error (Asynchronous Mode)
Receive Shift Register >~ RDR when
SCI RDRF=1
TDRE 1. Asynchronous Mode Read the TRCSR then write to the TDR,
TDR — Transmit Shift Register when TDRE=1
2. Clocked Synchronous Mode (Note) TDRE should be reset after the TE set.
Transmit Shift Register is “empty”’
3. RES=0

(Note) 1. =, transfer
2 For example, "ICRH' means High byte of ICR

= LOW POWER DISSIPATION MODE
The HD6303X provides two low power dissipation modes,
sleep and standby.

® Sleep Mode

The MPU goes to the sleep mode by SLP instruction execu-
tion. In the sleep mode, the CPU stops its operation, while the
registers’ contents are retained. In this mode, the peripherals
except the CPU such as timers, SCI etc. continue their func-
tions. The power dissipation of sleep-condition is one fifth that
of operating condition.

The MPU returns from this mode by an mnterrupt, RES or
STBY, it goes to the reset state by RES and the standby mode
by STBY. When the CPU acknowledges an interrupt request, it
cancels the sleep mode, returns to the operation mode and
branches to the interrupt routine. When the CPU masks this
interrupt, it cancels the sleep mode and executes the next
instruction. However, for example if the timer 1 or 2 prohibits
a timer interrupt, the CPU doesn’t cancel the sleep mode be-
cause of no interrupt request.

This sleep mode 15 effective to reduce the power dissipation

for a system with no need of the HD6303X’s consecutive
operation.

® Standby Mode

The HD6303X stops all the clocks and goes to the reset
state with STBY “Low™. In this mode, the power dissipation is
reduced conspicuously. All pins except for the power supply,
the STBY and XTAL are detached from the MPU internally
and go to the high impedance state.

In this mode the power is supplied to the HD6303X, so
the contents of RAM 1s retained. The MPU returns from this
mode during reset. The followings are typical usage of this
mode.

Save the CPU information and SP contents on RAM by NMI.
Then disable the RAME bit of the RAM control register and set
the STBY PWR bit to go to the standby mode. If the STBY
PWR bit is still set at reset start, that indicates the power is
supplied to the MPU and RAM contents are retained properly.
So system can restore itself by returning their pre-standby infor-
mations to the SP and the CPU. Fig. 22 depicts the timing at
each pin with this example.
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Register Set
Restart

Figure 22 Standby Mode Timing

® TRAP FUNCTION

The CPU generates an interrupt with the highest priority
(TRAP) when fetching an undefined instruction or an instruc-
tion from non-memory space The TRAP prevents the system-
burst caused by noise or a program error

® Op Code Error

When fetching an undefined op code, the CPU saves CPU
registers as well as a normal interrupt and branches to the TRAP
(SFFEE, SFFEF) This has the prionty next to reset.

® Address Error
When an instiuction feteh 1s made fiom intemnal 1egister

(80000~S001F), the MPU geneiates an intertupt as well as an
op code ciior But on the system with no memory n 1ts ex-
ternal memory area, this function 1s not apphcable if an in-
struction fetch is made from the external non-memory area.

This function 1s available only for an instruction fetch and

1s not applicable to the access of normal data read/write

(Note) The TRAP interrupt provides a retry function different-
ly from other interrupts. This is a program flow return
to the address where the TRAP occurs when a sequence
returns to a main routine from the TRAP interrupt
routine by RTI. The retry can prevent the system burst
caused by noise etc.
However, if another TRAP occurs, the program repeats
the TRAP interrupt forever, so the consideration 1s
necessary in programming.

® INSTRUCTION SET

The HD6303X provides object code upward compatible
with the HD6801 to utilize all instruction’ set of the
HMCS6800. It also reduces the execution times of key instruc-
tions for throughput improvement.

Bit manipulation instruction, change instruction of the
index register and accumulator and sleep instruction are also
added.

The followings are explained here.

+ CPU Programming Model (refer to Fig 23)

+ Addressing Mode

Accumulator and Memory Manipulation Instruction
(refer to Table 10)

* New Instruction

+ Index Register and Stack Manipulation Instruction
(refer to Table 11)

+ Jump and Branch Instruction (refer to Table 12)

» Condition Code Register Manipulation
(refer to Table 13)

» Op Code Map (refer to Table 14)

® Programming Model

Fig. 23 depicts the HD6303X programming model The
double accumulator D consists of accumulator A and B, so
when using the accumulator D, the contents of A and B are
destroyed.

’ A °| l ’ 8 O] 8eu Accumulators A ang B
15

o] ©r 1681 0oubie Accumuiator O

Es x q Index Reguter 1X)

[s 3 0] suucx poumier 1sp1

F PC oJ Program Counter (PC)
’ )

1vInf o n]zfvic] conaron Code Regater icCA)

‘ L o iborrom tiom mse
Overtiow

Zero
b Negatwe
Interrupt

—— Haif Carey (From Bt 3)

Figure 23 CPU Programming Model

® CPU Addressing Mode

The HD6303X provides 7 addressing modes The addressing
mode is decided by an instruction type and code Table 10
through 14 show addressing modes of each instruction with
the execution times counted by the machine cycle.

When the clock frequency i1s 4 MHz, the machine cycle time
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becomes microseconds directly.
Accumulator {ACCX) Addressing

Only an accumulator 1s addressed and the accumulator A or
B is selected. This is a one-byte instruction.

Immediate Addressing

This addressing locates a data in the second byte of an
mstiuction However, LDS and LDX locate a data in the second
and third byte exceptionally This addressing 1s a 2 or 3-byte
nstruction
Direct Addressing

In this addressing mode, the second byte of an instruc-
tion shows the address where a data 1s stored 256 bytes (30
through $255) can be addressed directly. Execution times
can be reduced by storing data in this area so it is recommended
to make it RAM for users’ data area in configurating a system.
This is a 2-byte instruction, while 3-byte with regard to AIM,
OIM, EIM and TIM.

Extended Addressing

In this mode, the second byte shows the upper 8 bit of the
data stored address and the third byte the lower 8 bit This
indicates the absolute address of 3-byte instruction in the
memory.

Indexed Addressing

The second byte of an instruction and the lower 8 bit of the
index register are added in this mode. As for AIM, OIM, EIM
and TIM, the third byte of an instruction and the lower 8 bits
of the index register are added.

This carry is added to the upper 8 bit of the index register
and the result is used for addressing the memory. The modified
address is retained in the temporary address register, so the con-
tents of the index register doesn’t change. This is a 2-byte
instruction except AIM, OIM, EIM and TIM (3-byte instruc-
tion).

Implied Addressing
An instruction itself specifies the address. That is, the
instruction addresses a stack pointer, index register etc. This is a
one-byte instruction.
Relative Addressing
The second byte of an instruction and the lower 8 bits of
the program counter are added. The carry or borrow is added to
the upper 8 bit. So addressing from -126 to +129 byte of the
current instruction is enabled. This is a 2-byte instruction.
(Note) CLI, SEI Instructions and Interrupt Operation
When accepting the IRQ at a preset timing with CLI
and SEI instructions, more than 2 cycles are neces-
sary between the CLI and SEI instructions. For example,
the following program (a) (b) don’t accept the IRQ but
(c) accepts it.

cu

cLI cLI NOP

SEI NOP NOP
i SEI SEI

(a) (b) (c)

The same thing can be said to the TAP instruction
instead of the CLI and SEI instructions.
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Table 10 Accumulator, Memory Manipulation Instructions

Condition Code
Addressing Modes
Register
° IMMED | DIRECT | INDEX |EXTEND | IMPLIED |  annecorar’ sTa[3[2]1 [0
rithmetic O

op|~|«]op|~ |#|0OP|~|u|OP|~|a|OP|~|# H|I|N[Z|V]C

Add ADDA (88 [2[2]98[3[2[aB]al2 BB [4]3 A+M~A tle]t]t]s]s
aooe  [csl2[2[oef3]2]eBaf2|FB[4]3 B+M—~B tfes]e]e]s

Add Double ADDD [C3[3|3|D3|a|2|E3|5[2 F3 (5|3 A B+M M+1-A B |efelt|tlt]e
Add Accumulastors ABA 1B{1]|1]A+B~A tjeft [t
Add With Carry ADCA |89 |2]299 |3 |2]A9/4|2 |89 |43 A+M+C—A tlefsis]s]s
ADCB  [C9 |2 /2 |D9|3 |2 |E9 4|2 |F9 (4|3 B+M+C~B tlefstt]s

AND ANDA (84 {21294 [3 |2 ]Aa]a[2]|Ba |43 AM=A eleft[t]Rr]e
ANDB [C4 |2|2 |Da|3 |2 |€4]a |2 [Fa |4 |3 B8-M—~B efeft]t][r]e

Bit Test BITA 85 [2[2[95 [3 |2 [as]|a {285 [4]3 AM ejeft[1]R]e
8IT 8 cs [2{2|os|{3]|2]es|a]2|F5]a 3 8:M ololt[t[R]e

Clear CLR 6F |5[2 |7F (5|3 00—~ M e e |R[S[RIR
CLRA aF 1100~ A e|e|[R[S|R|R

CLRB sF [1]1]00 -8 e|e|R[S|RIRA

Compare cMPa |81 [2[2 |91 [3 |2 a1 [a (2 [B1 ][4 3 A-M el [ttt
CMPB cr{2(2o1f3]2{er]aj2]Fr{a]3 B-M ele sttt

g‘:::apv:zawrs C8A Mj1jria-8 cle iy
Complement, 1's com 63 |6(2(73 |63 M-M eleit|tIR]S
COMA a1 [A=-A e [e[t[T[R]S

coms 83 [1[1(B -8 efeltl{t RIS

Complement, 2's NEG 60 |62 70 |63 0 -M=M st |10@
(Negate) NEGA 40 [1]1]/00-A—A eleft]t 0@
NEGB 50 [1{1/00-B~—8 eie it @@

Oecmet a4 | 04 10 |21 |Sopmaemaasterecd [ i1 i o
Decrement DEC 6A |62 |7Aa16(3] | M-1-M slelt][t|@e
DECA aA |1 (1 [A-1—A eleft|t @]

DECB SA{1{1/B-1-8 e leit!t|@|e

Exclusive OR EORA |88 {2 ]2 |98 [3 |2 ]84 |2 |88 |4 |3 A@M=-A efe[t]t]RTe
Eors |cs [2]2 /o8 |3 [2 [es [4 ]2 [F8 [4 |3 8B®OM- B efeft]1]R]e

Increment INC 6C |62 {7C |63 M+1 =M oot il ®fe
INCA 4C (1 1V [A+1~A ole i1t @fe

INCB §C|1:1(B+1~8 olet]t]®]e

Load LDAA |86 |2 {2196 |3 |2 |A6]4 |2 |B6 |4 |3 M= A efoefi[1][R]e
Accumulator Loa8  |ce |2/2|p6|3 |2 |e6 |42 [F6 (a3 YY) olelt|t|R]e
Load Doube Loo cc|3f3|oc|a|2|ec|s |2 |Fc|s |3 M+1-BM=A eleft{t|Rle
Muitiply Unsigned MUL 3Dj|7/t/AxB~A B oo jofe oﬁ-
OR, Inclusive ORAA [8A[2(2]oa]3[2]AAla]2]BAl4]3 B A+M—A ele [t|TIR]e
ORAB [CA (2|2 [DA[3 (2 |EA|a (2 [FA]a |3 B+M~ 8 OBHGC

Push Dsta PSHA 36 |41 A—~Msp, SP-1-SP e (ejefefole
PSHB 37(4(1({B—~Msp,SP-1-SP oo je|eie]e

Pull Data PULA 32|{3]1|SP+1—+SP Msp—~ A oo |ejejee
PULB 33[3(1|SP+1-SP Msp—~8B e fejefajofe

Rotate Left ROL 69 {6|2(79 {63 ~ ejeit|t(®|¢
ROLA 3K |A]m sl el

ROLB so (1] © ¥ % STl elT

Rotate Right ROR 66 (62176 |63 ™ ele ]l I®]!?
RORA 451|Alw..:xox

RORB 56 11" BOBBOE

(Note) Condition Code Register will be explained in Note of Table 13 (continued)
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Table 10 Accumulator, Memory Manipulation Instructions

Addressing Modes ca"%':';:; .(':odc

Operations Mnemonic " |MMED | DIRECT | INDEX |EXTEND | IMPLIED | °°°'°,!':’ 5(a]3[2]1 [0
OP (~|# (0P|~ (#i0P|~{uloP|~|u|OP|~|# wiit|nfzlvic

Shift Left ASL 68 |62 (78 |63 ~ _— BBGE
Arithmetic ASLA CAERE A\ CeITTITIT 0 (o [o [t [t (B
ASLB 58 |1|1]8) € 0 Oltb_'t_

e | A50 o) | om0
Shift Right ASR 67 {62 (77 |6 (3 ~ - eleft |t @t
Arithmetic ASRA a7 11 A,EEEEED:D*D ARG
ASRB s ]® " w O R h e

Shift Right LSR 64 |62 (74 [6]3 ™ . oo Rt 0]
Logica! LsAa wi .lomg TRen
LSR8 saj1]1]® * BRBGE

—

Double Shtt LsRD o |1 1 [esgmmearmees g |4 o a1 @)
Store STAA 97 |32 |A7]4 2087 |43 AnM ele [t [1]R]e
Accumulator STAB 07(3 |2]€7 (a2 |F7 |43 BM elelt[TR]e
Prakamil sTD oo(4 2 |€D|s |2 |FO s |3 g eleft|tirie
Subtract suBa |80 22903 [2]a0la[2]s0{a]3 A-M A ettt ]t
SuUBB | C0 |22 |00|3 |2 |E0 |4 |2 [FO |43 B-M-8 oo [t s3]t

Double Subtract SUBD |83 |33 93 |4 |2 |A3]5 |2 |B3 |53 AB-M M+1-A 8 |o|o]t 1
Subtract ore sBA 10{1{1|a-B>a oleftfifeye
Subtract SBCA 82 |2]2(92 |3 |2|A2]{4 |2 |B2 (4|3 A-M-C—A eleft{t{t]s
With Carry sBcs c2|2]2 o232 ]e2fa2[F2]a]3 B-M-C—-8 efelsls{t]s
“Transter TAB 16 |1]1]A-8 ele [t (1 [A]e
Accumulators TBA TEERER I elotlt{R]e
Test Zero or TST 6D[4 /2 (1D {4 |3 M - 00 ejeit|t|RIR
Minus TSTA a0 |11 ]|A-00 oo [1[1]R]R
TST8 50 [(1{1|8-00 efeit!st|R|R

And Immediate AIM 71]6|3|61|7]3 M MMM ole|:]|1|r]e
OR Immediate om 72,6(3/62|7|3 M+iMM -M ole|l|![R|e
EOR Immediate EIM 75| 6|3]/65|7]|3 M+EIMM M ejoft|:|R|e
Test Immediate TIM 7Bl 4 (3({6B|5(3 M IMM eie)|!l1[R|e

{Note) Condition Code Register will be explained in Note of Table 13
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® Add:tional Instruction
In addition to the HD6801 nstruction set, the HD6303X
prepares the following new instructions.

AIM .. ... .. (M):(IMM) -> (M)
Executes “AND” operation to immediate data and the
memory contents and stores its result in the memory.
OM....... M) + (IMM) > (M)

Executes “OR” operation to immediate data and the
memory contents and stores its result in the memory.

EM....... M) @ (IMM) = (M)

Executes “EOR” operation to immediate data and the
memory contents and stores 1ts result in the memory.

Table 11 Index Register,

™ ....... M) - (IMM)
Executes “AND” operation to immediate data and
changes the relative flag of the condition code register.

These area 3-byte instructions; the first byte is op code, the
second immediate data and the third address modifier.

XGDX ..... (ACCD) <> (IX)
Exchanges the contents of accumulator and the index
register.

SLP

Goes to the sleep mode. Refer to “LOW POWER DIS-
SIPATION MODE” for more details of the sleep mode.

Stack Manipulation Instructions

Addressing Modes . “"::"?.':.?d‘

Pointer Operations | Mnemonic  \mMmED | DIRECT | INDEX |EXTEND [IMPLIED | Arthmetic Operation |54 13210
OP [~ [#|OP |~ |# OP |~ |# |OP |~ |# |OP|~ |# Hi{IINJZIVIC

Compare Index Reg CPX 8C|{3|3/9C |42 |AC|5/2(BC|5(3 X-MM+1 LR R E R K
Decrement Index Reg DEX 09 111 IX-1-X CAERERERER D)
Decrement Stack Pntr DES 34 |11 [SP-1-8§P oloeiofoiofe
Increment Index Reg INX 08 |11 [IX+1=X ejejsfst oo
Increment Stack Pntr INS 31 [1[1|sP+1—~SP o|ojeofele
Load Index Reg LOX CE|[3|3/DE|4 |2 |EE |52 |FE|5 3 M= Xy, (M+1) =X |e|ei®D|t|R]|e
_ Load Stack Pntr LDS 8E |3|3(9E (42 |AE|5({2|BE 5|3 M~ SP (M+1)=SP, lele D|t|R]|e
Store Index Reg STX DF (4|2 |[EF |52 /FF |53 Xy =M X~ (M+1) efeDitiR|e
Store Stack Pntr STS 9F |4 (2 [AF |52 Bi:i»:r L] —_{»SPH ~ M, SP_ ~_(M0 Lb»o . @ tRle
Index Reg ~ Stack Pntr| TXS 35 |1 (1 [X-1-~8SP eioiofojofe
Stack Pntr — Index Reg| TSX [30[1[1 [sP+1—~X olelelolele
Add ABX 3A|1 {1 |B+X—+X ejlojeofelo|e
Push Data PSHX 3C {5 (1 [X  + My SP-1~SP [ejele eio|e

Xy = Mg, SP -1 - SP
Pull Data PULX TT7 777711 fselalifspeiesh Mgy [o|o|elele]e
SP 41— SP, Mgy~ X
Exchange XGDX 18 {2 |1 |ACCD--IX olofeo 000
(Note) Condition Code Register will be explained in Note of Table 13
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Table 12 Jump, Branch Instructions

Addressing Modes Condition Code

Register
Operatons Mnemonic | RELATIVE | DIRECT | INDEX [EXTEND |imPLIED Branch Test s[a]3[2]1]o
op] ~ [« [op [~ op ]~ op |~ [« op[~] ] wlin]zlvlc
Branch Always BRA 20/ 3{2 None ejejefofefe
_ Branch Never BRN 21132 None e|lo|o o afe
Branch If Carry Clear | BCC 2432 c-0 olelolelele
Branch If Carry Set BCS 25|32 C=1 eleleelele
Branch If = Zero BEQ 2732 Z=1 eloieojoe
Branch If > Zero BGE 2C| 3|2 NOV=0 ejeleojoiole
Branch if > Zero BGT €| 3|2 Z+IN®VI=0 efefejefele
Branch tf Higher BH! 2213,2 c+2=0 ele/ofofe]e
Branch If < Zero BLE 261312 _r—- L z ;_i;i@V)x! ele oo oo
Sranch If Lower Or BLS 23032 'l “ crz=1 elefofalele

Branch If < Zero BLT 20]32 ; ST NG v e le
Branch If Minus BMI 28372 1 i N=1 eleelele e
;:zch 1f Not Equal 8NE 2632 i ; ' l 2-0 ojle|ejeoieie
v L4 S

Branch 1 Overflow 8vC 8|32 Lo B olojolsfele
m_-@jﬁiceﬁﬁ's&ﬁ 2932 1.4 v=r e le oo e e
Branch If Plus 2A1 312 N=0 oo oo oo
Branch To Subroutine 8D (612 e (oo (ele e
T T ) ’ GGG ele e e oo
“Teo |52 Jao|s ]2 B0 ]6 3] cfelelelo e
No Operation 01 1)1 3:::"“‘ Prog Cnr o leoje o (ole
Return From Interrupt RTI 38 (101 — @ —
Subroutine” RTS 39 |5 |1 oo e lolo]e
Software Interrupot SWI 3F [12]1 e [Sje e e e

Wait for Interrupt® WAI 3E |9 1 o @ le
Tleep St TAla ] D000

(Note) * WAI puts R/W high, Address Bus goes to FFFF, Data Bus goes to the three state
Condition Code Register will be explained in Note of Table 13
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Table 13 Condition Code Register Manipulation Instructions

A Condition Code Register

Operations Mnemonic IMPLIED Boolean Operation 5 4 3 2 1 1]

OP | ~ | # H|l 1 [N][Z[VIC

Clear Carry cLc oc |1 |1 0-C el o /e e e |R
Clear Interrupt Mask cul 0E 1 1 L e Rie oo le
Clear Overflow CLvV 0A | 1 |1 0~V el oo e R |e
Set Carry SEC oD |1 |1 1-C BERERERERE
Set interrupt Mask SEI OF 1 41 11 e S |e|e e |e
Set Overflow SEV 0B | 1 |1 1V o (o |e|[eo ]S |e
Accumulator A= CCR TAP 06 | 1 |1 A~ CCR —_ Q) ——
CCR — Accumulator A TPA NAREE CCR—A eJeJefeJeTe

LEGEND

OP Operation Code (Hexadecimal)

~  Number of MCU Cycles

Contents of memory location pointed to by Stack Pointer
Number of Program Bytes

Msp

Arithmetic Plus

Arithmetic Minus

CONDITION CODE SYMBOLS
Half-carry from bit 3 to bit 4
Interrupt mask

Negative (sign bit)

Zero (byte)

Overflow, 2‘s complement
Carry/Borrow from/to bit 7

e MWIOKNZ~-T

® Boolean AND Reset Always
+ Boolean Inclusive OR Set Always
© Boolean Exclusive OR Set if true after test or clear
M Complement of M Not Affected
-  Transfer into
0  Bit= Zero
00 Byte = Zero
(Note) Condition Code Register Notes (Bit set if test is true and cleared otherwise)
T (BitV)  Test Result = 100000007
2 (BitC) Test Result ¥ 000000007
@) (Bi1tC) Test BCD Character of high-order byte greater than 10? (Not cleared if previously set)
@ (Bitv) Test Operand = 10000000 prior to execution?
5 (BitV) Test Operand = 01111111 prior to execution?
6  (BitV) Test Setequal to N®@ C = 1 after the execution of instructions
7 (BitN) Test Result less than zero? (Bit 15=1)
8 (All Bit)  Load Condition Code Register from Stack
9 (Bit I) Set when interrupt occurs If previously set, a Non-Maskable Interrupt 1s required to exit the wait state
100 (Al Bit)  Set according to the contents of Accumulator A
" (Bt C) Result of Multiplication Bit 7=1? (ACCB)
Table 14 QP-Code Map
[op T T Tacc Tacc X271 ACCA or SP " TACCB or X
CODE ‘ A ‘ 8 IND ﬁ IMM DIR IND EXT | iMM DIR | IND EXT
oo T ooor | oot T oart T otao | wor | oo | ovr | tooa | toor | tova | tart | tieo | ot arie | o
I VA A i R A0y Ly , .
Lo o 1 b2 | 6 7 8 9 A 8 cC . b i€ F
0000 | 0 SBA‘— 4_BEA_V__ suB o 4;_9*
000t | 1 | NOP | CBA | BRN AIM cwmpP i
wi|2] _— | BRI PO T oM T T s T T 1,
00113 IR com SUBD T ADDD 3
0100 | 4 | LSRD BCC | DES | SR AND e
0101 | 5 | ASLD ecs |Txs | T e - BIT BE)
[01101 6 | TAP | TAB  BNE | PSHA | ROR “" T iba T
oni |7 |TPA [ TBA 'BEQ | PSHB | ASR T STA = STA 7]
1000 ; 8 | INX XGDXi BVC 8
1001 | 9 | DEX | DAA | BVS ?
1010 A | CLV [ SLP  BPL A
1011 B SEV [ ABA [BMi |RTI 8
1100 | ¢ | CLC BGE c
1101 | D | SEC BLT o
Te e fcu | ~—Tsat | e
W F[SE |~ |BLE swi | CLR 1 st [ stx_ TFl
— T =
0 | 2 3 7 "8 | 9 A8  c b €&
UNDEFINED OP CODE (=

* Only each instructions of AIM, OIM, EIM, TIM
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HD6303X, HD63A03X, HD63B03X

® CPU OPERATION
® CPU Instruction Flow

When operating, the CPU fetches an instruction from a
memory and_executes the required function. This sequence
starts with RES cancel and repeats itself limitlessly if not
affected by a special instruction or a control signal. SWI, RTI,
WAI and SLP instructions change this operation, while NMI,
1IRQ,, IRQ,, IRQ;, HALT and STBY control it. Fig. 24 gives
the CPU mode transition and Fig. 25 the CPU system flow
chart. Table 15 shows CPU operating states and port states.

@ Operation at Each Instruction Cycle

Table 16 shows the operation at each instruction cycle.
By the pipcline control of the HD6303X, MULT, PUL, DAA
and XGDX instructions etc. prefetch the next instruction. So
attention is necessary to the counting of the instruction cycles
because it is different from the usual one ----- op code fetch
to the next instruction op code.

Table 15 CPU Operation State and Port State Standby |\ _STBY=0 (" gce
Mode Mode
Port Reset | STBY""*" HALT Sleep
Ag ~ A, H T T H
Port 2 T T Keep Keep Figure 24 CPU Operation Mode Transition
Do ~ D4 T T T T
Ag ~ A H T T H
Port 5 T T T T
Port 6 T T Keep Keep
Control .
Signal T b "

H ;High, L ,Low, T, High Impedance
* RD,WR,R/W,LIR=H,BA=L
** RD,WR,R/W =T,TIR,BA =H
*** E pin goes to high impedance state

@ HITACHI
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PC 1

i

VECTORING

FFFE FFFF STACK
PC X
ACCA
ACCB
CCR

(Note)

1 The program sequence will come to the RES start from
any place of the flow during RES. When STBY=0, the
sequence will go into the standby mode regardless of the CPU
condition.

2 Refer to “FUNCTIONAL PIN DESCRIPTION” for more
details of interrupts

t

t
—
+

l'-lt JLe o Jpes ]

|
BJRER | EER R
[ |

o] [Feomme ] [roomme | [Trcrome | [vrcmmmsl mvom

oo ] [rcromes | [ecromme ] [ecome ]
EEEE FEEF FEEC FFSD FFEA FRER [ s I
——
REQUEST FLAG.
Ciean

l sess Fre7 I Uoseams ] [rseaesa ] [erec seo | [ seeaeree | [ om0 esen

I

INTERRUPT REQUEST FLAGS
CLEAR EXCEPT NMI

Figure 256 HD6303X System Flow Chart
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HD6303X, HD63A03X, HD63B03X

Table 16 Cycle-by-Cycle Operation

Address Mode & Cvc\eS‘[ Cycle Address Bus RD l WR l UR l Data Bus
Instructions L=
IMMEDIATE
ADC ADD 1 Op Code Address + 1 ) 1 } 0 1 1 Operand Data
AND BIT 2 Op Code Address +2 i 1 i o] 1 (o] Next Op Code
CMP  EOR 2 | i
LDA  ORA ! i
SBC sus | . R
ADDD CPX o 1 Op Code Address +1 [ 0 1 1 Operand Data (MSB)
LDD LDS 3 2 Op Code Address +2 | 1 0 1 Operand Data (LSB)
LDX SUBD 3 Op Code Address+3 R 0 1 0 Next Op Code
DIRECT
ADC ADD 1 Op Code Address+ 1 1 0 1 1 Address of Operand (LSB)
AND BIT 2 Address of Operand 1 0 1 1 Operand Data
CMP EOR 3 3 Op Code Address +2 1 0 1 [¢] Next Op Code
LDA ORA
SBC sus
STA T 177 TOp Code Address+ 1 1 0 1 1 Destination Address
3 2 Destination Address [ 1 o 1 Accumulator Data
o . 3 Op Code Address + 2 1 o] 1 (o] Next Op Code
ADDD CPX ] 1 Op Code Address+1 | 1 0 1 1 Address of Operand (LSB)
LDD LDS a 2 Address of Operand 1 o] 1 1 Operand Data (MSB)
LDX SUBD 3 Address of Operand + 1 1 (0] 1 1 Operand Data (LSB)
L 1. 4. Op Code Address +2 1 | 0 1 0 Next Op Code
STD STS 1 Op Code Address+ 1 1 0] 1 1 Destination Address (LSB)
STX a 2 Destination Address 0 1 [¢] 1 Register Data (MSB)
3 Destination Address + 1 0 1 0 1 Register Data (LSB)
4 Op Code Address +2 1 0 1 0 Next Op Code
JsR T a Op Code Address+1 | 1 0 1 17 7| Jump Address (LSB)
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 0 1 Return Address (LSB)
4 Stack Pointer - 1 0 1 ] 1 Return Address (MSB)
5 Jump Address 1 0 1 0 First Subroutine Op Code
TIm I 1 Op Code Address + 1 ] 0 T Immediate Data
a 2 Op Code Address +2 1 (o] 1 1 Address of Operand (LSB)
3 Address of Operand 1 o] 1 1 Operand Data
4 Op Code Address+ 3 1 (o] B 1 1] Next Op Code
AMTTTEM T i ] Op Code Address+1_ | 1 [0 7 7 Immediate Data
om 2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
6 3 Address of Operand 1 0 1 1 Operand Data
a4 FFFF 1 1 1 1 Restart Address (LSB)
S Address of Operand (o] 1 [o] 1 New Operand Data
6 Op Code Address+ 3 1 (o] 1 0 Next Op Code

(Continued)
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HD6303X, HD63A03X, HD63B0O3X

Address Mode &

Address Bus Data Bus

el ]

[rw] 7 [wr [ m |

120

Instructions
INDEXED
JMP 1 Op Code Address+ 1 1 0 1 1 Offset
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Jump Address 1 [¢] 1 0 First Op Code of Jump Routine
ADC ADD 1 Op Code Address+ 1 1 0 1 1 Offset
AND BIT 2 FFFF 1 1 1 1 Restart Address (LSB)
CMP EOR a 3 IX+Offset 1 o] 1 1 Operand Data
LDA ORA 4 Op Code Address+2 1 (o] 1 0] Next Op Code
SBC sus
TST
STA 1 Op Code Address+ 1 1 0 1 1 Offset
a 2 FFFF 1 1 1 1 Restart Address (LSB)
3 IX +Offset 0 1 0 1 Accumulator Data
4 Op Code Address+ 2 1 [0} 1 0 Next Op Code
ADDD 1 Op Code Address+ 1 1 0 1 1 Offset
CPX LDD 2 FFFF 1 1 1 1 Restart Address (LSB)
LDS LDX 5 3 1X+ Offset 1 o] 1 1 Operand Data (MSB)
SuBD 4 IX+Offset+ 1 1 o] 1 1 Operand Data (LSB)
5 Op Code Address+2 1 [o] 1 0 Next Op Code
STD STS 1 Op Code Address+ 1 1 0 1 1 Offset
STX 2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 IX + Offset 0 1 0 1 Register Data (MSB)
4 IX +Offset+ 1 0 1 0 1 Register Data (LSB)
5 Op Code Address +2 1 (o] 1 o] Next Op Code
JSR 1 Op Code Address+1 1 0 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 0 1 Return Address (LSB)
4 Stack Pointer — 1 [ 1 0 1 Return Address (MSB)
5 IX + Offset 1 [o] 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address+ 1 1 0 1 1 Offset
COM  DEC 2 FFFF 1 1 1 1 Restart Address (LSB)
INC LSR 6 3 I1X +Offset 1 0 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 IX +Offset (] 1 0 1 New Operand Data
6 Op Code Address + 2 1 ] 1 0 Next Op Code
TIM 1 Op Code Address + 1 1 0 1 1 Immed:ate Data
2 Op Code Address+2 1 0 1 1 Offset
5 3 FFFF 1 1 1 1 Restart Address (LSB)
4 IX + Offset 1 [o] 1 1 Operand Data
5 Op Code Address+3 1 0 1 [¢] Next Op Code
CLR 1 Op Code Address+ 1 1 [ 0 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 1X + Offset 1 0 1 1 Operand Data
4 IX +Offset o] 1 0 1 00
5 Op Code Address +2 1 0 1 0 Next Op Code
AIM EIM 1 Op Code Address+ 1 1 [6] 1 1 Immediate Data
oM 2 Op Code Address +2 1 0 1 1 Offset
3 FFFF 1 L 1 Restart Address (LSB)
7 4 IX + Offset 1 o | 1 Operand Data
5 FFFF 1 1 1 Restart Address (LSB)
6 1X + Offset 0 1 | o 1 New Operand Data
7 Op Code Address +3 1 (4] ] 1 0 Next Op Code

Hitachi America, Ltd e Hitachi Plaza 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 o (415) 589-8300
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HD6303X, HD63A03X, HD63B03X

Address Mode & Cycles Cycle] Address Bus R/W RD ‘ WR [ R I Data Bus
Instructions .
EXTEND
JMP 1 Op Code Address+1 1 0 1 1 Jump Address (MSB)
3 2 Op Code Address+2 1 [o] 1 1 Jump Address (LSB)
3 Jump Address 1 [o] 1 o] Next Op Code
ADC ADD TST 1 Op Code Address + 1 1 ] 1 1 Address of Operand (MSB)
AND BIT 4 2 Op Code Address+2 1 o) 1 1 Address of Operand (LSB)
CMP  EOR 3 Address of Operand 1 () 1 1 Operand Data
LDA ORA a4 Op Code Address +3 1 [o] 1 o] Next Op Code
SBC  SUB
STA 1 Op Code Address+ 1 1 0 1 1 Destination Address (MSB)
a 2 Op Code Addiess+2 1 [o] 1 1 Destination Address (LSB)
3 Destination Address 0 1 (o] 1 Accumulator Data
4 Op Code Address+3 1 0 1 0 Next Op Code
ADDD 1 Op Code Address+ 1 1 0 1 1 Address of Operand (MSB)
CPX LDD 2 Op Code Address +2 1 o] 1 1 Address of Operand (LSB)
LDS LDX 5 3 Address of Operand 1 0 1 1 Operand Data (MSB)
SuBD 4 Address of Operand + 1 1 o] 1 1 Operand Data (LSB)
5 Op Code Address+ 3 1 0 1 [¢] Next Op Code
STD STS 1 Op Code Address+ 1 1 0 1 1 Destination Address (MSB)
STX 2 Op Code Address+ 2 1 o] 1 1 Destination Address (LSB)
5 3 Destination Address [0] 1 0 1 Register Data (MSB)
a4 Destination Address + 1 (0] 1 o 1 Register Data (LSB)
5 Op Code Address+3 1 [0} 1 [o] Next Op Code
JSR 1 Op Code Address + 1 1 [] 1 1 Jump Address (MSB)
2 Op Code Address+2 1 0 1 1 Jump Address (LSB)
6 3 FFFF 1 1 1 1 Restart Address (LSB)
a Stack Pointer (o] 1 0 1 Return Address (LSB)
5 Stack Pointer — 1 0 1 0 1 Return Address (MSB)
6 Jump Address 1 [o] 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address+ 1 1 [0} 1 1 Address of Operand (MSB)
COM DEC 2 Op Code Address +2 1 o] 1 1 Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 o] 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 Address of Operand [o] 1 [o] 1 New Operand Data
6 Op Code Address+3 1 [0] 1 (9] Next Qp Code
CLR 1 Op Code Address+ 1 1 0 1 1 Address of Operand (MSB)
2 Op Code Address+2 1 o] 1 1 Address of Operand (LSB)
5 3 Address of Operand 1 0 1 1 Operand Data
4 Address of Operand 0 1 0 1 00
5 Op Code Address+ 3 1 [¢] 1 [¢] Next Op Code
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HD6303X, HD63A03X, HD63B03X

122

Address Mode & LCycies] Cvclei Address Bus I R’WJ RD ] WR | TR I Data Bus
Instructions 8 |
IMPLIED
ABA ABX 1 Op Code Address+ 1 1 [4) 1 5} Next Op Code
ASL ASLD
ASR CBA
CLC cu
CLR CLv
COM  DEC
DES DEX
INC INS
INX LSR 1
LSRD ROL
ROR NOP
SBA SEC
SE! SEV
TAB TAP
TBA TPA
TST TSX
TXS
DAA XGDX 2 1 Op Code Address+ 1 1 0 1 0 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
PULA  PULB 1 Op Code Address+ 1 1 0 1 [[] Next Op Code
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer +1 1 0 1 1 Data from Stack
PSHA PSHB 1 Op Code Address+ 1 1 0 1 1 Next Op Code
4 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 o 1 Accumulator Data
4 Op Code Address+ 1 1 0 1 0 Next Op Code
PULX 1 Op Code Address+ 1 1 0 1 0 Next Op Code
" 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer + 1 1 (1] 1 1 Data from Stack (MSB)
4 Stack Pointer +2 1 [ 1 1 Data from Stack (LSB)
PSHX 1 Op Code Address + 1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 V] 1 Index Register (LSB)
4 Stack Pointer — 1 ) 1 o | 1 Index Register (MSB)
5 Op Code Address + 1 1 0 1, 0 Next Op Code
RTS 1 Op Code Address + 1 1 [}) 1T 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer +1 1 [ 1 1 Return Address (MSB)
4 Stack Pointer +2 1 [ 1 1 Return Address (LSB)
5 Return Address 1 0 1 0 First Op Code of Return Routine
MUL 1 Op Code Address + 1 1 [} T 0 Next Op Code
2 FFFF 1 1 LI | Restart Address (LSB)
3 FFFF 1 1 1 1 Restart Address (LSB)
7 4 FFFF 1 1 1 1 Restart Address (LSB)
5 FFFF 1 1 1 1 Restart Address (LSB)
6 FFFF 1 1 1 1 Restart Address (LSB)
7 FFFF 1 1 1 1 Restart Address (LSB)

Hitachi America, Ltd.  Hitachi Plaza ® 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300
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HD6303X, HD63A03X, HD63B03X

Ad:!ress Mode & leclesJth Address Bus l R/'W l RD I WR l R I Data Bus
nstructions #
IMPLIED
WAI 1 Op Code Address+1 1 ] T 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 0 1 Return Address (LSB)
a4 Stack Pointer—1 0 1 o 1 Return Address (MSB)
9 5 Stack Pointer —2 [} 1 [¢] 1 Index Register (LSB)
6 Stack Pointer- 3 0 1 0 1 Index Register (MSB)
7 Stack Pointer—4 0 1 0 1 Accumulator A
8 Stack Pointer—5 o 1 o] 1 Accumulator B
9 Stack Pointer —6 0 1 0 1 Conditional Code Register
RTI 1 Op Code Address+1 1 [0] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer + 1 1 0] 1 1 Conditional Code Register
4 Stack Pointer +2 1 o] 1 1 Accumulator B
10 5 Stack Pointer +3 1 (o] 1 1 Accumulator A
6 Stack Pointer +4 1 o] 1 1 Index Register (MSB)
7 Stack Pointer +5 1 [o] 1 1 Index Register (LSB)
8 Stack Pointer +6 1 0 1 1 Return Address (MSB)
9 Stack Pointer+7 1 0 1 1 Return Address (LSB)
10 Return Address 1 0 1 0 First Op Code of Return Routine
SWI 1 Op Code Address+1 1 ] 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 (o] 1 Return Address (LSB)
4 Stack Pointer — 1 0o 1 0o 1 Return Address (MSB)
5 Stack Pointer —2 o] 1 o] 1 Index Register (LSB)
12 6 Stack Pointer -3 o] 1 0o 1 index Register (MSB)
7 Stack Pointer —4 (o] 1 0 1 Accumulator A
8 Stack Pointer -5 0o 1 o 1 Accumulator B
9 Stack Pointer -6 ] 1 0o 1 Conditional Code Register
10 Vector Address FFFA 1 0 1 1 Address of SWI Routine (MSB)
1" Vector Address FFFB 1 0o 1 1 Address of SWI Routine (LSB)
12 Address of SWI Routine 1 0 1 0] First Op Code of SWI Routine
SLP 1 Op Code Address+ 1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
| |
4 Sleep i I
3 FFFF 1 1 1 1 Restart Address (LSB)
4 Op Code Address+ 1 1 0 1 o] Next Op Code
RELATIVE
BCC BCS 1 Op Code Address + 1 1 0 1 1 Branch Offset
BEQ BGE 3 2 FFFF 1 1 1 1 Restart Address (LSB)
BGT BHI 3 | Branch Address  Test= 1 1 ° 1 o First Op Code of Branch Routine
BLE BLS | Op Code Address+1 Test="0 Next Op Code
BLT BMT
BNE BPL
BRA BRN
BVC BVS
BSR 1 Op Code Address+ 1 1 0 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer (o] 1 (s} 1 Return Address (LSB)
4 Stack Pointer —1 o 1 0 1 Return Address (MSB)
5 Branch Address 1 0 1 ] First Op Code of Subroutine
@ HITACHI
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HD6303X, HD63A03X, HD63B03X

® WARNING CONCERNING THE BOARD DESIGN OF
OSCILLATION CIRCUIT
When designing a board, note that crosstalk may disturb the
normal oscillation if signal lines are placed near the oscillation
circuit as shown in Figure 26. Place the crystal and Cy as close
to the HD6303X as possible.

~~=~Signal hne

8

—memmmmaeajeeaaleo - Signal line

(2]
-

XTAL

EXTAL

il

Co

HD6303X

Do not use this kind of printed-circuit board design.

Figure 26 Warning concerning board design
of oscillation circuit

® RECEIVE MARGIN OF THE SCI

Receive margin of the SCI contained in the HD6303X is
shown in Table 17.
Note: SCI = Serial Communication Interface

Ideal Waveform

20mm max

I.‘_

iy

Avoid signal lines
/ in this area

HD6303X
(DP-64S)

(Top View)

Figure 27 Example of Oscillation Circuits in Board Design

Real Waveform

= WARNING CONCERNING WAI INSTRUCTION

If the HALT signal is accepted by the MCU while the WAI in-
struction is executing, the CPU will not operate correctly after
HALT mode is canceled.

Table 17
Bit distortion Character
tolerance distortion tolerance
(t—to) /to (T-To) /To
HD6303X +43.7% +4.37%
START 1 2 3 4 5 6 7 8 STOP
Bit length t‘—!o*"l
Character length To
- |
T b
L]
d |
WAI * HALT input
waiting for
L | interrupt

WAL is a instruction which waits for an interrupt. The cor-
responding interrupt routine is executed after an interrupt
occurs.

However, during the execution of the WAI instruction,
HALT input makes the CPU malfunction and fetch an abnormal
interrupt vectoring address.

In HALT mode, the CPU operates correctly without the WAI
instruction, and WAI is executed correctly without HALT input.
Therefore, if HALT input is necessary, make interrupts wait
during the loop routine, as shown in Figure 28.

interrupt occurs

wrong vector address
(MSB)
wrong vector address

(LsB)
op-code fetch

vector fetch for interrupt

. interrupt routine
.

Figure 28 MAC function during WAI

@ HITACHI
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HD6303X, HD63A03X, HD63B03X

8 WARNING CONCERNING POWER START-UP

. hd RES must be held low for at least 20 ms when the power
° cul starts up. In this case, the internal reset function is not effective
cu Loop BRA until the oscillation begins at power-on. The RES signal is input
WAl LOOP to the LSI in synchronism with the internal clock ¢ (shown in

. . Figure 30.)
. . Therefore, after power starts up, the LSI conditions such as
. * its I/O ports and operating mode, are unstable. Fix the level of
. 1/0 ports by means of an external circuit to determine the level

1) MAL function i) Recommended method

for system operation during the oscillator stabilization time.

Figure 29 Program to wait for interrupt

= WRITE-ONLY REGISTER l
When the CPU reads a write-only register, the read data is

always $FF, regardless of the value in the write-only register.
Therefore, be careful of the results of instructions which read
write-only register and perform an arithmetic or logical opera-
tion on its contents, such as AIM, ADD, or ROL, is executed,
because the arithmetic or logical operation is always done with L
the data $FF. In particulars, don’t use the AIM, OIM or EIM Figure 30 RES circuit
instruction to manipulate the DDR bit of PORT.

LSt 3 T

J— internal reset
RES pin D a D Q signal
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HD6303Y,HD63A03Y,

HD63B03Y, HD63C03Y
CMOS MPU (Micro Processing Unit)

The HD6303Y is a CMOS 8-bit single-chip microprocessing unit
which contains a CPU compatible with the CMOS 8-bit microcom-
puter HD6301V, 256 bytes of RAM, 24 parallel 1/0 pins, Serial
Communication Interface (SCI) and two timers

FEATURES
Instruction Set Compatible with the HD6301V1
256 Bytes of RAM
24 Parallel I/0 Pins
Parallel Handshake Interface (Port 6)
Darlington Transistor Drive (Port 2, 6)
16-Bit Programmable Timer

Input Capture Register X 1

Free Running Counter X 1

Output Compare Register X 2
8-Bit Reloadable Timer

External Event Counter

Square Wave Generation
® Serial Communication Interface (SCI)

Asynchronous Mode (8 Transmit Formats, Hardware Parity)
Clocked Synchronous Mode

® Memory Ready

3 Kinds of Memory Ready
Halt
Error Detection
(Address Error, Op-code Error)
interrupt — External 3, Internal 7
Maximum 65k Bytes Address Space
Low Power Dissipation Mode

Sleep Mode

Standby Mode (Hardware Standby, Software Standby)
Minimum Instruction Execution Time — O 5us (f = 2MHz)
Wide Range of Operation

Vec=3t05.5V (f=0.1to0 0.5MHz)
f=0.1 to 1.0MHz : HD6303Y
Vee=5Vt 10%{f=0.1 to 1.6MHz . HD63A03Y }

[ ) eocooooon

f=0.1 to 2.0MHz HD63BO3Y
£=0.1 to 3.0MHz ; HD63C03Y

B PROGRAM DEVELOPMENT SUPPORT TOOLS

® Cross assembler and C compiler software for IBM PCs and
compatibles

@ In circuit emulator for use with IBM PCs and compatibles

HD6303YP,HDB63A03YP,
HD63BO3YP,HD63CO3YP

(DP-64S)

HD6303YF,HD63AO03YF,
HD63B0O3YF,HD63CO3YF

(FP-64)

HD6303YH,HD63A03YH
HD63B0O3YH,HD63CO3YH

(FP-64A)

HD6303YCP,HD63A03YCP
HD63B0O3YCP,HD63C0O3YCP

(CP-68)

@ HITACHI
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HD6303Y, HD63A03Y, HD63B03Y, HD63CO03Y

= PIN ARRANGEMENT

® HD6303YP, HD63A03YP, HD63BO3YP, ® HD6303YF, HD63A03YF, HD63BO3YF,
HD63C03YP HD63CO3YF

(Top View)

(Top View)

® HD6303YCP, HD63A03YCP, HD63B03YCP, @ HD6303YH, HD63A03YH, HD63BO3YH,
HD63C03YCP HD63CO3YH

& a s e R

@ 3
]

PEPPPPPPPPZO000000

(Top View) (Top View)
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HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y

® BLOCK DIAGRAM

>
o -~ —
Vee —o aa ""E ,S
Vss b33 ,‘é’ nIZ w
Vss —» l 1
[h —
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P2s(Toutz) & 8 ' BA
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P27(TCLK) fe—w Do
1
(] L—& D,
S le— D2
o -]
L{ TIMER1 :> g [0
[ fo— Dn
@ [*—>Ds
O le—= D¢
a je—= D,
w [
Ao
- p—— Ay
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HD6303Y, HD63A03Y, HD63B03Y, HD63CO03Y

® ABSOLUTE MAXIMUM RATINGS

item Symbol Value Unit
Supply Voltage Vee —-03~+70 v
Input Voltage Vi —0.3~Vect+03 \
Operating Temperature Topr -20~ +75 °C
Storage Temperature Tatg —55~+150 °C

(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field
But be careful not to apply overvoitage more than maximum ratings to these high input impedance protection circuits To assure the normal
operation, we recommend V,,, V,,: Vgg < (V,, 0r V) < Vee.

B ELECTRICAL CHARACTERISTICS
©® DC CHARACTERISTICS (Vg¢ = 5.0V + 10%, Vgg = OV, T, = -20°C ~ +75°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
RES, 5TBY Vec—05 | -
Input “High"* Voltage EXTAL Vi Ve X 0.7 - +Y8°3 v
Other Inputs 20 -
Input “Low’’ Voltage All Inputs Vi -03 - 08"**| Vv
Input Leakage Current MP,, MP, [l Vo= 05~Vcc—0.5V - - 10 | uA
Three State Ag~Ays, Do~D5, RD, e nEy
Leakage Current ﬁﬂ R/W, Ports 2,5,6 sl Vin = 05~Vcc—05V - - 10 uA
lon = —200uA 24 - -
Output “High” Voltage All Outputs Vou OH o
lon = —10pA Vee—0.7 - - v
Output “‘Low"” Voltage All Outputs Vou lop = 1.6mA - - 04 v
Darlington Drive _ _
Current Ports 2, 6 lon Vout = 1.5V 1.0 - 10.0 mA
. Vin =0V, f= 1MHz,
Input Capacitance All Inputs Cn T:‘ = 25°C - - 125 pF
Standby Current Non Operation Iste - 3.0 160 nA
Sleeping (f=1MHz**) - 156 3.0 mA
lsip Sleeping (f=1.5MHz*") - 23 45 | mA
Sleeping (f=2MHz**)** - 3.0 6.0 mA
i = - 4. .
Current Dissipation® Steeping (f=3 MHz) 5 9.0 mA
Operating (f= 1MHz**) - 7.0 100 mA
lec Operating (f=1.5MHz"*) - 105 15.0 mA
Operating (f=2MHz**)** - 14.0 200 mA
Operating (f=3 MHz) - 21.0 30.0 mA
RAM Standby Voltage Vaam 2.0 - - v
* Vymin = Vge — 1.0V, V, max = 0 8V (All output terminals are at no load )
**  Current Dissi of the operating or sk ] dition 1s proportional to the operating frequency So the typ or max values about Current
Dissii at X MHz op are decided ding to the foll g formula

typ. value (f = X MHz) = typ. value (f = 1MHz) X X
max value (f = X MHz) = max. value {f = 1MHz) X X
(both the sleeping and operating)
*** SCLK 0.6V (-20°C~0°C)
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® AC CHARACTERISTICS (Vg = 5.0V + 10%, Vgg = OV, T, =

-20 ~ +75°C, unless otherwise noted.)

BUS TIMING
tom Symbol Test HD6301Y0 HD63A01Y0 HD63B01Y0 HD63CO1Y0 Unt
Conditon | myn | typ |max { min | typ [max [min [ typ {max | mn | typ | max

Cycle Time ‘cyc 1 - 10 0.666 —-_ 10 0s - 10 0333 - 10 »S
Enable Rise Time te, — — 25 - - 25 - — 25 - — 20 ns
Enable Fall Time gy —_ - 25 - - 25 _ - 25 - —_ 20 ns
Enable Pulse Width “High” Level* PWey 450 - - 300 - —_ 220 - —_ 140 —_— - ns
Enable Pulse Width “Low” Level* PWg 450 - — 300 — — 220 - - 140 - — ns
Address, R/W Delay Time* tap — | - | 20| — — 190} — | — | 160 | — — | 120 | ns
Data Delay Time Write thow - — | 200 — - 160 | — — | 120 - — | 100 | ns
Data Set-up Time Read tosr 80 — — 70 - — 60 — — 50 — —_ ns
Address, RAW Hold Time* tant 80 | — | — 50 - | =14 | - | - 20 - | = | ns
Data Hold Time | Write* thw Fig 1 80 —_ — 50 — - 40 — — 20 - -— ns
RD, WR Address Hold Time* tamz | — | — ] 5 | — | —]4]|- — ]2 | - | —|ns
RD, WR Data Hold Time* thwz 70 — - 50 - - 40 - - 20 - — ns
Data Hold Time [Read | 4 o | = =] o] =1=To|=]=1]0o0o|-=1]=1n
RD, WR Pulse Width* PWaw 450 | — | — | 30 | — | — |20 | — [ — | 140 | — | — | ns
RD, WR Delay Time tawp - - 40 - - 40 — - 40 - - 40 ns
D, WR Hold Time tHRw - | -] | - |—-]2|~-}|~-1{2|- — |2 | ns
TR Delay Time toLR — — | 200 - — | 160 | — — | 120 - - 80 ns
TIR Hold Time tHLr 10 - - 10 - - 10 - - 5 - - ns
Peripheral Read Access Time tacc — - —_ — — — —_ — - 180 - - ns
MR Set-up Time* tsir 400 —_ —_ 280 —_ — 230 —_ —_ 170 — - ns
MR Hold Time* MR Fig 2 - - 100 - - 70 - —_ 50 —_— - 25 ns
E Clock Pulse Width at MR PWemn — | =] 9 — | =9 | =|—=159 — | =] 9 | s
Processor Control Set-up Time tecs Fig 3,13,14 | 200 | — - 200 - — 200 | — - 100 -— - ns
Processor Control Rise Time tpor Fo.2,3 - - | 100 — — [ 100 | — - | 100 - - 50 ns
Processor Control Fall Time tpcs —_ - 100 - - 100 - — 100 - - 50 ns
BA Delay Time taa Fig. 3 - - 250 — — 190 — — 160 —_ - 120 ns
Oscillator Stabilization Time tac Fig. 14 20 — - 20 — - 20 — — 20 - — ms
Reset Pulse Width PWper 3 - — 3 - - 3 - - 3 - - toye

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

Peripheral Port Timing

Test HD6303Y HDB3A03Y HD63803Y HD63CO3Y
Item Symbol | Givon - Unit
min |typ |max | min jtyp | max | min | typ | max | min | typ | max
Peripheral Data
Set Up Time Port256 | tppsy 200 | — - |200 | - ~ (200 | - - {200 | - - ns
Fig. 5
Peripheral Data
Hold Time Port256 | topH 200 | - | - 200 - | — [200] - | - |200| - | - ns
Delay Time (From
Enable Fall Edgeto | Port256 | tpwD Fig. 6 - - |300 | - - | 300 - - |30 | - - | 300 ns
Peripheral Output)
Input Strobe Pulse Width tpWIS 200 | - - 200 | - - j200 | -~ - 1200 | - - ns
Input Data Hold .
Time Port 6 I Fig10 |180 | - | — |10 | - | - {180 | - | - |80 | - | - ns
Input Data Set-U
T P | port6 us 100 | - | - Jwoo|] - |- J100| - |- Jwo] - | - ns
X DSD1 .
Output Strobe Delay Time Fig.11 - - (200 | - - 1200 | — - 1200 | - - | 200 ns
tDSD2
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TIMER, SCI TIMING

Tost HD6303Y HDB3A03Y HD63BO3Y HDB3C03Y
item Symbol Uit
Condtion | mn | typ [max | min | typ |max [ min [ typ [max | mn | typ | max
Timer 1 Input Pulse Width tewt Fig 9 20 - - 20 - - 20 - - 20 - — tye
Delay Time (Enable Positive
— —_ — — 4 — — 4 — — 400 ns
Transition to Timer Output) trop Fig 7.8 400 00 00
Async Mode Fig 9 10 — — 10 — —_ 10 - — 10 —_ - teye
SClI Input Clock Cycle tseye
Clock Sync Fig 4 20 | — | — 20 | — | — 20| — | — | 20 — | = |ty
SCI Transmit Data Delay Time
— — — - 220 — - 220 —_— - 220 ns
(Clock Sync Mode) brxo 220
SCI Receive Data Set-up Time
— — 260 — — | 260 | — — | 260 - —_ ns
(Clock Sync Mode) tsRx 260
Fig 4
SCI Receive Data Hold Time
— — 1 —_ - 1 - - 100 —_ - ns
(Clock Sync Mode) YRx 100 00 00
SCl Input Clock Puise Width tewsck 04 — 0.6 0.4 —_ 06 0.4 —_ 0.6 04 —_ 06 tseye
Timer 2 input Clock Cycle Q‘cw 20 — — 20 —_ - 20 — — 20 —_ —_ teye
Timer 2 Input Clock Pulse Width towTcK Fig 9 200 | — - 200 — — ] 20 | — - 200 - - ns
g
Timer 1-2, SCl input _ _ _ _ _ _ _
Clock Rise Time teke 100 100 100 0 | ns
Timer 1-2, SCl input Clock Fall Time okt — — 100 — _ 100 - - 100 - — 50 ns
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teve

2.4V —
E PWEgL /< PWey ‘\

\O.SV —

N

L

Ny

tap -<—tgy tEf — e tAH

P N-
Ag ~ A >< 2.4V ?C
RW 0.8V .
tRWD | PWaw
RO, WA \Lo o

A
A \
Y : |
!\:]
N
<

- tHw2
'oow 2! tHW1
MPU Write 2.4V ™
Do~D> 0.8V j
tosr tHR
> tacc et
MPU Read 2.0V
Do~Dy 0.8V
toLR i
|t le—»| lHLR
LIR 0.8V
Figure 1 Bus Timing
PWemr _
41
—2.4V ¢
E __/__\____/ 0.8V
>~ tHMR <o\
I
MR 2.ov3§
FO.8V
T tpcy > tpe,

Figure 2 Memory Ready and E Clock Timing
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Last Instruction Instruction Execution

llEA;cuuon Cvclg= HALT Cycle | Cycle
F24v [ \
E
o8v
2.0V!
HALT S Z
8Y y 08V
tece tecs Il’ toc: tecs toa
tea|

24av 7
BA o8V

Figure 3 HALT and BA Timing

2.0vt2.4vr/-t'—'—\ '
X

Synchronous Clock

trxo r tseve

T b 2.4v
ransmit Data
0 8V

S P=-tHAx
f20v
Receive Data
v K O 8V

*2 OV 1s high level when clock input
2.4V 1s high level when clock output

Figure 4 SCI Clocked Synchronous Timing

MPU Write
MPU Read
— [
2.4v }_—\_— E
E
0.8V. \
'—H tpou osv K_.__/———
POSU
P20~P27 tewo
PeoPs7 5.y X Data Valid X 5.8V P 0P
60~ 67 - - 20 277
(Inputs) ' Pso~Per. 3
—~ Y '
:’60‘:"27\ X 5.8y Data Valid

Figure 5 Port Data Set-up and Hold Times (MPU Read)

Figure 6 Port Data Delay Times (MPU Write)
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3 _frw
E ./_—\__7 ZA\__/ T2CNT N X $00

Qutput
:;‘rger 1 Compare ”{ [e—troo
¢ P2s 24V
10D [+
P21, P2s ){ 7V Output 0 8V
08V
Outputs (TCONR=N)
Figure 7 Timer 1 Output Timing Figure 8 Timer 2 Output Timing
* ]
2 OV-l \
08y tewis
tow —et M texr P - Psa(T5) 20V 08V /
t
*Timer 2, tieyc “Timer 1,tPWT 1S tiH
SCt tScyc Timer 2, tPWTCK PORT6 s
SCI , tPWSCK Data 08V kData Vahd’i
(Input)

Figure 9 Timer 1.2, SCI Input Clock Timing Figure 10 Port 6 Input Latch Timing

Vee

Ri=2 2kQ

MPU access of Test Point
PORT6

1520748
C R or Equiv

C = 90pF for Dy~D;, Ag~A,g,
= 30pF for Port 2, Port 5, Pon 6,RD,

WR, R'W, BA, TIR'
R = 12kQ)
Figure 11 Output Strobe Timing Figure 12 Bus Timing Test Loads (TTL Load)

Interrupt
Test

3

Internal
Address Bus

Op Code Op Code FFFF SP SP-1 SP2 SP.3 SP4 SP.5 SPg VeClor Vector New
NMI, RO Addi MSB LS8 PC
e . o8V ress Address+1 Address Address Address
» 1RQ —‘l —tecs
ata Bus
[o] Operand irrel PCO-~ P 8 IXO - IX8- ACCA ACCB CCR Vector Vcclor First inst of
cgd. o:'cgd, l;':t: vant CO X IX?S C MSB  LSB lr‘-’lon:pl Routine
Internal
Read _——i /
Internat
Wiite. B ——— \

Figure 13 Interrupt Sequence

@ HITACHI
134 Hitachi America, Ltd. « Hitachi Plaza » 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 o (415) 589-8300



HD6303Y, HD63A03Y, HD63B03Y, HD63CO03Y

—5 5V

45V .
Vee o/ nc

Vec 0.5V
£3137 7 -

b tocs

"Vcc -0sv

oo

——— ]

) DDDDDDCX:XD'—MM

FFFEF FFFF FFFF FFFR FFFE FFFF New PC FFFF FFFF

R 8 Y N G

o~ R TN

~ K Y

~ I Y\ \/\S T Oo—

e

o T TN

T O

e YO N ——————0-0)—( T ——
PCB~ PCO-~ Frst

PC1S PC?

Instruction

Figure 14 Reset Timing

® FUNCTIONAL PIN DESCRIPTION
® Vec: Vsg

Vec and Vg provide power to the MPU with SV 10% supply.
In the case of low speed operation (fmax=500kHz), the MPU can
operate with 3 to 5.5 volts. Two Vs pins should be tied to ground.

® XTAL, EXTAL

These two pins interface with an AT-cut parallel resonant crystal.
Divide-by-four circuit is on chip, so if 4MHz crystal oscillator is
used, the system clock is IMHz for example.

EXTAL pin can be drived by the external clock with 45% to 55%
duty. The system clock which is one fourth frequency of the exter-
nal clock is generated in the LSI. The external clock frequency
should be less than four times of the maximum operating frequen-
cy. When using the external clock, XTAL pin should be open. Fig.
15 shows examples of connection circuit. The crystal and Cy, Cp,
should be mounted as close as possible to XTAL and EXTAL pins.
Any line must not cross the line between the crystal oscillator and
XTAL, EXTAL.

AT Cut Parallel Resonant Crystal Oscillator

Co=7pF max
=60Q max
XTAL
= Cui=Cu2
=10pF~22pF + 20%
EXTAL (3.2~8MHz2)
Cu2 =Cu

» &

Figure 16 Connection Circuit

e STBY

This pin makes the MPU standby mode. In ‘‘Low’’ level, the os-
cillation stops and the internal clock is stabilized to make reset con-
dition. To retain the contents of RAM at standby mode, ‘0™
should be written into RAM enable bit (RAME). RAME is the bit
6 of the RAM/port 5 control reglster at 30014 RAM is disabled by
this operation and its

Refer to ‘“LOW POWER DISS!PATION MODE” for the
standby mode.

® Reset (RES)

This pin resets the MPU from power OFF state and provides a
startup procedure. During power-on, RES pin must be held “Low”
level for at least 20ms.

The CPU registers (accumulator, index register, stack pointer,
condition code register except for interrupt mask bit), RAM and
the data register of ports are not initialized during reset, so their
contents are undefined in this procedure.

To reset the MPU during operation, RES should be held “Low”
for at least 3 system-clock cycles. At the 3rd cycle during ‘‘Low”
level, all the address buses become *High”. When RES remains
““Low”’, the address buses keep ‘‘High”’. If RES becomes “‘High"",
the MPU starts the next operation.

(1) Latch the value of the mode program pins; MP, and MP,.

(2) Initialize each internal register (Refer to Table 4).

(3)  Set the interrupt mask big. For the CPU to recognize the
maskable interrupts TRQ,, TRQ, and IRQ,, this bit should be
cleared in advance.

(4)  Put the contents (=start address) of the last two addresses
(SFFFE, $SFFFF) into the program counter and start the pro-
gram from this address. (Refer to Table 1).

® Enable (E)

This pin provides a TTL-compatible system clock to external cir-
cuits. Its frequency is one fourth that of the crystal oscillator or ex-
ternal clock. This pin can drive one TTL load and 90pF 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
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well as the IRQ mentioned below, the instruction being executed at
'NMTI signal detection will p d to its compeletion. The interrupt
mask bit of the condition code register doesn’t affect non-maskable
interrupt at all.

In response to an NMTI interrupt, the contents of the program
counter, index register, accumulators and condition code register
will be saved onto the stack. Upon completion of this sequence, a
vector is fetched from $FFFC and $FFFD to transfer their contents
into the program counter and branch to the non-maskable interrupt
service routine.

(Note) At reset start, the stack pointer should be initialized on

an appropriate memory area and then the falling edge
be input to NMT pin.

© Interrupt Request (IRT,, TRQ,)
These are level-sensitive pins which request an internal interrupt
sequence to the CPU. At interrupt request, the CPU will complete

Each Status Register’s Interrupt

the current instruction before the acceptance of the request. Unless
the interrupt mask in the condition code register is set, the CPU
starts an interrupt sequence; if set, the interrupt request will be ig-
nored. When the sequence starts, the contents of the program
counter, index register, accumulators and condition code register
will be saved onto the stack, then the CPU sets the interrupt mask
bit and will not acknowledge the maskable request. During the last
cycle, the CPU fetches vectors depicted in Table 1 and transfers
their contents to the program counter and branches to the service
routine. . .

The CPU uses the external interrupt pins (IRQ, and IRQ,) also
as port pins Py, and P;,, so it provides an enable bit to Bit 0 and 1 of
the RAM port 5 control register at $0014. Refer to “RAM/PORT 5
CONTROL REGISTER” for the details.

When one of the internal interrupts, ICI, OCI, TOI, CMI or SIO
is generated, the CPU produces internal interrupt signal (IRQ,).
IRQ, functions just the same as IRQ, or IRQ, except for its vector
address. Fig. 16 shows the block diagram of the interrupt circuit.

Enable Flag
1" ,Enable, 0" ; Disable
ISF _o/o_._[
|
m 4/0 Condition
Code
m 4/ Register
nable
IcF ° ' 1', Disable]
0CF1 ————}—0—0— oc!
0CF2 ———d——0—
To1 4o 0 Interrupt
TOF o ‘?_. Request
RG> Signal
CMF p— CMI
RDRF }_
l—o—0—
ORFE SIo
TORE l—o—0—
Sleep
NWI dge ) Cancel
elective S |
E:rcun 'gna
Address Error TRAP
[Op Code Error
Detective Circurt
swi

Figure 16

Interrupt Circuit Block Diagram
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Table 1 Interrupt Vector Memory Map

Priorit Vector Interrupt
rior nterr
Y "msB | LsB up
Highest FFFE | FFFF RES
FFEE |FFEF | TRAP
FFFC |FFFD | NMI
Swi
FFFA | FFFB (Software Interrupt)
FFF8 | FFF9 TRQ,, ISF (port 6 Input Strobe)
ICI
FFFG | FFF7 (Timer 1 Input Capture)
o]4]]
FFF4 FFF5 (Timer 1 Output Compare 1, 2)
TOI
FFF2 FFF3 (Timer 1 Overflow)
cmi
FFEC | FFED (Timer 2 Counter Match)
FFEA |FFEB | TRO,
Lowest |FFFO |FFF1 | SIO
ow (RDRF+ ORFE+ TDRE+ PER)

® Mode Program (MPg, MP,)
Set MP, ““High™ and MP, “‘Low”

® Read/Write (R/W)

This signal, usually be in read state (‘‘High”), shows whether
the CPU is in read (‘‘High™) or write (‘‘Low”) state to the periph-
eral or memory devices. This can drive one TTL load and 30pF ca-
pacitance.

e RD, WR

These signals show active low outputs when the CPU is reading/
writing to the peripherals or memories. This enables the CPU easy
to access the peripheral LSI with RD and WR input pins. These pins
can drive one TTL load and 30pF capacitance.

® Load Instruction Register (LIR)
This signal shows the instruction opecode being on data bus
(active low). This pin can drive one TTL load and 30pF capacitance.

® Memory Ready (MR; Pg,)

This is the input control signal which stretches the system
clock’s ‘‘High” period to access low-speed memories. HD6303Y
can select three kinds of low-speed memory access method by
RAM/Port 5 Control Register’s MRE bit and AMRE bit. In the
case that CPU accesses low-speed memories by the external MR
signal (MRE=‘1", AMRE=*0""), the system clock operates in
normal sequence when this signal is in “High’".

But this signal in “‘Low’, the ‘‘High”* period of the system clock
will be stretched depending on its “‘Low™" level duration tn ntegral
multiples of the cycle time. This allows the CPU to interface with
low-speed memories (See Fig. 2). Up to Yus can be stretched.

During internal address space access or nonvalid memory ac-
cess, MR is prohibited internally to prevent decrease of operation
speed. Even in the halt state, MR can also stretch “‘High” period of
system clock to allow peripheral devices to access low-speed memo-

ries. Refer to ‘“‘RAM/PORT 5 CONTROL REGISTER” for more
details.

® Halt (HALT; Pg3)

This 1s an input control signal to stop instruction execution and
to release buses. When this signal switches to “Low”, the CPU
stops to enter into the halt state after having executed the present
instruction. When entering into the halt state, it makes BA ““High”
and also an address bus, data bus, RD, WR, R/W high impedance.
When an interrupt is generated in the halt state, the CPU uses the
interrupt handler after the halt is cancelled. When halted during the
sleep state, the CPU keeps the sleep state, while BA is ‘‘High”’ and
releases the buses. Then the CPU returns to the previous sleep
state when the HALT signal becomes ‘‘High’’.

(Note) Please don’t switch the HALT signal to ‘“‘Low” when
the CPU executes the WAI instruction and is in the in-
terrupt wait state to avoid the trouble of the CPU’s op-
eration after the halt is cancelled.

® Bus Available (BA)

This is an output control signal which is normally “‘Low’* but
‘‘High”’ when the CPU accepts HALT and releases the buses. The'
HD6800 and HD6802 make BA ‘‘High’ and release the buses at
WAL execution, while the HD6303Y doesn’t make BA ‘‘High™
under the same condition.

m PORT

The HD6303Y provides three 8-bit 1/0 ports. Each port pro-
vides Data Direction Register (DDR) which controls the 1/0 state
by the bit.

Table 2 Port and Data Direction Register Address

Port Port Address Data Direction Register
Port2 $0003 $0001
Port5 $0015 $0020
Port6 $0017 $0016
® Port 2

An 8-bit 1/0 port. Port 2 DDR (P2DDR) controls the 1/0 state.
This port provides DDR corresponding to each bit and can define
input or output by the bit (‘0" for input, “‘1’ for output).

As Port 2 DDR is cleared during reset, it will be an input port.

Port 2 is also used as an 1/0 pin for timer 1, Timer 2 and the SCI.
Pins for Timers and the SCI set or reset each DDR depending on
their functions and become 1/0 pins. When port 2 functions as an I/
O port after used as 1/0 pins of the timers or the SCI, the 1/0 direc-
tion of the pins remain as it is used as the 1/0 pin of timer and SCI.

Port 2 can drive one TTL load and 30pF capacitance. This port
can produce ImA when V=15V to drive directly the base of
Darlington transistor.

Py (Tin)

P,, is also used as an external input pin for the input-capture.
This pin 1s an 1/0 port which is an input or output as defined by the
Data Direction Register (P,,DDR) (“‘0” for an input and *1” for
an output) Then either a signal to or from P,, (“‘to” for an output
port, “from”’ for an input port) is always input to the Timer 1 input
capture.
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RES
| [
afo

P20 DDR
o]

1
WP2D

P20 Q D
\I P20 DATA

[o
RP2 w‘pz WP2D DDR Write Signal

- WP2  Port Write Signal
1 ' RP2  Port Read Signal

I\ o Timer 1
l/

" Input Capture Input

>

Internal Data Bus

P34 (Tout 1), P24 (Tx), P25 (Tout 2), Pq (Tout 3) have a register which enables output. By setting these registers,
These four pins can be also used as output pins for Timer 1, they automatically will be output pins of timer or the SCI.
Timer 2 and a transmit output of the SCI. Timer 1, and the SCI

1% 4

S R
Q D
P2, DDR
C

I
WP2D

PORT

———r110Q D
2n ~ P20 DATA
c

Internal Data Bus

Inmer 1, Timer 2 and SCI

Al
WP2

(> v

Output Data
Output Enable Signal
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P,z (SCLK)
P,, is also used as a clock 1/0 pin for the SCI. It 1s selected as a
clock input or output pin by the operating mode of the SCI. It is usa-

ble as an 1/0 port when the SCI has no clock input or output (as an
output port iIf P,, DDR=1, as an mput port if P,, DDR=0).

RES
1 — 4
S RiR;
Q D
P22 DDR
¢ ]
T @
WP2D ©
©
P22 —Q D o
P22 DATA E r_S_C_l ________
C o} !
T c !
WP2 : Clock Input Enable signal
1: Output Clock
' Clock Output Enable signal
RP2 :
[: ——,—b Input Clock
' 1
1
N :
|

P23 (Rx), Py, (TCLK)

P,, and P,, are also used as received data input pins for the SCI
and external clock input pins for Timer 2. The SCI and Timer 2
have registers which enable input. If the registers are set, the DDR
(P,3DDR, P,,DDR) are cleared and P,; and Py; will be input
pins for Rx and TCLK

RES

— |

Since the SCI will be a clocked synchronous mode by an external
clock-input during reset, the DDR of P,, is cleared automatically
and P, is an input port. Set the SCI to a mode where P,, is not used
(CCO or CC1 of the RMC Register is ‘0’ or *‘1”* respectively) and
write ‘1"’ to the P, DDR to make P,, an output port

Lol

Q D

P2, DDR
C

T
WP2D

PORT

Q D

n P2n DATA

/

C

T
RP2  WP2
L

Internal Data Bus

Input Enable signal
SCi Receive Data,
Timer 2 External Clock

'
|
'

.
'
'

MSB

LSB

Pas
DDR

P22
DDR

P2y
DDR

P23
DDR

P2
DDR

Py
DDR

P20
DDR

\

PORT2 DDR ($0C01)
(Write only, $00
durning reset }

PORT2 ($0003)
(R/W, not ini-
tialized during
reset )
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® Port 6

An 8-bit 170 port. The DDR of port 5 controls 1/0 state. Each bit
of port S has a DDR which defines 1/0 state (‘0" for input and *“1”
for output).

During reset, the DDR of port § is cleared and port 5 becomes
an input port.

Port § is also usable as IRQ,, IRQ,, HALT, MR and the strobed
signal of port 6 for handshake (IS, OS). It is set to input or output
automatically if it is used as these control signal pins (except Pg,,
T3). Since the DDR of port 5, as is port 2, is set or reset by the con-
trol signal, 170 directions of the 1/0 ports are retained after the con-
trol signal is disabled. Port 5 can drive one TTL load and 90pF ca-
pacitance.

Pgso (Iﬁ,), Pgq (Wz)

Py, and P;, are also usable as interrupt pins. The RAM/port §
control registers of IRQ, and IRQ, have enable bits (IQ1E, IQ2E).
When these bits are set to ‘1, Py, and P;, will automatically be in-
terrupt input pins.

Pg2 (MR), Py (HALT)

P, and Py, are also usable as MR and HALT inputs. MR and
ﬁAfi have enable bits (MRE, HLTE) in the RAM/Port 5 Control
Register as IRQ, and IRQ,. Since MRE is cleared during reset, P,, is
usable as an 1/0 port, and HLTE is set during reset, the DDR of Py,
will be automatically reset to be a HALT input pin. HLTE of the
RAM/Port 5 Control Register has to be cleared to use P, as an /O
port.

RES
L] A
R RZ
Q
Psn DDR
C 1%}
I a
WPSD ©
g WP5D DDR Write signal
PORT Q s WP5  Port Write signal
5n ~d Ps. DATA < RP5  Port Read signal
c €
RPS lps .
W RAM/PORT
b 5 Control
Register

¢ Initializing value during reset;
IR

v HACT

QIE= 0", IRQ2E = “0”, MRE = 0", HLTE = “1"

Pys (IS) _
P,, is also usable as the input strobe (IS) for port 6 handshake
interface. This pin, as is P,,, is always an /0 port. If P, 1s used as an

RES
|

R

output port (set the DDR of Py, to *“1’*), an output signal from Py,
will be the input to IS.

Q D
Psa DDR
C

\
WP5D

Psa Q D
\' Pss DATA

C

1
RP5  WP5

Internal Data Bus

- Port 6 Control Status Register

™S
L
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Pyg (03) by setting the OS enable register (OSE) of the port 6 Control Status
P, is also usable as the output strobe (OS) for port 6 handshake Register (P6CSR).
interface. It will be an 1/0 port during reset, and an OS output pin
RES
| | A
S R @
Q D @
Pss DDR ]
C o
WP5D g
Pss Q D £
Pss DATA -
[ Port 6 Control/Status Register
T rFermT T ="
WP5 \
]
+—0S
~— OSE (1 08 output )
RPS oS
l\ : 0 OS output disable
]
L ] !
Pge. Pgy
P,; and P, are 1/O ports.
R?S
-
Q D
Psn DDR
C
WP5D °
PORT ®
5n \I a D e
Psn DATA <
c 5
T €
WPS -
RPS
(> v
MSB LSB

PORT5 DDR ($0020)
(Wnite only, $00
during reset )

Ps7 | Pse | Pss | Psa [ Psa | Psa | Psi| Pso
DDR | DDR | DDR | DDR | DDR | DDR | DDR| DDR

PORTS ($0015)
Ps7 | Psg | Pss | Psa | Psa| Ps2| Ps1| Pso| (R/W, notini-
tialized duning
reset )
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e Port 6

8-bit 1/0 port. Port 6 DDR controls I/0 state. Each bit of port 6
has a DDR and designates input or output (0" for input, ‘1> for
output). During reset, Port 6 DDR is cleared and port 6 becomes an
input port.

Port 6 controls parallel handshake interface besides functions as
an 1/0 port. Therefore, it provides DDRs to control and IS LATCH
to latch the input data.

Port 6 can drive one TTL load and 30pF capacitance. It can drive
directly the base of Darlington transistor as port 2.

WP6D DDR Write signal

WP6  Port Write signal
RP6 Port Read signal

Port 6

RJES
A
: ),
Q D a
Pen DDR 8
©
f a
WP6D Té
PORT 3]
oR I a o 2
Psn DATA
C
T
WP6

RES RP6

R 1

D Q 1

IS LATCH
c \
MSB LSB

Control Status Register

Per | Pes | Pes | Pes | Pea | Pe2 | Per
DDR | DDR { DDR | DDR | DDR | DDR | DDR

Peo PORT6 DDR ($0016)
ppR| (Wnteonly, $00
during reset )

PORTS ($0017)
P (R/W, not ini-

60 | tiahized during
reset )

= BUS
® Address Bus (Ag ~ A,g)

Address Bus (A, ~ A,;) is used for addressing the memory and
peripheral LSI.

This bus can interface with the bus of HMCS 6800 and drive one
TTL load ai.d 90pF capacitance.

® Data Bus (Dy ~ D,)

8-bit parallel data bus for data transmit between the memory or
peripheral LSI. This bus can drive one TTL load and 90pF capaci-
tance.

® RAM/PORT 5§ CONTROL REGISTER
The control register located at $0014 controls on-chip RAM and
port 5.

RAM/Port 5 Control Register (RP5CR)

7 6 5 4 3 2 1 o]

STBY STBY| AMR IRQ,| IRQ
PwWR [RAME FLAG| E HLTE| MRE E 2 E,

$0014

Bit 0, Bit 1 TRQ,, IRQ, Enable Bit (IRQ4E, IRQ,E)
When using P, and P;, as interrupt pins, write ‘1"’ in these bits.
When the bit is set to *“1”, the DDRs corresponding to Py, and

P,, are cleared and become IRQ, input pin and TRQ, input pin.
When IRQ,E and IRQ,E are set, P,, and P;; cannot be used as an
output ports. When ¢0”, the CPU doesn’t accept an external inter-
rupt or a sleep cancellation by the external interrupt. These bits are
cleared during reset.

Bit 2 Memory Ready Enable Bit (MRE)

When using P, as an input pin of the “‘memory ready”’ signal,
write ‘1>’ in this bit When set, P,, DDR is automatically cleared
and becomes the MR input pin. The bit is cleared during reset.

Bit 3 Halt Enable Bit (HLTE)

When using Py, as an input pin of the HALT signal, write *“1"* in
this bit. When this bit is set, P,; DDR is automatically cleared and
becomes the Halt input pin. If the bit is 0™, the Halt function is
inhibited and P, is used as an I/0 port. The bit is set to “‘1”* during
reset.

Bit 4 Auto Memory Ready Enable Bit (AMRE)

When the bit is set and the CPU accesses the external address,
““memory ready’’ operates automatically and stretches the E clock’s
““High” duration for one system clock. When MRE bit of bit 2 is
cleared and when the CPU accesses the external address space, the
function operates. When MRE bit is set and then the CPU accesses
the external address space with P,,(MR) pin in “low”, ‘“‘memory
ready’’ operates automatically. This bit is set to “‘1°’ during reset.
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Table 3 ‘‘Memory Ready’’ Function

MRE AMRE Function
(o] [0] “Memory ready’’ inhibited.
0 1 When the CPU accesses the external address, ‘‘High’’ duration of E clock automatically becomes one-cycle
longer This state i1s retained during reset
1 0 *Memory ready’’ operates by P5, (MR) pin The function is the same as that of the HD6301X0

When the CPU accesses the external address space with the Pg; (MR) pin in ““low”, the ““auto memory
ready’’ operates This function 1s effective if it has both “high-speed memory’ and “‘slow memory”’

outside Input TS signal of *‘slow memory’* to MR pin

Bit 5 Standby Flag (STBY FLAG)

By clearing this flag, HD6303Y gets into the standby mode by
software. This flag is set to “‘1”” during reset, so the standby mode ts
canceled with RES pin in “low”’ The RES pin should be in “‘low”
until oscillation becomes stable (min 20ms.). If the STBY pin in is
in “‘low”’, the standby mode can not be canceled with the RES pin
in “low™.

Bit 6 RAM Enable (RAME)

On-chip RAM can be disabled by this control bit By resetting
the MPU, *“1”" is set to this bit, and on-chip RAM 1s enabled When

(a) MRE=0, AMRE=1

this bit is cleared (=logic “0”) on-chip RAM is invalid and the
CPU can read data from external memory. This bit should be ‘0"
before getting into the standby mode to protect on-chip RAM data.

Bit 7 Standby Power Bit (STBY PWR)

When V is not provided in standby mode, this bit 1s cleared
This 1s a flag for read/write and can be read by software. If this bit is
set before standyby mode, and remains set even after returning
from standby mode, V¢ voltage is provided during standby mode
and the on-chip RAM data is vald.

R Lood
Address
Bus X Iart‘!‘::::sl x external address x Iar(;'derre"sas' x external address X internal address

(b) MRE=1, AMRE=1

T T T
€ N N T N A G U
Address
external internal external address external external address
Bus addres: address AV address
MR \ / \

(CS pin of “slow memory"’)

(c) MRE=1,AMRE=0 (HD6301X0 Compatible Mode)

L

externa internal
address address

te— tsmr

T T T T
: o T e I S SO S S
Address internal external
Bus address ddr external address
~ tHMR ..+_
MR x

Figure 17  Memory Ready Timing

= Port 6 Control/Status Register
This is the Control/Status Register for parallel handshake inter-

The following shows Port 6 Control/Status Register (P6CSR).

face using Port 6. The functions are as follows, 7 6 5 a 3 2 7 0
1) Latches input data to Port 6 at the IS (P,,) falling edge = S1Ra TATon
2) Outputs a strobe signal OS (P;;) outward by reading or writ- FLSAG enaBLE | OSE | 0SS | enasLe - - - | $0021
ing to port 6. .
3) When IS FLAG is set at the IS falling edge, an interrupt oc-
curs. *Bit 7 1s Read-Only bit
@ HITACHI

Hitachi America, Ltd.  Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300

143



HD6303Y, HD63A03Y, HD63B03Y, HD63C03Y

Bit 0
Bit 1
Bit 2

Not used.

Bit 3: Latch Enable

This register controls the input latch for Port 6 (ISLATCH).
When this bit is set to ‘1™, the input data to port 6 will be latched
inward at the TS (P,,) falling edge. An input latch will be canceled by
reading Port 6, which enables to latch the next data. If cleared, the
input latch remains canceled and this bit functions as a usual input
port. This bit is cleared during reset.

Bit 4: 0SS Output Strobe Select _

This register initiates an output strobe (OS) from P, by reading
or writing to port 6. When cleared, OS occurs by reading Port 6.
When set, OS occurs by writing to Port 6. This bit is cleared during
reset.

Bit 6: OSE Output Strobe Enable
This register decides the enabling or disabling of the output

strobe. When cleared, P;; functions as an 1/0 port. When set, Py,
functions as an OS output pin. (P;, DDR is set by OSE.) This bit is
cleared during reset.

Bit 6: IS IRQ, Enable Input Strobe Interrupt Enable

When set, an TRQ, interrupt to the CPU occurs by setting IS
FLAG of bit 7. When cleared, the interrupt does not occur. This bit
is cleared during reset.

Bit 7: IS Flag Input Strobe Flag

This flag is set at the IS (P;,) falling edge. This flag is for read-
only. When set, the flag is cleared by reading or writing to Port 6
after reading the Port 6 Control Status Register. This bit is cleared
during reset.

® MEMORY MAP

The MPU can address up to 65k bytes. Memory map is shown in
Fig. 20. 40 addresses (30000 ~ $0027 except $00, $02, $04, $05,
$06, $07, $18) are the internal registers as shown in Table 4.

HD6303Y
MSB
Port 6 Control/Status Register
IsFLaG | 'S IR
ENABLE
IRQ;
Ro
IRQy
E
Figure 18 Input Strobe Interrupt block Diagram
[ MPo Vee
— E
»[’——«-MP.
XA
a L "o
T JexTaL - WR
FES ——f —orW
STBY —— | a———
wNwii —{ HD6303Y | eBA
MPU
ORT
(;cm," ’5 Q QDala Bus
PORT §
-u‘n"‘v' D YAddress Bus
3 3%
PORT 6 D :>Address Bus
V, Vs,

Figure 19 HD6303Y Operating Function
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Table 4 internal Register

Address Register Abbreviation R/W** I‘;"t'?"“d val.\:?
uring reset
00* Port 1 DDR (Data Direction Register) P1DDR w $FE
01 Port 2 DDR P2DDR w $00
02* Port 1 PORT1 R/W indefinite
03 Port 2 PORT2 R/W indefinite
04* Port 3 DDR P3DDR w $FE
05* Port 4 DDR PADDR w $00
06° Port 3 PORT3 R/W indefinite
07* Port4 PORT4 R/W indefinite
08 Timer Control/Status Register 1 TCSR1 R/W $00
09 Free Running Counter (MSB) FRCH R/W $00
OA Free Running Counter (LSB) FRCL R/W $00
o8 Output Compare Register 1 (MSB) OCR1H R/W $FF
oc Output Compare Register 1 (LSB) OCR1L R/W $FF
oD Input Capture Register (MSB) ICRH R $00
OE Input Capture Register (LSB) ICRL R $00
OF Timer Control/Status Register 2 TCSR2 R/W $10
10 Rate/Mode Control Register RMCR R/W $co
11 Tx/Rx Control Status Register 1 TRCSR1 R/W $20
12 Receive Data Register RDR R $00
13 Transmit Data Register TDR w indefinite
14 RAM/Port 5 Control Regtister RP5CR R/W $F8or$78
15 Port 5 PORTS R/W indefinite
16 Port 6 DDR P6DDR w $00
17 Port 6 PORT6 R/W indefinite
18 Port 7 PORT?7 R/W indefinite
19 Output Compare Register 2 (MSB) OCR2H R/W $FF
1A Output Compare Register 2 (LSB) OCR2L R/W $FF
18 Timer Control/Status Register 3 TCSR3 R/W $20
1C Time Constant Register TCONR w $FF
1D Timer 2 Up Counter T2CNT R/W $00
1E Tx/Rx Control Status Register 2 TRCSR2 R/W $28
1F**** | Test Register® TSTREG - -
20 PORT 5 DDR P5DDR w $00
21 PORT 6 Control/Status Register P6CSR R/W $07
22 — — - -
23 —_ - - -
;g - Reserved - - -
26 — - - -
27 — - - -
* External address
** R Read-only register, W Write-only register, R/W Read/Write register
*** When empty bit Is in the register, it1s set to 1"
“*** Register for test Don’t access this register
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$0000
Internal *
$0027 Register
External Memory
Space
$0040
Internal RAM
256 Bytes
$013F
External
Memory
Space
$FFFF

*This mode does not
include the addresses.
$00, $02, $04, $05,
$06, $07 or $18 which
can be used externally.

Figure 20 HD6303Y Memory Map

m TIMER 1
The HD6303Y provides a 16-bit programmable timer which can
simultaneously measure an input waveform and generate two inde-
pendent output waveforms. The pulse widths of both input/output
waveforms vary from microseconds to seconds.
Txmer 1 is configured as follows (refer to Fig. 22).
Control/Status Register 1 (8 bit)
Control/Status Register 2 (7 bit)
Free Running Counter (16 bit)
Output Compare Register 1 (16 bit)
Output Compare Register 2 (16 bit)
Input Capture Register (16 bit)

® Free-Running Counter (FRC)($0009:000A)

The key timer element is a 16-bit free-running counter driven
and incremented by system clock The counter value is readable by
software without affecting the counter. The counter is cleared dur-
ing reset.

When writing to the upper byte ($09), the CPU writes the preset
value ($FFF8) into the counter (address $09, $0A) regardiess of
the write data value. But when writing to the lower byte (30A) after
the upper byte writing, the CPU writes not only lower byte data into
lower 8 bit, but also upper byte data into higher 8 bit of the FRC.

The counter will be as follows when the CPU writes to it by dou-
ble store instructions (STD, STX, etc.)

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

S B B

Counter value $FFF8 : $5AF3
In the case of the CPU write ($ 5AF3) to the FRC

Figure 21 Counter Write Timing

® Output Compare Register (OCR)

($000B, $000C; OCR1) ($0019, $001A: OCR2)

The output compare register is a 16-bit read/write register which
can control an output waveform. The data of OCR is always com-
pared with the FRC.

When the data matches, output compare flag (OCF) in the timer
control/status register (TCSR) is set. If an output enable bit (OE) in
the TCSR2 is ““1”°, an output level bit(OLVL) in the TCSR will be
output to bit 1 (OCR 1) and bit S (OCR 2) of port 2. To control the
output level again by the next compare, the value of OCR and
OLVL should be changed. The OCR is set to $FFFF at reset. The
compare function is inhibited for a cycle just after a write to the up-
per byte of the OCR or FRC. This is to set the 16-bit value valid in
the counter register for compare. In addition, it is because counter
is to set $FFF8 at the next cycle of the CPU’s upper byte write to
the FRC.

* For data write to the FRC or the OCR, 2-byte transfer in-

struction (such as STX, etc.) should be used.

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

The input capture register is a 16-bit read-only register which
stores the FRC’s value when external input signal transition gener-
ates an input capture pulse. Such transition is controled by input
edge bit (IEDG) in the TCSR1.

In order to input the external input signal to the edge detector, a
bit of the DDR corresponding to bit 0 of port 2 should be cleared
(“‘0’). When an input capture pulse occurs by external input signal
transition at the next cycle of CPU’s high-byte read of the ICR, the
input capture pulse will be delayed by one cycle. In order to ensure
the input capture operation, a CPU read of the ICR needs 2-byte
transfer instruction. The input pulse width should be at least 2 sys-
tem cycles. This register is cleared ($0000) during reset.

© Timer Control/Status Register 1 (TCSR1) ($0008)

The timer control/status register 1 is an 8-bit register. All bits are
readable and the lower $ bits are also writable. The upper 3 bits are
read-only which indicate the following timer status.

Bit 5 The counter value reached to $0000 as a result of coun-
ting-up (TOF).

Bit 6 A maich has occurred between the FRC and the OCR 1
(OCF1).

Bit 7 Defined transition of the timer input signal causes the
counter to transfer its data to the ICR (ICF).

The followings are the each bit descriptions.

Timer Control/Status Register 1

7 6 5 4 3 2 1 0
ICF| OCF1| TOF | EICI | EOCI| ETOI| IEDG|OLVL1| $0008

Bit 0  OLVL1 Output Level 1
OLVL1 is transferred to port 2, bit 1 when a match occurs be-
tween the counter and the OCRI1. If bit 0 of the TCSR2 (OE1),
is set to ‘1", OLVL1 will appear at bit 1 of port 2.
Bit 1 IEDG Input Edge
This bit determines which edge, rising or falling, of input sig-
nal of bit 0 of port 2 will trigger data transfer from the counter to
the ICR For this function, the DDR corresponding to port 2, bit
0 should be cleared beforehand.
IEDG=0, triggered on a falling edge
(“‘High” to “Low”)
IEDG=1, triggered on a rising edge
(“LOW" to “High")

Bit 2 ETO! Enable Timer Overflow Interrupt
When this bit is set, an internal interrupt (IRQ,) by TOI inter-
rupt is enabled. When cleared, the interrupt is inhibited.
Bit 3 EOCI1 Enable Output Compare I pt 1
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When this bit is set, an internal interrupt (IRQ;) by OCII in-
terrupt is enabled. When cleared, the interrupt is inhibited.
Bit4  EICI Enable Input Capture Interrupt
When this bit is set, an internal interrupt (IRQ,) by ICI inter-
rupt is enabled. When cleared, the interrupt is inhibited
Bit5 TOF Timer Overfiow Flag
This read-only bit is set when the counter increments from
SFFFF by 1. Cleared when the counter’s MSB byte ($0009) 1s
read by the CPU after the TCSR1 read at TOF=1.
Bit6 OCF1 Output Compare Flag 1
This read-only bit is set when a match occurs between the
OCR1 and the FRC. Cleared when writing to the OCR1 ($000B
or $000C) after the TCSR1 or TCSR2 read at OCF=1
Bit 7 ICF Input Capture Flag
This read-only bit 1s set when an input signal of port 2, bit 0
makes a transition as defined by IEDG and the FRC is transfer-
red to the ICR. Cleared when reading the upper byte (8000D) of
the ICR after the TCSR1 or TCSR2 read at ICF=1.

® Timer Control/Status Register 2 (TCSR2) ($000F)

The timer control/status register 2 is a 7-bit register. All bits are
readable and the lower 4 bits are also writable But the upper 3 bits
are read-only which indicate the following timer status.

Bit § A match has occurred between the FRC and the OCR2
(OCF2).
Bit 6

Timer Control/Status Register 2

3 2 1 0
EOCIZFLVLZ OE2 | OE1

7 6 5 4
ICF |OCF1{ OCF2| —

$000F

Bit 7 The same status flag as the ICF flag of the TCSR1, bit 7
The foliowings are the each bit descriptions
Bit 0  OE1 Output Enable 1
This bit enables the OLVL]1 to appear at port 2, bit 1 when a
match has occurred between the counter and the output com-
pare register I When this bit is cleared, bit 1 of port 2 will be an
1/0 port When set, it will be an output of OLVL1 automatically
Bit 1 OE2 Output Enable 2
This bit enables the OLVL2 to appear at port 2, bit 5 when a
match has occurred between the counter and the output com-
pare register 2 When this bit 1s cleared, port 2, bit 5 will be an 1/
O port. When set, it will be an output of OLVL2 automatically.
Bit 2 OLVL2 Output Level 2
OLVL2 1s transferred to port 2, bit 5 when a match has occur-
red between the counter and the OCR2 If bit 5 of the TCSR2
(OE2), is set to *“1”°, OLVL2 will appear at port 2, bit 5.
Bit 3 EOCI2 Enable Output Compare Interrupt 2
When this bit is set, an internal interrupt (IRQ,) by OCI2 in-
terrupt is enabled. When cleared, the interrupt is inhibited
Bit4  Not used
Bit5 OCF2 Output Compare Flag 2
This read-only bit is set when a match has occurred between
the counter and the OCR2 Cleared when writing to the OCR2
(30019 or $001A) after the TCSR2 read at OCF2=1
Bit 6 OCF1 Output Compare Flag 1
Bit 7 ICF Input Capture Flag
OCF1 and ICF are dual addressed If which register, TCSR1
or TCSR2, CPU reads, it can read OCF1 and ICF to bit 6 and bit
7.
Both the TCSR1 and TCSR2 will be cleared during reset.
(Note) If OE1 or OE2 is set to *‘1” before the first output com-
pare match occurs after reset restart, bit 1 or bit 5 of port 2
will produce ‘0’ respectively.

< HDB303". Internal Data Bus >

@s\s. $1A

ﬁsao, $OE

$08B. $0C $09, $0A
Output Compare Output Compare Free Running Input Capture
Register 2 Register 1 16 Bit Counter Register

T T

TT
I

Output Compare 2 Output Compare 1

Overflow Detect

g
[T ]

ey 4 =| =} 4 =| = y——

1RQ3

-@:

— RES
1 l ) Q
IcF |ocF1| TOF I (3] leocnlnonlumc LVL'I o cu;‘
B J TCSR1 | S——
H $08
]
l o Qr
ICF JOCF1 OCle - IEOCI+WL{ OE;’ OE'] CLK
TCSR2 R
[ [ soF T
R
\ P P2 P
|

Figure 22 Timer 1 Block Diagram
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s TIMER 2
In addition to the timer 1, the HD6303Y provides an 8-bit re-
loadable timer, which is capable of counting the external event. The
timer 2 contains a timer output, so the MPU can generate three in-
dependent waveforms. (Refer to Fig. 23.)
The timer 2 is configured as follows:
Control/Status Register 3 (7 bits)
8-bit Up Counter
Time Constant Register (8 bits)

® Timer 2 Up Counter (T2CNT) ($001D)

This is an 8-bit up counter which operates with the clock decided
by CKSO0 and CKS1 of the TCSR3. The CPU can read the value of
the counter without affecting the counter. In addition, any value
can be written to the counter by software even during counting.

The counter is cleared when a match occurs between the counter
and the TCONR or during reset.

If the write operation is made by software to the counter at the
cycle of counter clear, it does not reset the counter but put the write
data to the counter.

® Time Constant Register (TCONR) ($001C)

The time constant register is an 8-bit write only register. The
data of register is always compared with the counter.

When a match has occurred, the counter match flag (CMF) of
the timer control status register 3 (TCSR3) is set and the value

selected by TOSO and TOS1 of the TCSR3 will appear at port 2, bit
6. When CMF is set, the counter will be cleared simultaneously and
then start counting from $00. This enables regular interrupts and
waveform outputs without any software support. The TCONR is set
to “$FF” during reset.

® Timer Control/Status Register 3 (TCSR3) ($001B)

The timer control/status register 3 is a 7-bit register. All bits are
readable and 6 bits except for CMF can be written.

The followings are each pin descriptions.

Timer Control/Status Register 3

7 6 5 4 3 2 1 (]
CMF | ECMI| — | T2E | TOS1]TOSO|CKS1]| CKSO| $001B

Bit 0 CKSO input Clock Select 0
Bit 1 CKS1 Input Clock Select 1
Input clock to the counter is selected as shown in Table 5 de-
pending on these two bits. When an external clock is selected,
bit 7 of port 2 will be a clock input automatically. Timer 2 detects
the rising edge of the external clock and increments the counter.
The external clock is countable up to half the frequency of the
system clock.

< HD6303Y Internal Data Bus >

L it

Timerl FRC
‘ 1

Clock 1
Time Input
Constant I,"',ngroime, Clock : Port 2
_Regsster Select ' Bit 7
:
i
- )
Z 2 i
[ 1
@« '
Compare 5 1
g !
=
o [
© Output '
Level . Port 2
Control ' Bit 6
CMF |ECMI| — | T2E |TOS1|{TOSO|CKS1|CKSO ;gg?g

IRQ3 ~—( !

Figure 23 Timer 2

Block Diagram
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Table 5 Input Clock Select
CKS1 CKSO Input Clock to the Counter
(o] 0 E clock
(4] 1 E clock/8°
1 0 E clock/128°
1 1 External clock

* These clocks come from the FRC of the timer 1 If one of these clocks is
selected as an input clock to the up counter, the CPU should not write to
the FRC of the timer 1

Bit 2
Bit 3

TOSO Timer Output Select 0

TOS1 Timer Output Select 1
When a match occurs between the counter and the TCONR
timer 2 outputs shown in Table 6 will appear at port 2, bit 6 de-
pending on these two bits. When both TOS0 and TOS1 are ‘0",
bit 6 of port 2 will be an 1/0 port.

Table 6 Timer 2 Output Select

TOS1 TOSO Timer Output
[o] 0] Timer Output Inhibited
(4] 1 Toggle Output®
1 0 Output “0"

1 1 Output “1"*

* When a match occurs between the counter and the TCONR, timer 2
output level is reversed This leads to production of a square wave with
50% duty to the external without any software support

Bit4  T2E Timer 2 Enable Bit
When this bit is cleared, a clock input to the up counter is

inhibited and the up counter stops When set to “1’*, a clock

selected by CKS1 and CKSO (Table 5) 1s input to the up counter.

(Note) P, outputs ‘0"’ when T2E bit cleared and timer 2 set in
output enable condition by TOS1 or TOSO. It also outputs
‘0 when T2E bit set “‘1’” and timer 2 set in output ena-
ble condition before the first counter match occurs.

Bit 5 Not Used.

Bit 6 ECMI Enable C Match |

When this bit is set, an internal interrupt (IRQ,) by CMl is
enabled. When cleared, the interrupt is inhibited.
Bit 7 CMF Counter Match Flag
This read-only bit is set when a match occurs between the up
counter and the TCONR. Cleared by writing ‘0’ at CMF=1 by
software (unable to write ‘1’ by software).
Each bit of the TCSR3 is cleared during reset.

s SERIAL COMMUNICATION INTERFACE (SCI)

The Serial Communication Interface (SCI) in the HD6303Y
contains the following two operating modes: asynchronous mode by
the NRZ format, and clocked synchronous mode which transfers
data synchronously with the clock. In the asynchronous mode, data
length, parity bits and number of stop bits can be selected, and eight
transfer formats are provided.

The SCI consists of the following registers as shown in Fig. 24
Block Diagram.

Transmit/Receive Control Status Register 1 (TRCSR1)
Rate/Mode Control Register (RMCR)
Transmut/Receive Control Status Register 2 (TRCSR2)
Receive Data Register (RDR)

Recevie Shift Register

« Transmit Data Register (TDR)

+  Transmit Shift Register

To operate the SCI, initialize the RMCR and TRCSR2, after
selecting the desirable operating mode and transfer format. Next,
set the enable bit (TE or RE) of the TRCSR1. Operating mode and
transfer format should be changed when the enable bit (TE, RE) is
cleared. When setting the TE or RE again after changing the operat-
ing mode or transfer format, interval of more than a 1-bit cycle of
the baud rate or bit rate 1s necessary. If a 1-bit cycle or more is not
allowed, the SCI block may not be initialized.

Parity Check

— Generator

i

TRCSR2

Receive Shift Register

LSB

[ ] ,
!
ol P

L 1]

PERI

=

—

EOP| SBL ]

'
'
'
H TRCSR1

ORFE[TDR RlE RE ITIE

CZE‘—L

17

HDB303Y INTERNAL DATA BUS

MSB

RMCR

]
e ]

i
[T =TTl =]

fe—— Timer 1 FRC

u ‘{ I Transmit Shift Register ‘- Bt Rate
T Generator  fe———— Timer 2
| |

Figure 24 SCl Block Diagram
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® Asynchronous Mode

Asynchronous mode contains 8 transfer formats as shown in
Fig. 25.

Data transmission is enabled by setting TE bit of the TRCSR1,
then port 2, bit 4 will unconditionally become a serial output inde-
pendently of the corresponding DDR

To transmit data, set the desirable transmut format with RMCR
and TRCSR2 When the TE bit is set, the data can be transmitted
after transmitting the one frame of preamble (‘‘1°).

The conditions at this stage are as follows.

1) If the TDR is empty (TDRE=1), consecutive 1's are pro-

duced to indicate the 1dle state.

2) If the TDR contains data (TDRE=0), data is sent to the

Transmit Shift Register and data transmit starts.

During data transmit, a start bit of *‘0"* 1s transmitted first. Then
7-bit or 8-bit data (starts from bit 0) is transmitted. With PEN=1,
the parity bit, even or odd, selected by EOP bit is added, lastly the
stop bit (1 bit or 2 bis) is sent.

When the TDR is ‘“‘empty”’, hardware sets TDRE flag bit. If the
CPU doesn’t respond to the flag in proper timing (the TDRE is in
set condition till the next normal data transfer starts from the trans-
mit data register to the transmit sift register), ‘1 is transferred in-
stead of the start bit *‘0” and continues to be transferred till data is
provided to the data register While the TDRE is ‘1, <0” is not
transferred.

Data receive 1s possible by setting RE bit  This makes port 2,
bit 3 a senial input. The operation mode of data receive is decided by

the contents of the TRCSR2 and RMCR at first, and set RE bit of
TRCSRI. The first “‘0”" (space) synchronizes the receive bit flow.
Each bit of the following data will be strobed in the middle. If a stop
bit is not “‘1”°, a framing error assumed and ORFE is set

When a framing error occurs, receive data is transferred to the
Receive Data Register and the CPU can read the error-generating
data. This makes 1t possible to detect a line break.

When PEN bit is set, the parity check is done. If the parity bit
does not match the EOP bit, a parity error occurs and the PER bit is
set, not the RDRF bit. Also, when the parity error occurs the re-
ceive data can be read just like in the case of the framing error.

The RDREF flag is set when the data is received without a fram-
ing error and a parity error.

If RDRF is still set when receiving the stop bit of the next data,
ORFE is set to indicate the overrun generation. CPU can get the re-
ceive data by reading RDR. When 7 bit data format is selected, the
8th bit of RDR 1s “0”.

When the CPU read the receive Data Register as a response to
RDREF flag or ORFE flag after having read TRCSR, RDRF or
ORFE is cleared.

(Note) Clock Source in Asynchronous Mode

If CC1:CCO0=10, the internal bit rate clock 1s provided at P,,

regardless of the values for TE or RE. Maximum clock rate is

E+16.

If both CC1 and CCO are set, an external TTL compatible clock

must be connected to P,, at sixteen times (16 ) the desired bit

rate, but not greater than E.

(1) [sTanT] 7Bit Data [ 'stor |

(2) [starT] 781 Data [ 2stor ]

(3) [stant] 781t Data [pariry] stor]

(4) [sTant] 781t Data [Pammy[ 2s10p |

(5) [stan] 881t Data [ stor]

®) [stanT] 881 Data [ 2stor |

™ [star] 881 Data [pariT sTor |

® [sTart] 881t Data [party 2stor |

Figure 26 Asynchronous Mode Transfer Format

® Clocked Synchronous Mode

In the clocked synchronous mode, data transmit 1s synchronized
with the clock pulse. The HD6303Y SCI provides functionally inde-
pendent transmitter and receiver which makes full duplex operation
possible in the asynchronous mode. But in the clocked synchronous
mode an SCI clock 1/0 pin is only P,,, so the simultaneous receive
and transmit operation is not available. In this mode, TE and RE
should not be in set condition (“‘1’*) simultaneously. Fig 26 gives a
synchronous clock and a data format in the clocked synchronous
mode
1) Data transmit

Data transmit 1s realized by setting TE bit in the TRCSR1 Port
2, bit 4 becomes an output unconditionally independent of the
value of the corresponding DDR

Both the RMCR and TRCSR should be set in the desirable oper-
ating condition for data transmit.

When an external clock input is selected and the TDRE flag is
‘0", data transmit is performed from port 2, bit 4, synchronizing
with 8 clock pulses input from external to port 2, bit 2.

Data is transmitted from bit 0 and the TDRE is set when the
Transmit Shift Register (TSR) is ‘‘empty’’. More than 9th clock
pulse of external are ignored

When data transmit is selected to the clock output, the MPU
produces transmit data and synchronous clock at TDRE flag clear.
2) Data receive

Data receive 1s enabled by setting RE bit. Port 2, bit 3 will be a
serial input. The operating mode of data receive is decided by the
TRCSRI1 and the RMCR.

If the external clock input is selected, 8 external clock pulses and
the synchronized receive data are input to port 2, bit 2 and bit 3 re-
spectively. The MPU put receive data into the receive data shift reg-
ister by this clock and set the RDRF flag at the termination of 8 bit
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data receive. More than 9th clock pulse of external input are ig-
nored. When RDRF s cleared, the MPU starts recetving the next
data instantly. So, RDRF should be cleared with P,, “‘High™’.
When data receive is selected with the clock output, 8 syn-
chronous clocks are output to the external by setting RE bit So re-

{—————— Transmit Direcuon

ceive data should be input from external synchronously with this
clock When the first byte data 1s received, the RDRF flag 1s set.
After the second byte, recetve operation 1s performed by sending
the synchronous clock to the external after clearing the RDRF bit.

Synchronous IIlII’lIlI'llIII

clock

7
¥ TocazToy.
//4 [7777] Not Vaud

« Transmit data is produced from a falling edge of a synchronous clock to the next falling edge

« Receive data s latched at the rising edge

Figure 26 Clocked Synchronous Mode Format

® Transmit/Receive Control Status Register (TRCSR1)
($0011)
The TRCSR1 is composed of 8 bits which are all readable Bits 0
to 4 are also writable. This register is initialized to $20 during reset.
Each bit functions are as follows.

Transmit/Receive Control Status Register

7 6 5 4 3 2 1 0
RORF |ORFE| TDRE| RIE { RE | TIE| TE | WU|[ $0011

Bit0 WU Wake-up

In a typical multi-processor configuration, the software pro-
tocol provides the destination address at the first byte of the
message. In order to make uninterested MPU ignore the re-
maining message, a wake-up function 1s available By this, unin-
terested MPU can inhibit all further receive processing till the
next message starts.

Then wake-up function 1s triggered by consecutive 1’s with 1
frame length The software protocol should provide the idle time
between messages.

By setting this bit, the MPU stops data receive till the next
message The receive of consecutive *‘1°” with one frame length
wakes up and clears this bit by hardware and then the MPU re-
starts receive operation. However, the RE flag should be already
set before setting this bit. In the clocked synchronous mode WU
is not available, so this bit should not be set.

Bit 1 TE Transmit Enable

When this bit 1s set, transmit data will appear at port 2, bit 4
after one frame preamble in asynchronous mode, while in
clocked synchronous mode it appears immediately. This 1s ex-
ecuted regardless of the value of the corresponding DDR When
TE is cleared, the serial I/0 doesn’t affect port 2, bit 4

Bit2 TIE Transmit Interrupt Enable

When this bit is set, an internal interrupt (IRQ,) is enabled
when TDRE (bit 5) 1s set. When cleared, the mnterrupt 1s
inhibited.

Bit 3 RE Receive Enable

When set, a signal is input to the receiver from port 2, bit 3
regardless of the value of the DDR. When RE s cleared, the
serial 1/0 doesn’t afffect port 2, bit 3.

Bit 4 RIE Receive Interrupt Enable

When this bit is set, an internal interrupt (IRQ,) 1s enabled
when RDRF (bit 7) or ORFE (bit 6) 1s set When cleared, the
interrupt is inhibited.

Bit5 TODRE Transmit Data Register Empty
TDRE 1s set by hardware when the TDR is transferred to the
Transmut Shift Register in the asynchronous mode, while in
clocked synchronous mode when the TDSR is ‘“‘empty’’. This
bit 1s cleared by reading the TRCSR1 or TRCSR2 and writing
new transmit data to the TDR when TDRE=1 TDRE 1s set to
“1” durning reset.
Bit6 ORFE Overrun Framing Error
ORFE s set by hardware when an overrun or a framing error
1s generated (during data-receive only). An overrun error occurs
when new receive data is ready to be transferred to the RDR
during RDRF still being set. A framing error occurs when a stop
bitis “0”". But in clocked synchronous mode, this bit is not af-
fected. This bit is cleared by reading the TRCSR1 or TRCSR2,
and the RDR, when RDRF=1 ORFE is cleared during reset.
Bit 7 RDRF Receive Data Register Full
RDREF 1s set by hardware when data is received normally and
transferred from the Receive Shift Register (RSR) to the RDR
This bit 1s cleared by reading TRCSR1 or TRCSR2, and the
RDR, when RDRF=1. This bit is cleared during reset.

® Transmit Rate/Mode Control Register (RMCR)

The RMCR controls the following senal 1/0

- Baud Rate + Data Format

+ Clock source - Port 2, Bit 2 Function

- Operation Mode

All bits are readable/writable. Bit 0 to 5 of the RMCR are cleared
durning reset.

Transfer Rate/Mode Control Register

7 6 5 4 3 2 1 (0]
- — |Sss2|cczjcctrccoj ss1| ssO

$0010

Bit0 SSO
Bit 1 s$s1 Speed Select
Bit5 SS2

These bits control the baud rate used for the SCI. Table 7 lists
the available baud rates The timer | FRC ($S2=0) and the timer 2
up counter (SS2=1) provide the internal clock to the SCI. When
selecting the timer 2 as a baud rate clock source, it functions as a
baud rate generator The timer 2 generates the baud rate listed in
Table 8 depending on the value of the TCONR.

(Note) When operating the SCI with internal clock, do not per-
form write operation to the timer/counter which s the
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Table 7 SCI Bit Times and Transfer Rates

(1) Asynchronous Mode

XTAL 2.4576MHz 4 OMHz 4.9152MHz
S$S2 SS1 SSO E 614 4kHz 1 OMHz 1.2288MHz
0 [ 0 E-16 26 /5/38400Baud 1645/62500Baud 1345/76800Baud
[¢] (] 1 E-128 208/,5/4800Baud 128,:5/7812 5Baud 104 2,:5/9600Baud
o 1 o E~-1024 1 67ms/600Baud 1024ms/976 6Baud | 833 3«s/1200Baud
[ 1 1 E- 4096 6 67ms/1508aud 4 096ms/244 1Baud | 3 333ms/300Baud
1 - - - * * *

*When SS21s “1”", Timer 2 provides SCI clocks The baud rate 1s shown as follows with the TCONR as N

- f f input clock frequency to the
Baud Rate = 32(N+1) timer 2 counter
N=0~25§
(2) Clocked Synchronous Mode*
XTAL 40 MHz 6 0 MHz 8 0 MHz 12 0 MHz
8§82 S§S1 SSo E 10 MHz 15 MHz 20 MHz 30 MHz
o o0 o E-2 2 us/bit 133 us/bit 1 uslbit 0 667 us/bit
0 1 E - 16 16 us/bit 10 7 ps/bit 8 us/bit 5 33 us/bit
0 1 0 E - 128 128 us/bit 85 3 us/bit 64 us/bit 42 7 psibit
0 1 1 E - 512 512 usibit 341 psibit 256 us/bit 171 usibit
1 _ _ . e . .

“Bit rates in the case of internal clock operation In the case of external clock operation, the external clock is operatable up to DC ~ 1/2
system clock

** The but rate 1s shown as follows with the TCONR as N
Bit Rate (us/bit) = f(_l:t_ﬁ (f

N=0~255

input clock frequency to the
timer 2 counter

Table 8 Baud Rate and Time Constant Register Example

Baud Rore g XTAL | 24576MHz | 3 6864MH: 4 0MHz 49152MHz 8 OMHz
a
1o 21 32° 35° 43° 70°
150 127 191 207 255 51°
300 63 95 103 127 207
600 31 47 51 63 103
1200 15 23 25 31 51
2400 7 1 12 15 25
4800 3 5 — 7 12
9600 1 2 - 3 _
19200 o —_ - 1 —
38400 - — - 0 —
* E/8 clock 1s input to the timer 2 up counter and E clock otherwise
P
Table 9 SClFormat and Clock Source Control
CC2 CC1 CCO | Format Mode Clock Source |Port 2, Bit 2 Port2,B:1t3 l Port 2, Bit 4
0 [} 0 8bitdata | Clocked Synchronous | External Input
0 0 1 8-bit data | Asynchronous Internal Not Used"* When the TRCSR1. RE b ;
. en the B its 1,
] 1 0 8-bit data Asynchronous Internal Qutput bit 315 used as a serial input
0 1 1 8-bit data | Asynchronous External Input
1 0 0 8-bit data Clocked Synchronous | Internal Output
1 0 1 7-bit data | Asynchronous Internal Not Used"* wh ne TRCSR1. TE )
. t 1, tis 17,
1 1 0 7-bit data | Asynchronous Internal Output b“‘in“ uesed as a serial oz;p:fl
1 1 1 7-bit data | Asynchronous External Input
* Clock output regardless of the TRCSR1, bit RE and T
** Not used for the SCI
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clock source of the SCI.

Bit2 ccCo
Bit3 CC1 Clock Control/Format Select*
Bit4a cCC2

These bits control the data format and the clock source (refer to
Table 9).

* CCO0, CC1 and CC2 are cleared during reset and the MPU
goes to the clocked synchronous mode of the external clock
operation. Then the MPU automatically set port 2, bit 2 into
the clock input state. When using port 2, bit 2 as an output
port, the DDR of port 2 should be set to *‘1”* and CC1 and
CCO0 to 0™ and “‘1”’ respectively.

Bit 6
Bit 7

Not Used
Not Used

® Transmit/Receive Control Status Register 2 (TRCSR2)

The TRCSR2 is a 7-bit register which can select a data format in
the asynchronous mode The upper 3 bits are the same address as
the TRCSR1. Therefore, the RDRF, ORFE and TDRE can be read
by either the TRCSR1 or TRCSR2. Bits 0 to 2 of the TRCSR2 are
used for read/write. Bits 4 to 7 are used only for read.

Transmit/Receive Control Status Register 2

7 6 5 4 3 2 1 0
RDRF {ORFE | TDRE| PER | — | PEN| EOP| SBL

$001E

Bit0  SBL Stop Bit Length

This bit selects the stop bit length in the asynchronous mode.

B PRECAUTION 1

In the synchronous clocked receive operation with clock-output,
there are three cases for clock pulse timing after RDRF clear as
shown below.

Please consider above i designing system, since transmitting
receiving time is not uniform.

RDR read cycle (RDRF clear)

If this bit is *‘0™, the stop bit is 1-bit. If ““1’*, the stop bit is 2-bit.
This bit is cleared during reset.
Bit 1 EOP Even/Odd Parity
This bit selects the parity generated and checked when the
PEN is ““1”°. If this bit is *‘0”, the parity is even. If ‘1", it 1s odd.
This bit is cleared during reset.
Bit 2 PEN Parity Enable
This bit decides whether the parity bit should be generated
and checked in the asynchronous mode or not. If this bit is ‘0",
the parity bit is neither generated nor checked If “‘1°°, 1t 1s gen-
erated and checked. This bit is cleared during reset
The 3 bits above do not affect the SCI opertion in the clocked
synchronous mode.
Bit3  Not Used
Bit 4 PER Parity Error
This bit 1s set when the PEN s ‘1" and a parity error occurs.
It is cleared by reading the RDR after reading the TRCSR2,
when PER=1
Bit 6 TDRE
Transmit Data Register Empty
ORFE
Overrun/Framing Error
RDRF
Receive Data Register Full
* Each flag of the TDRE, ORFE, and RDRF can be read from
either the TRCSR1 or TRCSR2

Bit 6

Bit 7

The clock-output of case 1 or case 2 1s determined by “1”” or ““0”
of SCl internal operation clock of RDRF clearing cycle. In addition,
in the case of low voltage operation (Ve < 4.5V), the clock-output
of case 1 may transfer to case 3.

LR S I O

bit0
clock-output I [ l bit1
case 1
t bit0
case 2 | |
k) bit 0
case 3 | I
(note) Whenbitrateis E/2, t, =E, and t,=2E.
E/16, t, = 8E, t, = 16E.
E/128, t, = 64E, t, = 128E.
E/512, t, = 256E, t, = 512E.

Diagram for Precaution 1
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B PRECAUTION 2

When transmitting through clock-synchronous serial communi-
cation interface, TE bit should not be cleared with TDRE of TRCSR
($11) is “0”.

The TDRE set and clear conditions of SCI are shown as follows.

If transmit data is written to TDR, and then TE bit is cleared with
TDRE = 0 to stop tr itting, TDRE “0”.

In this case, even if TE bit is set and transmit data is written again,
the TDR data is not transmitted.

Please note that TE bit must be cleared after the last data has been
transmitted.

Set condition Clear condition (This caution is not applied to asynchronous serial communica-
1. TDR - transmit When writing to TDR tion interface.)
shift register after TRSCR read,
(asynchronous) with TDRE = 1, TDRE m TIMER, SCI STATUS FLAG
TDRE | 2- Transmit shift is cleared. Table 10 shows the set and reset conditions of each status flag in
register is empty. the timer 1, timer 2 and SCI.
(clock-synchronous)
3. RES =0
Table 10 Twmer 1, Timer 2 and SCI Status Flag
Set Condition Clear Condition
P6CSR IS FLAG Falling edge input to P4 (I5) 1 Read the P6CSR then read or write the
PORT6, when IS FLAG = 1
2. RES=0
ICF FRC — ICR by Rising or Falling edge input to 1 Read the TCSR1 or TCSR2 then ICRH,
P20 when ICF = 1
(Selecting with the IEDG bit) 2 RES=0
OCF1 OCR1 = FRC 1 Read the TCSR1 or TCSR2 then write to
the OCR1H or OCR1L, when OCF1 = 1
2 RES=0
Timer OCF2 OCR2 = FRC 1  Read the TCSR2 then write to the OCR2H
1 or OCR2L, when OCF2 = 1
2 RES=0
TOF FRC = $FFFF+ 1 cycle 1. Read the TCSR1 then FRCH, when
TOF =1
2. REE=0
Timer CMF T2CNT = TCONR . Write 0" to CMF, when CMF = 1
2 2 RES=0
RDRF Receive Shift Register — RDR 1. Read the TRCSR1 or TRCSR2 then RDR,
when RDRF = 1
2 RES=0
ORFE 1 Framing Error (Asynchronous Mode) 1 Read the TRCSR1 or TRCSR2 then RDR, when
Stop Bit=0 ORFE =1
2 Overrun Error (Asynchronous Mode) 2 .RES=0
Receive Shift Register — RDR when
SCi RDRF = 1
TDRE 1 Asynchronous Mode Read the TRCSR1 or TRCSR2 then write to the
TDR — Transmit Shift Register TDR, when TDRE = 1
2 Clocked Synchronous Mode
Transmit Shift Register 1s “empty’’
3. RES=0
PER Parity when PEN=1 1. Read the TRCSR2 then RDR, when PER=1
2. RES=0

(Note) — , Transfer = , equal ICRH, Upper byte of ICR
OCR1H, Upper byte of OCR1

OCR2H, Upper byte of OCR2

OCRI1L, Lower byte of OCR1
OCR2L; Lower byte of OCR2
FRCH, Upper byte of FRC
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= LOW POWER DISSIPATION MODE
The HD6303Y provides two low power dissipation modes; sleep
and standby.

o Sleep Mode

The MPU goes to the sleep mode by SLP instruction execution.
In the sleep mode, the CPU stops its operation, while the registers’
contents are retained. In this mode, the peripherals except the CPU
such as timers, SCI, etc. continue their functions. The power dis-
sipation of sleep-condition is one fourth that of operating condition.

The MPU returns from this mode by an interrupt, RES or
“STBY; it goes to the reset state by RES and the standby mode by
"STBY. When the CPU acknowledges an interrupt request, it cancels
the sleep mode, returns to the operation mode and branches to the
interrupt routine. When the CPU masks this interrupt, it cancels
the sleep mode and executes the next instruction. However, for ex-
ample, if the timer 1 or 2 prohibits a timer interrupt, the CPU
doesn’t cancel the sleep mode because of no interrupt request.

|

This sleep mode is effective to reduce the power dissipation for a
system with no need of the HD6303Y's consecutive operation.

®_Standby Mode
The MPU goes to the standby mode with the STBY *“‘Low’’ or
by clearing the STBY flag. In this mode, the HD6303Y stops all the
clocks and goes to the reset state. In this mode, the power dissipa-
tion is reduced to several u A. During standby, all pins, except the
power supply (Vc, Vss), the STBY, RES and XTAL (which out-
puts “‘0”"), go to the high impedance state In this mode, power
(V) is supplied to the HD6303Y, and the contents of RAM is re-
tained. The MPU returns from this mode during reset. When the
MPU goes to the standby mode with STBY ““Low”, it will restart at
the timing shown in Fig. 27(a). When the MPU goes to the standby
mode by clearing the STBY flag, it will restart only by keeping the
“‘Low” for longer than the oscillating stabilization time. (Fig.
27(b))

V)
|
|—4 NMI |
|
HD6303Y s AES ll ]
|5vey | llm 4§ {
i
2 |
] : i |
|
a9 1
2 STBY |
At !
| | " \ |
RES 3 | | |

Standby Mode

Vss Vss o Osclunov|
O Save Registers Start
O RAM/Port 5 Control Register Set Time
Restart
(a) Standby Mode by STBY
[
4 f —
RES
HD6303Y
A I
| ' i
sTBY i i ]
T___@_ ! Standby Mode | '
1
OSTBY FLAG O Oscllator
Clear ?:"‘ —
®  iRestart
RES

(b) Standby Mode by the STBY Flag

Figure 27 Standby Mode Timing
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m TRAP FUNCTION

The CPU generates an interrupt with the highest priority
(TRAP) when fetching an undefined instruction or an instruction
from non-memory space. The TRAP prevents the system-burst
caused by noise or a program error.

® Op Code Error

When fetching an undefined op code, the CPU saves registers as
well as a normal interrupt and branches to the TRAP (SFFEE,
$FFEF). This has the priority next to reset.

® Address Error

When an instruction fetch is made from the address of internal
register, the MPU generaters an interrupt as well as an op code
error. But on the system with no memory in its external memory
area, this function is not applicable if an instruction fetch is made
from the external non-memory area. Addresses where an address
error occurs are from $0000 to $0027.

This function is available only for an instruction fetch and is not
applicable to the access of normal data read/write.

(Note) The TRAP interrupt provides a retry function differently
from other interrupts This is a program flow return to the
address where the TRAP occurs when a sequence returns
to a main routine from the TRAP interrupt routine by
RTI. The retry can prevent the system burst caused by
noise, etc.

However, if another TRAP occurs, the program repeats
the TRAP interrupt forever, so the consideration is neces-
sary in programming.

m INSTRUCTION SET
The HD6303Y provides object code upward compatible with the
HD6801 to utilize all instruction set of the HMCS6800. It also re-
duces the execution times of key instructions for throughput im-
provement.
Bit manipulation instruction, change instruction of the index
register and accumulator and sleep instruction are also added
The followings are explained here.
+ CPU Programming Model (refer to Fig. 28)
- Addressing Mode
Accumulator and Memory Manipulation Instruction (refer to
Table 11)
New Instruction
Index Register and Stack Manipulation Instruction (refer to
Table 12)
Jump and Branch Instruction (refer to Table 13)
- Condition Code Register Manipulation (refer to Table 14)
« Op Code Map (refer to Table 15)

® Programming Model

Fig 28 depicts the HD6303Y programming model The double
accumulator D consists of accumulator A and B, so when using the
accumulator D, the contents of A and B are destroyed.

® CPU Addressing Mode

The HD6303Y provides 7 addressing modes. The addressing
mode is determined by an instruction type and code. Tables 11
through 15 show addressing modes of each instruction with the ex-
ecution times counted by the machine cycle

When the clock frequency is 4MHz, the machine cycle time be-
comes microseconds directly
Accumulator (ACCX) Addressing

Only an accumulator 1s addressed and the accumulator A or B is
selected. This is a one-byte instruction.
Immediate Addressing

This addressing locates a data in the second byte of an instruc-
tion. However, LDS and LDX locate a data in the second and third
byte exceptionally. This addressing is a 2 or 3-byte instruction.
Direct Addressing

In this addressing mode, the second byte of an instruction shows

A °| l’ . 8 81 Accumulators A and 8
s ) o] ©r 16 81 Doubie Accumuinter ©

o] tnoes Regare (x)

s sp 0] Stk Pornter (591
[s PC ﬂ Program Counter (PC)
7 0

1{rfu] r[nfzfvic] condion Cose Regiter iCCRI

I t Carry/Borrow from MSB
Overtiow

Zero
e Negotive
Interrupt
Half Carey (From Bt 3

Figure 28 CPU Programming Model

the address where a data 1s stored. 256 bytes (30 through $255) can
be addressed directly. Execution times can be reduced by storing
data in this area so it is recommended to make it RAM for users’
data area in configurating a system. This is a 2-byte instruction,
while 3 byte with regard to AIM, OIM, EIM and TIM.

Extended Addressing

In this mode, the second byte shows the upper 8 bit of the data
stored address and the third byte the lower 8 bit. This indicates the
absolute address of 3 byte instruction in the memory.

Indexed Addressing

The second byte of an instruction and the lower 8 bit of the in-
dex register are added in this mode As for AIM, OIM, EIM and
TIM, the third byte of an instruction and the lower 8 bits of the in-
dex register are added.

This carry is added to the upper 8 bit of the index register and
the result is used for addressing the memory. The modified address
is retained in the temporary address register, so the contents of the
index register doesn’t change. This is a 2-byte instruction except
AIM, OIM, EIM and TIM (3-byte instruction)

Implied Addressing

An instruction itself specifies the address This is, the instruction
addresses a stack pointer, index register, etc. This is a one-byte in-
struction.

Relative Addressing

The second byte of an instruction and the lower 8 bits of the pro-
gram counter are added. The carry or borrow 1s added to the upper
8 bit. So addressing from — 126 to + 129 byte of the current instruc-
tion is enabled. This is a 2-byte instruction
(Note) CLI, SEI Instructions and Interrupt Operation

When accepting the IRQ at a preset timing with CLI and
SEI instructions, more than 2 cycles are necessary be-
tween the CLI and SEl instructions. For example, the fol-
lowing program (a) (b) don’t accept the IRQ but (c) ac-

cepts it
. . CLI
CLI CLI NOP
SEI NOP NOP
. SEI SEI
(a) (b) (©)

The same thing can be said to the TAP instruction instead
of the CLI and SEI instructions
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Table 11 Accumulator, Memory Manipulation Instructions

Condition Codb
Addressing Modes
o Boolesn/ Register
IMMED DIRECT INDEX |EXTEND | IMPLIED P O S5lai3]2}1]0
OP |~ |#|OP |~ (#]|OP|~|»|OP |~ wlOP|~u HitIN]Z|V]C
Add ADDA 88 (212 (98B |3 |2 |AB|4 |2 BB |4 |3 A+M— A P ettt (s
ADDB CB{2(2(DB|3 (2(/EB|4 |2 |FB |4 |3 8+M-—-8 tlejtftft|s
Add Double ADDOD C3(3{3(D3[{4|2(E3 5|2 [F3 |53 A B+M M+1—-A B ele ittty
Add Accumulstors ABA 1B[1[1]A+B—~A 1jejtjt)s|s
Add With Carry ADCA 89 /2/2]99 |3 [2]|A9]4)2 B9 43 A+M+C—-A e s syt
ADCB C9 |22 |D9{3 {2 (E9 |42 (F9 |43 B+M+C—~8B $jejtfs s
AND ANDA 84 |22 |94 |3 (2 |A4 |42 (B4 (43 AM— A ejefi1]t|R]|e
ANDB C4 122 |D4|3 |2 E4 |42 |F4 |43 B-M—8B eje 1|/l Rje
Bit Test BITA 85 {2]2(95 |3 |2]|A5]|4]2B5]4 |3 A-M elej|t|l1|R|e
B8IT B C5 (2{2|D5(3 {2 |ES |42 |F5 |43 B8-M ejeft|t|R]e
Clear CLR 6F [5|2 |7F |5 |3 00 —~M e |e|RIS|RIR
CLRA aF [1[1 |00~ A oo |R|S|RI|R
CLRB SF |1 [1]o0—~8 ele|R[s[R[R
Compare CMPA 81 (2(2 (91 {3 [2]Aar1]|a]2{B1][4a|3 A-M oottt s
CMPB c1|2|2|pi{3|2|er{af2(F1 a3 B-M eje ittt
et ors cBA niijila-8 oleft]tft]s
Complement, 1s CoM 636[2]713 6|3 -~ ele[t|t]R]s
COMA 43 |1 [1 JA—~A oot [R[S
coms 53 [1]1]|B -8 elejt|t|R[S
Complement, 2's NEG 60 (612 {70 {6 (3 00-M—~M™M oot |®]?7
{Negate) NEGA 40 {1 |1 [00-A—-A o fo 3]t |1])2
NEGB 50 [1]1]00-8~8 elejt(s(®|2
Decimal Adust. A | DAA 19 21 |Gt e 800 tormme |* [*[1]* |12
Decrement DEC 6A 62 [7A {6 |3 M-1-M elejtis|@ie
DECA 4A (1 (1 [A-1-A oo ittt @]
DECB 5A(1[1[B-1—-8B eleftit|@]|e
Exclusive OR EORA 88 (2298 |3 |2 |AB|4 |2 B8 |43 A@M~A eleft|t[R]e
EORB C8 [2 (2 (DB |3 |2 [EB (4|2 [FB |4 |3 B@M- 8 ejeft|sR|e
Increment INC 6C|6|2(7C (6|3 M+1 M ejelt|t|®]e
INCA acf1fr[asr-a oottt [@]e
INCB sC|tit|jB+1—~8 ejeftlt|S|e
Load LDAA 86 |22 196 |3 [2{A6[/4 |2 (B6 4|3 M- A eje |l |Rie
Accumulator o8 |ce |22 063 [2]€6[a]2[F6 a3 M-8 o o [t]t]R]e
Loed Dauble LoD cc |33 |oc|a |2 {ec|s |2 |[Fc|5 |3 M+1-8.M=A efoftftrie
Multiply Unsigned MUL 3D(7{1|AxB~-A B oo jelefe @
OR, Inclusive ORAA 8A[2(2(9A (3 [2/AAl4 2 BA4 |3 A+M— A efeft]i[RTe
ORAB CA[2|2 [DA[3 |2|EA[4 |2 [FA[4 (3 B+M—~ B ele]t[s|R|e
Push Deta PSHA 36 (4|1 [A~Msp, SP-1—~SP efelefelele
PSHB 37 |4 {18~ Msp SP-1-~SP ofejofofee
Pull Data PULA 32[3[1|SP+1~SP Msp—~ A olefefefe]e
PULB 33[3[1|SP+1-SP, Mwp—~B ejejejojefe
Rotste Left ROL 69 16|2({79 6|3 " LR ERERERCAR]
ROLA s [ [T || bgeTr e[Sl
ROLS s1]ije " DOHBGE
Rotste Right ROR 66 {6(2{76 |63 ~ m elefiftlalt
RORA 46 (1|1 ‘} e 5 ~ eleltlt]e]t
RORS 56 [1]1]° efetTt]s]s
(Note) Condition Code Register will be explained in Note of Table 14 (continued)
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Table 11 Accumulator, Memory Manipulation Instructions

Addressing Modes Con:n:::‘n“(;.ode
Operations Moemonic [ iMMED [ DIRECT | INDEX [EXTEND [ IMPLIED |, inmere operaton |5 |4 13]2]1]0°
OP {~|#!OP|~ |#|OP|~ |# [OP |~ |#|OP|~ |¥ HIIINIZ|VIC
Shift Left ASL e | |68 |6]2|78 |63 - _— BLIECE
Arithmetic ASLA 48 [ 111 |a} [ [TIT}eo (oo st @T—
asts | T BRI o T @
B | ano o) ol
Shift Right asm | 6762177 (6]3] | BRAE
Anthmetic AsRA | 1 a7 Tiel
ASRB R 57 Tl
Shift Right LsR 64 |62 |74 |63 «R[11®[7
Logical LSRA T aa | <[r[1 Ot
LsRe 54 JRITIEF
T | :
Store T stan T 97 |3
Accumulator "’_sﬁ‘a T 0713
Accormulator sT0 oD 4
Subtract suBa |80 |22 |90 |3
suse_ |0 22003
Double Subtract suso |83 [3]3 e3[4
Aecumalators s8A :
Subtract seca 82 (2|2 ez (a2 (az]a 2 ezl 1] Ta-m-c>a "7 [JT Tl
With Carry s8cB  |c2|2]202]3 |2 €2]a2|F2]a(3] | [ je-m-c~8 S CICAERERE
Transter TAB wlilrjase T JelelrlvR]e”
Accumulators TBA TR Y e lit IR
Test Zero o ST 6D |4 |2 |70 (4|3 [Im-00 Tl Rl
Minus TSTA |1 |1]a-00 NRCCE
TsT8 50 [1]1]8 - 00 oo it [R]R
And Immediate AIM HDBCIEE M IMM—M T ele it {r]e
OR Immediate om 72| 6|3[62]7|3 M+IMM <M ofeli]t]rle
EOR Immediate €I 75/ 6/3]65]7]3 MDIMM ~M ele 1] ]r]e
Test Immediste TIM 7B{4[3/6B[5}3 M IMM eole|!lt|Rie®

(Note) Condition Code Register will be explained in Note of Table 14.
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e Additional Instruction TM ... . ... (M)-(IMM)
In addition to the HD6801 instruction set, the HD6303Y pre- Executes “AND” operation to immediate data and changes
pares the following new instructions the relative flag of the condition code register.
AIM ........ .. (M)-(IMM) — (M) These are the 3-byte instructions; the first byte is op code, the
Executes ‘“‘AND’ operation to immediate data and the second immediate data and the third address modifier.
memory contents and stores its result in the memory XGDX ......... (ACCD)~(IX)
oM . .. ..... (M)+ (IMM) — (M) Exchanges the contents of accumulator and the index regis-
Executes ““OR’’ operation to immediate data and the memo- ter.
ry contents and stores its result in the memory. SLP
EIM ..... ..... M) ® (IMM) — (M) Goes to the sleep mode. Refer to “LOW POWER DISSIPA-
Executes ‘‘EOR’ operation to immediate data and the TION MODE" for more details of the sleep mode.

memory contents and stores its result in the memory

Table 12 Index Register, Stack Manipulation Instructions

Addressing Modes Condition Code
Pointer Operations Mnemonic Boolean/ o

IMMED | DIRECT | INDEX [EXTEND [IMPLIED | Arithmeuc Operaton |5 [a|3[2]1]0

OP |~ [#]OP |~ |#]OP|~|#|OP|~ #iOP|~|# HIIINJZ]V]C
Compare Index Reg CPX G—C-¥3 3(9C {4 |2 |AC|5|2|BC|5|3 X-MM+1 elelsft]t|t
Decrement Index Reg DEX 09 [1 (1 (X-1=X ejefojt]e]e
Decrement Stack Pntr DES 34 (1|1 |SP-1-5P efelofo]efe
increment Index Reg INX 08 |1 [t [X+1-X elofeft|efe
Increment Stack Pntr INS 31|11 [sP+1-5SP ojojojofefe
Load Index Reg LOX CE{3{3|DE|4 |2 (EE|5|2 /FE|53 M- Xy, (M41) = X elelGlit|R]e
Load Stack Pntr LDS 8E |33 |9E |4 |2 |AE|5[2[BE|S5|3 M~ SPy, (M+1)~SP (e (e [T [} R|e
Store Index Reg STX DF |4 |2 1EF {5 |2 |FF 5|3 Xy =M, X =~ (M+1) DIEARELIC
Store Stack Pntr sTS 9F (4 |2 (AF[S5[2|BF |53 SPy -~ M, SP_ ~(M+1) feje|7]|t|R|e
Index Reg — Stack Pntr| TXS /|1 (1 ({X-1-~SP ejeojleofojo]e
Stack Pntr — Index Reg! TSX 30 (1|1 |SP+1—-X efejejeole
R A1 [V [Bex=x 300000
Push Date PSHX - 3C|5 |1 X  ~Mg.SP-1-5P |s|elele|e]e

Xy~ Mg, SP - 1 = SP
Pull Data PULX 38 |4 (1 |SP+1-SP M <Xy [efelejeiefe
SPH—SP,M'A:L

Exchange XGDX 18 {2 [1 |ACCD--IX elejolojoj0

(Note) Condition Code Register will be explained in Note of Table 14.
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Table 13 Jump, Branch Instruction

Addressing Modes 00":"'0”';.00*'
Operations Mnemonic | ATIVE | DIRECT | INDEX |EXTEND |IMPLIED Branch Test s[a]3]2]1]0_
OP|~|#|OP|~[#|OP|~|#|OP|~ |#|OP|~|« HII[N]J2|V|C
Branch Always BRA 20} 3})2 None ofelefelele
Branch Never BRN 2113]2 None ojojejejoje
Branch If Carry Clesr BCC 24312 c=0 eolejejojofe
Branch If Carry Set 8CS 25132 C=1 ejelefelele
Branch If = Zero BEQ 27)3}2 Z=1 ojejojoloe
Branch If > Zero BGE 2C{ 32 N®Ve=0 ejojejofefe
Branch If > Zero B8GT 2€)3})2 Z+IN®VI=0 elejeloiefe
Branch If Higher BHI 22132 C+2=0 eloe|ojo|e]e
Branch If < 2ero BLE 2F| 32 Z+(IN@QVI=1 oooon
Sranch if Lower Or BLs 23|32 cez=1 olofelofe]e
Branch If < Zero BLT 20(3]2 N®vVv=1 olejejojee
Branch If Minus BMI 28|3)2 N=1 olefojojefe
Sranch I Not Equel | gng 2|32 ze0 ofofofo]fo]e
Branch I Overtiow BvC 28|32 veo ololelefole
B8ranch If Overflow Set| BVS 2(3]2 V=1 ejejejefe]e
Branch 1f Plug BPL 2A1312 N=0 ojejojejeje
Branch To Subroutine BSR 8D0(5(2 eleje o oo
Jump JMP 6E |3 12 |7E (3 |3 olejefele]e
Jump To Subroutine JSR 90 |5 |2 |[AD|5 (2 (BD (6 |3 eojele]efejfe
No Operation NoP 01 [1[1 [ §ovances Prog Cntr g 1o lo fo oo
Return From Interrupt RTI 38 [10(1
:::";::":m RTS 39 |5 1 oo e e (ol
Softwere Interrupt Wi 3F 21 o |S|e e e e
Wart for Interrupt® WAL 3€ |9 1 LRIOILECRCET]
SLP 1Al4 ] oo [o o ]e

(Note) *WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state.
Condition Code Register will be explained in Note of Table 14
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Table 14 Condition Code Register Manipulation Instructions

A Condition Code Register

Operstons Mnemonic IMPLIED Boolean Operation S|{4]3[2([1 (0

oP | ~ [ H I INjZ |V ]C

Clear Corry cLe oc 1 1 0-C e|eoe e |[e e R

Clear Interrupt Mask CLi OE 1| 00—~ e R |[e o (0 e

Cleer Overflow CLv 0A | 1 [ 0-V e | e e e R |o

Set Carry SEC 00 | 1 |1 1-C oo e e [e (S

Set Interrupt Mask SEI OF |1 [ 11 e (S |([e (e e e

Set Overflow SEV 08 1 1 1=V EEEERERERK]
Accumulstor A ~ CCR TAP 06 |1 |1 A~ CCR —— L)

CCR ~ Accumulator A TPA o7 [ [ CCR = A efeJeJe]eTe

LEGEND CONDITION CODE SYMBOLS
OP Operation Code (Hexadecimal) H  Half-carry from bit 3 to bit 4

~  Number of MCU Cycles
Mgp Contents of memory location pointed by Stack Pointer

Interrupt mask
Negative (sign bit)

|
N
#  Number of Program Bytes Z  Zero (byte)
+ Arithmetic Plus V  Overflow, 2's complement
- Arithmetic Minus C  Carry/Borrow from/to bit 7
[ Boolean AND R Reset Always
+ Boolean Inclusive OR S  Set Always
® Boolean Exclusive OR 1 Set.f true after test or clear
M Complement of M e Not Affected
- Transfer into
0  Bit= Zero
00 Byte = Zero

(Note) Condition Code Register Notes. (Bit set if test is true and cleared otherwise)

Bitv) Test: Result = 100000007

(8it C) Test. Result X 000000007

(81t C) Test: BCD Character of high-order byte greater than 10? (Not cleared if previously set)
8itv) Test: Operand = 10000000 prior to execution?

(81t V) Test. Operand = 01111111 prior to execution?

(Bit V) Test. Set equal to N®@ C = 1 after the execution of instructions

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

(AIl Bit)  Load Condition Code Register from Stack

(Bit 1) Set when interrupt occurs If previously set, a Non-Maskable Interrupt i1s required to exit the wait state
(All Bit)  Set according to the contents of Accumulator A

V@D IPIPO®ID

@ (B C) Result of Multiplication Bit 7=1? (ACCB)
Table 15 OP-Code Map

oP Acc [acc | o TEXT” ACCA or SP ACCB or X
CODE A 8 OIR'[ MM [ DIR [ IND | EXT | IMM | DIR | IND | EXT

M| 0000 [ 0001 | o010 [ oort | o100 | o100 | oo [ orne | 1000 | roor | rot0 | rort | viee | tier | ve | ouin
Lo 0 1 2 3 4 5 6 7 8 9 A B C 2] E F
0000 0 SBA [BRA | TSX NEG SuB []
o001 [ 1 [NOP [cBA [BAN [INs | — | AIM cMmP 1
0010 2 BHI | PULA | oM SBC 2
0011 |3 BLS | PULB COM SUBD [ ADDD 3
0100 { 4 [ LSRD BCC | DES LSR AND 4
0101 [ 5 [ ASLD BCS [Txs [ _— | &M 8IT 5
0110{ 6 [ TAP [ TAB [BNE [ PSHA ROR LDA 3
ot |7 [TPa [TBa [BEQ [PsHB ASR STA 1 STA 7
1000| 8 [ INX | XGDX|{BVC | PULX ASL EOR )
1001 | 9 | DEX [DAA [BVS [RTS ROL ADC 9
1010[a{cLv [ste [epL [ aBX DEC ORA A
1011 |8 |SEV [ ABA [BMI [RTI TIM ADD 8
oo c|cLc BGE | PSHX INC CPX LDD [
101 | o | sec BLT | MUL TST BSR | USR STD o
IE BGT | WAI JMP LDS LDX 3
MEE BLE | SW! CLR | STS STX F

0 [ 2 3 « [ s [ s [ 1 8 | 9 | A [ B c o [€e [F
UNDEFINED OP CODE =)
* Only each instructions of AIM, OIM, EIM, TIM
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= CPU OPERATION
® CPU Instruction Flow

When operating, the CPU fetches an instrution from a memory
and executes the required function. This sequence starts with RES
cancel and repeats itself limitlessly if not affected by a special in-
struction or a control signal. SWI, RTI, WAI and SLP instructions
change this operation, while NMI, IRQ,, TRQ;,, IRQ,, HALT and
STBY control it. Fig. 29 gives the CPU mode transition and Fig. 30
the CPU system flow chart. Table 16 shows CPU operating states

and port states.

® Operation at Each Instruction Cycle

Table 17 shows the operation at each instruction cycle. By the
pipeline control of the HD6303Y, MULT, PUL, DAA and XGDX
instructions, etc. prefetch the next instruction. So attention is nec-
essary to the counting of the instruction cycles because it is different
from the usual one—from op code fetch to the next instruction op
code.

Figure 29 CPU Operation Mode Transition

Table 16 CPU Operation State and Port, Bus, Control Signal State

Port Reset STBY™ HALT Sleep
Ao~ A, H T T H
Port 2 T T Keep Keep
Dy ~ D, T T T T
Ag ~ Ay H T T H
Port5 T T Keep Keep
Port 6 T T Keep Keep
Control Signal . T o2 .
*1 RD,WR,RW,TIR=H,BA=L
*2 RD,WRRW=TTRBA=H
*3 Epingoes to high impedance state
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(Note) 1. The program sequence will come to the RES start from
any place of the flow during RES. When STBY=0, the
sequence will go into the standby mode regardless of the CPU
condition.

2 Refer to “"FUNCTIONAL PIN DESCRIPTION"” for more
details of interrupts

[ =] | = I
VECTOMNG VECTORNG VECTOMNG VECTORNG VECTOMNG VECTOMNG
e | [wremme ] [mavrn ] e v e B

-

[icromms | [rerome | [weeromme ] [Trcromee
e | [ ] [T

)

INTERRUPT REQUEST FLAGS
CLEAR EXCEPT NMI

|

Figure 30 HD6303Y System Flow Chart
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Table 17 Cycle-by-Cycle Operation

Address Mode &

Instructions ICvcles[cV: e ] Address Bus ] R/W l RD l WR [ R I Data Bus
IMMEDIATE
ADC ADD 1 Op Code Address+ 1 1 0 1 1 Operand Data
AND BIT 2 Op Code Address+2 1 0 1 [o] Next Op Code
CMP  EOR 2
LDA ORA
SBC SuB
ADDD CPX 1 Op Code Address+1 1 0 1 Operand Data (MSB)
LDD LDS 3 2 Op Code Address+2 1 0 1 Operand Data (LSB)
LDX SuUBD 3 Op Code Address+3 1 0 0 Next Op Code
DIRECT
ADC _ ADD 1 Op Code Address+ 1 1 0 7 7 Address of Operand (LSB)
AND BIT 2 Address of Operand 1 o} 1 1 Operand Data
CMP EOR 3 3 Op Code Address+2 1 0 1 (] Next Op Code
LDA ORA
SBC SUB
STA 1 Op Code Address+ 1 1 0 1 1 Destination Address
3 2 Destination Address (o] 1 (4] 1 Accumulator Data
3 Op Code Address +2 1 0 1 0 Next Op Code
ADDD CPX 1 Op Code Address+ 1 1 0 1 1 Address of Operand (LSB)
LOD LDS a 2 Address of Operand 1 [o] 1 1 Operand Data (MSB)
LDX SUBD 3 Address of Operand + 1 1 0 1 1 Operand Data (LSB)
4 Op Code Address+2 1 0 1 0 Next Op Code
STD STS 1 Op Code Address+ 1 1 0 1 1 Destination Address (LSB)
STX 4 2 Destination Address (] 1 o] 1 Register Data (MSB)
3 Destination Address+ 1 ] 1 [0} 1 Register Data (LSB)
4 Op Code Address +2 1 0 1 0 Next Op Code
JSR 1 Op Code Address + 1 1 ) 1 1 Jump Address (LSB)
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 0 1 Return Address (LSB)
4 Stack Pointer—1 (] 1 0 1 Return Address (MSB)
5 Jump Address 1 0 1 (o] First Subroutine Op Code
TIM 1 Op Code Address+ 1 1 [ 1 1 Immediate Data
a 2 Op Code Address+2 1 (o] 1 1 Address of Operand (LSB)
3 Address of Operand 1 0 1 1 Operand Data
4 Op Code Address+3 1 [4] 1 [*] Next Op Code
AlIM EIM 1 Op Code Address+1 1 0 1 1 Immediate Data
oM 2 Op Code Address+2 1 [o] 1 1 Address of Operand (LSB)
6 3 Address of Operand 1 (4] 1 1 Operand Data
4 FFFF 1 1 1 1 Restart Address (LSB)
5 Address of Operand [o] 1 0 1 New Operand Data
6 Op Code Address+3 1 0 1 0 Next Op Code
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HD6303Y, HD63A03Y, HD63B03Y, HD63CO03Y

Address Mode &

instructions [ Cyclosi CV:" l Address Bus l R/W ] RD l WR [ TR | Data Bus
INDEXED
JMP 1 Op Code Address+ 1 1 0 1 1 Offset
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Jump Address 1 ] 1 0 First Op Code of Jump Routine
ADC ADD 1 Op Code Address+ 1 1 [0] 1 1 Offset
AND  BIT 2 FFFF 1 1 1 1 Restart Address (LSB)
CMP  EOR a 3 IX + Offset 1 (] 1 1 Operand Data
LDA ORA 4 Op Code Address +2 1 (V] 1 V] Next Op Code
SBC sus
TST
STA 1 Op Code Address+ 1 1 0 1 1 Offset
a 2 FFFF 1 1 1 1 Restart Address (LSB)
3 1X +Offset (o] 1 (o] 1 Accumulator Data
4 Op Code Address+2 1 (] 1 (] Next Op Code
ADDD 1 Op Code Address+ 1 1 0 1 1 Offset
cPX LDD 2 FFFF 1 1 1 1 Restart Address (LSB)
LDS LDX 5 3 IX+ Offset 1 (0] 1 1 Operand Data (MSB)
SuUBD 4 IX +Offset+ 1 1 [\] 1 1 Operand Data (LSB)
5 Op Code Address+2 1 0 1 0 Next Op Code
STD STS 1 Op Code Address+ 1 1 0 1 1 Offset
STX 2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 IX + Offset (o} 1 0 1 Register Data (MSB)
4 IX+Offset+1 0 1 0 1 Register Data (LSB)
5 Op Code Address+2 1 (V] 1 0 Next Op Code
JSR 1 Op Code Address + 1 1 [4) 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer o] 1 o] 1 Return Address (LSB)
4 Stack Pointer —1 (o] 1 o] 1 Return Address (MSB)
5 IX + Offset 1 0 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address + 1 1 4] 1 1 Offset
COM  DEC 2 FFFF 1 1 1 1 Restart Address (LSB)
INC LSR 6 3 1X+Offset 1 [] 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 1X + Offset (o] 1 0 1 New Operand Data
6 OP Code Address+ 2 1 0 1 0 Next Op Code
TIM 1 Op Code Address+ 1 1 [4] 1 1 Immediate Data
2 Op Code Address+2 1 0 1 1 Offset
5 3 FFFF 1 1 1 1 Restart Address (LSB)
4 IX +Offset 1 (4] 1 1 Operand Data
5 Op Code Address+3 1 o 1 ] Next Op Code
CLR 1 Op Code Address+ 1 1 0 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 1X + Offset 1 0 1 1 Operand Data
4 1X +Offset (o] 1 (V] 1 00
5 Op Code Address+2 1 (] 1 4] Next Op Code
AIM EIM 1 Op Code Address+ 1 1 [}] 1 1 Immediate Data
oM 2 Op Code Address+2 1 [o] 1 1 Offset
3 FFFF 1 1 1 1 Restart Address (LSB)
7 4 1X + Offset 1 (o] 1 1 Operand Data
5 FFFF 1 1 1 1 Restart Address (LSB)
6 IX + Offset ] 1 o] 1 New Operand Data
7 Op Code Address+3 1 (4] 1 [*] Next Op Code
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Address Mode &

Cycle
Cycles l % l

Address Bus

[~ ]

|

R

|

Ll

J

Data Bus

Instructions
EXTEND
JMP 1 Op Code Address+ 1 1 0 1 1 Jump Address (MSB)
3 2 Op Code Address+2 1 [o] 1 1 Jump Address (LSB)
3 Jump Address 1 (o] 1 (0] Next Op Code
ADC ADD TST 1 Op Code Address+ 1 1 0 1 1 Address of Operand (MSB)
AND BIT a 2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
CMP EOR 3 Address of Operand 1 (o] 1 1 Operand Data
LDA ORA 4 Op Code Address+ 3 1 o] 1 (0] Next Op Code
SBC SuUB
STA 1 Op Code Address+ 1 1 0 1 1 Destination Address (MSB)
4 2 Op Code Address+2 1 0 1 1 Destination Address (LSB)
3 Destination Address 0 1 0 1 Accumulator Data
4 Op Code Address+3 1 0 1 0 Next Op Code
ADDD 1 Op Code Address+ 1 1 0 1 1 Address of Operand (MSB)
CPX LDD 2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
LDS LDX 5 3 Address of Operand 1 0 1 1 Operand Data (MSB)
SUBD 4 Address of Operand + 1 1 (o] 1 1 Operand Data (LSB)
5 Op Code Address+3 1 0 1 0 Next Op Code
STD STS 1 Op Code Address+ 1 1 ] 1 1 Destination Address (MSB)
STX 2 Op Code Address+2 1 0 1 1 Destination Address (LSB)
5 3 Destination Address 0 1 o 1 Register Data (MSB)
4 Destination Address + 1 0 1 [o] 1 Register Data (LSB)
5 Op Code Address+3 1 4] 1 0 Next Op Code
JSR 1 Op Code Address+ 1 T 0 1 1 Jump Address (MSB)
2 Op Code Address +2 1 [o] 1 1 Jump Address (LSB)
6 3 FFFF 1 1 1 1 Restart Address (LSB)
4 Stack Pointer 0o 1 0 1 Return Address (LSB)
5 Stack Pointer—1 0 1 0o 1 Return Address (MSB)
6 Jump Address 1 0 1 0 First Subroutine Op Code
ASL ASR 1 Op Code Address+ 1 1 0 1 1 Address of Operand (MSB)
coM DEC 2 Op Code Address +2 1 0 1 1 Address of Operand (LSB)
INC LSR 6 3 Address of Operand 1 [o] 1 1 Operand Data
NEG ROL 4 FFFF 1 1 1 1 Restart Address (LSB)
ROR 5 Address of Operand (o] 1 0 1 New Operand Data
6 Op Code Address+3 1 0 1 0 Next Op Code
CLR 1 Op Code Address+ 1 1 0 1 1 Address of Operand (MSB)
2 Op Code Address+2 1 0 1 1 Address of Operand (LSB)
5 3 Address of Operand 1 0 1 1 Operand Data
4 Address of Operand 0 1 0 1 00
5 Op Code Address+3 1 0 1 0 Next Op Code
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Address Mode &

Instructions |Cyclesl Cv:le l Address Bus I R/W LﬁB I ‘WR ] LIR l Data Bus
IMPLIED
ABA ABX 1 Op Code Address+ 1 1 0 1 0 Next Op Code
ASL ASLD
ASR CBA
CLC cul
CLR CLv
COM DEC
DES DEX
INC INS
INX LSR 1
LSRD ROL
ROR NOP
SBA SEC
SE| SEV
TAB TAP
TBA TPA
TST TSX
TXS
DAA XGDX 2 1 Op Code Address+ 1 1 0 1 ] Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
PULA PULB 1 Op Code Address+ 1 1 (] 1 0 Next Op Code
3 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer +1 1 0 1 1 Data from Stack
PSHA PSHB 1 Op Code Address+ 1 1 0 1 1 Next Op Code
a 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 0 1 Accumulator Data
4 Op Code Address+ 1 1 0 1 0 Next Op Code
PULX 1 Op Code Address+ 1 1 0 1 0] Next Op Code
4 2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer +1 1 V] 1 1 Data from Stack (MSB)
4 Stack Pointer +2 1 0 1 1 Data from Stack (LSB)
PSHX 1 Op Code Address+1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0 1 0 1 Index Register (LSB)
4 Stack Pointer -1 [0} 1 0 1 Index Register (MSB)
5 Op Code Address + 1 1 0 1 0 Next Op Code
RTS 1 Op Code Address+ 1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer +1 1 0 1 1 Return Address (MSB)
4 Stack Pointer +2 1 0 1 1 Return Address (LSB)
5 Return Address 1 (V] 1 0 First Op Code of Return Routine
MUL 1 Op Code Address+ 1 1 0 1 0 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 FFFF 1 1 1 1 Restart Address (LSB)
7 4 FFFF 1 1 1 1 Restart Address (LSB)
5 FFFF 1 1 1 1 Restart Address (LSB)
6 FFFF 1 1 1 1 Restart Address (LSB)
7 FFFF 1 1 1 1 Restart Address (LSB)
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Address Mode &

e oo [Cycles ] Crole ( Address Bus j R/W l RO I WR l ™ l Data Bus
IMPLIED
WAI 1 Op Code Address+ 1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 (o] 1 Return Address (LSB)
4 Stack Pointer—1 0 1 0 1 Return Address (MSB)
9 5 Stack Pointer—2 0o 1 o 1 Index Register (LSB)
6 Stack Pointer—3 ] 1 (4] 1 Index Register (MSB)
7 Stack Pointer—4 (] 1 0o 1 Accumulator A
8 Stack Pointer—5 (] 1 0 1 Accumulator B
9 Stack Pointer —6 (o] 1 0 1 Conditional Code Register
RTI 1 Op Code Address+ 1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer + 1 1 (o] 1 1 Conditional Code Register
4 Stack Pointer +2 1 0 1 1 Accumulator B
10 5 Stack Pointer +3 1 0 1 1 Accumulator A
6 Stack Pointer +4 1 (o] 1 1 Index Register (MSB)
7 Stack Pointer+5 1 (0] 1 1 Index Register (LSB)
8 Stack Pointer +6 1 0 1 1 Return Address (MSB)
9 Stack Pointer+7 1 0 1 1 Return Address (LSB)
10 Return Address 1 0 1 (o] First Op Code of Return Routine
Swi 1 Op Code Address +1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
3 Stack Pointer 0 1 0 1 Return Address (LSB)
4 Stack Pointer —1 (0] 1 o 1 Return Address (MSB)
5 Stack Pointer —2 0o 1 (o] 1 Index Register (LSB)
12 6 Stack Pointer—3 0 1 0] 1 Index Register (MSB)
7 Stack Pointer—4 o] 1 0 1 Accumulator A
8 Stack Pointer —5 0 1 (o] 1 Accumulator B
9 Stack Pointer —6 o] 1 (o] 1 Conditional Code Register
10 Vector Address FFFA 1 0 1 1 Address of SWI Routine (MSB)
1 Vector Address FFFB 1 0o 1 1 Address of SWI Routine (LSB)
12 Address of SWI| Routine 1 (o] 1 0 First Op Code of SWI Routine
SLP 1 Op Code Address+ 1 1 0 1 1 Next Op Code
2 FFFF 1 1 1 1 Restart Address (LSB)
[ L A
4 Slelep l l ‘
3 FFFF 1 1 1 1 Restart Address (LSB)
4 Op Code Address+ 1 1 (o] 1 (o] Next Op Code
RELATIVE
BCC BCS 1 Op Code Address + 1 1 [9) 1 1 Branch Offset
BEQ BGE 3 2 FFFF 1 1 1 1 Restart Address (LSB)
BGT BHI 3 | Branch Address  Test="1 ] 1 First Op Code of Branch Routine
BLE  BLS 1 Op Code Address +1 Test="0 0 0 | Next Op Code
BLT BMT
BNE BPL
BRA BRN
BvC BVS
BSR 1 Op Code Address+ 1 1 0 1 1 Offset
2 FFFF 1 1 1 1 Restart Address (LSB)
5 3 Stack Pointer 0o 1 0 1 Return Address (LSB)
4 Stack Pointer —1 0 1 0 1 Return Address (MSB)
5 Branch Address 1 0 1 0 First Op Code of Subroutine
@ HITACHI
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® WARNING CONCERNING THE BOARD DESIGN OF i‘_mmm max__‘
OSCILLATION CIRCUIT
When designing a board, note that crosstalk may disturb the
normal oscillation if signal lines are placed near the oscillation
circuit as shown in Figure 31. Place the crystal and Cy, as close
to the HD6303Y as possible.

Avoid signal lines
/ Iin this area

--Signal line
Signal hine

Co .
’F“—g—d XTAL
o
’J;ﬂ—_:——¢ EXTAL
C. '
HD6303Y

HDB303Y
(DP-64S)

Do not use this kind of printed-circuit board design.

(Top View)

Figure 31 Warning concerning board design

of oscillation circuit Figure 32 Example of Oscillation Circuits in Board Design

s RECEIVE MARGIN OF THE SCI

Receive margin of the SCI contained in the HD6303Y 1s
shown in Table 18
Note: SCI = Senal Communication Interface

Table 18
Bit distortion Character
tolerance distortion tolerance
(t—to) /to (T-To) /To
HD6303Y +43.7% +4.37%
START 1 2 3 STOP

Ideal Waveform l I ] r——l m I..——_-
et
Real Waveform ——[__J_—l | [ | [
= |
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® WARNING CONCERNING WAI INSTRUCTION

If the HALT signal is accepted by the MCU while the WAI in-
struction is executing, the CPU will not operate correctly after
HALT mode is canceled.

WAL 15 a instruction which waits for an interrupt. The cor-
responding interrupt routine is executed after an interrupt
occurs.

However, during the execution of the WAI instruction,
HALT input makes the CPU malfunction and fetch an abnormal
interrupt vectoring address.

In HALT mode, the CPU operates correctly without the WAI
instruction, and WAI is executed correctly without HALT input.
Therefore, if HALT input 1s necessary, make interrupts wait
during the loop routine, as shown in Figure 33,

W WRITE-ONLY REGISTER

When the CPU reads a write-only register, the read data is always
$FF, regardless of the value in the write-only register. Therefore, be
careful of the results of instructions which read write-only register
and perform an arithmetic or logical operation on its contents, such
as AIM, ADD, or ROL, 1s executed, because the arithmetic or
logical operation 1s always done with the data $FF. In particulars,
don’t use the AIM, OIM or EIM nstruction to manipulate the DDR
bit of PORT.

B WARNING CONCERNING POWER START-UP

RES must be held low for at least 20 ms when the power starts up.
In this case, the internal reset function is not effective until the
oscillation begins at power-on. The RES signal s input to the LSI in
synchronism with the mternal clock ¢ (shown in Figure 35.)

Therefore, after power starts up, the LSI conditions such as its I/
O ports and operating mode, are unstable. Fix the level of I/O ports
by means of an external circuit to determine the level for system
operation during the oscillator stabilization time.

. |
WAI A

waiting for
J_mterrupt

HALT input

A\
AY

interrupt occurs

wrong vector address

{MSB) vector fetch for interrupt
wrong vector address
(LSB)
op-code fetch
. interrupt routine

Figure 33 MAC function during WAI

. L]

M CLI
cu Loor BRA
WAl LOOP

° L]

° L]

. .

1) MAL function ii) Recommended method

Figure 34 Program to wait for interrupt

LSt 4

o

— internal reset
RES pin D a D  QF— signal

Figure 35 RES circuit
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HD6305X2, HD63A05X2, HD63B05X2 —
CMOS MCU (Microcomputer Unit)

The HD6305X2 is memory expandable versions of the
HD6305X0, which is CMOS 8-bit single chip microcomputer. A
CPU, a clock generator, a 128-byte RAM, I/O terminals, two
timers and a serial communication interface (SCI) are built in the
HD6305X2.

The HD6305X2 has the same functions as the HD6305X0’s
except for the number of I/O terminals. The HD6305X2 is a
microcomputer unit which includes no ROM and its memory
space is expandable to 16k bytes externally.

B HARDWARE FEATURES
* 8-bit based MCU
* 128-bytes of RAM
* A total of 31 terminals, including 24 |/O’s, 7 inputs
* Two timers
— 8-bit timer with a 7-bit prescaler (programmable prescaler,
event counter)
— 15-bit timer (commonly used with the SCI clock divider)
* On-chip serial interface circuit (synchronized with clock)
* Six interrupts (two external, two timer, one serial and one

software)
¢ Low power dissipation modes
— Wait .. .... In this mode, the clock oscillator is on and the

CPU halts but the timer/serial/interrupt func-
tion is operable.
— Stop. ... In this mode, the clock stops but the RAM data,
1/O status and registers are held.
— Standby . . In this mode, the clock stops, the RAM data is
held, and the other internal condition 1s reset.
* Minimum instruction cycle time
—HD6305X2. . .1 us (f=1 MHz)
—HDB63A05X2. . .0.67 ys (f=1.5 MHz)
—HD63B05X2. ..0.5 u (f=2 MHz)
Wide operating range
Vec=3t0 6V (f=0.1t0 0.5 MH2)
—HD6305X2 . . f=0.1 to 1 MHz (Vcc =5V + 10%)
—HDB3A05X2. f= 0.1 to 1.5 MHz (Vcc =5V + 10%)
—HD63B05X2. f=0.1 to 2 MHz (Vcc =5V +10%)

HD6305X2P, HD63A05X2P,
HD63B05X2P

(DP-64S)

HD6305X2F, HD63A05X2F,
HD63B05X2F

(FP-64)

W SOFTWARE FEATURES

* Similar to HD6800

* Byte efficient instruction set

* Powerful bit manipulation instructions (Bit Set, Bit Clear, and
Bit Test and Branch usable for all RAM bits and all I/0 termi-
nals)

e A variety of interrupt operations

* Index addressing mode useful for table processing

* A variety of conditional branch instructions

* Ten powerful addressing modes

* Alladdressing modes adaptable to RAM, and I/OQ instructions

* Three new instructions, STOP, WAIT and DAA, added to the
HD6805 family instruction set

B PROGRAM DEVELOPMENT SUPPORT TOOLS

¢ Cross assembler software for use with IBM PCs and compati-
bles

* In circuit emulator for use with IBM PCs and compatibles
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HD6305X2, HD63A05X2, HD63B05X2

B PIN ARRANGEMENT
* HD6305X2P, HD63A05X2P, HD63B05X2P * HD6305X2F, HD63A05X2F, HD63B05X2F

51] DATA,
50] DATA;
9] E

48] R/W
47] ADR,,

46] ADR,,
% ADR,,
[44] AOR,,
[43] ADR,
[42] ADRs
[41] ADR,
[40] ADR,
[39) ADRs
38] ADR.
37] ADR,
[36] ADR,

35| ADR,

[34] AR,

33| D,

(Top View) (Top View)
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® BLOCK DIAGRAM

TIMER —d

!
e |,

Timer/
Counter

Timer Control

XTAL EXTAL

€ AW

Port A
/0
Terminals

Port B
\/0
Terminals

Port C
Vo
Termunals

CyCk
Cy/Rx
CifTe

JV——
A ——d]
[ ype—
[y p——
Ay — ]
[ Op—
yyp————

A ]

Port A
Register

Data Direc-
tion Register

Accumulator

Index
Register

Condition Code

Register

Port B
Register

Data Direc-
tion Register

6

Stack
Pointer gp

6

Program
Counter
“High” pcH

Program
Counter
“Low’ PCL

CPU
Control

cPu

M Miscella-

<‘:_\"> neous
Register

K———

Port D
Register

b=

0,

Oy/iNT,
}—— 0,

gl Port D
SR

>

o, Input

[ —
[ ——
C et
C)y et
Cy =g

Port C

Register
Data Direc-
tion Register

Serial
Data

Serial
ntrol
egister

Register

Sernial
tatus
egister

il

1]

4096x8 *
ROM

128x8
RAM

* No internal ROM in HD6305X2
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HD6305X2, HD63A05X2, HD63B05X2

® ABSOLUTE MAXIMUM RATINGS

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

[NOTE]

These products have a protection circuit in therr input terminals against high electrostatic voltage or high electric fields

Notwithstanding,

be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits To assure normal
operation, we recommended Vi, Vour: Vss < (Vinor Vo < Vee

® ELECTRICAL CHARACTERISTICS

® DC CHARACTERISTICS (Vcc =5.0V+10%, Vgs = GND, Ta = 0~ +70°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
RES, STBY. Vec-0.5 - Vect0.3
Input “High” Voltage | EXTAL Viu Veex0.7 - Veet0.3 v
Other Inputs 2.0 - Vct0.3
Input “Low” Voltage | All Inputs VL -0.3 - 0.8 "
Output ““High” Voltage| All Outputs Von low = -200uA 24 - - v
lon = - 10uA Vee-0.7 - -
Output “Low’ Voltage| All Outputs VouL loL = 1.6mA — - 0.55 \
Input Leakage Current ;':Af g’,',h:l;—:'ﬁv Il - - 1.0 uA
Ao~ A,,Bo~ B, Vin=0.5~Vcc-0.5
Three-state Current Co~ Cq, ADRo ~ ADR ", | lis)l - - 1.0 uA
DATA,~ DATA,, E*,R/W*
Operating - 5 10 mA
Current Dissipation®* Wait lee f=1MHZz*** - 2 5 mA_
Stop - 2 10 uA
Standby - 2 10 MA
Input Capacitance All Terminals Cin f=1MHz, Vin =0V - - 12 pF
* Only at standby
** Vigmin=Vge-10V, V| max =0 8V
*** The value at f = xMHz 1s given by using
lec (f =xMHz) = Igc (f = 1MHz) x x
® AC CHARACTERISTICS (V¢c =5.0V£10%, Vgs = GND, Ta = 0 ~ +70°C, unless otherwise noted.)
Jtem Symbol c Te.ﬂ. : HD6305X2 - HD63A05X2 HD63B05X2 Unit
ondition | min typ | max | min L typ | max | min | typ | max
Cycle Time teye 1 - 10 |0.666 | - 10 0.5 — 10 us
Enable Rise Time ter - - 20 — - 20 - - 20 ns
Enable Fall Time tes — — 20 - - 20 - — 20 ns
Enable Pulse Width(“High” Level)] PWen 450 | — | — |300] - | - J220| - [ = | ns
Enable Pulse Width("Low" Level)| PWg_ 450 - - 300 - - | 220 - - ns
Address Delay Time tap Fig 1 - - 250 - — 190 - - 180 | ns
Address Hold Time tan a0 | - | - | 30 | - - |20 | - - | ns
Data Delay Time tow _ ~ Ta20 | - - (1.0 | - | - [120] ns
Data Hold Time (Write) thw 40 - - 30 - - 20 — — ns
Data Set-up Time (Read) tosn 80 | - - | 60 | — - | s0 | — - ns
Data Hold Time (Read) tur 0 - - 0 - - 0 - - ns
@ HITACHI
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HD6305X2, HD63A05X2, HD63B05X2

® PORT TIMING (V¢ = 5.0V+10%, Vgs = GND, Ta = 0 ~ +70°C, unless otherwise noted.)

Test HD6305X2 HD63A05X2 HD63B05X2 * .
ltem Symbol I Unit
Condition Mmin | typ | max | min typ | max | min | typ | max
Port Data Set-up Time
(Port A, B, C, D) tros - 200 - - 200 - - 200 — - ns
— - S 1g. SN
Port Data Hold Time
{Port A, B, C, D) tPoH 200 - - 200 - - 200 - — ns
“Port Data Delay Time o
(Port A, B, C) teow Fig. 3 - - 300 | - - 1300 | - — | 300 | ns
® CONTROL SIGNAL TIMING (Ve =5.0V£10%, Vgs = GND, Ta = 0 ~ +70°C, unless otherwise noted.)
Test HD6305X2 HDB3A05X2 HD63B05X2
Item Symbol F——1" - Unit
Condition | mn typ | max | min | typ | max [ min | typ | max
p— teye _ _ | teye _ _ | teye _ _
INT Pulse Width tiwL :259 +200 4200 ns
N t teye teye
(N Puke Wt | twe 250 T | T |wdo0| T | = fe0) = | = | ™
RES Pulse Width tRwWL 5 - - 5 - - 5 - — teye
Control Set-up Time tes Fig 5 250 — - 250 - - 250 - - ns
teye _ _ teye _ _ teye _ _
Timer Pulse Width trwi 1250 +200 +200 ns
Oscillation Start Time (Crystal) tosc Fig5Fig20* | — - 20 - - 20 - - 20 ms
Reset Delay Time tRHL Fig.19 | 80 | — - 80 | - - 80 | - - | ms
* CL = 22pF £20%, R = 6052 max.
® SCI TIMING (Vge = 5.0V£10%, Vgg= GND, Ta = 0 ~ +70°C, unless otherwise noted.)
Test HD6305X2 HD63A05X2 HD63B05X2
Item Symbol Unit
Condition [ min typ | max | min typ | max | min typ | max
Clock Cycle tSeyc 1 — |32768| 0.67 — |21845| 05 — 116384 us
Data Output Delay Time tTxD Fig 6, — — 250 - - 250 - - 250 ns
Data Set-up Time tsRX Fig. 7 200 - - 200 - - [ 20| - - ns
Data Hold Time tHRX 100 — — 100 - — 100 — — ns
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E / \
PWen
l— tg, o e tet
- fe—tan
Ao ~A
RN Address Valid ><
[ tow — e f—thw

MCU Write ] 2av Data
DATAq ~ DATA, ~\ osy Vald

[+ tosr—{ = fe—tug
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Figure 4 Interrupt Sequence
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Vee
TTL Load
(Port) lou=1 6mA 2 4kQ
Test point . T
terminal O l ad
90pF 12kQ

[NOTES] 1. The load capacitance includes stray capacitance caused
by the probe, etc
2. All diodes are 152074 (B)

Figure 8 Test Load

® DESCRIPTION OF TERMINAL FUNCTIONS
The input and output signals of the MCU are described
here.

®Vce, Vss
Voltage is applied to the MCU through these two terminals.
Vee 18 5.0V £ 10%, while Vgg 1s grounded.

oINT, INT:
External interrupt request inputs to the MCU. For details,
refer to “INTERRUPT" The INT, termunal is also used as
the port D terminal

o XTAL, EXTAL
These terminals provide input to the on-chip clock circuit.
A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic
filter is connected to the terminal. Refer to “INTERNAL
OSCILLATOR for using these input terminals.

o TIMER
This is an input terminal for event counter. Refer to
“TIMER” for details.

°
]
= o

Jsed to reset the MCU. Refer to “RESET” for details.

e NUM
This termunal is not for user application. In case of the
HD6305X1, this terminal should be connected to V¢c¢
through 10k2 resistance. In case of the HD6305X2, this
terminal should be connected to Vgs.

e Enable (E)

This output terminal supplies E clock. Output is a single-
phase, TTL compatible and 1/4 crystal oscillation frequency
or 1/4 external clock frequency. It can drive one TTL load
and a 90pF condenser.

© Read/Write (R/W)
This TTL compatible output signal indicates to peripheral
and memory devices whether MCU 1s 1in Read (“High”), or

in Write (“Low™) The normal standby state 1s Read (“High™)

Its output can drive one TTL load and a 90pk condenser.

o Data Bus (DATA, ~ DATA,)
This TTL compatible three-state buffer can drive one TTL
load and 90pF.

* Address Bus (ADR, ~ ADR3)
Each terminal 1s TTL compatible and can drive one TTL
load and 90pF.

¢ Input/Output Terminals (Ao ~ A7, Bo ~ B7, Co ~ C,)
These 24 terminals consist of three 8-bit 1/0 ports (A, B, C).
Each of them can be used as an mput or output terminal on
a bit through program control of the data direction register.
For details, refer to /O PORTS.”

e Input Terminals (D1 ~ D7)

These seven input-only terminals are TTL or CMOS com-
patible. Of the port D's, De 1s also used as INT2. 1f D is
used as a port, the INT2 interrupt mask bit of the miscellane-
ous register must be set to “1” to prevent an INT interrupt
from being accidentally accepted.

«STBY
This terminal is used to place the MCU into the standby
mode. With STBY at “Low™ level, the oscillation stops and
the nternal condition 1s reset. For details, refer to ““Stand-
by Mode.”

The termunals described in the following are 1/O pins for
serial communication interface (SCI). They are also used as
ports Cs, C¢ and C,. For details, refer to “SERIAL COM-
MUNICATION INTERFACE.”

«CK (Cs)
Used to input or output clocks for serial operation.

eRx (Cs)

Used to receive serial data.
eTx (C7)

Used to transmit serial data.

sMEMORY MAP

The memory map of the MCU is shown in Fig. 9. $1000 ~
$1FFF of the HD6305X2 are external addresses. However,
care should be taken to assign vector addresses to $1FF6 ~
S1FFF. During interrupt processing, the contents of the CPU
registers are saved into the stack in the sequence shown in
Fig. 10. This saving begins with the lower byte (PCL) of the
program counter. Then the value of the stack pointer is
decremented and the higher byte (PCH) of the program
counter, index register (X), accumulator (A) and condition
code register (CC) are stacked in that order. In a subroutine
call, only the contents of the program counter (PCH and PCL)
are stacked.
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=REGISTERS
o r 30000 O] PORT A ]$00 There are five registers which the programmer can operate.
orts F0RT B 1|
T 11 _PORT B |$01
é’é"e’ 2] PORT C |302 7 0
127 3 PORT D ]$03" lat
128 RAM 38835 4| PORT A DDR |$04° l A J Accumulator
. 7 0
(128Bytes) 5| PORT B DDR |$05
Sta:k 6[ PoRT c DOR |$06* L X Jg;dge':ter
255 $QOFF Not Used 13 0
256 $0100 8] Timer Data Reg |$08 I Te Program
9] Timer CTRL Reg|$09 Counte
Extornal 10[ Mwc Reg |son o

Memory Space

13 6 5
Stack
409 SOFFF I OTOIOF) 10]0] ! T1I P Pointer
5!——— Not Used
4096 ROM * $1000 rI—T-—-I-—l—lgondmon
(4,096Bytes) Hl 1 |N|z]|C|Code

oo ] Register
.......... 4 16] SCICTRL Reg |$10 I cgarr /
g‘lgf I\!‘/\te;ruptt ::iig 18 SCI STS Reg |$11 Borrg(w
|—vectors | 18| SC! Data Reg Jorn
8192 $2000 $12 :
Not Used egative
3 e Interrupt
External 32 Externat $20 z‘:ﬁk

Memory Space Memory Space

$7F Carry

Figure 11 Programming Model

* Write only register

16383 ____________J$3FFF ** Read only register

o Accumulator (A)
. RO::A are: (swgo ~ $1|F»’;F) n thse HD6305X2 This accumulator is an ordinary 8-bit register which holds
s changed into External Memory Space operands or the result of arithmetic operation or data process-
ing.

Figure 9 Memory Map of MCU
o Index Register (X)
The index register 1s an 8-bit register, and 1s used for index

76543210 addressing mode. Each of the addresses contained in the
: Pull register consists of 8 bits which, combined with an offset
Condition
N4l 1 e e Register n+1 value, provides an effective address.
In the case of a read/modify/wnte instruction, the index
n-3 Accumulator n+2 register can be used like an accumulator to hold operation
data or the result of operation.
n—2 Index Register n+3 If not used in the index addressing mode, the register can
be used to store data temporanly.
n—1}j0 OJ PCH* n+4
o Program Counter (PC)
Push n PCL n+5 The program counter 1s a 14-bit register that contains the

address of the next instruction to be executed.
* In a subroutine call, only PCL and PCH are stacked. )
o Stack Pointer (SP)

The stack pointer is a 14-bit register that indicates the ad-
dress of the next stacking space. Just after reset, the stack
pointer is set at address $OOFF. It is decremented when data
is pushed, and incremented when pulled. The upper 8 bits
of the stack pointer are fixed to 00000011. During the MCU
being reset or during a reset stack pointer (RSP) instruction,
the pointer is set to address $OOFF. Since a subroutine or
interrupt can use space up to address $00C1 for stacking, the
subroutine can be used up to 31 levels and the interrupt up
to 12 levels.

Figure 10 Sequence of Interrupt Stacking

o Condition Code Register (CC)
The condition code register is a 5-bit register, each bit
indicating the result of the instruction just executed. The
bits can be individually tested by conditional branch instruc-
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tions. The CC bits are as follows.

Half Carry (H)" Used to indicate that a carry occurred be-
tween bits 3 and 4 during an arithmetic oper-
ation (ADD, ADC).
Setting this bit causes all interrupts, except
a software interrupt, to be masked. If an
interrupt occurs with the bit I set, it 1s
latched. It will be processed the instant
the interrupt mask bit is reset. (More specifi-
cally, it will enter the interrupt processing
routine after the mstruction following the
CLI has been executed.)
Negative (N): Used to indicate that the result of the most
recent arithmetic operation, logical operation
or data processing is negative (bit 7 1s logic
“1).
Used to indicate that the result of the most
recent anthmetic operation, logical operation
or data processing 1s zero.
Carry/ Represents a carry or borrow that occurred
Borrow (C): 1n the most recent arithmetic operation This
bit 1s also affected by the Bit Test and Branch
instruction and a Rotate instruction

Interrupt (I):

Zero (Z)

® INTERRUPT
There are six different types of interrupt. external.inter-
rupts (INT, INT:2), internal timer interrupts (TIMER,
TIMER:), serial interrupt (SCI) and interrupt by an instruc-
tion (SWI).

Of these six interrupts, the INT2 and TIMER or the SCI
and TIMER: generate the same vector address, respectively.

When an interrupt occurs, the program in progress stops
and the then CPU status 1s saved onto the stack. And then,
the interrupt mask bit (I) of the condition code register is
set and the start address of the interrupt processing routine
1s obtained from a particular interrupt vector address. Then
the interrupt routine starts from the start address. System
can exit from the interrupt routine by an RTI instruction.
When this instruction 1s executed, the CPU status before
the interrupt (saved onto the stack) 1s pulled and the CPU
restarts the sequence with the instruction next to the one at
which the interrupt occurred. Table 1 lists the priority of
interrupts and their vector addresses.

Table 1 Prionty of Interrupts

Interrupt Priority Vector Address
RES 1 $1FFE, $1FFF
SWI 2 $1I;FC, $1FFD
INT 3 $1FFA, $1FFB
TIMER/INT2 4 $1FF8, $1FF9
SCI/TIMER:2 5 $1FF6, $1FF7

A flowchart of the interrupt sequence is shown in Fig. 12.
A block diagram of the interrupt request source ts shown in
Fig. 13

Clear

10 Set |

$FF -SP

CLR INT Logic
$FF -TDR

0 ~DDR's Fetch
Instruction

$7F ~+Timer Prescaler I
$50--TCR {
$3F-+SSR
$00--SCR
$7F ~MR

[

Load PC From
Reset $1FFE, $1FFF

<>

N

Stack
PC, X, A, CC

Load PC From

SWI $1FFC $1FFD
INT $1FFA $1FFB
TIMER $1FF8 $1FFQ

Execute Execute INT, S1FF8 $1£F9
SCI$1HF6 S1FF7
Instruction Instruction TIMER: $1FF6 $1FF7

R —

T

Figure 12 Interrupt Flow Chart
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In the block diagram, both the external interrupts INT and
INT: are edge trigger inputs. At the falling edge of each input,
an interrupt request is generated and latched. The INT inter-
rupt request is automatically cleared if jumping is made to
the INT processing routine. Meanwhile, the INTz request is
cleared if ““0” is written in bit 7 of the miscellaneous register.

For the external interrupts (INT, INT2), internal timer
interrupts (TIMER, TIMER2) and senal interrupt (SCI), each
interrupt request is held, but not processed, if the I bit of the
condition code register is set. Immediately after the I bit is
cleared, the corresponding interrupt processing starts accord-
ing to the pnonty.

The INT2 interrupt can be masked by setting bit 6 of the
miscellaneous register; the TIMER interrupt by setting bit 6
of the timer control register; the SCI interrupt by setting bit
5 of the serial status register; and the TIMER: interrupt by
setting bit 4 of the serial status register.

The status of the INT terminal can be tested by a BIL or
BIH instruction. The INT falling edge detector circuit and
its latching circuit are independent of testing by these instruc-
tions. This is also true with the status of the INT2 terminal.

o Miscellaneous Register (MR; $000A)

The interrupt vector address for the external interrupt
INT: is the same as that for the TIMER interrupt, as shown
in Table 1. For this reason, a special register called the miscel-
laneous register (MR; $000A) 1s available to control the
INT: interrupts.

BIH/BIL Test

INT Inter-
rupt Latch

Bit 7 of this register is the INT2 interrupt request flag.
When the falling edge is detected at the INT2 terminal, “1”
is set n bit 7. Then the software in the interrupt routine
(vector addresses: $1FF8, $1FF9) checks bit 7 to see if it
is INT2 interrupt. Bit 7 can be reset by software.

Miscellaneous Register (MR ; $000A)
7 6 5 4 3 2 1 0

INT2 Interrupt Mask
T2 Interrupt Request Flag

Miscellaneous Register (MR; SO00A)

Bit 6 is the INT2 interrupt mask bit. If this bit is set to ““1”,
then the INT: interrupt is disabled. Both read and write are
possible with bit 7 but “1” cannot be written in this bit by
software. This means that an interrupt request by software
is impossible.

When reset, bit 7 is cleared to *‘0” and bit 6 is set to *“1”

sTIMER
Figure 14 shows a MCU timer block diagram. The timer
data register is loaded by software and, upon receipt of a
clock input, begins to count down. When the timer data

Vectoring generated
$1FFA, $1FFB

Condition Code Register (CC)

o

pur

|

Falling Edge Detector

‘ Miscellaneous
Register (MR)

Timer Control
Register (TCR)

TIMER

Serial Status
Register (SSR)

I SSR7 [SSR6(SSRS SSRAI

SCi

SCI TIMER:

TIMER2

interrupt Control
Circuit

Vectoring generated
$1FF8, $1FF9

k——- Vectoring generated
$1FF6, $1FF7

Figure 13 Interrupt Request Generation Circuitry
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register (TDR) becomes ‘0, the timer interrupt request
bit (bit 7) in the timer control register is set. In response to
the interrupt request, the CPU saves its status into ‘the stack
and fetches timer interrupt routine address from addresses
$1FF8 and $1FF9 and execute the interrupt routine. The
timer interrupt can be masked by setting the timer interrupt
mask bit (bit 6) in the timer control register. The mask bit
(1) in the condition code register, can also mask the timer
interrupt.

The source clock to the timer can be either an external
signal from the timer input terminal or the internal E signal
(the oscillator clock divided by 4). If the E signal is used as
the source, the clock input can be gated by the input to the
timer input terminal.

Once the timer count has reached “0”, 1t starts counting
down with “$FF”. The count can be monitored whenever
desired by reading the timer data register. This permuts the
program to know the length of time having passed after the
occurrence of a timer nterrupt, without disturbing the con-
tents of the counter.

When the MCU is reset, both the prescaler and counter are
nitialized to logic “1”. The timer interrupt request bit
(bit 7) then is cleared and the timer interrupt mask bit (bit
6) is set.

To clear the timer interrupt request bit (bit 7) it is neces-
sary to write “0” in that bit.

i

|

o Timer Control Register (TCR; $0009)

Selection of a clock source, selection of a prescaler fre-
quency division ratio, and a timer interrupt can be controlled
by the timer control register (TCR; $0009).

For the selection of a clock source, any one of the four
modes (see Table 2) can be selected by bits 5 and 4 of the
timer control register (TCR).

Timer Control Register (TCR; $0009)

7 6 5 4 3 2 1 0
[TCR;I:TCRGFCRSITCRAITCR3ITCR2ITCRIITCRO]
L Prescaler division ratio selection
Prescaler imitialize
Clock input source

Timer interrupt mask
Timer interrupt request

After reset, the TCR is initialized to “E under timer termi-
nal control” (bit 5 = 0, bit 4 = 1). If the timer terminal is
“1”, the counter starts counting down with “$FF”” immediate-
ly after reset.

When “1” 1s written in bit 3, the prescaler 1s 1nitialized.
This bit always shows “0” when read.

* Table 2 Clock Source Selection
TCR?7 Timer interrupt request
TCR
0 Absent Clock input source
Bit5 Bit4
1 Present
0 0 Internal clock E
TCR6 Timer interrupt mask 0 1 E under timer terminal control
0 Enabled 1 0 No clock input (counting stopped)
1 Disabled 1 1 Event input from timer terminal
Initialize
Timer Control
Register
{Internal
Clock) | | (TCR,$0009)
E Prescaler TCR7{TCRE|TCRS|TCRA] TCR3]TCR2|TCR 1| TCRO|
TIMER -1 -2|-4|-8|16]|32]64| |-128
Input 3
Terminal Multipiexer
Timer Data
Register (TDR,$0008)
8-Bit Counter
Clock Input Timer Interrupt

]

Write

Read

Figure 14 Timer Block Diagram
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A prescaler division ratio is selected by the combination of
three bits (bits 0, 1 and 2) of the timer control register (see
Table 3). There are eight different division ratios: +1, +2, +4,
+8, +16, +32, +64 and +128. After reset, the TCR is set to the
+1 mode.

A timer interrupt is enabled when the timer interrupt mask
bit is “0”, and disabled when the bit is “1”. When a timer
interrupt occurs, “1” is set in the timer interrupt request bit.
This bit can be cleared by writing “0” in that bit.

#SERIAL COMMUNICATION INTERFACE (SCI)

Table 3 Prescaler Division Ratio Selection This interface is used for serial transmission or reception
of 8-bit data. Sixteen transfer rates are available in the range
TCR from 1 us to approx. 32 ms (for oscillation at 4 MHz).
Bit2 Bit1 Bit0 Prescaler division ratio The SCI consists of three registers, one octal counter and
it it ! one prescaler. (See Fig. 15.) SCI communicates with the CPU
0 0 0 +1 via the data bus, and with the outside world through bits 5,
6 and 7 of port C. Described below are the operations of
0 0 1 +2 each register and data transfer.
0 1 0 +4
oSCI Control Register (SCR; $0010)
0 1 1 +8
1 0 0 +16
7 6 5 4 3 2 1 0
1 0 1 +32
SCR7|SCR6{SCRS [SCR4 [SCR3|SCR2 |SCR1/SCRO
1 1 0 +64
1 1 1 +128
SCI Control Registers (SCR; 0010)
SCR7|SCR6|SCR5|SCR4|SCR3| SCR2| SCR1|SCRO E
Transfer
Multi- | Pre-
Fi[ Lﬁ plexer | scaler g':::ram
JEE )
Cs(CK) | 1 <
1 | )
' ! SCI Data Registers 2\ P
' .
: : (SDR: $0012) Counter
! : 7 6 5 4 3 2 7 ) Imtialize
) 1
Ce(Rx) '| ~ MSB LSB
'
CoTa_ | L 7
L J
""" I 7 {6 5 4 37 1 0
SSR7|SsR6|SSR5|ssra|ssR3 S o, Fogisters
] N
Not Used
)
%o,
SCI/TIMER:2

Figure 15 SCI Block Diagram

G HITACHI

Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. @ Brisbane, CA 94005-1819 e (415) 589-8300

183




HD6305X2, HD63A05X2, HD63B05X2

SCR7 C; terminal
0 Used as /O terminal (by DDR).
1 Serial data output (DDR output)
SCR6 Ce terminal
0 Used as 1/0 terminal (by DDR).
1 Serial data input (DDR input)
SCR5 |SCR4 | Clock source Cs terminal
0 0 B Used as 1/0 terminal (by
0 1 _ DDR).
1 0 Internal Clock output (DDR output)
1 1 External Clock input (DDR input)

Bit 7 (SCR7)
When this bit is set, the DDR corresponding to the C,
becomes ““1”* and this termunal serves for output of SCI data.
After reset, the bit is cleared to ““0”

Bit 6 (SCR6)
When this bit 1s set, the DDR corresponding to the Cg
becomes “0” and this terminal serves for input of SCI data.
After reset, the bit is cleared to “0”".

Bits 5 and 4 (SCRS, SCR4)
These bits are used to select a clock source. After reset,
the bits are cleared to “0”

Bits 3 ~ 0 (SCR3 ~ SCRO0)
These bits are used to select a transfer clock rate. After
reset, the bits are cleared to “0”.

scR3 | scr2 | scr1 | scro Transfer clock rate L
400 MHz |4.194 MHz

0 0 0 1us 0.95 us

0 0 1 2 ps 1.91 us

0 0 1 0 4 us 3.82 us

0 0 1 1 8us 764 us

i ¢ ! 1 ) )

1 1 1 1 32768 us 1/32s

Bit 7 (SSR7)

Bit 7 is the SCI interrupt request bit which is set upon
completion of transmitting or receiving 8-bit data. It is
cleared when reset or data is written to or read from the
SCI data register with the SCRS=*‘1"". The bit can also be
cleared by writing “‘0” in it.

Bit 6 (SSR6)

Bit 6 is the TIMER, interrupt request bit. TIMER, is used
commonly with the serial clock generator, and SSR6 is set
each time the internal transfer clock falls. When reset, the
bit is cleared. It also be cleared by writing “0” in it. (For
details, see TIMER; .)

Bit 5 (SSRS)
Bit 5 1s the SCI interrupt mask bit which can be set or
cleared by software. When it is “1”, the SCI interrupt (SSR7)
1s masked When reset, it is set to ‘1.

Bit 4 (SSR4)
Bit 4 is the TIMER, interrupt mask bit which can be set
or cleared by software. When the bit 1s “1”, the TIMER,
interrupt (SSR6) 1s masked. When reset, it is set to “1”".

Bit 3 (SSR3)
When ““1” 1s written in this bit, the prescaler of the transfer
clock generator is imtialized. When read, the bit always is “0”".

Bits2~0
Not used.
SSR7 SCI interrupt request
0 Absent
1 Present
SSR6 TIMER, interrupt request
0 Absent
1 Present
SSR5 SCI interrupt mask
0 Enabled
1 Disabled
SSR4 TIMER, interrupt mask
-~ 0 Enabled o
1 Disabled

®SClI Data Register (SDR; $0012)
A senal-parallel conversion register that is used for transfer
of data.
oSCI Status Register (SSR; $0011)
7 6 5 a3 2 1 0
SSR7| SSR6 | SSR5 | SSR4 | SSR3

e Data Transmission
By wnting the desired control bits into the SCI control
registers, a transfer rate and a source of transfer clock are
determined and bits 7 and 5 of port C are set at the serial
data output terminal and the serial clock terminal, respec-
tively. The transmit data should be stored from the accumu-
lator or index regster into the SCI data register. The data
wrntten in the SCI data register 1s output from the C,/Tx
terminal, starting with the LSB, synchronously with the
falling edge of the serial clock. (See Fig. 16.) When 8 bit of
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data have been transmitted, the interrupt request bit is set in
bit 7 of the SCI status register with the rising edge of the last
serial clock. This request can be masked by setting bit 5 of the
SCI status register. Once the data has been sent, the 8th bit
data (MSB) stays at the C7/Tx terminal. If an external clock
source has been selected, the transfer rate determined by
bits 0 ~ 3 of the SCI control register is ignored, and the Cs/
CK terminal is set as input. If the internal clock has been
selected, the Cs/CK terminal is set as output and clocks are
output at the transfer rate selected by bits 0 ~ 3 of the SCI
control register.

Seral Clock (Cq/TR)

T x) Previous
Output Date (C;/Tx) Frew

Input Dsta Latch
Timing (Co/Rx)

L1t 1 1 1 |

Figure 16 SCI Timing Chart

o Data Reception

By writing the desired control bits into the SCI control
register, a transfer rate and a source of transfer clock are de-
termined and bit 6 and S of port C are set at the serial data
input terminal and the serial clock terminal, respectively.
Then dummy-writing or -reading the SCI data register, the
system is ready for receiving data. (This procedure is not
needed after reading subsequent received data. It must be taken
after reset and after not reading subsequent received data.

The data from the C¢/Rx terminal is input to the SCI
data register synchronously with the rising edge of the
serial clock (see Fig. 16). When 8 bits of data have been re-
ceived, the interrupt request bit is set in bit 7 of the SCI
status register. This request can be masked by setting bit 5
of the SCI status register. If an external clock source have been
selected, the transfer rate determined by bits 0 ~ 3 of the SCI
control register is ignored and the data is received synchro-
nously with the clock from the Cs /CK terminal. If the internal
clock has been selected, the C5/CK terminal is set as output
and clocks are output at the transfer rate selected by bits 0 ~
3 of the SCI control register.

* TIMER:2

The SCI transfer clock generator can be used as a timer.
The clock selected by bits 3 ~ 0 of the SCI control register
(4 us ~ approx. 32 ms (for oscillation at 4 MHz)) is input to
bit 6 of the SCI status register and the TIMER:2 interrupt
request bit is set at each falling edge of the clock. Since inter-
rupt requests occur periodically, TIMER2 can be used as a
reload counter or clock.

@ @® @6

———at

.
v

of SCI status register) is cleared.
@, ® : TIMER2 interrupt request

1 :Transfer clock generator is reset and mask bit (bit 4
®,® : TIMER2 interrupt request bit cleared

TIMER: is commonly used with the SCI transfer clock
generator. If wanting to use TIMER:2 independently of the
SCI, specify “External” (SCRS = 1, SCR4 = 1) as the SCI
clock source.

If “Internal” is selected as the clock source, reading or
writing the SDR causes the ‘prescaler of the transfer clock
generator to be initialized.

=1/0 PORTS

There are 24 input/output terminals (ports A, B, C). Each
1/0 terminal can be selected for either input or output by the
data direction register. More specifically, an 1/O port will
be input if “0” is written in the data direction register, and
output if “1” is written in the data direction register. Port A,
B or C reads latched data if it has been programmed as output,
even with the output level being fluctuated by the output
load. (See Fig. 17.)

When reset, the data direction register and data register go
to “0” and all the input/output terminals are used as input.

Date
Orection
Register

Output 1o
Deta > Output Pin
Bit

B | G | swwor | o
register data output cPU
1 0 0 0
1 1 1 1
0 X 3-state Pin
Figure 17 Input/Output Port Diagram

Seven input-only terminals are available (port D). Writing
to an input terminal is invalid.

All input/output terminals and input terminals are TTL
compatible and CMOS compatible in respect of both input and
output.

If 1/0 ports or nput ports are not used, they should be
connected to Vgg via resistors. With none connected to these
terminals, there is the possibility of power being consumed
despite that they are not used.

®RESET o

The MCU can be reset either by external reset input (RES)

or power-on reset. (See Fig. 18.) On power up, the reset

input must be held “Low” for at least togc to assure that the

internal oscillator is stabilized. A sufficient time of delay can

be obtained by connecting a capacitance to the RES input as
shown n Fig. 19.
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5V 4.5V
Vee ‘ /
ov

V| RES

Terminal
tRHL

Internal
Reset

Figure 18 Power On and Reset Timing

100k typ
Vee—WWN—1—— 22,F

HD6305X
MCuU

Figure 19 Input Reset Delay Circuit

SINTERNAL OSCILLATOR
The internal oscillator circuit 1s designed to meet the

EXTAL

HD6305X
MCu

— | XTAL

" Crystal Oscillator

EXTAL

XTAL HD6305X
MCU

External Ceramic Oscillator
Clock

Input__[EXTAL

NC IXTAL Hpe305X
Mcu

.

External Clock Drive

Figure 20 Internal Oscillator Circuit

requirement for minimum external configurations. It can be
driven by connecting a crystal (AT cut 2.0 ~ 8.0MHz) or
ceramic oscillator between pins 5 and 6 depending on the re-
quired oscillation frequency stability.

Three different terminal connections are shown in Fig. 20.
Figs. 21 and 22 illustrate the specifications and typical arrange-
ment of the crystal, respectively.

Cs AT Cut
}—J\N\I— Parallel
L Rs Resonance
Co=7pF max.
XTAL . EXTAL ¢—2.0~8 OMHz
—{t Rs=60Q max
Figure 21 Parameters of Crystal
(a) (b)
Cu 'AD Crystal
Cu
XTAL
EXTAL Crystal
MCU

[NOTE] Use as short wirings as possible for connection of the crystal
with the EXTAL and XTAL terminals. Do not allow these
wirings to cross others.

Figure 22 Typical Crystal Arrangement

=LOW POWER DISSIPATION MODE
The HD6305X has three low power dissipation modes:
wait, stop and standby.

o Wait Mode

When WAIT instruction being executed, the MCU enters
into the wait mode. In this mode, the oscillator stays active
but the internal clock stops. The CPU stops but the peripheral
functions — the timer and the serial communication inter-
face — stay active. (NOTE: Once the system has entered the
wait mode, the serial communication interface can no longer
be retriggered.) In the wait mode, the registers, RAM and I/O
terminals hold their condition just before entering into the
wait mode.

The escape from this mode can be done by interrupt (INT,
TIMER/INT2 or SCI/TIMER2), RES or STBY. The RES
resets the MCU and the STBY brings it into the standby
mode. (This will be mentioned later.)

When interrupt is requested to the CPU and accepted, the
wait mode escapes, then the CPU is brought to the operation
mode and vectors to the interrupt routine. If the interrupt is
masked by the I bit of the condition code register, after releas-
ing from the wait mode the MCU executes the instruction
next to the WAIT. If an interrupt other than the INT (i.e.,
TIMER/INT2 or SCI/TIMER:) is masked by the timer control
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register, miscellaneous register or serial status register, there
is no interrupt request to the CPU, so the wait mode cannot
be released.

Fig. 23 shows a flowchart for the wait function.

o Stop Mode

When STOP instruction being executed, MCU enters into
the stop mode. In this mode, the oscillator stops and the CPU
and peripheral functions become inactive but the RAM,
registers and 1/O terminals hold their condition just before
entering into the stop mode.

The escape from this mode can be done by an external
interrupt (INT or INTz), RES or STBY. The RES resets the
MCU and the STBY brings into the standby mode.

When interrupt is requested to the CPU and accepted,
the stop mode escapes, then the CPU is brought to the opera-
tion mode and vectors to the interrupt routine. If the inter-
rupt is masked by the I bit of the condition code register,
after releasing from the stop mode, the MCU executes the
instruction tiext to the STOP. If the INT2 interrupt is masked
by the miscellaneous register, there is no interrupt request to
the MCU, so the stop mode cannot be released.

Fig. 24 shows a flowchart for the stop function. Fig. 25
shows a timing chart of return to the operation mode from
the stop mode.

For releasing from the stop mode by an interrupt, oscilla-
tion starts upon input of the interrupt and, after the internal
delay time for stabilized oscillation, the CPU becomes active.
For restarting by RES, oscillation starts when the RES goes
“0” and the CPU restarts when the RES goes “1”. The dura-
tion of RES=*‘0" must exceed to to assure stabilized oscil-
lation.

o Standby Mode

The MCU enters into the standby mode when the STBY
terminal goes “Low”. In this mode, all operations stop and
the internal condition is reset but the contents of the RAM are
hold. The I/O terminals turn to high-impedance state. The
standby mode should escape by bringing STBY “High”. The
CPU must be restarted by reset. The timing of input signals
at the RES and STBY terminals is shown in Fig. 26.

Table 4 lists the status of each parts of the MCU in each
low power dissipation modes. Transitions between each mode
are shown in Fig. 27.

(Note)

__When I bit of condition code register 1s “1” and interrupt
(INT, TIMER/INT,, SCI/TIMER,) 1s held, MCU does not enter
WAIT mode by the execution of WAIT instruction.

In that case, after the 4 dummy cycles MCU executes the
next mstruction. R

In the same way, when external interrupts (INT, INT, ) are
held at the bit I set, MCU does not enter STOP mode by the
execution of STOP instruction. In that case, also, MCU executes
the next instruction after the 4 dummy cycles.
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Oscillator Active
Timer and Senal
Clock Active

All Other Clocks

Stop

Mode

188

to Standby

Restart
Processor Clocks

I

Initialize

CPU, TIMER, SCI,
1/0 and All

Other Functions

le
m)
< i

es

Load PC from
$1FFE, $1FFF

Restart
Processor Clocks

Load PC from
Interrupt Vector

Addresses

Fetch
Instruction

Figure 23 Wait Mode Flow Chart
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Stop Oscillator
and All Clocks

to Standby
Mode
Turn on Oscillator
Wait for Time Delay
to Stabilize
No
RES
i
Yes
Load PC from Turn on Oscillator
$1FFE, $1FFF Wait for Time Delay
to Stabilize
>
1=1
Load PC from
Interrupt Vector
Addresses
Fetch
Instruction

Figure 24 Stop Mode Flow Chart
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oseustor TN, AT T
s vi

' \ Time required for oscillation to become [ >

N . R .
STOP instruction Interrupt stabilized (built-in delay time) Instructions
executed restart

(a) Restart by Interrupt

°==i"=t°'[ﬂ]]I[]IIIl]]]]]I[ﬂ]]IH1]L_“___
N I I I I I Uy

. Time required for oscillation to become f—
STOP instruction

executed stabilized (tosc) Reset
start

RES (

w

]

(b) Restart by Reset

Figure 25 Timing Chart of Releasing from Stop Mode

STBY . ‘ /
I

o

RES T T T T 4[————-—‘
[} L} L} )
1 1) L} 1
) L} ) [}
O S \ (

W _l

tosc | Restart

Figure 26 Timing Chart of Releasing from Standby Mode

Table 4 Status of Each Part of MCU in Low Power Dissipation Modes

Condition
Mode Start Oscil- Timer, 1/0 Escape
lator CPU Serial Register RAM terminal
WAIT . STBY, RES, INT, INT,,

WAIT Active Stop Active Keep Keep Keep | each interrupt request of

Soft. | struction TIMER, TIMER,, SCI

ware | STOP in- STBY RES. INT INTS
STOP struction Stop Stop Stop Keep Keep Keep | STBY, RES, INT, INT2
Stand- | Hard- e " High m- | exgv_. "
by ware STBY="Low Stop Stop Stop Reset Keep pedance STBY="High
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Active

Standby

Figure 27 Transitions among Active Mode, Wait Mode,
Stop Mode, Standby Mode and Reset

sBIT MANIPULATION

The MCU can use a single instruction (BSET or BCLR) to
set or clear one bit of the RAM or an 1/O port (except the
write-only registers such as the data direction register). Every
bit of memory or I/O within page 0 ($00 ~ $FF) can be tested
by the BRSET or BRCLR instruction, depending on the result
of the test, the program can branch to required destinations
Since bits in the RAM, or 1/O can be mampulated, the user
may use a bit within the RAM as a flag or handle a single [/O
bit as an independent 1/O termunal. Fig 28 shows an example
of bit manipulation and the validity of test instructions In
the example, the program 1s configured assumung that bit 0
of port A is connected to a zero cross detector circuit and
bit 1 of the same port to the trigger of a tnac

The program shown can activate the triac within a time of
10us from zero-crossing through the use of only 7 bytes on
the ROM. The on-chip timer provides a required time of
delay and pulse width modulation of power is also possible.

SELF 1 BRCLRO,PORT A, SELF 1

BSET 1, PORT A
BCLR 1,PORT A

Figure 28 Exar.nple of Bit Manipulation

SADDRESSING MODES
Ten different addressing modes are available to the MCU

o Immediate
See Fig. 29. The immediate addressing mode provides
access to a constant which does not vary duning execution of
the program.
This access requires an instruction length of 2 bytes. The
effective address (EA) 1s PC and the operand is fetched from

the byte that follows the operation code

o Direct
See Fig. 30. In the direct addressing mode, the address of
the operand 1s contained in the 2nd byte of the instruction
The user can gain direct access to memory up to the lower
255th address  All RAM and 1/0 registers are on page 0 of ad-
dress space so that the direct addressing mode may be utilized.

o Extended
See Fig. 31. The extended addressing 1s used for referenc-
ing to all addresses of memory. The EA 1s the contents of
the 2 bytes that follow the operation code An extended
addressing instruction requires a length of 3 bytes

© Relative

See Fig. 32. The relative addressing mode is used with
branch instructions only. When a branch occurs, the program
counter 1s loaded with the contents of the byte following the
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a
signed 8-bit data following the operation code. If no branch
occurs, Rel = 0. When a branch occurs, the program jumps
to any byte n the range +129 to -127. A branch instruction
requires a length of 2 bytes

o Indexed (No Offset)

See Fig 33 The indexed addressing mode allows access
up to the lower 255th address of memory. In this mode, an
instruction requires a length of one byte. The EA is the
contents of the index register.

@ HITACHI

Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300

191



HD6305X2, HD63A05X2, HD63B05X2

o Indexed (8-bit Offset)

See Fig. 34. The EA is the contents of the byte follow-
ing the operation code, plus the contents of the index register.
This mode allows access up to the lower 511th address of
memory. Each instruction when used in the index addressing
mode (8-bit offset) requires a length of 2 bytes.

o Indexed (16-bit Offset)

See Fig. 35. The contents of the 2 bytes following the
operation code are added to content of the index register
to compute the value of EA. In this mode, the complete
memory can be accessed. When used in the indexed address-
ing mode (16-bit offset), an instruction must be 3 bytes long.

© Bit Set/Clear
See Fig. 36. This addressing mode is applied to the BSET
and BCLR instructions that can set or clear any bit on page
0. The lower 3 bits of the operation code specify the bit to
be set or cleared. The byte that follows the operation code
indicates an address within page 0.

 Bit Test and Branch

See Fig. 37. This addressing mode is applied to the BRSET
and BRCLR instructions that can test any bit within page 0
and can be branched in the relative addressing mode. The
byte to be tested is addressed depending on the contents of
the byte following the operation code. Individual bits within
the byte to be tested are specified by the lower 3 bits of the
operation code. The 3rd byte represents a relative value which
will be added to the program counter when a branch condition
is established. Each of these instructions should be 3 bytes
long. The value of the test bit is written in the carry bit of the
condition code register.

o Implied

See Fig. 38. This mode involves no EA. All information
needed for execution of an instr