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MEDICAL APPLICATIONS

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

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

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

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

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

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

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

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

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

= 8-BIT MICROCOMPUTER PERIPHERAL

LS| Characteristics
Type Nol Clock Supply [Operating*** e Reference
Dwision Process | F Voltage | Temperature | Package” ¥ c Y Page
Old Type Name| (MH2) (\] °c)
HD6321* 1
DP-40 Peripheral Interface 27
HD63A21* CMOS 15 50 -20~+75
FP-54 Adapter
PIA HD63B21* 2
HD6821 HD46821 1 MC6821
Peripheral Interface
HDB8A21 HD468A21 NMOS 15 5.0 -20~+75 DP40 Adapter MC68A21 27
HD68B21 HD468B21 2 P MC68B21
HD6340° ! Programmable Time
L r
HD63A40* CMOS 1.5 5.0 ~20~+75 DP-28 g 49
HD63840* 2 Module
PTM
HD6840 1 Tumer MC6840
¥ Ll
HD68A40 NMOS 15 5.0 -20~+75 DP-28 Mo; e MC68A40 49
Ul
HD68B40 2 MC68B40
HD6844 HD46504 1 MC6844
Direct Memory
DMAC HD68A44 HD46504-1 NMOS 15 50 ~20~+75 DP40 Access C MC68A44 66
cc
HD68B44 HD46504-2 2 MC68B44
HD6345* 1 CRT Controller
- (4.5 MHz High
HD63A45* CMOSs 15 5.0 -20~+75 DP40 Speed Display) 99
HD63B45* 2 6800 type bus timing
HD6845 HD46505R 1 CRT C MC6845
HD68A45 HD46505R-1 | NMOS 15 5.0 -20~+75 DP-40 (3.0 MHz High MC68A45 139
CRTC HDG8B45 | HDA4G505R-2 2 Speed Display) MC68B45
HD6845S HD46505S-1 1 CRT Co
HD68A45S | HD46505S-1 | NMOS 15 5.0 -20~+75 DP40 (3.7 MHz High 139
HDG8B4SS | HD465055-2 2 Speed Display)
CRT Controller
HD6445-4* cMmos 4 5.0 -20~+75 | DP-40 | (4.5MHz High
Speed Display) 929
80 type bus timing
HD6350 1 Asy
HD63AS0 ‘CMOS 15 5.0 ~20~+75 DP-24 ::To"rrf“a‘émmort‘s 181
n
ACIA HD63B50 2 o Adeprer
HD6850 HD46850 1 Asynchronous MC6850
NMOS 5.0 ~20~+75 DP-24 Ci 181
HD68AS0 HD468A50 15 Interface Adapter MC68A50
HD6852 HDA46852 1 S Ser MC6852
SSDA NMOS -20~+75 DP-24 Y
HD68A52 | HD46BAG2 5 50 Data Adapter MCE8A52 193
HD46508 1
HD46508-1 15 Analog Data
ADU FIDA6S0BA NMOS ; 50 | -20~+75 | DP24 | Aquisition Unit 207
HD46508A-1 15
DP-24 Real Time Clock
RTC HD146818 CMOS 1 5.0 0~+70 FP.24 plus RAM MC146818 644
DIPP . ~. Document Image
HD63084 CMOS 10(max) 5.0 0~+70 DP-64S Pre-Processor 227
Document image Com- _
DICEP HD63085* CMOS | 32(max) 5.0 0~+70 PC-72 | pression and Expan- 259
5 sion Processor
DPRAM HD63310** CMOS 5.0 0~+70 DP48 g?a“;: Dual Port 305
LcTe HD63645** CMOS 2 5.0 -20~+75 FP-80 LCD Timing Controller 603
. ~. Asynchronous Com- p
Acl HD64941 NMOS 50 0~470 | DP24N | FoY e onoe e SCN2641 641
* P Yy ** Under *** Wide temperature range (-40~+85°C) version is available.
YDP: Plastic DIP, FP: Flat Plastic Package, DC: Ceramic DIP PGA: Pin Grid Array, PC: Ceramic Pin Grid Array,
CP: Plastic Leaded Chip Carrier
Hitachi America Ltd. ® 2210 O’Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300 Vii




QUICK REFERENCE GUIDE

8 16-BIT MICROCOMPUTER PERIPHERAL

LS| Characteristics

. Clock Supply Operating . - Reference
Division Type No. Process | Frequency | Voltage |Temperature |Package Function Compatibility Page
(MHz) v) c)
HDE8230P8* 8 Parallel Interface Mc68230L8 273
PIT NMOS 5.0 ~+70 DP-4 "
HD68230P10* 10 0 8 Timer MC68230L 10
HD63450-6* 6 DC-64
HD63450-8* 8 DP-64 Direct Memor
o~ Y 307
HD63450-10* cmos 10 5.0 0~+70 ngég Access Controller
DMAC HD63450-12* 125 CP-68
HD68450-4 4 MC68450L4
HD68450-6 NMOS 6 5.0 0~+70 DP-64 Direct Memory MC68450L6 356
HD68450-8 8 PGA68 | Access Controller MC68450L8
HD68450-10 10
HD634634 4 DC48
HDC HD634636 | CMOS 6 50 0~+70 | ppag | Hard Disk 404
. Controller
HD63463-8 8 CP-52
HD63484-4 4 DC-64 Advanced CRT
van
ACRTC HD63484-6 CMOs 6 5.0 0~+70 DP-64 Controller 472
HD63484-8 8 CP-68
Hi-Bi DP64S | Graphic Memory
Gmic HDB3485°"* CMOs 5.0 0~+70 cP-68 Interface Controller 531
. Hi-Bi ~ DP-64S | Graphic Video
GVAC HDB3486°* CMOs 5.0 0~+70 CP-68 Attribute Controller 567
Dual Universal mC68562
puscc HD68562** NMOS | 4 (max) 5.0 0~+70 DC48 | Serial Communica- SCN68562 600
tions Controller
* Preliminary ** Under development
O HITACHI
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QUICK REFERENCE GUIDE

= 8/16 BIT MICROCOMPUTER PERIPHERAL

LS| Characteristics
nn
s Clock Supply Operating t . . Reference
Division Type No. Process | Frequency | Voltage | Temperature | Package Function Compatibility Page
(MHz) (v) c)
HD6845 ! CRT Controller MC6845 139
HD68A45 NMOS 1.5 5.0 ~20~+75' DP-40 (3.0 MHz High MC68A45
HD68BAS 2 Speed Display) MC68B45
HD6845S 1 CRT Controller
HD68A45S NMOS 1.5 5.0 -20~+75 | DP-40 (3.7 MHz High 139
HDB8B45S 2 Speed Display)
CRTC HD6345* 1 CRT Controller
~ (4.5 MHz High
HD63A45* CMOSs 1.5 5.0 -20~+75 DP-40 Speed Display) 99
° HD63B45* 2 6800 type bus timing
E CRT Controller
[3} ~ (4.5 MHz High
z HD6445-4* CMOS 4 5.0 -20~+75 DP-40 Speed Display) 99
§. 80 type bus timing
8| Lere HD63645** CMOS 2 5.0 -20~+75 FP-80 LCD Timing Controller 603
HD63484-4 4 DC-64
Advanced
ACRTC | HD63484-6 CMOSs 6 5.0 0~+70 DP-64 CRT Controller 472
HD63484-8 8 CcP-68
. Hi-B1 - DP-64s Graphic Memory
GMIC HD63485"* CMOs 50 0~+70 cP-68 Interface Controller 531
- Hi-Bi ~ DP-64S Graphic Video
GVAC | HD63486 CMOS 50 0~+70 CcP-68 Attribute Controller 567
HD6850 1 Asynchronous MC6850
8 NMOS 5.0 -20~+75 DP-24 COY,,,,. ications 181
£ HD68AS0 15 Interface Adapter MC68AS50
I
£ | ACIA HD6350 1 Asynchronous
IS HD63A50 CMOs 1.6 5.0 -20~+75 DP-24 Communications 181
f;g HD63B50 2 Interface Adapter
< HD6852 1 s MC6852
3 ynchronous Serial
SSDA NMOS 5.0 -20~+75 DP-24 193
E HD68A52 15 0 Data Adapter MC68A52
3
| | Serial SCN68562
© |ouscc | Hpesse2** | NMOs| 4(max) | 50 0~+70 | DC-ag | Dudl Unwersal Sedal | 600
MC68562
~ X Asynchronous Com-
ACI HD64941** NMOS 5.0 0~+70 DP-24N munications Control SCN2641 641
HD6840 1 MC6840
HD68A40 nvos | 15 50 | -20~+75 | Dp2g | Frogremmable Tumer  ["ycegago 49
_ HD68B40 2 MC68B40
£|"™ [npe3sor 1
S HD63A40* cmos |15 5.0 -20~+75 | DP28 | Frodrammable Timer 49
E HD63B40* 2
= DP-24 Real Time Clock
[ ~
RTC HD146818 CMOS 1 5.0 0~+70 FP-24 Plus RAM MC146818 644
HD68230P8* 8 Parallel Interface MC68230L8
Pi NMOS 5.0 0~+70 DP-48 .
m HD68230P10* 10 Timer MC68230L10 273
° HD63463-4 4 DC48
=
If €|HDC HD63463-6 CMOs 6 5.0 0~+70 DP-48 Hard Disk Controller 404
S HD634638 8 cP-52

* Preliminary ** Under development *** Wide temperature range (—40 ~ +86°C) version Is available)

1 DP: Plastic DIP, DC: Ceramic DIP, FP: Flat Plastic Package, PGA: Pin Grid Array,
PC: Ceramic Pin Grid Array, CP: Plastic Leaded Chip Carrier

@ HITACHI
Hitachi America Ltd ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 o (408) 435-8300 ix




QUICK REFERENCE GUIDE

= 8/16 BIT MICROCOMPUTER PERIPHERAL

LS| Characteristics
. Clock Supply | Operating*** 1 . T Reference
Division Type No. Process | Frequency | Voltage | Temperature | Package Function Compatibility Page
(MHz) (V) (°C)
HD6844 1 8-Bit Direct MC6844
HD68A44 NMOS 15 5.0 -20~+75 | DP40 | Memory Access MC68A44 66
° HD68B44 2 Controller MC68B44
s
3 HD68450-4 4 MC68450L4
8 .
DMA H 16-bit Direct
£ c D68450-6 NMOS 6 50 0470 DC64 | o O eess MC68450L6 356
& HD68450-8 8 PGA-68 | Controller MC68450L8
a HD68450-10 10 MC68450L10
HD63450-6* 6 bces .
HD63450-8* 8 DP-64 16-Bit Direct
s CMOs 5.0 0~+70 DP-64S | Memory Access 307
HD63450-10* 10 PGA-68 | Controller
HD63450-12* 125 CP-68
S- Smart Dual Port
HD63310** X 1~ 305
DPRAM 63 CcMOS 5.0 0~+70 DP-48 RAM
HD6821 1 ] MC6821
HDE8A21 | NMOS | 15 50 | -20~+75 | DP40 :Z:gr;’“' Interface MCB8A21 27
o| pia HD68B21 2 MC68B21
Q
. 1
£ HD6321 DP-40 | Peripheral Interface
3 HD63A21* | CMOS 15 5.0 -20~+75 Adapter 27
= HD63B21* 2 FpP54
I3 |__HDA46508 | 1
@
£ o
g| ADU | HD48S081 | \\oq |15 50 | -20~+75 | Dp4gp | AnalosData 207
S HD46508A 1 Acquisition Unit
HD46508A-1 1.5
HD68230P8* 8 Parallel Interface MC68230L8
y i~ P.
P HDes2a0p107| "MOS 10 50 0~+70 DP48 1 rimer MC68230L10 s
D t Image
. | owp | HD63084* |cmos | 10(max) | 50 0~+70 | DP-gag | _ocument imag 227
o 8 Pre-Processor
s g 8 Document Image
o= 2l DICEP | HD63085* CMOS | 32 (max) 5.0 0~+70 PC-72 Compression and 259
o
Expansion Processor

* Preliminary ** Under development *#* Wide temperature range (-40 ~ +85°C) version is available.
+ DP: Plastic DIP, DC: Ceramic DIP, FP: Flat Plastic Package PGA: Pin Grid Array, PC: Ceramic Pin Grid Array, CP: Plastic leaded chip carrier

O 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.

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

Standard Outline 1' I o Plastic DIP

Ceramic DIP

Pin Insertion Type

Shrink Type Plsstiq DIP I

Shrink Outline S-DIP
PGA

Shrink Type Ceramic DIPl

Package Classification I—

SOP (Plastic)

Flat Package FLAT- Dl;l—-l
FLAT-
QUIP

FPP (Plastic)

Surface Mounting Type

Chip Carrier l——-l

PLCC (Plastic) |

LCC

(Glass Sealed Ceramic)

—l Multi-function Type I IEPROMT&‘);;M Packag—el

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

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

GO HITACHI
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INTRODUCTION OF PACKAGES

2. Type No. and Package Code Indication is identified by code as follows, illustrated in the data sheet of
Type No. of Hitachi 8/16 bit microcomputer peripheral each device.

device is followed by package material and outline specifica- When ordering, please write the package code beside the type

tions, as shown below. The package type used for each device number.

Type No. Indication I

HD X X X XP

(Note) The HD63450 with shrink type plastic DIP (DP-64S) has a dif-
ferent type No. from other devices. Package Classification
No Indication : Ceramic DIP
P ; Plastic DIP

Type No.;
e HD63450PS8 F(FP)  : SOP, FPP
cp ; PLCC
Y ; PGA (16-bit microcomputer device)

Package Code Indication |

DP—645
T T 1

Qutline Materials lNumber of Pms' mymgj_Q\mmg

D ; DIP P ;Plastic S;S-DIP

c ;cCC G ;Glass Sealed N; Neet (skinny)

F ; FLAT ceramic

P ; PGA C ;Ceramic
(Note) PGA k of 16-bit micr P devices have a different indication.

Package Code Indication; P G A_ 6 8
[ [
Package Classification I fNumber of Pins I
@ HITACHI
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3. Package Dimensional Outline

Hitachi multi-chip microcomputer device employs the pack-

Table 1 Package List

INTRODUCTION OF PACKAGES

ages shown in Table 1 according to the mounting method on

the PCB.

Method of Mounting Package Classification Package Material Package Code
DP-24 DP-24N
Plastic DP-28 DP-40
Standard Outline (DIP) DP-64
: : DC-48
Pin Insertion Type i
Ceramic DC-64
S-DIP Plastic DP-64S
Shrink Outli
rimc Sutline PGA Glass Sealed Ceramic PGA-68 PC-72
FLAT-DIP (SOP) FP-24
: : FP-54
Surface Mounting Type Flat Package FLAT-QUIP (FPP) Plastic FP-80
Plastic DIP
® DP-24 Scale: 1/1
31 6(1244)
2 325max.(l 280max) |3
nnonnaoaononnn
s8is
Tle=i
_'_l 12 12
(0047) P S -
cE.E (0600)
E5iER -
| Slsf-2
EE <%
2544025 048x01 =S 0257 ct)
© |ootoo|o)4(oo|9:ooua) e '0Ts "\\’(00‘“‘%&
(Unit: mm)
® DP-24N Scale: 1/1
316(1 244)
28 325max.(1 280max) |5
npooaonnoannonnn
w|@
=
VL e 12
- (0047 ~ o L
. & (0 400)
2lS
H I BT
254025 ooy 3% OB @)
(0100+0010) ' (0019£0008) ~S "0~ I5 “\\'\uﬂ‘mw
(Unit: mm)
@ HITACHI
3
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INTRODUCTION OF PACKAGES

® DP-28 Scale: 1/1

35.6(1.402)

28 36.6max.(1.441 max.) 15

annnanoanannannn

134
(0.528)
14.6max.

(0.575max.)

! 1 - 1524
- (0047) e 8 (0600
S_g é, I
[ a5l
!IUlUl'l'l!l'l.l'l'l'l'l'l! F §§ \
2542025 ool 38 0%
(0.100+0.010) (0019+0004) S ' O~I5 oo
(Unit: mm)
o DP40 Scale: 1/1
52.8(2.079)
0 54,0max. (2.126max.) 21
anoannOnonnoaonoanQQannonn@nnn
sl5id
s|gag
4 ~=g

o HUUO U OO OO UUUULL UL
| 20
1.2
(0.047) 15.24

N > (0.600)

-
=<1 |
-
o= |
-
=<}
0. 5'm1n
(0.020min.
1
5.08max.
(0.200max.)

if 259
(0.100+0.010) 001920000) 35 U~ 3 o o
o~ é \“g\ﬁ—
Unit (mm)
e DP-48
62.12(2.446)
63.50max.(2.579max.)

48 25 ]
onnoAanonaoaonnoanoaaaononnaonononaonn E

B2

EE
O 2is
gooogouu UUUUUUUUUUUUUUU;‘
: _.l 1.3(0.051) . 15.24(0.600)

%8
E§ [

l,IIIUI,I!l,l,l‘l'l'l!l,l!l!lyl'l,l'l!l,l’l [:U:F:E_ﬁ s 07‘%\.\5@

ge—L o

el EE g0t
2.54£0.25 Slesolo gy S5
0.019£0004) S &3
(0.100£0.010) ) S bg (Unit: mm)
@ HITACHI
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INTRODUCTION OF PACKAGES

® DP-64 Scale : 1/1
82 04 (3 230)
83 22max.(3.276max )
64 33
winininininininlsiuinisisininisininininininiainininininininininl
§43
ele g
gl2g
s|Ve
Oo0O000000000000000000gauiioooudy
RIRE 32
Toos1)
2286
- (0900)
€ ’é 3 § '
r —=i5188
-
254+025 048401 e .
(0100+0010) (001940 004) 0'~5° 0257
kq“‘“"%w
(Unit: mm)
@ HITACHI
5

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




INTRODUCTION OF PACKAGES

e DC-48 Scale: 1/1

60.42(2.379)

48 25

(e]
14.99
(0.590)

| 24

15.24(0.600)

5.08max.
(0.200max.)

0.25:8 8
(0.01053 %89

(0.020min.)

0.48+0.1 254+0.25
(0.019+£0.004) (0.100+0.010)

2.54min.
(0.100min.)

(Unit: mm)

oDC-64 Scale: 1/1
81.28
(3.200)
64 33
8|8
~|®
Sle
I — s /
| 1 02 32
(0040)
2286
(0900)
cE 3
E g 3
21188
we
H | :‘E
35
254+0.25 048+0 | "'; 0.25:3 3
100+ 0.0 = .
(0100+0.010) (0.019+0004) (0.01028:389) (Unit: mm)

@ HITACHI
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lﬁ'nrink Type Plastic DIP |

INTRODUCTION OF PACKAGES

® DP-64S

i,

57.6(2.268)
64 58.6max.(2.307max.) 33
anooonoaaaooaoaooonnoanonooanannonnn
= 3
2|18
= 95
o
I|-l U'I.EUUUUUUUUUUUUUUUUUUUUUUUH\JU‘U\J
. 32
(0.039)
g
€
s.g.
o2
oS

I,I

"5.08max.

{\\(&m’"w

(0.717max)

19.05

(0 750)

Scale: 1/1

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

1.778 +0.25 €7 0288
0070+0010) heyireser, §§ o 0010 B
s
(Unit: mm)
Pin Grid Array
® PGA-68 22.86:4045 Scale: 1/1
(0900+0.0187)
5.08max.  2.54min
(0.200max ) (0.100min.) 2544025 2.54max.
26.42 fi (0100£0010) (o 0100mex)
{1 0400 PP l"'
2> y
L] 0000000
1 |ghessseges
N5 51100 00|%|2
b g 5 © [CICR Y 3
8= 2 |eo 00|s|g
g |00 00|52
e 000 00| =
= @@g@@@@@@o
o ©0006000®;
ol 1=
Te =8
“e
(Unit: mm)
® PC-72 & otmac 2544045 Scale: 1/1
274 (0.200max), 2.54-3.7(0.100-0 146) (1.000% 0.018)
(1.079) 27 (3typ0.1186typ) | _, | 2544025 | 6max
(005005 ] a3 | Jeorozo0in [(0 063max)
f h £% 1=0%60 o0 0O
= 1_5 /i 0000000000|c
b— §glooo 0003
—+t_  <Eloo ool
<2 — -8 g [00 00/
aE —:: £5/% HE
b= © g g 100 00 :
T + o0 Q00| «
g b= frgessassesed?
’ - (Unit: mm)
@ HITACHI
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INTRODUCTION OF PACKAGES

UIastic Leaded Chip Carrier
<PLCC>

® CP-52 Scale: 1/1

2007£012

(0790+0005)
7 152 a

O

g

&

g .
= 2 H]
o8 s o
o2 -
Hi+ ~lE e
| a2 N
sg Zle <

3
£

1912

©753)

<8 \
So
8 TUUUUTOUTOT
180405 3§
(0710£0020) 2 g
(Unit: mm)
® CP-68 Scale: 1/1
2515012
(0930 +0005)
60 2 3
FEN=3]
oe LS
=3
& 2 :g '.;g
o H S
H HE =38
3
C
“
21 a
2420 'L'g
0953 b
~8 Se
i 1W!ﬁ
“e j 23(0 050
2312405

(03100020

(Unit: mm)

@ HITACHI
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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

235°C max
140 ~ 160°C \

1~ 4°Clsec

Temperature —=

1~ 5°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
hxgher 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.
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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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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 Figure 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

RELIABILITY AND QUALITY ASSURANCE

in manufacturing department, quality assurance department,
which are major, and other departments related. The total
function flow is shown in Figure 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,

Step Contents Purpose
- |
Target | Design Review l
Specification
)

Design = Characteristics of Material and Conf ion of

Trial Materials, Parts Parts Characteristics and

Production Approval Appearance Reliability of Materials
Dimension and Parts
Heat Resistance
Mechanical
Electrical
Others

[Characteristics Approval | Electrical Confirmation of Target
Characteristics Spec. Mainly about

Function Electrical Characteristics
Voltage
Current
Temperature
Others

Appearance, Dimension

Quality Approval (1] |

Reliability Test { Confir of Quality
Life Test | and Reliability in Design
Thermal Stress

Moisture Resistance
Mechanical Stress
Others

Reliability Test
Process Check same as
Quality Approval (1)

Confir ion of Quality

Mass
Production

Figure 1 Flow Chart of Quality Approval
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RELIABILITY AND QUALITY ASSURANCE

circumstances and sub-materials. The quality control in the
manufacturing process is shown in Figure 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-
. mg
® 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 ) + . Lot S "
Tnspection of nspection on Material and | = ==~ ot _ampl’mg,
Material and Parts ===+ Parts for Semiconductor Confirmation of
Devices ‘j Quality Level
— M: E
| 1 anufacturing Equipment, —— - + :
| Manufacturing b -1 Environment, Sub-material, g:::;:vm::x: of
| : Worker Control
|
T
[} .
: s . 1 Inner Process F--4--- Lot Sampling,
| creening r==-1 Quality Control Confllrmauon of
1 Quality Level
' 1
N [}
1 | 100% Inspection on F==1==  Testi
— | 100% Insp b——~~{ Appearance and Electrical Testing,
| | Characteristics P
[ SR [ — |
Products N N
Products Sampling Inspection on et
Inspection Appearance and Electrical Lot Sampling
1 Characteristics
]
|
I -
v }-—-4-~4 Confirmation of
TETE QAN D e e e 4 Reliability Test Quality Level, Lot
Feedback of
m———e e ————— 1 Information
: Quality Information 1
i Claim :
: Field Experience [S—
1 G | Quality :
L} Information 1

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

manufacturing circumstances — temperature, humidity, dust — (Example)
and the control of submaterials — gas, pure water — used in Material " ot
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- . . tion on Surface
provement of cleanness in manufacturing site are executed Wafer Dimension Flatness
with paying intensive attention on buildings, facilities, air- gh:et Resistance Resnstar’llce
conditioning systems, materials delivered-in, clothes, work, etc., C° ::tl DAen_:lty Defect Numbers
and periodical inspection on floating dust in room, falling dusts rystal Axt
and dirtiness of floor. Appearance Defect Numbers, Scratch
Mask gimensioq Dimension Level
" . I esistoration
?Si;;?::;mti;:;’;ﬁr" and Reliability Assurance Gradation Uniformity of Gradation
Lot inspection is done by quality assurance department for Fine Appearance Contamination, Scratch,
products which were judged as good products in 100% test, Wire for . . Bend, Twist
w(l)n'ch isf final process in manufacturing department. Though Wire PDJT;:;S'M Purity Level
100% of good products is expected, sampling inspection is Bonding : ; .
executed to prevent mixture of failed products by mistake of Elongation Ratio Mecham.cal 'Strength
work, etc. The inspection is executed not only to confirm that Appearance Contamination, Scratch
the products meet users’ requirement, but to consider potential Dimension Dimension Level
factors. Lot inspection is executed based on MIL-STD-105D. F Processing
iy rame Accuracy
(2) Reliability Assurance Tests Plati i o
oy s . A o ating 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
@ HITACHI
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16

Process

Y Purchase of Material

I—Frame —=

—Wafer
Surface Oxidation

Inspection on Surface
Oxidation

Photo Resist

Inspection on Photo Resist
© PQC Level Check
Diffusion

Inspection on Diffusion
© PQC Level Check

Evaporation

Inspection on Evaporation
© PQC Level Check
Wafer Inspection

Inspection on Chip
Electrical Characteristics
Chip Scribe
Inspection on Chip
Appearance

0 PQC Lot Judgement

Assembling

© PQC Level Check

7 Inspection after
Assembling
¢ PQC Lot Judgement

L-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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Customer
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(Failures, Information)
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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 microcomputer Peripheral 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

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
Hitachi microcomputers are produced in NMOS E/D tech-
nology or low power CMOS technology. Si-gate process is used

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

Si-Gate N-channel E/D

Si-Gate CMOS

PSG Al

i

P-Well

Gate

N\

Drain Source Drain Source Si0, Source Drain
FET1 FET2 FET2
S
N-channel P-channel
DMOSs FET1 EMOS
D
o—=g
D
N-channel!
N-channel FET2 G 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 -65°C ~ 150°C,‘ 10 cycles 1010,4
Temperature Cycling -20°C ~ 125°C, 200 cycles
Thermal Shock 0°C ~ 100°C, 100 cycles 1011,3
Soldering Heat 260°C, 10 sec
Mechanical Shock 1500G 0.5 msec, 3 times/X, Y, Z 2002,2
Vibration Fatigue 60Hz 20G, 32hrs/X, Y, Z 2005,1
Variable Frequency 20~2000Hz 20G, 4 min/X, Y, Z 2007,1
Constant Acceleration 20000G, 1 min/X, Y, Z 2001,2
Lead Integrity 225gr, 90° 3 times 2004,3
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RELIABILITY TEST DATA OF MICROCOMPUTER

3.2 Reliability Test Result computer Peripheral devices in Table 8, Table 9. There is little
Reliability Test Result of 8-bit microcomputer Peripheral difference according to device series, as the design and produc-
devices is shown in Table 3 to Table 7, that of 16-bit micro- tion process, etc. are standardized.

Table 3 Dynamic Life Test (8-bit microcomputer Peripheral)

Device Type Sample Size Component Hours Failures
HD6821 399 266368 1™
HD6850 158 158000 0
HD6852 170 125816 0
HD6846 69 69000 0
HD6843 66 66000 0
HD6844 80 69000 0
HD6845S 88 55000 0
HD6840 64 64000 0
HD46508 140 140000 0
HD146818 44 44000 0
HD6350 70 70000 0
HD6321 45 45000 0

Total 1,393 1,172,184 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 multi-chip puter) (Moisture Resistance Test)
(1) 85°C 85%RH Bias Test
Device Type Vcee Bias 168 hrs 500 hrs 1000 hrs
HD6850P 5.5V 0/45 0/45 0/45
HD6852P 5.5V 0/22 0/22 0/22
HD6843P 5.5V 0/22 0/22 0/22
HD6844P 5.5V 0/22 0/22 0/22
HD6845SP 5.5V 0/137 0/137 0/137
HD6840P 5.5V 0/22 0/22 0/22
HD46508P 5.5V 0/22 0/22 0/22
HD146818P 5.5V 0/22 0/22 0/22
HD6321P 5.5V 0/22 0/22 0/22
Total 0/336 0/336 0/336
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(2) High Temperature-High Humidity Storage Life Test
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Device Type Condition 168 hrs 500 hrs 1000 hrs
HD6850P 65°C 95%RH 0/135 0/135 0/135
HD6850P 80°C 90%RH 0/22 0/22 0/22
HD6852P 85°C 95%RH 0/22 0/22 0/22
HD6844P 80°C 90%RH 0/22 0/22 0/22
HD6845SP 80°C 90%RH 0/22 0/22 0/22
HD6840P 65°C 95%RH 0/22 0/22 0/22
HD46508P 65°C 95%RH 0/70 0/70 0/70
HD146818P 65°C 95%RH 0/45 0/45 0/45
HD6350P 65°C 95%RH 0/70 0/70 0/70
HD6321P 65°C 95%RH 0/70 0/70 0/70

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

Device Type 40 hrs 60 hrs 100 hrs 200 hrs
HD6821P 0/44 0/44 0/44 -
HD6850P 0/22 0/22 0/22 -
HD6843P 0/22 0/22 0/22 -
HD6845SP 0/43 0/43 0/43 1*/43
HD46508P 0/45 0/45 0/45 -
HD146818P 0/22 0/22 0/22 -
HD6350P 0/22 0/22 0/22 -
HD6321P 0/22 0/22 0/22 -

*Aluminum corrosion
(4) MIL-STD-883B Moisture Resistance Test
(Condition; 65°C ~ ~10°C, over 90%RH, Vcc = 5.5V)
Device Type 10 cycles 20 cycles 40 cycles
HD6821P 0/25 0/25 0/25
O HITACHI
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Table5 Temperature Cycling Test (8-bit microcomputer Peripheral) (-565°C ~ 25°C ~ 150°C)

Device Type 10 cycles 100 cycles 200 cycles
HD6821P 0/420 0/44 1*/44
HD6850P 0/151 0/38 0/38
HD6852P 0/149 0/38 0/38
HD6843P 0/247 0/44 0/44
HD6844P 0/150 0/44 0/44
HD6845SP 0/358 0/76 0/76
HD6840P 0/148 0/22 0/22
HD46508P 0/207 0/44 0/44
HD146818P 0/103 0/22 0/22
HD6350P 0/150 0/45 0/45
HD6321P 0/120 0/45 0/45

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

* Static damage

Device Temperature 168 hrs 500 hrs 1000 hrs
. 150°C 0/110 0/110 0/110
Peripheral total _B5°C 0/88 0/88 0/88

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

Plastic DIP Flat Plastic Package
Test Item Condition
Sample Size | Failure | Sample Size Failure
0 ~ -]
Thermal Shock ?o(éycllgo c 110 0 100 0
Soldering Heat 260°C, 10 sec. 164 0 20 0
o
Salt Water Spray o :r's NaCl 5% 110 0 20 0
]
Solderability 230 €. 5 sec. 159 0 34 0
Drop Test 78em, maple board 110 0 20 0
Mechanical Shock 22006, /‘)’('5Ym‘z 110 0 20 0
Vibration Fatigue 8 ?é'/i"? 2 110 0 20 0
Vibration Variable Frea. | 300 42000t | 110 0 20 0
-
Lead Integrity 2% 3i'n99°3 imes 110 0 20 0
@ HITACHI
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Table 8 Dynamic Life Test (16-bit microcomputer peripheral) v

Condition
Device Type 168 hrs 600 hrs 1000 hrs
Ta Vee .

126°C 6.6V 0/44 0/44 0/44
HDB8450 o / /

160°C 6.6V 0/32 0/32 0/32
HD63484 126°C 6.6V 0/46 0/46 0/46

Estimated Field Fallure Rate
= 0,013%/1000 hrs at Ta = 76°C
(Activation Energy 0.7eV, Confidence Level 80%)
Table 9 Maechanical and Environmental Test (16-bit microcomputer peripheral)
Device Type
Test Item Condition
HD68450
High Temperature Ta = 295°C, 1000 hrs 0/22
Storage
Low Temperature Storage Ta = -55°C, 1000 hrs 0/42
Temperature -55°C ~ 25°C ~ 150°C 0/45
Cycling (1) 10 cycles
Temperature ~20°C ~ 25°C ~ 125°C 0/22
Cycling (2) 500 cycles
Thermal -B5°C ~ 125°C
Shock 15 cycles 0/22
Soldering heat 260°C, 10 sec 0/22
Solderability 230°C, 5 sec 0/22
Mechanical 1500G, 0.5 msec 0/22
Shock 3 times/X, Y, 2
Vibration 20 ~ 2000 Hz, 20G 0/22
Variable Freq. 3 times/X, Y, 2
Constant 20000G
Acceleration 1min/X, Y, 2 0/22
G HITACHI
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4. PRECAUTION
4.1 Storage

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

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

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

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

(4) Store without any physical load.

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

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

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

4.2 Transportation

As Wwith 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)
e Ultrasonic output: 15W/2
® Keep the devices out of direct contact with the power
generator.
o Cleaning time: Less than 30 seconds

@ HITACHI
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HD6321/HD6821

P1A (Peripheral Interface Adapter)

The HD6321/HD6821 Peripheral Interface Adapter provides
the universal means of interfacing peripheral equipment to the
HD6800 Microprocessing Unit (MPU). This device is capable
of interfacing the MPU to peripherals through two 8-bit bi-
directional peripheral data buses and four control lines. No
external logic is required for interfacing to most peripheral
devices.

The functional configuration of the PIA is programmed by
the MPU during system initialization. Each of the peripheral
data lines can be programmed to act as an input or output, and
each of the four control/interrupt lines may be programmed for
one of several control modes. This allows a high degree of
flexibility in the over-all operation of the interface.

FEATURES
® Two Bi-directional 8-bit Peripheral Data Bus for interface to
Peripheral devices
® Two programmable control, Data Direction Registers
® Four Individually Controlled Interrupt Input Lines: Two
Usable as Peripheral Control Outputs
® Handshake Control Logic for Input and Output Peripheral
Operation
CA;, CA; ..... Port A (PA, ~ PA,)
CA,, CB, ..... PortB (PBy, ~ PB,)
o High-Impedance 3-State and Direct Transistor Drive Periphe-
ral Lines
® Two TTL Drive Capability on All A and B Side Buffers

—HD6321—

® Low-Power, High-Speed, High-Density CMOS

® Wide Range Operating Voltage (Vcc = 5V + 10%)

® Compatible with NMOS PIA (HD6821) (Refer to Electrical
Specification as to Minor difference)

—HD6821—
® Compatible with MC6821, MC68A21 and MC68B21

= TYPE OF PRODUCTS

HD6321P, HD6821P

HD6321FP

(FP54)

The specifications of the HD6321 are for preliminary and may
change hereafter. Please make an inquire at sales office upon
adoption of the HD6321.

Type No. Process |Clock Frequency | Package
HD6321 1.0 MHz DP-40
HD63A21 CMOS 1.5 MHz FP-54
HD63B21 2.0 MHz
HD6821 1.0 MHz
HDG68A21 NMOS 1.5 MHz DP-40
HD68B21 2.0 MHz
@ HITACHI
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= ABSOLUTE MAXIMUM RATINGS

HD6321/HD6821

Item Symbol HDB321 Value HD6821 Unit
Supply Voltage Vee * 0.3~ +7.0 0.3~ +7.0 \'
Input Voltage Vin * 0.3~ +7.0 0.3~ +7.0 Y
Maximum Output Current llg 1** 10 - mA
Maximum Total Output Current 1Z1g 1 *** 100 — mA
Operating Temperature Topr -20 ~ +75 —20 ~ +75 °C
Storage Temperature Tstg —55 ~ +150 —55 ~ +150 °c

* With respect to Vgs (SYSTEM GND)

** Maximum output current is the maximum current which can flow in or flow out from one output terminal and 1/O common
terminal, (PAg~PA,, CA,, PBo~PB;, CB;, Dg~D7)

*+* Maximum total output current is the total sum of output current which can flow in or flow out simultaneously from output

terminals and 1/O common terminals. (PAg~PA,, CA;, PBo~PB,, CBy, Dg~D5)

(NOTE) Permapent LS|.d.amage may occur if fnaximum ratings are exceeded. Normal operation should be under recommended

operating

If these cond

are

1, it could affect reliability of LSI.

® RECOMMENDED OPERATING CONDITIONS
Item Symbol n HD6321 n Hbge21 Unit
min. typ max. min. typ max.
Supply Voltage Vee ¥ 4.5 5.0 5.5 475 5.0 5.25 \'
Input “Low”’ Voltage viL* -0.3 — 0.8 -0.3 - 0.8 \Y
Do~D4, PA,™
PA,,CA,, CA,
Input “High” | pg ' pg 2.2 Vee
voltage 0 7
|81, CBy ViH * - 2.0 - \% v
E, RAW, CS,, IH : ce
CS,, CSy, RS, 3.0** Vee
RS,, RES
Operating Temperature Topr -20 25 75 -20 25 75 °c
* With respect to Vgg (SYSTEM GND)
** Characteristics will be improved.
G HITACHI
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HD6321/HD6821

= ELECTRICAL CHARACTERISTICS .
o DC CHARACTERISTICS (HD6321; V¢ = 5V +10%, HD6821; Ve = 5V 5%, Vss = OV, Ta = —20 ~+75°C, unless otherwise noted.)

HD6321 HD6821
Item Symbol - - — - Unit
Test Condition min, [typ* | max | Test Condition min typ* | max
Do~D4, PAg~PA;,
CA; CA;z,PBo~PBg, 2.2 — | Vee
Input “High”* Volt 081, CBy v 2.0 Vee | V
oltage s — X -
nput “Hig 9 "€, R, Cs,, G5, M 20" v o
CS,, RSo, RS;, RES : o
Input " Low’’ Voltage All Inputs ViL —0.3 - 0.8 —0.3 - 08| V
R/W, RES, RSp, RSy,
Input Leakage Current CSp, CS;, CSy, CAy, hin Vin=0 ~V¢ge | —25 - 25 |Vin=0~V¢c | 25 - 25| pA
CBy,E
Three State (Off State) | PAg~PA,, CA;
Vin = 0.4~ - in=0.4~2.4V
Input Current Erer v UL in=0.4~Vee | —10 10 | Vin =0.4~2.4V== o] A
Input “'High" Current PAg~PA4, CA, HH VIH = 2.4V —200 - — | A
Input ”Low’’ Current PAg~PA,, CA; he ViL=0.4V — — (24| mA
10H = —400pA 4.1 - —
Do~Dq OH lOH=-205pA | 24 - | -
IOH < T10uA Ve 01| — -
o High” Vol PAg~PA,, CA, |OH =—400uA | 4.1 - -
utput “High™ Voltage | pe, ~PBy, CB; VOH | 1gp <~10A |Vec—01] = | — v
PAG~PAg, CA; IoH = —200uA [2.4%*+ | — | -
I0H =— 10rA |Vee—0.1| — -
PBo ~PB7, CBy IOH = —2004A | 24 | — | —
Do ~D-, iIRQA, IRGB 10L = 1.6mA — — | o4]ioL=16mA - - |oa
Output “Low"” Voltage PAg~PA,, CA. \ oL =1.6mA - - 04
tp! g 0 7 2 oL loL = 3.2mA _ _ 0.6 oL v
PBo ~PB,, CB; oL = 3.2mA - — |06
Do ~ Oy VoH=24v | 206 | - | - | »A
Output “High” Current | PAg~PA;, CAy 10H VoH=24V'*"| 200 [ — | - | pA
PBg ~PB, CB, VOH = 1.5V -10 | - |—10| mA
Output Leakage Current 1ROA, TRGB _ _ _ _
(Off State) ' ILOH | VOH = Vee B B 10| VOH = Voo 10 A
Z’:"t: ";Bﬁ:& Vin=0V - - [125|Vin=0v - | = |28
Input Capacitance =22 077 | ¢ Ta=25° Ta=25°C F
put Lapacitane R/W, RES, RSo, RS, " a=25°c ff N P
CSo, €Sy, CS;, CA, f=1.0MHz - — | 10 |f=1.0MR2 - | =110
CBy, E
Vin =0V Vin=0V
Output Capacitance IRQA, TRQB Cout Ta=25°C - - 10 | Ta=25°C - - 10| pF
f=1.0MHz f=1.0MHz
oPAg ~PA4, CAz, PBo~
PB4, CB; are specified E = 1.0MHz - — | 300
as input.
oChip is not selected. E = 1.5MHz - — | 400 HA
elnput level
ViH min=Vec — 08V E = 2.0MHz - — {500
Supply Current Vi max = 0.8V )
ePAg~PA7, CA; and ce B
PBo~PB., CB, are E=1.0MHz - - 4
specified as input. _ E =1.5MHz - - 5 mA
oUndethata Bus R/W E = 2.0MHz — _ 5
operation,
Power Dissipation Pp I — | 260 IESO mwW

* Ta =25°C, Ve = 5.0V

i Ch istics will be imp d.

***  HD68B21; VoH =2.2V min (PAg~PA,, CA;)

**** Supply current is defined on the condition that there is no current flow from output terminals. Supply current will be increased when the
current from output terminal exists. Also the current will be increased for charging and discharging the capacitive load. Please take this
case into consideration in estimating system power.

@ HITACHI
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HD6321/HD6821

® AC CHARACTERISTICS (HD6321; V¢ =5V * 10%, HD6821; Ve = 5V + 5%, Vss = 0V, Ta = —20 ~ +75°C unless otherwise noted)

1. PERIPHERAL TIMING

Item y 1 | Test HD6321 HD63A21 HD63B21 HD6821 HD68A21 HD68B21 Unit

min max min max min max min max | min max min max
Peripheral Data Setup Time tPDSU Fig. 1 100 | — |[100 | — 100 | — [200 [ — [135 | — (100 | — [nms
Peripheral Data Hold Time tPDH Fig. 1 4] - V] - o - o - 0 - 0 - ns
Delay Time, Enable negative
Transition to CA; negative Enable - CA; Negative | tca2 Fig. 2, Fig. 3 - 200 - | 200 - 200 — 1000 | — 670 - 500 | ns
Delay Time, Enable negative
transition to CA positive | Enable—>CA, Positive | tRS1 Fig. 2 — |200 | — |200 [ — [200 | — [1000f — 670 [ — (500 |ns
transition
Rise and Fall Times for CA;
and CA; input signals CA1. CA2 e tf Fig.3 ~ |100| - [100| = [100] — [1000| — [1000 | — |1000| ns
Delay Time from CA,
active transition to CA, CA; > CA;, trs2 Fig. 3 — |30 | — |300| — |300| — (2000 — |1350| — |1000( ns
positive transition
Delay Time, Enable negative
{;s:g:non to Peripheral Data | Enable->peripheral Data| tppy | Fi9.4,Fi9.5 | — |300 | — | 300 | — |300)| — [1000| — |670 | — |500 | ns
ali
Delay Time, Enable negative | Enable — Peripheral vV,
transition to Peripheral Data t, cc—30% Vec - - — |1000
CMOS Data Valid PAo~PA7, CA; cmos Fig.4 2000 1350 ns
Delay Time, Enable positive
transition to CB, negative Enable - CB, tce2 Fig. 6, Fig. 7 -~ 200 — [200| — (200 — [1000| — 670 — |[500 ( ns
position
Delay Time, Peripheral Data
Valid to CB; negative Peripheral Data - CB, tpc Fig. 5 20 - 20 - 20 - 20 - 20 - 20 - ns
transition
Delay Time, Enable positive
transition to CB, positive Enable - CB, tRs1 Fig. 6 — |200| - |200| — J200| — [1000f — [670 | — |500 | ns
transition
Peripheral Control Output
Pulse Width, CA,/CB, CA; CB; PWcT Fig.2,Fig.6 | 650 | — | 375 — | 250 | — | 550 — | 550 | — | 500 - | ns
Rise and Fall Time for CB ;
and CBy input signals CB,, CB, e, Y Fig.7 — |100| - {100 - {100] — [1000[ — [1000| — [1000( ns
Delay Time, CB; active
transition to CB, positive | CBy -CB; tRs2 Fig. 7 — [300| — [300| - [300| — {2000 — [1350( — |1000| ns
transition
Interrupt Release Time, —_—
IRQA and IRQB IRQA, IRQB R Fig.9 — |80 | — | 80| — |80} — |[1600| — [1100{ — |850| ns
Interrupt Response Time IHOK,IROB tRs3 Fig.8 -~ |400| — | 400 - |400] - |1000{ — [1000| — |1000| ns
" 1E 1E 1E
Interrupt Input Pulse Width | CA,;, CA,, CBy, CB;y PWI Fig. 8 cycle] ~ leycle| ~ |eycle| ~ 500 — |500**| — [500**| — ns
Reset ““Low’” Time RES* tRL Fig. 10 200{ — |200| — J200) — |1000] — | 660} — | 500 — [ ns
*  The Reset line must be “High’’ a minimum of 1.0us before addressing the PIA,
** At least one Enable ‘“High’’ pulse should be included in this period.
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HD6321/HD6821

2. BUS TIMING

1) READ
HD6321 HD63A21 | HD63B21 HD6821 HD68A21 | HD68B21 ;
item Symbo! | Test Condition " " N - . Unit
min | max |min | max | min | max | min | max | min |max | min | max

Enable Cycle Time teycE Fig. 11 '1000| — 666 | _ |s00 | — [ooo | — |ee6 | — | 500 | — ns
Enable Pulse Width, ““High"’ PWgy Fig. 11 450 — | 280 - 220 — | 450 - | 280 - | 220 - ns
Enable Pulse Width, “‘Low’’ PWg| Fig. 11 430 — | 280 - [210 — | 430 -~ {280 - | 210 - ns
Enable Pulse Rise and Fall Times ter tEf Fig. 11 - 25 - 25 - 20 - 25 - 25 - 25 ns
Setup Time Address, R/W-Enable tAS Fig. 12 80 - 60 - | 60* - 140 - 140 - 70 - ns
Address Hold Time tAH Fig. 12 10 - 10 - 10 - 10 - 10 - 10 - ns
Data Delay Time tDDR Fig. 12 — | 290 | — | 180 - |160| — [320 | — [220| -~ |180 | ns
Data Hold Time tDHR Fig. 12 20 | 100 20 | 100 20 [ 100 10 - 10 - 10 - ns

* Characteristics will be improved.

2) WRITE
HD6321 | HD63A21 | HD63B21 HD6821 HD68A21 | HD68B21
Item Symbol | Test Condition - - - - - - Unit

min | max | min | max | min | max| min | max | min | max | min | max
Enable Cycle Time ‘cch Fig. 11 1000 — | 666 — | 500 - |1000 — | 666 — | 500 - ns
Enable Pulse Width, "‘High'* PWEH Fig. 11 450 - | 280 - | 220 -~ | 450 - | 280 - | 220 - ns
Enable Pulse Width, “‘Low" PWg Fig. 11 430 — |280| - {210 | — | 430 — | 280 | — [210 ( — ns
Enable Pulse Rise and Fall Times tEr, tES Fig. 11 - 25 - 25 - 20 - 25 - 25 - 25 ns
Setup Time tas Fig. 13 80| - 60| — | e60* - | 140 - | 140 | — 70 | — ns
Address Hold Time l Address, R/W-Enable| tAH Fig. 13 10 - 10 - 10 - 10 - 10 - 10 - ns
Data Setup Time tpsw Fig. 13 165 - 80 - 60 — ] 1986 - 80 - 60 - ns
Data Hold Time toHw Fig. 13 10 - 10 - 10| - 10| - 10| - 10| - ns

* Characteristics will be improved.
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PA,~PA;

V4 min
P8, ~PB,

V) max

.
S( Enable

tca2 tRs1”
PWer “nn
Vee -2.
Enable CAx VoL max** [ oo 20V
*A part was d d during

the previous E pulse.
Figure 1 Peripheral Data Setup and Hold Times (Read Mode) Figure 2 CA, Delay Time
(Read Mode; CRA5=CRA3=1, CRA4=0)

Enable N V)i max
ol E‘r:‘f
CA, x IH Min

VL max

Enable \_ V)L max / \

tPOW
1 ——— PA,~PA,
—tca2 tRs2 CA,

Voo ~2,0V **+
0.6v_Vo| max**

CA,

-
" Vee 20V

VoL max** tr

Figure 3 CA; Delay Time

Figure 4 Peripheral Data Delay Times
(Read Mode; CRA5=1, CRA3=CRA4=0)

(Write Mode; CRA5=CRA3=1, CRA4=0)

E
e \vmee [/ .

Enable 1H min
tPow
P, ~P8, X Ve 200 -~ tce2

PW.
weT
r—toc—~] c8, \ Vo max**
e
cs, Veg-2.0V
* Assumes part was deselected during the

(Note) CB, goes “Low" as a result of the previous E pulse.
positive transition of Enable.

trst*®
Ve —2.0V ***

Figure 5 Peripheral Data and CB, Delay Times

Figure 6 CB, Delay Time
(Write Mode; CRB5=CRB3=1, CRB4=0)

(Write Mode; CRB5=CRB3=1, CRB4=0)

Pwlﬁ
i pi CA,,CA, Vin min
B TN cB,,CB, Vi max X
' V) max
——— PIL—.J | —
—tcez trs2® iRQA, TRQB
cs,

Vec =2.0V *** }&3\'
trs3*®

* Assumes part was deselected during
any previous E pulse.

Figure 7 CB, Delay Time
(Write Mode; CRB5=1, CRB3=CRB4=0)

*n

0.6V for HD6321, 0.4V for HD6821
*** 2.4V for HD6821

t
* Assumes Interrupt Enable Bits are set.

Figure 8 Interrupt Pulse Width and IRQ Response
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Enable Vin min

R

3
o

Figure 9 IRQ Release Time

mEs O\

Ve -20V***
* The RES line must be a V;y for a minimum of
1.0 us before addressing the PIA.

Vin min
Enable V), max

tas =

\

tAH —=

tRL

V) max

Figure 10 RES Low Time

V|x min

VL max|

Data Bus

Vee =20V ***
0.4v

Figure 12 Bus Read Timing Characteristics
(Read Information from PIA)

LOAD A

(PA,~PA,, PB,~PB,, CA,, CB,)

Test Point

C=40pF
R=10k$2 (HD6321), 12k (HD6821)

5.0v

All diodes are152074@ or equivalent.

Adjust R|_so that Ig_ = 1.6mA, then test Vo
Adjust R_so that g = 3.2mA, then test Vg

LOAD C
(TRQ Only)

5.0v

3k

I1OODF

Test Point

34

Enable

tAH—

ZV”. max

RS, Vi min

Cs,

R/W VL max
Data Bus

Figure 13 Bus Write Timing Characteristics
(Write Information into PIA)

** 0.6V for HD6321, 0.4V for HD6821.

*** 2.4V for HD6821.

LOAD B
(D,~D,)
5.0V
RL =2.4kQ
Test Point
Cc R
C=130pF

R=10kQ (HD6321), 11kQ (HD6821)

LOAD D (HD6821)
(CMOS Load) Test Point

(PAg~PA4, CAz) |

30pF

Figure 14 Bus Timing Test Loads
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= PIA INTERFACE SIGNALS FOR MPU

The PIA interfaces to the HD6800 MPU with an eight-bit
bi-directional data bus, three chip select lines, two register select
lines, two interrupt request lines, read/write line, enable line and
reset line. These signals, in conjunction with the HD6800
VMA output, permit the MPU to have complete control over
the PIA. VMA should be utilized in conjunction with an MPU
address line into a chip select of the PIA.

o Bi-Directional Data (D, ~D)

Pin No. 33 ~ 26 (DP-40)
Pin No. 43 ~ 36 (FP-54)

Input

The bi-directional data lines (Do ~ D) allow the transfer of
data between the MPU and the PIA. The data bus output drivers
are three-state devices that remain in the high-impedance (off)
state except when the MPU performs a PIA read operation. The
R/W line is in the Read (“High™) state when the PIA is selected
for a Read operation.

e Enable (E)

Pin No. 25 (DP40)
Pin No. 32 (FP-54)

Input/Output

The enable pulse, E, is the only timing signal that is supplied
to the PIA. Timing of all other signals is referenced to the
leading and trailing edges of the E pulse. This signal will
normally be a derivative of the HMCS6800 System ¢, Clock.
This signal must be continuous clock pulse.

o Read/Write (R/W)

Pin No. 21 (DP40)
Pin No. 28 (FP-54)

Input

This signal is generated by the MPU to control the direction
of data transfers on the Data Bus. A “Low” state on the PIA
line enables the input buffers and data is transferred from the
MPU to the PIA on the E signal if the device has been selected.
A “High” on the R/W line sets up the PIA for a transfer of data
to the bus. The PIA output buffers are enabled when the proper
address and the enable pulse E are present.
¢ Reset (RES)

Input Pin No. 34 (DP40)

Pin No. 44 (FP-54)

The active “Low” RES line is used to reset all register bits in
the PIA to a logical zero “Low”. This line can be used as a
power-on reset and as a master reset during system operation.

e Chip Select (CS,, CS; and CS;)

HD6321/HD6821

Input Pin No. 22, 24, 23 (DP40)

Pin No. 29, 31, 30 (FP-54)

These three input signals are used to select the PIA. CSo and
CS,; must be “High” and CS, must be “Low” for selection of
the device. Data transfers are then performed under the control
of the E and R/W signals. The chip select lines must be stable
for the duration of the E pulse. The device is deselected when
any of the chip selects are in the inactive state.

o Register Select (RS, and RS,)

Pin No. 36, 35 (DP-40)
Pin No. 50, 45 (FP-54)

Input

The two register select lines are used to select the various
registers inside the PIA. These two lines are used in conjunction
with internal Control Registers to select a particular register that
is to be written or read.

The register and chip select lines should be stable for the
duration of the E pulse while in the read or write cycle.

o Interrupt Request (TRQA and IRQB)

Input Pin No. 38, 37 (DP-40)

Pin No. 52, 51 (FP-54)

The active “Low” Interrupt Request lines (TRQA and TRQB)
act to interrupt the MPU either directly or through interrupt
priority circuitry. These lines are “open drain” (no load device
on the chip). This permits all interrupt request lines to be tied
together in a wire-OR configuration.

Each IRQ line has two internal interrupt flag bits that can
cause the IRQ line to go “Low . Each flag bit is associated with
a particular peripheral interrupt line. Also four interrupt enable
bits are provided in the PIA which may be used to inhibit a
particular interrupt from a peripheral device.

Servicing an interrupt by the MPU may be accomplished by a
software routine that, on a prioritized basis, sequentially reads
and tests the two control registers in each PIA for interrupt flag
bits that are set.

The interrupt flags are cleared (zeroed) as a result of an MPU
Read Peripheral Data Operation of the corresponding data
register. After being cleared, the interrupt flag bit cannot be
enabled to be set until the PIA is deselected during an E pulse.
The E pulse is used to condition the interrupt control lines
(CA,,CA;, CB;, CB;). When these lines are used as interrupt
inputs at least one E pulse must occur from the inactive edge to
the active edge of the interrupt input signal to condition the
edge sense network. If the interrupt flag has been enabled and
the edge sense circuit has been properly conditioned, the
interrupt flag will be set on the next actjve transition of the
interrupt input pin.

G HITACHI
Hitacht America Ltd. ® 2210 O’Toole Avenue ® San Jose, CA 95131 ¢ (408) 435-8300 35



HD6321/HD6821

u PIA PERIPHERAL INTERFACE LINES

The PIA provides two 8-bit bi-directional data buses and four
interrupt/control lines for interfacing to peripheral devices.

There is difference between HD6821 and HD6321 in Port
structure. Fig. 15 shows the block dlagram of Port A and Port
B in HD6321. The output driversof Port A and Port B consist
of three-state drivers, allowing them to enter a High-mpedance
state when the peripheral data line is used as an input. Port A
and Port B have the same output buffer. But the circuit con-
figuration is slightly different and this makes the difference on
data flow when MPU reads Port A and Port B in the case each

Port is specified as output. As shown in Fig. 15, the output of
the peripheral data A is transferred to internal data bus when
used as output. On the other hand, in the case of Port B the
contents of output register (ORB) is directly transferred to
internal data bus through the multiplexor.

Secondly the equivalent circuit of the port in HD6821 is
shown in Fig. 16. The output circuits of A port is different
from that of B port, When the port is used as input, the input
is pullup to V¢c side through load MOS in A port and B port
becomes “Off” (high impedance).

to Intarnal dats bus to Internal data bus
Data Bus Data Bus
DDRAX DDRBx
b Q D a —{>c>—'
R PAX
ORAx ORBx PBx
D Q 0 D aQ
g’:fm‘l 3State
I p— Buffers
M
D P
X
(a) Port A (b) Port B
Figure 15 Block Diagram of Port A and Port B (HD6321)
From DDR B
+8 +5
-———-——' ﬁ D Mos
To Dats Q PAX
Bus
From DDRA PBx

(a) Port A

-From ORB

{(b) Port B

Figure 16 Circuit of Port A and Port B (HD6821)
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® Port A Peripheral Data (PA,~PA,)

Input/Output Pin No. 2~ 9 (DP-40)
Pin No. 2~ 5,9~ 12 (FP-54)

Each of the peripheral data lines can be programmed to act
as an input or output. This is accomplished by setting a “1” in
the corresponding Data Direction Register bit for those lines
which are to be outputs. A “0” in a bit of the Data Direction
Register causes the corresponding peripheral data line to act as
an input. During an MPU Read Peripheral Data Operation, the
data on peripheral lines programmed to act as inputs appears
directly on the corresponding MPU Data Bus lines.

The data in Output Register A will appear on the peripheral
data lines that are programmed to be outputs. A logical “1”
written into the register will cause a “High” on the correspond-
ing peripheral data line while a “0” results in a “Low”. Data in
Output Register A may be read by an MPU “Read Peripheral
Data A” operation when the corresponding lines are programm-
ed as outputs.

But concerning HD6821, this data will be read properly if
the voltage on the peripheral data lines is greater than 2.0 volts
for a logic “1” output and less than 0.8 volt for a logic “0”
output. Loading the output lines such that the voltage on these
lines does not reach full voltage causes the data transferred into
the MPU on a Read operation to differ from that contained
in the respective bit of Output Register A.

® Port B Peripheral Data (PB, ~ PB,)

Input/Output Pin No. 10 ~ 17 (DP-40)
Pin No. 13 ~ 18, 23 ~ 24 (FP-54

Each of the Port B peripheral data bus can be programmed
to act as an input or output like PAy, ~ PA,.

PB, ~ PB, are in High-impedance condition because they
are three-state outputs just like PA, ~ PB, when the peripheral
buses are used as inputs, when programmed as outputs, MPU
read of Port B make it possible to read the output register
regardless of PBy ~ PB, loads and concerning HD6821, these
line may be used as a source of up to 2.5 milliampare (typ.)
at 1.5 volt to directly drive the base of transistor switch.

® [nterrupt Input (CA; and CB,)

Input Pin No. 40, 18 (DP40)
Pin No. 54, 25 (FP-54)

The peripheral Input lines CA,, and CB, are input only lines
that set the interrupt flags of the control registers. The active
transition for these signals is also programmed by the two con-
trol registers.

HD6321/HD6821

@ Peripheral Control (CA;)

Pin No. 39 (DP40)
Pin No. 53 (FP-54)

Input/Output

The peripheral control line CA, can be programmed to act
as an interrupt input or as a peripheral control output.

The function of this signal is programmed by the Control
Register A. When used as an input, this signal is in High-im-
pedance state.

® Peripheral Control (CB;)

Input/Output  Pin No. 19 (DP-40)

Pin No. 26 (FP-54)

The peripheral Control line CB, may also be programmed to
act as an interrupt input or peripheral control output.

This line is programmed by Control Register B.

When used as an input, this signal is in High-impedance.
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(NOTE) 1. Pulse width of interrupt inputs CA,, CA;,CB, and
CB; shall be greater than a E cycle time. In the case
that “High” time of E signal is not contained in
Interrupt pulse, an interrupt flag may not be set.

E_/ \. s \ / —

Interrupt
Input
re than a Cycle Time

= INTERNAL CONTROLS

There are six locations within the PIA accessible to the MPU
data bus: two Peripheral Registers, two Data Direction Re-
gisters, and two Control Registers. Selection of these locations is
controlled by the RS, and RS, inputs together with bit 2 in the
Control Register, as shown in Table 1.

Table 1 Internal Addressing

Control
Register Bit

RS, | RS, | CRA2 | CRB2 Location Selected

0 0 1 x Peripheral Register A*

0 0 0 x Data Direction Register A
0 1 X x Control Register A

1 V] X 1 Peripheral Register B*

1 0 x 0 Data Direction Register B
1 1 X x Control Register B

x = Don’t Care
* Peripheral interface register is a generic term containing peripheral
data bus and output register.

® [Initialization

A “Low” reset line has the effect of zeroing all PIA registers.
This will set PAg~PA,, PB,~PB,,CA, and CB, as inputs, and
all interrupts disabled. The PIA must be configured during the
restart program which follows the reset.

Details of possible configurations of the Data Direction and
Control Register are as follows.

® Data Direction Registers (DDRA and DDRB)

The two Data Direction Registers allow the MPU to control
the direction of data through each corresponding peripheral
data line. A Data Direction Register bit set at ““0” configures the
corresponding peripheral data line as an input; a “1” results in
an output.

® Control Registers (CRA and CRB)
The two Control Registers (CRA and CRB) allow the MPU to

control the operation of the four peripheral control lines CA,,
CA,;, CB,; and CB,. In addition they allow the MPU to enable
the interrupt lines and monitor the status of the interrupt flags.
Bits 0 through § of the two registers may be written or read by
the MPU when the proper chip select and register select signals
are applied. Bits 6 and 7 of the two registers are read only and
are modified by external interrupts occurring on control lines
CA,, CA;, CB, or CB;. The format of the control words is
shown in Table 2.

Table 2 Control Word Format

7 8 5 | 4 |3 2 1 | o

CRA | IRQA1 | IRQA2| CA, Control DDRA | CA, Control
Access

7 6 5 |4 |3 2 1 o

CRB | IRQB1 | IRQB2| CB; Control DDRB | CB, Control
Access

Data Direction Access Control Bit (CRA2 and CRB2)

Bit 2 in each Control register (CRA and CRB) allows
selection of either a Peripheral Interface Register or the Data
Direction Register when the proper register select signals are
applied to RS, and RS, .

Interrupt Flags (CRA6, CRA7, CRB6, and CRB7)

The four interrupt flag bits are set by active transitions of
signals on the four Interrupt and Peripheral Control lines when
those lines are programmed to be inputs. These bits cannot be
set directly from the MPU Data Bus and are reset indirectly by a
Read Peripheral Data Operation on the appropriate section.
Control of CA, and CB, Interrupt Lines (CRAO, CRBO, CRA1,
and CRB1)

The two lowest order bits of the control registers are used to
control the interrupt input lines CA, and CB,. Bits CRAO and
CRBO are used to enable the MPU interrupt signals IRQA and
TRQB, respectively. Bits CRA1 and CRB1 determine the active
transition of the interrupt input signals CA, and CB, (Table 3)
Control of CA, and CB, Peripheral Control Lines (CRA3,
CRA4, CRAS5, CRB3, CRB4, and CRBS5)

Bits 3, 4 and S of the two control registers are used to
control the CA, and CB, Peripheral Control lines. These bits
determine if the control lines will be an interrupt input or an
output control signal. If bit CRAS (CRBS) is “0” CA; (CB;)
is an interrupt input line similar to CA1 (CB1) (Table 4). When
CRAS (CRBS) is “1”, CA; (CB;) becomes an output signal
that may be used to control peripheral data transfers. When in
the output mode, CA, and CB, have slightly different
characteristics (Table S and 6).
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Table 3 Control of Interrupt Inputs CA; and CB,

HD6321/HD6821

CRAI CRAO Interrupt Input Interrupt Flag M earrupt
(CRB1) (CRBO) CA; (CBy) CRA? (CRB7) [
0 0 1 Active Set “1” on | of CA,; Dissbled — |RG remains
(CB,) “High"
0 1 ¥ Active Set “1” on | of CA; Goss 'Low’’ when the Inter-
(CBy) rupt flag bit CRA? (CRB7)
0“. ll1ll
1 0 1 Active Set 1" on  of CA, Disabled — |RG remains
(CB;) “High"
1 1 t Active Set “1" on 1 of CA, Goes "Low’’ when the inter-
(CBy) rupt flag bit CRA7 (CRB7)
goes 11"
(Notes) 1. 1 indicates positive transition ("*Low’ to ‘‘High"’)
2. | indicates negative transition (’High’* to “Low’’)
3. The Interrupt flag bit CRA7 is cleared by an MPU Read of the A Peripheral Register
end CRB7 is cleared by an MPU Read of the B Peripheral Registar.
4, If CRA| 0) is ‘0" when an interrupt occurs (Interrupt disabled) and is later brought 1",
TRGA occurs after CRAQ (CRBO) is written to a *'1"".
Table 4 Control of CA; and CB, as Interrupt Inputs — CRAS5 (CRBS) is “0"
C:ag) CRA: CRA3 Interrupt Input Interrupt Flag Mpge:ﬁ:;;"‘p‘
(Cl (CRB4) (CRB3) CA; (CB;) CRAG6 (CRB6) _IRQAJ(I_RQB)
0 0 0 { Active Set 1" on | of CA, Disabled — TRQ remains
(CB,) “High""
0 0 1  Active Set “1” on | of CA, Goes “Low”” when the inter-
(CB2) rupt flag bit CRA6 (CRB6)
goes 1"
[) 1 0 1 Active Set 1" on 1 of CA, Disabled — IRQ remains
(CB;) “High”’
0 1 1 1 Active Set “1” on t of CA, Goes ‘‘Low’’ when the inter-
(CB;) rupt flag bit CRA6 (CRB6)
goes 1"
(Notes) 1. t indicates positive transition (““Low" to “"High*")
2. | indicates negative transition (*‘High” to “’Low"’)
3. The interrupt flag bit CRAG is cleared by an MPU Read of the A Peripheral Register and CRB6 1s
cleared by an MPU Read of the B Peripheral Register.
4. If CRA3 R#Lis ‘0" when an interrupt occurs (Interrupt disabled) and s later brought
“1”, IRQA (IRQB) occurs after CRA3 (CRB3) 1s written to a ‘1",
Table 5 Control of CB; as an Output — CRB51s “1”
CB,
CRB5 CRB4 CRB3 Cleared Set
1 0 0 “Low’’ on the positive transition of “High" when the interrupt flag bit
the first E pulse after MPU CRB7 is set by an active transition
Write “B’’ Data Register operation. of the CB, signal. (See Figure 16)
1 0 1 ‘“Low’’ on the positive transition of “High”’ on the positive edge of the
the first E pulse after an MPU Write first ’E”" pulse following an “E"
‘B Data Register operation. pulse which occurred while the
part was deselected. (See Figure 16)
1 1 0 “Low"
(The content of CRB3 is output on CB,)
1 1 1 “‘High"’
(The content of CRB3 is output on CB, )
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HD6321/HD6821

Table 6 Control of CA; as an Output — CRA51s 1"

CA;
CRAS CRA4 CRA3 Cleared Set
1 0 0 “Low’’ on negative transition of E “High’’ when the interrupt flag bit
after an MPU Read ““A” Data Opera- CRAZ7 is set by an active transition
tion. of the CA, signal. (See Figure 16)
1 0 1 ““Low’’ on negative transition of E “’High’’ on the negative edge of the
after an MPU Read ‘A" Data opera- first ““E'* pulse which occurs during
tion. a deselect. (See Figure 16)
1 1 0 “Low"
(The content of CRA3 is output on CA;)
1 1 1 “High”
(The content of CRA3 is output on CA;)

" PIA OPERATION

® Initialization .

When the external reset input RES goes “Low”, all internal
registers are cleared to “0”. Periperal data port (PA,~PA7,
PB,~PB,) is defined to be input and control lines (CA,, CA,,
CB; and CB,) are defined to be the interrupt input lines. PIA is
also initialized by software sequence as follows.

[ Clear the control register ] o Program the data direction register access bit of the control
register to “0” to allow to access the dada direction register.

L Load input/output direction data into ACC ]

Store the contents of ACC into the
data direction register

]

[ Load the control data to be written into ACC

o The data of the control line function is set into the accumu-

1 lator, of which Data Direction Register Access Bit shall be
programmed to “1”’.
Store the contents of ACC into the control register o Transfer the control data from the accumulator into the
control register.

!

put/output processing

® Read/Write Operation Not Using Control Lines
<Read Operation>

Set the data direction register to 00"

CLR CRA o Clear the DDRA access bit of the control register to “0”.

CLR DDRA e Clear all bits of the dada direction register.
l LDAA #$04 e Set DDRA access bit of the control register to “1” to allow
[ Initialize the control register J STAA CRA to access the peripheral interface register.

I

Load the contents of the peripheral
interface register into the accumulator LDAA PIRA

|
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HD8321/HD6821

<Write Operation>
o CLR CRA o Set DDRB access bit of the control register to “0”.
Set the date direction register to “FF" LDAA #$FF —
l STAA DD“) o Set all bits of the data direction register to “FF".
L Initialize the control register | Loaa wsos } o Set DDRB access bit of the control register to “1” to allow to
| STAA, CRB access the peripheral interface register,
Store the date in the accumulator into H
output register ;‘::: :::';A e Write the data into the peripheral interface register.

l

o Read/Write Operating Using Control Lines

Read/write request from peripherals shall be put into the
control lines as an interrupt signal, and then MPU reads or
writes after detecting interrupt request.

< Read >

The following case is that Port A is used and that the rising
edge of CA, indicates the request for read from peripherals.

|

CLR CRA o Setthe DDRA access bit to “0”.
Set the data direction register to “00" CLR DDRA o Set all bits of the data direction register to “0”.
l LDAA #$06 e Program the rising edge of CA, to be active. TRQA is masked
I Initialize the control register 1 STAA CRA and DDRA access bit is set to 1.

LOOP LDAA CRA

Load the contents of the control register gpL Loop [ ® Check whether the read request comes from peripherals
into the accumulator or not

=

Yes

Load the contents of the peripheral LDAA PIRA o Load the data from the peripheral interface register into the
interface register into the accumulator accumulator. CRA flag is reset after this read operation.

!

To read the peripheral data, the data is directly transfered to
the data buses Do~D7 through PA,~PA, or PB,~PB, and
they are not latched in the PIA. If necessary, the data should be
held in the external latch until MPU completes reading it.

When initializing the control register, interrupt flag bit
(CRA7, CRA6, CRB7, CRB6) cannot be written from MPU. If
necessary the interrupt flag must be reset by dummy read of
Peripheral Register A and B.

<Write>

Write operation using the interrupt signal is as follows. In
this case, B port is used and interrupt request is input to CB, .
And the IRQ flag is set at the rising edge of CB, .
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|

CLR CRB
Set the data direction register to ‘“FF " LDAA  #$FF
l STAA DDRB
L Initialize the control regi: ] LOAA #3506
tia register STAA  CRB
LOOP LDAA CRB
Load the contents of the control BPL LooP
register into the accumulator
No @
Yes
Load the contents of the output LDAA PIRB
register in the accumulator
Store the of the
into the output register STAB  PIRB

|

Interrupt request flag bits (CRA7, CRA6, CRB7 and CRB6)
cannot be written and they cannot be also reset by write
operation to the peripheral interface register. So dummy read of
peripheral interface register is needed to reset the flags.

To accept the next interrupt, it is essential to reset indirectly
the interrupt flag by dummy read of peripheral interface
register.

Software poling method mentioned above requires MPU to.
continuously monitor the control register to detect the read/
write request from peripherals. So other programs cannot run at
the same time. To avoid this problem, hardware interrupt may
be used. The MPU is interrupted by IRQA or IRQB when the
read/write request is occurred from peripherals and then MPU
analyzes cause of the interrupt request during interrupt pro-
cessing.

o Handshake Mode

The functions of CRA and CRB are similar but not identical
in the hand-shake modes. Port A is used for read hand-shake
operation and Port B is used for write hand-shake mode.

CA; and CB, are used for interrupt input requests and CA,
and CB; are control outputs (answer) in hand-shake mode.

Fig. 17, Fig. 18 and Fig. 19 show the timing of hand-shake
mode.

< Read Hand-shake Mode>
CRA5=*1", CRA4="0" and CRA3=0"

(D A peripheral device puts the 8-bit data on the peripheral
data lines after the control output CA, goes “Low”.

@ The peripheral requests MPU to read the data by using CA,
input.

e Set DDRB access bit to “0”
} o Set all bits of DDRB to output “1”.

} o Program the rising edge of CB, to be active. IRQB is masked
and DDRB access bit is set to “1”.

} ® Check whether the write request comes from peripherals
or not.

e Reset the CRB7 flag by the dummy read of the
peripheral interface register.

e Store the data of the accumulator B to the peripheral
interface register.

@ CRA7 flag is set and CA, becomes “High” (CA, auto-
matically becomes “High” by the interrupt CA,). This
indicates the peripheral to maintain the current data and
not to transfer the next data.

@ MPU accepts the read request by IRQA hardware interrupt
or CRA read. Then MPU reads the peripheral register A.

(® CA; goes “Low” on the following edge of read Enable
pulse. This informs that the peripheral can set the next data
to port A.

<Write Hand-shake>

CRBS = “1”, CRB4 = “0” and CRB3 = “0”

@ A peripheral device requests MPU to write the data by using
CB; input. CB; output remains “High” until MPU write
data to the peripheral interface register.

@ CRB7 flag is set and MPU accepts the write request.

(3 MPU reads the peripheral interface register to reset CRB7
(dummy read).

(@ Then MPU write data to the peripheral interface register.
The data is output to port B through the output register.

(® CB, automatically becomes “Low” to tell the peripheral
that new data is on port B.

(© The peripheral read the data on Port B peripheral data lines
and set CB; to “Low” to tell MPU that the data on the
peripheral data lines has been taken and that next data can
be written to the peripheral interface register.

<Puise mode>
CRAS = “1”, CRA4 = “0” and CRA3 = “1”
CRBS =“1”, CRB4 = “0” and CRB3 = “1”
This mode is shown in Figure 17, Figure 20 and Figure 21
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CRAS | CRA4 | CRA3 Timing
C L L1
RW — . I
MPU Read | |
— |
Cs-RS, -RS, |
| |
D,~D, Van Ul |
1
- PA,~PA, ®, a !
; ~ : ——
< cA, @ . | L —
* READ Request : | READ Request
o
a |
(©) @ | |
CRA7 | ;
|
I'|MPU READ
CA, | isover, |
1 0 1 The change of PA, ~PA,
P is not allowed. |
A,~PA,\are Bus:
Y
allowed to |be set. lNext PA°~PA., are all 10 set.
1 (1] 0 CA, Ready Ready | J l Busy
CRBS | CRB4 |[CRB3 Timing
] Lv& I L L
RIW MPU Write |r :
I__J | \ |
@) |® :
CsRS, -RS, I I | |
— | |
D,~D. .
; " 7
: ; 1
o PB,~PB, / | |
£ |
T
¢ cs, — ;
WRITE Request | | WRITE Request
® dummy Read I |
Reset | |
CRB7 | L
T +
| E
1 (V] 1 CB,
PB,~PB, data s old.
1 0 0 PB,~PB, data is new.

Busy

cB, J

I Ready

Figure 17 Timing of Hand-shake Mode and Pulse Mode

@ HITACHI

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

HD6321/HD6821

43



HD6321/HD6821

Goes “High” on
transition of CA,
(IRQA1 Flag bit set)

ys

77

E

|

Goes ““Low’’ when data on
““A" side has been read by
MPU after falling edge

of enable signal

| (LDAAPIRA)

Enable signal (E)

Handshaking with peripheral on ‘A’ side

Data

+

=

Peripheral

y\_

Peripheral Says:
Here’s new data
(Sets CRA7)

Figure 18 Bits 5, 4, 3 of CRA = 100 (Hand-shake Mode)

CA,

]
PIRA CA,

PIA
CA:

CRA
l [of:]e]o]" I°IJ
Says: Data taken
(LDA A PIRA)

Goes “’High’* or transition

of CB, (IRQB1 flag bit set)

cB,

Goes “Low’ on first
positive edge of enable
signal after the MPU
stores data to the “B*
side. (STA A PIRB)

Enable

signal
(E)

L L L

Handshaking with peripheral on ‘B’ side

Data

Peripheral

PIRB
CB, e
PIA
CB,
CR8

oonoonon

44

Says: Here’s new data
(STA A PIRB)

Peripheral
Request for data

Figure 19 Bits 5, 4, 3 of CRB = 100 (Hand-shake Mode)
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Goes “High’” on
CA, Normally Goes “Low" after a “’Read a side the tive
“High" data” Instruction (LDA) odg-cé th'e
(Negative transition of E) next E pulse

after a
“Read a
side data”
Instruction
(LDA)

Enable
signal (E) | I I
Pulse mode
Pulse output on ‘A’ side
l Data
PIRA
PIA Peripheral
CA,
7 CRA 0
|I|OI|IOI|I|Lx|xI
Pulse initiated es a result / Reade
of reading ‘A’ side Data “Read” by MPU
(LDA A PIRA)
Figure 20 Bits 5, 4, 3 of CRA = 101 (Pulse Mode)
Goes ""High”” on the
CB, Normally next positive E
“High” Goes “Low’ on the positive puise "a'" A
transifion of the first m'g o
E pulse after a “write B o ::on
side data” instruction '(g?".:) i
(STA)
Enable
signal
S I e I
Pulse mode

Pulse output on ‘B’ side

E—

PIRB

PIA Peripheral
cB,

7 CRB 0
[ fofrfofr]r[x]x]
New data presented

Pulse initiated as a m:’m ot bore
of writing into ‘B’ side "
(STA A PIRB) for peripheral

Figure 21 Bits 5, 4, 3 of CRB = 101 (Pulse Mode)
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HD6321/HD6821

8 SUMMARY OF CONTROL REGISTERS CRA AND CRB

Control registers CRA and CRB have total control of CA,,
CA,, CB,, and CB, lines. The status of eight bits of the control
registers may be read into the MPU. However, the MPU can only
write into Bit O through Bit 5 (6 bits), since Bit 6 and Bit 7 are
set only by CA;, CA,,CB,, or CB,.

® Addressing PlAs

Before addressing PIAs, the data direction (DDR) must first
be loaded with the bit pattern that defines how each line is to
function, i.e., as an input or an output. A logic ““1” in the data
direction register defines the corresponding line as an output
while a logic “0” defines the corresponding line as an input.
Since the DDR and the peripheral interface resister have the same
address, the control register bit 2 determines which register is
being addressed. If Bit 2 in the control register is a logic “0”,
then the DDR is addressed. If Bit 2 in the control register is a
logic “1”, the peripheral interface register is addressed. There-
fore, it is essential that the DDR be loaded first before setting
Bit 2 of the control register.

<Example>

Given a PIA with an address of 4004, 4005, 4006, and 4007.
4004 is the address of the A side peripheral interface register.
4005 is the address of the A side control register. 4006 is the
address of the B side peripheral interface register. 4007 is the
address of the B side control register. On the A side, Bits 0, 1, 2,
and 3 will be defined as inputs, while Bits 4, 5, 6, and 7 will be
used as outputs. On the B side, all lines will be used as outputs.

PIA1AD = 4004 (DDRA, PIRA)
PIA1AC = 4005 (CRA)
PIA1BD = 4006 (DDRB, PIRB)
PIA1BC = 4007 (CRB)
1. LDA A #%11110000 (4 outputs, 4 inputs)
2. STAA PIAIAD (Loads A DDR)
3. LDAA#%I11111111 (All outputs)
4. STAA PIAIBD (Loads B DDR)
S.  LDA A #%00000100 (Sets Bit 2)
6. STAA PIAIAC  (Bit 2 set in A control register)
7. STAA PIAIBC  (Bit 2 set in B control register)

Statement 2 addresses the DDR, since the control register
(Bit 2) has not been loaded. Statements 6 and 7 load the control
registers with Bit 2 set, so addressing PIA1AD or PIA1BD
accesses the peripheral interface register.

® PIA Programming Via The Index Register

The program shown in the previous section can be accom-
plished using the Index Register.

1. LDX  #3F004

2. STX PIAIAD $FO-PIA1AD ;$04-PIA1AC
3. LDX  #$FF04

4. STX PIAIBD $FF-PIA1BD;$04->PIA1BC

Using the index register 1n this example has saved six bytes of
program memory as compared to the program shown in the
previous section.

® Active Low Outputs
When all the outputs of given PIA port are to be active “Low”
(True < 0.4 volts), the following procedure should be used.

a) Set Bit 2 in the control register.

b) Store all 1s ($FF) in the peripheral interface register.
¢) Clear Bit 2 in the control register.

d) Store all 1s ($FF) in the data direction register.

e) Store control word (Bit 2 = 1) in control register.

<Example>

The B side of PIA1 is set up to have all active low outputs.
CB; and CB, are set up to allow interrupts in the HAND-
SHAKE MODE and CB,; will respond to positive edges
(“Low”-to-“High” transitions). Assume reset conditions. Ad-
dresses are set up and equated to the same labels as previous
example.

1. LDA A#4

2. STA APIAIBC  SetBit 2 in PIA1BC (control register)
3. LDA B#S$FF

4. STA BPIAIBD  All Isin peripheral interface register
5.  CLRPIA1IBC Clear Bit 2

6. STA BPIAIBD  All s in data direction register

7. LDA A #3827

8. STA APIAIBC 001001 11-— control register

The above procedure is required in order to avoid outputs
going “Low”, to the active “Low” TRUE STATE, when all Is
are stored to the data direction register as would be the case if
the normal configuration procedure were followed.

e Interchanging RS, And RS,

Some system applications may require movement of 16 bits
of data to or from the “outside world” via two PIA ports (A
sidle + B side). When this is the case it is an advantage to
interconnect RS, and RS, as follows.

RS, to Al (Address Line A1)
RS, to AO (Address Line AO)

This will place the peripheral interface registers and control
registers side by side in the memory map as tollows.

Table Example Address
PIAIAD $4004 (DDRA, PIRA)
PIA1BD $4005 (DDRB, PIRB)
PIAIAC $4006 (CRA)
PIA1IBC $4007 (CRB)

The index register or stackpointer may be used to move the
16-bit data in two 8-bit bytes with one instruction. As an
example:

LDX PIA1AD PIA1AD - IXy: PIAIBD - X[

© PIA — After Reset

When the RES (Reset Line) has been held “Low” for a
minimum of one microsecond, all registers in the PIA will be
cleared.

Because of the reset conditions, the PIA has been defined as
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follows.

1. All 1/O lines to the “outside world” have been defined as
inputs.

2. CA;,CA,,CBy, and CB, have been defined as interrupt
input lines that are negative edge sensitive.

3. All the interrupts on the control lines are masked. Setting of

HD6321/HD6821

® SUMMARY OF CA,-CB, PROGRAMMING
Bits 5, 4, and 3 of the control registers are used to program
the operation of CA,-CB,.

b5 b4 b3
interrupt flag bits will not cause TRQA or TRQB to go “Low”.
pt flag B CAp—cB, |0 ]0( 0 (Mask) CA;—CB; Input Mode
Input - 0 |0(-) 1 (Allow) b4 =Edge (0=-,1=+)
Mode 0 | 1(+) O (Mask) b3 =Mask (0= Mask,
= SUMMARY OF CA,-CB, PROGRAMMING L0 1+ 1 (Allow) 1=Allow)
Bits 1 and O of the respective control registers are used to —
program the interrupt input control lines CA, and CB, . CA,—CB, | 1| O  0— Handshake Mode
Output _, 1 0 1 — Pulse Mode
Mode rpr oo ] b3 Following Mode
b1 b0 S !
0 0 bl = Edge (0=~,1=+)
0 1 b0 = Mask (0 = Mask, 1 = Allow)
1 0
1 1
Note that this is the same logic as Bits 4 and 3 for CA;-CB,
when CA;-CB, are programmed as inputs.
¢————CA,
— e — CA,
—
1/0 As Follow: PA,
Control Lines: ¢———PA
CA, - Positive Edge, Allow Interrupt pn <+ PA,
CA, — Pulse Mode ————p ra
CB, — Negative Edge, Mask Interrupt P y
CB, — Hand Shake Mode » Pa,
— > Pa,
Assume Reset Condition |¢———e PA,
PIA1AD
PIA1AC PA,
PIA1BD
PIA1BC F-—-———————————
PIA Configuration Solytion ¢ CB,
LDA A #$BC 10111100  ——— ¢ N
STA A PIA1AD 1/0 to DDRA N
LDA A #§FF 1M1 111 . !
STA A PIA1BD 1/0 to DDRB .
LDA A #$2F 0010 1111 g
STAAPIAIAC  To A" Control °
LDA A #§24 0010 0100 *
STA A PIA1BC To “B" Control .
.
L]
» PB,

Figure 22 PIA Configuration Problem
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HD6321/HD6821

= NOTE FOR USE
Compatibility with NMOS PIA (HD6821)

Table 7 Comparison CMOS PIA (HD6321) with NMOS PIA (HD6821)

Item CMOS PIA (HD6321) NMOS PIA (HD6821)
Three-state output Pull-up output
+5Vv
Port A
—_ MOS
Output | o | PMOS PA, ~PA, PA, ~PA,
Buffer o i
CA, DDRA CA,
ORA NMOS
Internal
lntemal
Data Bus Data Bus
Read signal
Measure for Input floating
Three-state output Three-state output
+5V
JEE— PMOS 'DDRB—4 N
DDRB— PB, ~PB, Mos PB, ~PB,
PortB B, — cs,
Output | ORB— NMos
Buffer
Internat Internal
Data Bus Data Bus
Read signal
Measure for Input floating
There is no difference between CMOS PIA and NMOS PIA in pin arrangement.
@ HITACHI
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HD6340/HD6840
PTM (Programmable Timer Module)

The HD6340/HD6840 (PTM) is a programmable subsystem
component of the HMCS6800 family designed to provide HD6340P, HD6840P
variable system time intervals.

The PTM has three 16-bit binary counters, three correspond-
ing control registers and a status register. These counters are
under software control and may be used to cause system inter-
rupts and/or generate output signals. The PTM may be utilized
for such tasks as frequency measurements, event counting,
interval measuring and similar tasks. The device may be used for
square wave generation, gated delay signals, single pulses of
controlled duration, and pulse width modulation as well as
system interrupts.

= FEATURES
® Operates from a Single 5 volts Power Supply

(DP-28)

® Single System Clock Required (E)

® Selectable Prescaler on Timer 3 Capable of 4 MHz for the The specifications of the HD6340 are for preliminary and
HD6340/HD6840, 6 MHz for the HD63A40/HD68A40 and  may change hereafter.

8 MHz for the HD63840/HD68B40. Please make an inquire at sales office upon adoption of the
® Programmable Interrupts (IRQ) Output to MPU HD6340.
@ Readable Down Counter Indicates Counts to Go until Time-
out
©® Selectable Gating for Frequency or Pulse-Width Comparison
® Three Asynchronous External Clock and Gate/Trigger -/ —
Input Internally Synchronized 1 2] C

Vss
® Three Maskable Outputs Gz E 27{ Oy
— HD6340 — 0. [3] 26] G,
® Wide Range Operating Voltage (Vcc = 5V £10%) c (4 25] s
° Low-Pov'Ner, H.igh-Speed, High-Density CMOS Gs E % D
® Compatibie with NMOS PTM (HD6840)
0s E 23] D
— HDG840 — @ O] [22] D,
® Compatible with MC6840, MC68A40 and MC68B40 AES E E D.
wa (5] = o
RSo E E Ds
s TYPE OF PRODUCTS RS;E E D;
Type Process | Clock -Frequency | Package Rs,[1__2 E E
HD6340 1.0 MHz R/W|13 16] CS:
HD63A40 | CMOS 1.5 MHz DP-28 vee[1@ 15 CSo
HD63B40 2.0 MHz
HD6840 1.0 MHz (Tep View)
HD68A40 | NMOS 1.5 MHz DP-28
HD68B40 2.0 MHz
@ HITACHI
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HD6340/HD6840

= ABSOLUTE MAXIMUM RATINGS

Item Symbol oo | ioesae | U
Supply Voltage Ve -0.3~+7.0 | —0.3~+7.0 \Y
Input Voltage Vin* —-0.3~+7.0 | —0.3~+7.0 | V
Maximum Output Current | |1 1** 10 mA
Operating Temperature Topr | —20~+75 | —20~+756 | °C
Storage Temperature Tstg —56~+160 | —55~+150 | °C

*  With respect to Vgs (SYSTEM GND)

** Maximum output current is the maximum currents which can flow out from one output
terminal or 1/O common terminal. (Dg~ D7,0;~ O3, TRQ)

(NOTE) Permanent LS| damage may occur if imum ratings are ded. Normal

operation should be under recommended operating conditions. If these
conditions are exceeded, it could affect reliability of LSI.

= RECOMMENDED OPERATING CONDITIONS

Item Symbol | _11D6340 HDBBAO 1 )it
min [typ | max [ min |typ | max
Supply Voltage Vec* | 45 [6.0 |55 [4.75/5.0 |5.25| V
Input “Low Voltage viL* 0 [-]|]08 |03 — (08| V
“High” | E1 RAW 26™| - |V
Input ""High 1 Vin' cc 22 | = |Vee| Vv
Voltage Other Inputs 22 | — | Vee
Operating Temperature Topr -20|{25| 75 |-20| 26| 75 | °C
* With respect to Vg5 (SYSTEM GND)
## Characteristics to be improved.
@ HITACHI
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® ELECTRICAL CHARACTERISTICS . )
e DC CHARACTERISTICS (HD6340; V¢c = 5V +10%, HD6840; Ve = 5V 5%, Vss =0V, Ta = —20~+75°C, unless otherwise noted.)

HD6340/HD6840

Symbol HD6340 HD6840 U
ftem vm Test Condition min typ* | max Test Condition min | typ* | max it
Input ““High” Voltage | E, R/W 2.6** — | Vee
\" - 22 - |V v
Other IH cc
Inputs 22 = | Vee
Input “Low" Voltage | Vy_ -0.3 i k] -03 | — (08 | V
Input Leakage Current | I,n Vin =0~ V¢c (Except Do~D,) -25 — | 25 } Vin=0~V¢c (Except Do~D4) |—2.5 - |25 | A
Three-State Input Vin=0.4 ~ V¢, _ _ Vin =0.4~2.4V _ _
Current (Off-state) TSI | Ve = 5.5V (Dg~Ds) 10 10| Ve =5.25V (Do~D 10 10 | uA
ILOAD = ~4004A (Do~ D) 41 e
ILOAD = —205uA (D,~D,)
1LOAD < 101A (Do~D5) Vee—01 | — | —
Output “High" Voltage | Vo 24 - - \
ILoAD = —400uA (Other Outputs) 4.1 -1 - . - _2004A (Other )
1LOAD < 104A (Other Outputs) Veerod | - | = | 0P Outputs
1 =1.6mA (Do~D) | = 1.6mA (Do~D~)
Output ““Low’* Voltage | Vg LOAD o — - - |04 LOAD - - |04 Y2
1LOAD = 3:2mA (01~ 03, TRQ) ILoAD =3.2mA
(0, ~03, IRQ)
oput Leakage Curent! ) | Vow = Vee (IRQ) - — | 10 | vou =24V (Fa) — | = |10 |
« Chip is not selected.
« All counter latches E=1.0MHz| - - |10
are preset.
+ 01 ~0j3 outputs are E=15MHz| — - |15
masked.
« Input level (Except E)
V|H min=Vc—0.8V E=20MHz| — - 120
ViL max = 0.8V
« Chip is not selected
Supply Current lee - Counters are operating.| E=1.0MHz| — - |30 mA
01~03 0p ]
with load. =
- Input level (Except E) E=15MHz} — i
ViH min = Vc—0.8
VL max = 0.8V E=20MHz| — - | 6.0
- Data bus in R/W -
operation. E=10MHz| — - | 5.0
« Counters are operating.| E =16 MHz| — — | 8.0
- 01~0joperating - _ _
with load. E =2.0 MHz 10.0
Power Dissipation PD -_ 330 | 650 | mW
Vin =0V. Do~ Dy - — |128 | vin=0v. [Do~D4 - |- 128
Input Capacitance Cin Ta=25°C Ta=25°C pF
f=1MHz Other Input 7.5 | f=1.0 MHz| Other Input - - 7.5
Vin=0V. IR - — 150 | vin=0v |iRa - |- |50
Output Capacitance Cout Ta=25°C, Ta=25°C pF
f=1MHz 0,,0,,03 | — — |100 | f=1.0MHz| 0,,0,, 03 - | - |100
*Ta=25°C, Ve =5.0V  ** V|4 =2.2V at Vg = 5V +5%, Ta = 0~70°C, Characteristics to be improved.
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HD8340/HD68840

® AC CHARACTERISTICS (HD8340; Ve = BV £10%, HD8840; BV 6%, Vg = OV, Ta = —20~+75°C, unless otherwise noted.)

1. MPU READ TIMING

Test HDB8340 HDB3A40 HDB3B840 HDB840 HDBBA40 HDB8B40
Item Symbol Unit
Condition (min | max [min | mex [min | max [ min [ max [min | max [min | max
Enable Cycle Time toyeE 1000 {10000 | 666 {10000 | BOO | 10000 {1000 | 10000 | 866 | 10000 | 500 |10000 | ns
Enable “High'" Pulse Width | PWgy 450 | 9600 | 280 | 9500 | 220 | 9800|450 | 4600 | 280 | 4B00 {220 | 4800 | ns
Enable ""Low’' Pulse Width | PWg, 430 | 9500 ( 280 | 9500 | 210 | 8600 | 430 - 280 - 210 - ns
Enable Rise and Fall Time | tg,, tgs - 28 | - 28 | - 20 | - 26 | - 26 | - 28 ns
Address Set-up Time tAs Fig. 1 80 - 80 - 40 - 140 - 140 - 70 - ns
=
Data Delay Time tpDR = 200 | - 180 | — 160 | - 320 | — 220 | - 180 | m
Data Hold Time tHR 20 (100 | 20 | 100 | 20 [ 100 | 10| - | 10| - 0= |[n
Addrass Hold Time tAH 10 - 10 - 10 - 10 - 10 - 10 - ns
Data Access Time tace - 370 | — 240 | - 190 | - 480 | - 360 | - 280 | ms
2. MPU WRITE TIMING
Test HD6340 HD63A40 HDB3840 HDE840 HDB8A40 HD6E8B40
Item Symbol | condition min | max |min | max |min | max |min | max |min | max |min | max Unit
Enable Cycle Time toycE 1000 {10000 | 666 | 10000 | 600 | 10000 [1000 | 10000 | 666 |10000 | 500 |10000 | ns
Enable “'High"’ Pulse Width | PWgyy 450 | 9500 | 280 9500 | 220 | 9500|450 | 4500 {280 | 4500 (220 | 4500 | ns
Enable "Low'’ Pulse Width | PWg | 430 | 9500280 | 9500 | 210 | 9500 | 430 - 280 - 210 - ns
Enable Rise and Fall Time | tgy, tgs Fia. 2 - 25 - 25 - 20 25 - 25 - 25 ns
g,
Address Set-up Time tas 80 | - 60 - 4 | - 140 | - 140 | - 140 | - ns
Data Set-up Time tpsw 165 - 80 - 60 - 195 - 80 - 60 - ns
Data Hold Time tHW 10 - 10 - 10 - 10 - 10 - 10 - ns
Address Hold Time tAH 10 - 10 - 10 - 10 - 10 - 10 - ns
3 TIMING OF PTM SIGNAL
1tem Symbol | Test Conditi HD6340 HDE3A40 | HD63B40 HDE840 HDE8A40 HDESBA0 |\ .
min max | min max | min max | min max | min max | min max
Input Rise and Fall| o 5 RES | tr, ¢ Fig.3,Fig.4 |- [1000*| — |e66*| — [s00*| — |io00*| - |ese*| — |500*| ns
Low” Fig.3  |teycE toycE toycE £ toycE teycE
w‘%‘g Low"Pulse | =& RES PW Asynchronous +?éu - fxys‘b - &‘ls({) —_ ic‘ygb — |+tsu | — ﬁéu - | ns
Mode +tHD +tHD +tHD +HHD +tHD +HHD
P — Fig. 4 1, teycE teycE teycE teycE teycE
Purse Wideh .G PWy | Asynchronous |50 | - | 43U | - |+Su | - [HSU | - [#SU | = [HSU| = | e
Mode +HD +HHD +tHD +tHD +HD, tHD
- C, G, RES Fig. 5 200 - 120 - 75 - 200 - 120 - 75 - ns
Input Setup Time TE"g 5 Ttsy Synchronous
scuror Mode) Mode 20 [ - 170 | - [170 | - |200 | - 170 | - [170 | - | ns
input Hold Ti T, G, RES Fig. 5 50 | — | 50 |~ |80 |- |60 |- |60 |- |6 |- |ns
nput Hold Time (+ 8 Pre- |'"HD Synchronous
K= Mode) Mode 60 | - | 80 | - | 80 |~ |60 |~ |60 |~ |50 |~ | m
" C; (<8 Pre- [PW Asynchronous
Input Puise Width | 2 0"y iodel PWj | Mode 120 | - (80 |- |60 |- |1258 | - |84 |- |625 |~ | ns
Output Delay Time|O;~ O3 tco Fig. 6 - | 200 -~ | 200 - 200 - 700 - 460 | - 340 | ns
tem - | 460 - | 460 | — 340 | ns
temos - |2000| - |1360| = {1000 ns
interrupt Release Time [t} Fig.7 - [1200] - [eoo| - [700] - J1200] — Jeoo] - [700] e
* tp ty S toycE
G HITACHI
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RS, CS, RW

Data Bus X

0.4V
Figure 1 Bus Read Timing
(Read Information from PTM)
PW
G/ ~Cs, VH min
G ~Gs, Vi max ,
RES
1t — t,
Figure 3 Input Pulse Width “‘Low"

e
JX
7

HD6340/HD6840

|=-PWE =

ViL "‘3",{

~tes

X

re—tan

— l‘-—'HW

Data Bus X “/’:I':‘"':‘.:" *

C. ~GC,
G, ~G,

E 7 V{4 min
——
—

Figure 2 Bus Write Timing
(Write Information into PTM)

ty —] ¢
ViH min h
VL max

PWy

Figure 4 Input Pulse Width *“High’’

)

cor tem™”
%— temos™**

C,~C,.G,~G;, ViH min o ~o Vce-2.0V
RES VL max ! 3 04V
VOH (CMOS) =0.7 x Ve
Figure 5 Input Setup and Hold Times Figure 6 Output Delay
E VL max * 2.4V for HD6840
It ## #*% HD6840 only
YR
B Vee-2.0Vv*
IR
Figure 7 1RQ Release Time
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HDB340/HD6840

8oV
RL=24 kD
Test Point
130 pF All diodes are

152074 @ or equiv.

Load C 5.0V
(TRQ Only)
13k
Test Point

100 pF;l;

® GENERAL DESCRIPTION

The PTM is part of the HMCS6800 microprocessor family
and is fully bus compatible with HD6800 systems. The three
timers in the HD6340/HD6840 operate independently and in
several distinct modes to fit a wide variety of measurement and
synthesis applications.

The PTM is an integrated set of three distinct counter/
timers. It consists of three 16-bit data latches, three 16-bit
counters (clocked independently), and the comparison and
enable circuitry necessary to implement various measurement
and synthesis functions. In addition, it contains interrupt drivers
to alert the processor that a particular function has been
completed.

In a typical application, a timer will be loaded by first storing
two bytes of data into an associated Counter Latch. This data is
then transferred into the counter via a Counter initialization
cycle. If the counter is enabled, the counter decrements on each
subsequent clock period which may be an external clock, or
Enable (E) until one of several predetermined conditions causes
it to halt or recycle. The timers are thus programmable, cyclic in
nature, controllable by external inputs or the MPU program,
and accessible by the MPU at any time.
= PTM INTERFACE SIGNALS FOR MPU

The Programmable Timer Module (PTM) interfaces to the
HMCS6800 Bus with an eight-bit bidirectional data bus, two
Chip Select lines, a Read/Write line, an Enable (System ¢, ) line,
an Interrupt Request line, an external Reset line, and three
Register Select lines. These signals, in conjunction with the
HD6800 VMA output, permit the MPU to control the PTM.
VMA should be utilized in conjunction with an MPU address
line into a Chip Select of the PTM, when the HD6800, HD6802
are used.
® Bidirectional Data (D, ~ D;)

Input/Output Pin No. 25 ~ 18

The bidirectional data lines (Do~D-) allow the transfer of
data between the MPU and PTM. The data bus output drivers
are three-state devices which remain in the high-impedance (off)
state except when the MPU performs a PTM read operation
(Read/Write and Enable lines “High” and PTM Chip Selects

Figure 8 Test Loads

Load B
(0,,0,,0,)

Test Point
Adjust R

40 pF 10 that Ig| =.3.2 mA
then test Vg
All diodes are
182074 @ or equiv.
Load D
(01,0, 05)
(CMOS Load)
(MOS)
Test Point O—T
30 pF

* 11 k9 for HDE84O
** 12 k2 for HDEB4O

activated).
® Chip Select (CS,, CS;)

Input Pin No. 15, 16

These two signals are used to activate the Data Bus interface
and allow transfer of data from the PTM. With CS, = “Low”
and CS; = “High”, the device is selected and data transfer will
occur,
® Read/Write (R/W)

Input Pin No. 13

This signal is generated by the MPU to control the direction
of data transfer on the Data Bus. With the PTM selected, a
“Low” state on the PTM R/W line enables the input buffers and
data is transferred from the MPU to the PTM on the trailing
edge of the Enable (System ¢,) signal. Alternately, (under the
same conditions) R/W = “High” and Enable “High” allows data
in the PTM to be read by the MPU.
® Enable (E)

Input Pin No. 17

This signal synchronizes data transfer between the MPU and
the PTM. It also performs an equivalent synchronization func-
tion on the external clock, reset, and gate inputs of the PTM.
® Interrupt Request (TRQ)

Output (open drain) Pin No. 9

The active “Low” Interrupt Request signal is normally tied
directly (or through priority interrupt circuitry) to the IRQ
input of the MPU. This is an “open drain” output (no load
device on the chip) which permits other similar interrupt re-
quest lines to be tied together in a wire-OR configuration.

The TRQ line is activated if, and only if, the Composite Inter-
rupt Flag (Bit 7 of the Internal Status Register) is asserted. The
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conditions under which the TRQ line is activated are discussed in
conjunction with the Status Register.
® Reset (RES)

Input Pin No. 8

A “Low” level at this input is clocked into the PTM by the
Enable (System ¢,) input. Two Enable pulses are required to
synchronize and process the signal. The PTM then recognizes the
active “Low” or inactive “High” on the third Enable pulse. If
the RES signal is asynchronous, an additional Enable period is
required if setup times are not met. The RES input must be
stable “High”/“Low” for the minimum time stated in the AC
Characteristics.

Recognition of a “Low” level at this input by the PTM
causes the following action to occur:

a. All counter latches are preset to their maximal count

values,

b. All Control Register bits are cleared with the exception of

CR10 (internal reset bit) which is set.

c. All counters are preset to the contents of the latches.

d. All counter outputs are reset and all counter clocks are

disabled.

e. All Status Register bits (interrupt flags) are cleared.
® Register Select Lines (RS,, RS;, RS,) -

These inputs are used in conjunction with the R/W line to
select the internal registers, counters and latches as shown in
Table 1.

HD6340/HD6840

Input Pin No. 10, 11, 12

It has been previously stated that the PTM is accessed via
MPU Load and Store operations in much the same manner as a
memory device. The instructions available with the HMCS6800
family of MPUs which perform operations directly on memory
should not be used when the PTM is accessed. These instruc-
tions actually fetch a byte from memory, perform an operation,
then restore it to the same address location. Since the PTM used
the R/W line as an additional register select input, the modified
data may not be restored to the same register if these instruc-
tions are used.

= PTM ASYNCHRONOUS INPUT/OUTPUT SIGNALS

Each of the three timers within the PTM has external clock
and gate inputs as well as a counter output line. The inputs are
high impedance, TTL compatible lines and outputs are capable
of driving two standard TTL loads.
® Clock Inputs (C;, C,, C;)

Input Pin No. 28,4,7

Input pins C;, C,, and C; will accept asynchronous TTL
voltage level signals to decrement Timers 1, 2, and 3, respec-
tively. The “High” and “Low” levels of the external clocks must
each be stable for at least one system clock period plus the sum

Table 1 Register Selection

Register  *
Select Inputs Operations
RS,| RS, | RS, RMW = “Low"” R/W = “High"’
L L L CR20 = 0" Write Control Rogister #3 All bits “0""
CR20 = 1" Write Control Register #1
L L H Write Control Register #2 Read Status Register
L H L Write MSB Buffer Register Read Timer #1 Counter
L H H Write Timer #1 Latches Read LSB Buffer Register
H L L Write MSB Buffer Register Read Timer #2 Counter
H L H Write Timer #2 Latches Read LSB Buffer Register
H H L Write MSB Buffer Register Read Timer #3 Counter
H H H Write Timer #3 Latches Read LSB Buffer Register

* L; “Low’ level, H; “High” level

of the setup and hold times for the inputs. The asynchronous
clock rate can vary from dc to the limit imposed by Enable
(System &, ) Setup, and Hold time.

The external clock inputs are clocked in by Enable (System
¢,) pulses. Three Enable periods are used to synchronize and
process the external clock. The fourth Enable pulse decrements
the internal counter. This does not affect the input frequency, it
merely creates a delay between a clock input transition and
internal recognition of that transition by the PTM. All refer-
ences to C inputs in this document relate to internal recognition
of the input transition. Note that a clock “High” or “Low” level
which does not meet setup and hold time specifications may
require an additional Enable pulse for recognition. When ob-
serving recurring events, a lack of synchronization will result in
“jitter” being observed on the output of the PTM when using
asynchronous clocks and gate input signals. There are two types
of jitter. “System jitter” is the result of the input signals being
out of synchronization with the Enable (System ¢, ), permitting

signals with marginal setup and hold time to be recognized by
either the bit time nearest the input transition or the subsequent
bit time.

“Input jitter” can be as great as the time between input
signal negative going transitions plus the system jitter, if the
first transition is recognized during one system cycle, and not
recognized the next cycle, or vice versa.

External clock input C; represents a special case when Timer
#3 is programmed to utilize its optional +8 prescaler mode. The
maximum input frequency and allowable duty cycles for this
case are specified under the AC Characteristics. The output of
the +8 prescaler is treated in the same manner as the previously
discussed clock inputs. That is, it is clocked into the counter by
Enable pulses, is recognized on the fourth Enable pulse
(provided setup and hold time requirements are met), and must
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produce an output pulse at least as wide as the sum of an Enable
period, setup, and hold times.

Enable —f W L LI L W L L L
Input 1 s §

Recog bkl it
Input . ) t
Either or Here

Here —= }=—System

Bit Time
" e Jitter

Output

® Gate Inputs (G, ,G;, G;)

Input Pin No. 26,2, 5

Input pins G;, G,, and G3 accept asynchronous TTL-
compatible signals which are used as triggers or clock gating
functions to Timers 1, 2, and 3, respectively. The gating inputs
are clocked into the PTM by the Enable (System ¢,) signal in
the same manner as the previously discussed clock inputs. That
is, a Gate transition is recognized by the PTM on the fourth
Enable pulse (provided setup and hold time requirements are
met), and the “High” or “Low” levels of the Gate input must be
stable for at least one system clock period plus the sum of setup
and hold times. All references to G transition in this document
relate to internal recognition of the input transition.

The Gate inputs of all timers directly affected the internal
16-bit counter. The operation of G is therefore independent of
the +8 prescaler selection.
® Timer Outputs (O,, 0,, 03)

Output Pin No. 27,3, 6

Timer outputs O, O,, and O, are capable of driving up to
two TTL loads and produce a defined output waveform for
either Continuous or Single-Shot Timer modes. Output wave-
form definition is accomplished by selecting either Single 16-bit
or Dual 8bit operating modes. The single 16-bit mode will
produce a square-wave output in the continuous timer mode
and will produce a single pulse in the Single-Shot Timer mode.
The Dual 8-bit mode will produce a variable duty cycle pulse in
both the continuous and single shot Timer modes. “1” bit of
each Control Register (CRX7) is used to enable the corres-
ponding output. If this bit is cleared, the output will remain
“Low” (Vo) regardless of the operating mode.

If it is cleared while the output is high the output will go low
during the first enable cycle following a write to the Control
Register.

The Continuous and Single-Shot Timer Modes are the only
ones for which output response is defined in this data sheet.
Signals appear at the outputs (unless CRX7 = “0”) during Fre-
quency and Pulse Width comparison modes, but the actual
waveform is not predictable in typical applications.

8 CONTROL REGISTER

Each timer in the HD6340 has a corresponding write-only
Control Register. Control Register #2 has a unique address
space (RSO=“High”, RS1=“Low”, RS2="Low”) and therefore
may be written into at any time. The remaining Control
Registers (#1 and#3) share the Address Space selected by a
“Low” level on all Register Select inputs.

e CR20

The least-significant bit of Control Register #2 (CR20) is

used as an additional addressing bit for Control Registers #1 and

#3. Thus, with all Register selects and R/W inputs at “Low”
level. Control Register #1 will be written into if CR20 is a logic
“1”. Under the same conditions, control Register #3 can also be
written into after a RES “Low” condition has occurred, since
all control register bits (except CR10) are cleared. Therefore,
one may write in the sequence CR3,CR2, CRI.

e CR10

The least-significant bit of Control Register #1 is used as an
internal Reset bit. When this bit is a logic “0”, all timers are
allowed to operate in the modes prescribed by the remaining
bits of the control registers. Writing a “1” into CR10 causes all
counters to be preset with the contents of the corresponding
counter latches, all counter clocks to be disabled, and the timer
outputs and interrupt flags (Status Register) to be reset.
Counter Latches and Control Registers are undisturbed by an
Internal Reset and may be written into regardless of the state
of CR10.

e CR30

The least-significant bit of Control Register #3 is used as a
selector for a +8 prescaler which is available with Timer #3
only. The prescaler, if selected, is effectively placed between the
clock input circuitry and the input to Counter #3. It can there-
fore be used with either the internal clock (Enable) or an ex-
ternal clock source.
® CRX1~ CRX7 (X=1~3)

The functions depicted in the foregoing discussions are
tabulated in Table 2 for ease of reference.

Control Register Bits CR10, CR20, and CR30 are unique in
that each selects a different function. The remaining bits (1
through 7) of each Control Register select common functions,
with a particular Control Register affecting only its corres-
ponding timer.

e CRX1

Bit 1 of Control Register #1 (CR11) selects whether an in-
ternal or external clock source is to be used with Timer #1.
Similarly, CR21 selects the clock source for Timer #2, and
CR31 performs this function for Timer #3. The function of
each bit of Control Register “X” can therefore be defined as
shown in the remaining section of Table 2.

e CRX2

Control Register Bit 2 selects whether the binary information
contained in the Counter Latches (and subsequently loaded into
the counter) is to be treated as a single 16-bit word or two 8-bit
bytes. In the single 16-bit Counter Mode (CRX2=0) the counter
will decrement to zero after N + 1 enabled (G=“Low™) clock
periods, where N is defined as the 16-bit number in the Counter
Latches. With CRX2 = 1, a similar Time Out will occur after (L
+ 1)*(M + 1) enabled clock periods, where L and M, respec-
tively, refer to the LSB and MSB bytes in the Counter Latches.
e CRX3~ CRX7

Control Register Bits 3, 4, and 5 are explained in detail in the
Timer Operating Mode section. Bit 6 is an interrupt mask bit
which will be explained more fully in conjunction with the
Status Register, and bit 7 is used to enable the corresponding
Timer Output. A summary of the control register programming
modes is shown in Table 3.

= STATUS REGISTER/INTERRUPT FLAGS

The PTM has an internal Read-Only Status Register which
contains four Interrupt Flags. (The remaining four bits of
the register are not used, and default to “0”s when being read.)
Bits 0, 1, and 2 are assigned to Timers 1, 2, and 3, respectively,
as individual flag bits, while Bit 7 is a Composite Interrupt Flag.
This flag bit will be asserted if any of the individual flag bits is
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Table 2 Control Register Bits

CONTROL REGISTER #1

CONTROL REGISTER #2

CONTROL REGISTER #3

CR10 Internal Reset Bit

CR20 |Control Register Address Bit

CR30 | Timer #3 Clock Control

‘0" All timers allowed to operate
1’ All timers held in preset state

“0" CR #3 may be written
‘1" CR #1 may be written

“0" T3 Clock is not prescaled
1" T3 Clock is prescaled by + 8

CRX1* Timer #X Clock Source
“0" TX uses external clock source on CX input
1" TX uses Enable clock

CRX2 Timer #X Counting Mode Control

o

“qr

TX configured for normal (16-bit) counting mode
TX configured for dual 8-bit counting mode

CRX3 CRX4 CRX5

Timer #X Counter Mode and Interrupt Control (See Table 3)

CRX6 Timer #X Interrupt Enable
“0" Interrupt Flag masked on TRQ
“ Interrupt Flag enabled to TRQ
CRX7 Timer #X Counter Output Enable
“0" TX Output masked on output OX

g

TX Output enabled on output OX

HD6340/HD6840

* Control Register for Timer 1,2, or 3, Bit 1.

set while Bit 6 of the corresponding Control Register is at a
logic “1”. The conditions for asserting the Composite Interrupt
Flag bit can therefore be expressed as:

INT=1,:CR16 + I,-CR26 + I,°CR36

where INT =Composite Interrupt Flag (Bit 7)
1, = Timer #1 Interrupt Flag (Bit 0)
1, =Timer #2 Interrupt Flag (Bit 1)
1; = Timer #3 Interrupt Flag (Bit 2)

STATUS REGISTER

7lels]ala]2]1]0
INT [RINER

An interrupt flag is cleared by a Timer Reset condition, i.e.,
External RES = “Low” or Internal Reset Bit (CR10) = “1”. It
will also be cleared by a Read Timer Counter Command pro-
vided that the Status Register has previously been read while the
interrupt flag was set. This condition on the Read Status
Register — Read Timer Counter (RS—RT) sequence is designed
to prevent missing interrupts which might occur after the status
register is read, but prior to reading the Timer Counter.

An Individual Interrupt Flag is also cleared by a Write Timer
Latches (W) command or a Counter Initialization (CI) seq-
uence, provided that W or CI affects the Timer corresponding to
the individual Interrupt Flag,

® COUNTER LATCH INITIALIZATION

Each of the three independent timers consists of a 16-bit
addressable counter and 16 bits of addressable latches. The
counters are preset to the binary numbers stored in the latches.
Counter initialization results in the transfer of the latch con-
tents to the counter. See notes in Table 5 regarding the binary
number N, L, or M placed into the Latches and their relation-
ship to the output waveforms and counter Time-Outs.

Since the PTM data bus is 8-bits wide and the counters are
16-bits wide, a temporary register (MSB Buffer Register) is
provided. This “write only” register is for the Most Significant

Byte of the desired latch data. Three addresses are provided for
the MSB Buffer Register (as indicated in Table 1), but they all
lead to the same Buffer. Data from the MSB Buffer will auto-
matically be transferred into the Most Significant Byte of Timer
#Xwhen a Write Timer #X Latches Command is performed. So
it can be seen that the PTM has been designed to allow trans-
fer of two bytes of data into the counter latches provided that
the MSB is transferred first.

In many applications, the source of the data will be as
HMCS6800 MPU. It should be noted that the 16-bit store opera-
tions of the HMCS6800 microprocessors (STS and STX etc.)
transfer data in the order required by the PTM. A Store Index
Register Instruction, for example, results in the MSB of the X
register being transferred to the selected address, then the LSB
of the X register being written into the next higher location.
Thus, either the index register or stack pointer may be trans-
fered directly into a selected counter latch with a single instruc-
tion.

A logic “Low” at the RES input also initializes the counter
latches. In this case, all latches will assume a maximum count of
(65,536)10 . It is important to note that an Internal Reset (Bit 0
of Control Register 1 Set) has no effect on the counter latches.

® COUNTER INITIALIZATION

Counter Initialization is defined as the transfer of data from
the latches to the counter with subsequent clearing of the Indi-
vidual Interrupt Flag associated with the counter. Counter
Initialization always occurs when a reset condition (RES =
“Low” or CR10 = “1”) is recognized. It can also occur —
depending on Timer Mode — with a Write Timer Latches com-
mand or recognition of a negative transition of the Gate input.

Counter recycling or re-initialization occurs when a negative
transition of the clock input is recognized after the counter has
reached an all-zero state. In this case, data is transferred from
the Latches to the Counter.

= TIMER OPERATING MODES

The PTM has been designed to operate effectively in a
wide variety of applications. This is accomplished by using three
bits of each control register (CRX3, CRX4, and CRXS5) to

G HITACHI
Hitachi America Ltd. 2210 O'Toole Avenue ® San Jose, CA 95131 e (408) 435-8300 57




HD6340/HD6840

defined different operating modes of the Timers. These modes
are divided into Wave Synthesis and Wave Measurement modes,
and outlined in Table 3.

Table 3 Operating Modes

Control Register
CRX3 | CRX4 | CRX5 Timer Operating Mode
0 * 0 Continuous Wave
1] * 1 Single-Shot Synthesis
1 0 * Frequency Comparison [wave
1 1 * Pulse Width Comparison |Measurement

* Defines Additional Timer Functions.

One of the WAVE SYNTHESIS modes is the Continuous
Operating mode, which is useful for cyclic wave generation.
Either symmetrical or variable duty-cycle waves can be gen-
erated in this mode. The other wave synthesis mode, the Single-
Shot mode, is similar in use to the Continuous operating mode,
however, a single pulse is generated, with a programmable preset
width.

The WAVE MEASUREMENT modes include the Frequency
Comparison and Pulse Width Comparison modes which are used
to measure cyclic and singular pulse widths, respectively.

In addition to the four timer modes in Table 3, the remaining
control register bit is used to modify counter initialization and
enabling or interrupt conditions.

® WAVE SYNTHESIS MODES

® Continuous Operating Mode (Table 4)

The continuous mode will synthesize a continuous wave with
a period proportional to the preset number in the particular
timer latches.

Any of the timers in the PTM may be programmed to
operate in a continuous mode by writing “0”s into bits 3 and 5
of the corresponding control register. Assuming that the timer
output is enabled (CRX7 = “1”), either a square wave or a vari-
able duty cycle waveform will be generated at the Timer
Output, OX. The type of output is selected via Control Register
Bit 2.

Either a Timer Reset (CR10 = “1” or External RES =
“Low™) condition or internal recognition of a negative tran-
sition of the Gate input results in Counter Initialization. A Write
Timer Latches command can be selected as a Counter Initiali-
zation signal by clearing CRX4.

The counter is enabled by an absence of a Timer Reset con-
dition and a “Low” level at the Gate input. In the 16-bit mode,
the counter will decrement on the first clock cycle during or
after the counter initialization cycle. It continues to decrement
on each clock signal so long as G remains “Low” and no reset
condition exists. A Counter Time Out. (the first clock after all

Table 4 Continuous Operating Modes

CONTINUOUS MODE
(CRX3 = 0", CRX5 ="0")
Control Register itii /Output Wavef
CRX2 CRX4 | Counter Initialization *Timer Output (OX) (CRX7 = 1)
B |-HN+1)(T)-—I—-(N u)m——|—-m+1)m—‘
0 0 GI+W+R —Vou
_ lI_,—--__-L_—!— VOL
Y 1 Gi+R t, T0 T0 To
_ )——(mennm——-—(ummn)m——i_v

1 0 G{+W+R l | OH

1 1 Gi+R tlo — (L)(T)m—— —] (L)(T)T|:_
G4 = Negative transition of Gate input.
W = Write Timer Latches Command.
R = Timer Reset (CR10 = 1" or External RES = “Low"")
N = 16-Bit Number in Counter Latch.
L =8-Bit Number in LSB Counter Latch,
M = 8-Bit Number in MSB Counter Latch.
T = Clock Input Negative Transitions to Counter.
t, = Counter Initialization Cycle.
TO= Counter Time Out (All Zero Condition).
* All time intervals shown above assume the Gate (G) and Ciock (C) signals are synchronized to Enable
(System ¢, ) with the specified setup and hold time requirements.
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Control Register Bits

CRX7 Timer #X Counter Output Enable
0 TX Output masked on output OX
1 TX Output enabled on output OX
CRX6 Timer #X Interrupt Enable
0 Interrupt Flag masked on TRQ
1 Interrupt Flag enabled to TRQ

I CRXx5 I CRX4 I CR><3| Timer #X Counter Mode and Interrupt Control (See Table 3) —I

-

0l x=120r3

- -
Control Register X 7I6|5|4I3 2|

CRX2 Timer #x Counting Mode Control
0 TX configured for normal (16-bit) counting mode
1 TX configured for dual 8-bit counting mode
CRX1 Timer #X Clock Source _
0 TX uses external clock source on CX input
1 TX uses Enable clock
CR10 Internal Reset Bit CR20 Control Register Address Bit CR30 Timer #3 Clock Control
0 Al timers allowed to operate 0 CR#3 may be written 0 T3 Clock 1s not prescaled
1 All timers held in preset state 1 CR#1 may be written 1 T3 Clock 1s prescaled by + 8
X =1 X =2 X =3
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Example: Contents of MSB = 03 = M
Contents of LSB =04 =L

M(L+1)+1

Algebraic Expression
03(04 +1) +1 =
16 Enables

-

f:vcc—z.ov Avee-20v
0.4V To.4v

1
'
]
|
|

H
1
1
|
1
i : \ | - I"l
1
! ! o
|
<—1+L———n—~1+L———>:<———1+|_————-—| :4—L—-—
5 Enable ! | 6 Enable ' ! 4 Enable
Pulses ! ' Pulses b1 Pulses !
' [ H e 1 + L —— !
: ' : [ 1 !
! . P Vo !
| 1 1 ! | ' !
! i 1 . ! ' | |
: . M+1) (L+1) s !
| | 1 '
! | ! h I |
‘ L | L |
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(M +1) (L+1)= Period
M(L +1) +1 = “Low" portion of period
L = Pulse width

Algebraic Expression
(04 +1) (03 +1) =20 Enable or
External Clock Pulses

* Preset LSB and MSB to Respective Latches on the negative transition of the E.
** Preset LSB to LSB Latches and Decrement MSB by one on the negative transition of the E.

Figure 9 Timer Output Waveform Example
(Continuous Dual 8-Bit Mode using Internal Enable)

counter bits = “0”) results in the Individual Interrupt Flag being
set and re-initialization of the counter.

In the dual 8-bit mode (CRX2= “1”) [Refer to the example
in Fig. 9] the MSB decrements once for every full countdown
of the LSB + 1. When the LSB = 0", the MSB is unchanged; on
the next clock pulse the LSB is reset to the count in the LSB
Latches and the MSB is decremented by 1 (one). The output, if
enabled, remains “Low” during and after initialization and will
remain “Low” until the counter MSB is all “0”s. The output
will go “High™ at the beginning of the next clock pulse. The
output remains “High” until both the LSB and MSB of the
counter are all “0”s. At the beginning of the next clock pulse
the defined Time Out (TO) will occur and the output will go
“Low”. In the Dual 8-bit mode the period of the output of the
example in Fig. 9 would span 20 clock pulses as opposed to
the 1546 clock pulses using the Normal 16-bit mode.

A special time-out condition exists for the dual 8-bit mode
(CRX2 = “17) if L = “0”. In this case, the counter will revert to
a mode similar to the single 16-bit mode, except Time Out
occurs after M+1 clock pulses. The output, if enabled, goes
“Low” during the Counter Initialization cycle and reverses state
at each Time Out. The counter remains cyclical (is re-initialized
at each Time Out) and the Individual Interrupt Flag is set when
Time Out occurs. If M = L = “0”, the internal counters do not
change, but the output toggles at a rate of 1/2 the clock fre-
quency.

The discussion of the Continuous Mode has assumed that the

application requires an output signal. It should be noted that
the Timer operates in the same manner with the output disabled
(CRX7 = “0”). A Read Timer Counter command is valid re-
gardless of the state of CRX7.

® Single-Shot Timer Mode

This mode is identical to the Continuous Mode with three
exceptions. The first of these is obvious from the name — the
output returns to a “Low” level after the initial Time Out and
remains “Low” until another Counter Initialization cycle
occurs. The waveforms available are shown in Table 5.

As indicated in Table 5, the internal counting mechanism
remains cyclical in the Single-Shot Mode. Each Time Out of the
counter results in the setting of an Individual Interrupt Flag and
re-initialization of the counter.

The second major difference between the Single-Shot and
Continuous modes is that the internal counter enable is not
dependent on the Gate input level remaining in the “Low” state
for the Single-Shot mode.

Another special condition is introduced in the Single-Shot
mode. If L =M = “0”(Dual 8-bit) or N = “0” (Single 16-bit), the
output goes “Low” on the first clock received during or after
Counter Initialization. The output remains “Low” until the
Operating Mode is changed or nonzero data is written into the
Counter Latches. Time Outs continue to occur at the end of
each clock period.

The three differences between Single-Shot and Continuous
Timer Modes can be summarized as attributes of the Single-Shot
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mode: 2. Counter Enable is independent of Gate.
1. Output is enabled for only one pulse until it is reini- 3. L=M=“0" or N = “0” disables output.
tialized. Aside from these differences, the two modes are identical.
Table5 Single-Shot Operating Modes
Single-Shot Mode
(CRX3 = 0", CRX7 = “1”, CRX5 = 1)
Control Register Initiali /Output forms
CRX2 | CRX4 Counter Initialization Timer Output (OX)
— T
0 0 Gl+W+R |<—(N+:b)t()('=') N+t NT).I
0 1 GL+R 5 TO TO
. o BIWeR ’ou.n)(mn)m-':_un ) (M+1)(T)-
—-| (L)
! 1 Gi+R ty 0 To

Symbols are as defined 1n Table 5

® WAVE MEASUREMENT MODES

The Wave Measurement Modes are the Frequency (period)
Measurement and Pulse Width Comparison Modes, and are pro-
vided for those applications which require more flexibility of
interrupt generation and Counter Initialization. Individual Inter-
rupt Flags are set in these modes as a function of both Counter
Time Out and transitions of the Gate input. Counter Initializa-
tion is also affected by Interrupt Flag status.

A timer’s output is normally not used in a Wave Measure-
ment mode, but it is defined. If the output is enabled, it will

operate as follows. During the period between reinitialization of
the timer and the first Time Out, the output will be a logical
zero, If the first Time Out is completed (regardless of its
method of generation), the output will go “High”. If further
TO’s occur, the output will change state at each completion of a
Time-Out.

The counter does operate in either Single 16-bit or Dual 8-bit
modes as programmed by CRX2. Other features of the Wave
Measurement Modes are outlined in Table 6.

Table 6 Wave Measurement Modes

CRX3="1"
CRX4 | CRX5 Application Condition for Setting Individual Interrupt Flag

0 [} Frequency Comparison Interrupt Generated if Gate Input Period (1/F) is less
than Counter Time Out (TO)

0 1 Frequency, Comparison Interrupt Generated if Gate Input Period (1/F) is greater
than Counter Time Out (TO)

1 0 Pulse Width Comparison Interrupt Generated if Gate Input “Down Time" is less
than Counter Time Out (TO)

1 1 Puise Width Comparison Interrupt Generated if Gate Input “Down Time” is greater
than Counter Time Out (TO)

@ Frequency Comparison or Period Measurement Mode (CRX3

= ::1"’ CRX4 = "0")

The Frequency Comparison Mode with CRX5 = “1” is
straightforward: If Time Out occurs prior to the first negative
transition of the Gate input after a Counter Initialization cycle,
an Individual Interrupt Flag is set. The counter is disabled, and a
Counter Initialization cycle cannot begin until the interrupt flag
is cleared and a negative transition on G is detected.

If CRXS = “0”, as shown in Table 6 and Table 7, an inter-
rupt is generated if Gate input returns “Low” prior to a Time
Out. If Counter Time-Out occurs first, the counter is recycled
and continues to decrement. A bit is set within the timer on the
initial Time Out which precludes further individual interrupt
generation until a new Counter Initialization cycle has been
completed. When this internal bit is set, a negative transition of
the Gate input starts a new Counter Initialization cycle. (The

condition of G-T-TO is satisfied, since a Time Out has oc-
curred and no individual Interrupt has been generated.)

Any of the timers within the PTM may be programmed to
compare the period of a pulse (giving the frequency after cal-
culations) at the Gate input with the time period requested for
Counter Time-Out. A negative transition of the h input
enables the counter and starts a Counter Initialization cycle —
provided that other conditions as noted in Table 7 are satisfied.
The counter decrements on each clock signal recognized during
or after Counter Initialization until an Interrupt is generated, a
Write Timer Latches command is issued, or a Timer Reset con-
dition occurs. It can be seen from Table 7 that an interrupt
condition will be generated if CRX5 = “0” and the period of the
pulse (single pulse or measured separately repetitive pulses) at
the Gate input is less than the Counter Time Out period. If
CRXS5 =“1”, an interrupt is generated if the reverse is true.
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HD6340/HD6840

Assume now with CRX5 = “1” that a Counter Initialization
has occurred and that the Gate input has returned “Low” prior
to Counter Time Out. Since there is no Individual Interrupt
Flag generated, this automatically starts a new Counter Initiali-
zation Cycle. The process will continue with frequency com-
parison being performed on each Gate input cycle until the
mode is changed, or a cycle is determined to be above the
predetermined limit.

® Pulse Width Comparison Mode (CRX3 = “1”, CRX4 =*1")
This mode is similar to the Frequency Comparison Mode
except for a positive, rather than negative, transition of the Gate

input terminates the count. With CRXS = “0”, an Individual
Interrupt Flag will be generated if the “Low” level pulse applied
to the Gate input is less than the time period required for
Counter Time Out. With CRXS5 = “1”, the interrupt is generated
when the reverse condition is true.

As can be seen in Table 8,a positive transition of the Gate
input disables the counter. With CRX5 = “0”, it is therefore
possible to directly obtain the width of any pulse causing an
interrupt. Similar data for other Time Interval Modes and
conditions can be obtained, if two sections of the PTM are
dedicated to the purpose.

Table 7 Frequency Comparison Mode

CRX3="1", CRX4="0"
Control Reg Counter Counter Enable Counter Enable Interrupt Flag
Bit5 (CRX5) Initialization Flip-Flop Set (CE) Flip-Flop Reset (CE) Set (1)
0 G T-(CE+TO)+R GI-W-R-T W+R+H Gy Before TO
1 Gi-T+R GLWRT W+R+ TO Before G4

| represents the interrupt for a given timer.

Table 8 Pulse Width Comparison Mode

CRX3="1", CRX4="1"
Control Reg Counter Counter Enable Counter Enable Interrupt Flag
Bit 5 (CRX5) Initialization Flip-Flop Set (CE) | Flip-Flop Reset (CE) Set (1)
0 GiT+R GLW-RT W+R+HI+G Gt Before TO
1 GiT+R GIL*W-RT W+R+I+G TO Before Gt
G = Level sensitive recognition of Gate input.
GO HITACHI
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Table 9 Control Register Programming
Register 1 Register 2 Register 3

716)5(4]3|2}1]|0 “0’"| All Timers Operate | Reg #3 May Be Written | T3 Clk + 1

x[x[x{x[x]x{x{¢] “1{an Timers Preset | Reg #1 May Bewritten | T3CIk =8

716|5[4|3[2]1[0]| 0”|External Clock (CX Input)

x| x]x|x]x]x]s{x] “1]internal Clock (Enable)

7(6|5]|4(3[2|1/0] “0”|Normal (16-Bit) Count Mode

x|x|{x]x|x|t|x]|x]| *1”|Dual 8-Bit Count Mode

Continuous Operating Mode: Gate | or Write to Latches or Reset Causes Counter Initialization

~
(-]
o
»
w
N
-
o

Frequency Comparison Mode: Interrupt if Gate m 1s < Counter Time Out

~
o
o
»
w
N
-
o

Continuous Operating Mode: Gate | or Reset Causes Counter Initialization

Pulse Width Comparison Mode: Interrupt if Gate Y__f is < Counter Time Out

Single Shot Mode: Gate | or Write to Latches or Reset Causes Counter Initialization

Frequency Comparison Mode: Interrupt If Gate mls > Counter Time Out

~
(=2}
o
S
w
N
-
(=]

Single Shot Mode: Gate | or Reset Causes Counter Initialization

~
o
o
»
w
N
-
o

Pulse Width Comparison Mode: Interrupt If Gate Y_Jis > Counter Time Out

7|16(5|4|3]2|1]0 "0”|lnterrupt Flag Masked (IRQ)

t[x]xTx]x]x]|x] “1]interrupt Flag Enabled (TRQ)

71615(4(3]2|1]0 “O"|T|mer Output Masked

[ x| x| x| x]x]x]x] “1”[Timer Output Enable

(NOTE) Reset 1s Hardware or Software Reset (RES = “Low" or CR10 = “1"").
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HD6340/HD6840

® NOTE FOR USE (HD6340 only)

Input signal, which is not necessary for user’s application,
should be used fixed to “High” or “Low” level. This is applica-
ble to the following signal pins.

C1,C2,C5,G4,G;,Gs

® RESTRICTION FOR USE

® Notes for the O; — O; Dutputs Noise
(1) Phenomenon

When the excessive load capacitance is connected to data
bus and GND wiring impedance is not neglectable in the system
using HD6340, the noise appears in O; — O3 outpus in the read
cycle as indicated in Fig. 10 which may cause the erroneous
operation of the system.

Y s N e N 2

RS X

X

cs

Do~D- x

'

0, ~ 0, AN

AL

Figure 10 The O; — O3 Outputs Noise in the MPU Read Cycle

(2) Cause

When the data buffer turns from “H” to “L”, the excessive
transient current runs to the GND (the discharge current of the
data bus load capacity). Therefore, the noise occurs in the GND
pin of the LSI because of the impedance of the GND wiring
(resistance and inductance). See Fig. 11 for the details.

Fig. 12 indicates the dependence of the noise voltage upon
each parameter.

_—

Vee

/

Zg

Vn

Vn: Noise voltage
Cd: Data bus load capacitance

.

Do'j—
)

' | \f

A (L W10 l
HD6340 zs

Figure 11 Cause of the Noise

Cd

Vn

N
2g: GND impedance
N : Number of data bus which changes
accordingto H - L.

Figure 12 The Dependence of the Noise Voltage upon Each Parameter
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However, it is important to consider the fact that the noise voltage
varies according to the type of parameter as indicated in Fig. 12.

(3) Countermeasures

When the noise cause the erroneous operation of the system, the
countermeasures to be taken are as follows.
(a) Latch the O, — O3 outputs by the falling edge of the signal “E”.

= Precautions when using Timer 3 (HD6340 only)

When using the HD63B40P Timer 3 under the conditions

1) external clock mode (CR31 =0)

2) -+ 8 prescaler unused (CR30 = 0)
and changing the bits of the control register #3 except for the
CR30 bit (e.g. in a case where the interrupt mask bit and O;
output enable bit are changed and the CR30 is not), there is
the possibility that one decrement clock may be omitted.

HD6340/HD6840

6303 6340 LS174
0,~0; o
CLK
E
E

The latch added to prevent
the noise (74LS174).

This phenomenon occurs when tpgw (data setup time;
standard spec. 60ns minimum) is less than 80ns, and does not
occur when tpgw is greater than 80ns.

Therefore, please avoid to use the HD63B40P in the above
status when tpgw is less than 80ns.

(This phenomenon doesn’t occur in the HD6340P and
HD63A40P.)
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HD6844, HD68A44,

HD68B44
DMAC (Direct Memory Access Controller)

The HD6844 Direct Memory Access Controller (DMAC)
performs the function of transferring data directly between HD6844P, HD68A44P, HD68B44P
memory and peripheral device controllers. It controls the
address and data buses in place of the MPU in bus organized
systems such as the HMCS6800 Microprocessor System.

The bus interface of the HD6844 includes select, read/
write, interrupt, transfer request/grant, and bus interface logic
to allow the data transfer over an 8-bit bidirectional data bus.
The functional configuration of the DMAC is programmed via
the data bus. The internal structure provides for control and
handling of four individual channels, each of which is separately
configured. Programmable control registers provide control for
the transfer location and length, individual channel control and

(DP-40)

transfer mode configuration, priority of servicing, data chaining,
and interrupt control. Status and control lines provide control
to the peripheral controllers. = PIN ARRANGEMENT
The mode of transfer for each channel can be programmed as
cycle-stealing or a burst transfer mode.
Typical applications would be with the Floppy Disk Con-
troller (FDC), etc..

a FEATURES

® Four DMA Channels, Each Having a 16-Bit Address
Register and a 16-Bit Byte Count Register

o 1 M Byte/Sec (HD6844), 1.5 M Byte/Sec (HD68A44),

2.0 M Byte/Sec (HD68B44)

Maximum Data Transfer Rate

Selection of Fixed or Rotating Priority Service Control

Separate Control Bits for Each Channel

Data Chain Function

Address Increment or Decrement Update

Programmable Interrupts and DMA End to Peripheral

Controllers

® Compatible with MC6844, MC68A44, MC68B44

s BLOC:” DIAGRAM

(Top View)

Address/Control and Interrupt

t

Select and Control
. Address
Register
—
Byte Count
i Channel
Data Control Register Roanne, E’-’:UI’ |
Bus Ch ] Grant COanne'
Co?vr;pgl Control ntrols
| Register |
le—
Priority
Control
Register
S HITACHI
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= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee* -0.3~+7.0 \"
Input Voltage Vin* -0.3~+7.0 \
Operating Temperature Topr -20 ~ +75 °c
Storage Temperature Tae -55~+150 °c

* With respect to Vgg (SYSTEM GND)

(NOTE)

under recommended operating conditions. If these conditions are exceeded, 1t could affect

reliability of LSI.

& RECOMMENDED OPERATING CONDITIONS

Permanent LS| damage may occur if maximum ratings are exceeded. Normal operation should be

Item Symbol min typ max Unit
Power Supply Voltage Vee 4.75 5.0 5.25 \"
Vil 0.3 - 0.8 v
| Volt:
nput Voltage V" 2.0 - Vee v
Operating Temperature Topr -20 25 75 °c

* With respect to Vgg (SYSTEM GND)

m ELECTRICAL CHARACTERISTICS (Vcc=5V+5%, Vgs=0V, Ta=-20~+75°C, unless otherwise noted.)

® DC CHARACTERISTICS

HD6844,HD68A44, HDESBA44

Item Symbol Test Condition min typ* | max Unit
Input ““High”’ Voltage Vin 2.0 - Vee \%
Input ““Low’’ Voltage ViL -0.3 - 0.8 \
Input Leakage Current | RXR g3 020MA, I Vin=0~5.25V 25 | - | 25 | wA
Three-State (off state) ~ ~ i 0 A~ _ _
Leakage Current Ag~Ays, Do~D7, RIW |  Iqg Vin=0.4~2.4V 10 10 HA
Do~D, lon=-205uA 2.4 - _
Output “High” Voltage | Ag~A,s, R/W Von lon=-145uA 2.4 - - v
All Other Outputs lon=-100uA 2.4 - -
Output “Low” Voltage VoL loL=1.6mA - - 0.4 Vv
Source Current | CS/TxAKB lcss Vin=0V, Fig. 10 - 10 16 mA
Power Dissipation Po = 500 | 1000 mwW
¢,DMA - - 20
Do~D7, CS, Ag~As, Vin=0V, T,=25°C 125
N i in=0V, Ty= - - . pF
Input Capacitance R/W Cin f="‘i.0MHz.
TxRQo~3, RES, - - 10
DGRNT
Output Capacitance Cout V=0V, T,=25°C, f=1MHz — - 12 pF
* Vec=5.0V, T,=25°C
G HITACHI
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HD6844,HD68A44,HD68B44

® AC CHARACTERISTICS (Load Condition Fig. 9)
1. CLOCK TIMING

tom symbol | Tett HD6844 HDEBA44 HD68B44 nit
m st n
Condition min typ | mex | min typ | max | min typ | max
¢, DMA Cycle Time teyed Fig. 2 1000 | - - 666 - - 500 - - ns
“High" Level |PWgy Fig. 2 450 - - 280 - - 235 - - ns
©,DMA Pulse Width
“Low’’ Level |PWg Fig. 2 400 [ - - 230 - - 210 - - ns
¢,DMA Rise and Fall Time tor. tof Fig. 2 - - 25 - - 25 - - 25 ns
2. DMA TIMING (Load Condition Fig. 9)
Test HD6844 HD68AA4 HDE8B44
Item Symbol Conditi Unit
ondition min typ | max | min typ | mex | min typ | max
:;‘:O'V‘A Rising | ¢ - as1 120 | - | - 120 - | - |20 - | -
TxRQ Setup Time 0 ns
¢, DMA Falling| o, 20| - | = |20f - | - |18 - | -
Edge
DMA Rial Fig. 3
¢: DMARISing | ohe 20| - [ = | w0 - | | w0 -|-
Edge
TxRQ Hold Time 2 DMAFal ns
alling|
E’dw tTaH2 20 - - 10 - - 10 - -
DGRNT Setup Time | DGRNT toas s | | - - [ | - - [ s | - -
9. ns
DGRNT Hold Time | DGRNT toGH 10 | - - 10| - - 10| - -
Address Output Ay,~A,s, RIW, . _
Delay Time ———_'TXSTB taD Fig.6 - - 270 - - 180 - 160 ns
Address Output A,~A,;, RIW Fig. 6 30 - - 20 - - 20 - -
y Fe=——=""11tAHO . ns
Hold Time TXSTB Fig. 7 35 - - 35 - - 35 - -
Address Three-State = .
Deley Time A,~A,,, RIW | taTsp Fig. 7 - - 20| = | = | 20| = | = | 20| ns
Address Three-State o .
Recovery Time A,~As, RIW | taTsr Fig. 7 - - 270 - - 270 - - 270 ns
Delay Time DRQH, DRQT | tpap Fig. 6 - - 375 - - 250 - - 210 ns
2;':,”" Rising | rkpr | Fig.5 - | - 40| - | - | 30| - | - | 280
TxAK Delay Time DGRNT Risi ns
ising N
Edge trkp2 Fig. 8 - - | e | - - | 160 | - - | 150
¢, DMA Falling .
——— t Fig. 6 - - 300 - - 250 - - 210
TRQ/DEND Deley | Edge DED? o e
Time DGRNT Rising :
Edge toep2 Fig.8 - - 10| - | - | w0 - | - | 125
3. BUS TIMING
1) READ TIMING
HD6844
Item Symbol COT;?:- 8: HD68A44 HD68B44 Unit
ndition min typ | mex | min typ | max | min typ | max
Address Setup Time %’"A" RW. 1 tas 140 | - - | 140 | - - | 70 - - ns
Address Input Hold | A,~A,,R/W,
Time cs taAHI 10 - - 10 - - 10 - - ns
Data Delay Time D,~D, tppR Fig. 2 - - 320 - - 220 - - 180 ns
Data Access Time D,~D, tace - - 460 - - 360 - - 280 ns
Data Output Hold
Ty D,~D, toHR 10| - - w| - | - [ 10| - - ns
@ HITACHI
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HD6844,HD68A44, HD68B44

2) WRITE TIMING

Test HD6844 HD68AA44 HD68B44
Item Symbol Condition Unit
min typ max min typ max min typ max
Address Setup Time 2—;~A" AW s 120 | - - | 140 | - - | 70 - - ns
Address Input Hold | A,~A,, R/W,
o 4 4 - - - - 1 - -
Time o tan Fio. 2 10 10 0 ns
Data Setup Time D,~D, tosw 195 - - 80 - - 60 - - ns
Data Input Hold
Time D,~D, toHW 10 - - 10 - - 10 - - ns
R/W Ao~Ay As~As Dﬁm
ADDRESS DATA BUS
BUS
BUS BUFFER sUFFER | BUFFER
CONTROL Y
ey
s MPX R
CS/TxAKB semer
bRAT DRQ
DGRNT H/T
DRGH
BYTE COUNT REGISTER
(18x4)
fe—————————TxRQ0
TxRQ, |oe——TxRQ
4 A TxR@
#DMA fe——————TxRQ@
PRI-
ORITY TROL| TxSTB
CONTROL ENCO TxAKA
RES —=
Vee —e T
Vss§ ——
(TxAKB)

Figure 1 Expanded Block Diagram
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HD6844,HD68A44,HD68B44

teyeo

PWoH ———mitor PWoL {

tor
0, DMA £ 2.0v 2.0v #\ 2.0v
2
0.8V - 0.8V 0.8v

e t p g ——~] = tAH!
- 2.0V 2.0V
A,~A, (Input)
R?W(Input)
TS (Input) tO.SV 0.8V
-t DO R—8>]
DHR
tacc
f 2.4V .4V
D,~D, (Output)
(Read Operation)
0.4V 0.4V-

D,~D, (Input)
(Write Operation)

Figure 2 Read/Write Sequence

2.0V
¢,DMA /

, ttas1™
tTaH1
2.0V 2.0v ~2.0V 2.0v
TxRQ,~TxRQ,
0.8V 0.8V 0.8V 0.8V
[

Figure 3 Timing of TxRQ Input
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\ 2.0V
¢,DMA

KO8 e

‘-— tDGS—e togs—+|

2.0V
DGRNT
0.8v
Hold Timing
¢, DMA
0.8v
toGgH
2.0V
DGRNT
0.8v
Figure 4 Timing of DGRNT Input
2.0V
¢,DMA
toap
DRGH 2.4V
DRaT
0.4V
tTKD1
2.4v
TxAKA
‘CS/TxAKB (Output)
0.4v

Figure 5 Timing of DRQH, DRQT, TxAK Outputs
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HD6844,HD68A44, HD68B44

¢, DMA
0.8V -
—tap 1
tAH
2.4V
A,~A, ; (Output)
R/W (Output)
TxSTB
0.4V
~—'DED1—
24v
TRQ/DEND
0.4v

Figure 6 Timing of Address and IRQ/DEND Outputs

Recovery Time of Address Three-state

2.0v
$,DMA  (or DGRNT)
TATSR—|
2.4V
Ao~é|s
R/W
0.4V

Delay Time of Address Three-state

¢2 DMA (or DGRNT)

0.8v t

=—tATSD—*|

2.4V

0.4V 4

taHO
Figure 7 Timing of Address Three-state
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HD6844,HD68A44,HD68B44

2.0V
DGRNT
-—tTKD2
CS/TxAKB {Output)
0.4V
=—toep2—*
(2.av
TRQ/DEND
Figure 8 Timing of Synchronous DGRNT Output
5.0V
2.4k Test terminal Cc R
D, Do~D, ‘ 130 pF 11 kQ
Test terminal O- ' ¢ Ao~A;s, RIW 90 pF 16 kQ
_l_ CS/TxAKB 50 pF 24kQ
¢ R D, All other outputs 30 pF 24 k2
o, D, ~D, : 152074 @ or equivalent.
D,
Figure 9 Load Circuit
e q
HD6844

<
[2)
[+

ON

TxAKB output

OFF
D.C. Ammeter

Vin=0V

Vss

TxAK ENABLE

CS input 34

—_—— —_————————

Figure 10 Source Current Measurement Circuit for CS/TxAKB Terminal

r
|
|
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HD6844,HD68A44,HD68B44

= DEVICE OPERATION

The DMAC has fifteen addressable registers, eight of them
are sixteen bits in length. Each channel has a separate Address
Register and a Byte Count Register, each of which is sixteen
bits. There are also four Channel Control Registers. The three
General Control Registers common to all four channels are the
Priority Control Register, the Interrupt Control Register, and
the Data Chain Register.

To prepare a channel for DMA, the Address Registers must
be loaded with the starting memory address and the Byte Count
Register loaded with the number of bytes to be transferred. The
bits in the Channel Control Register establish the direction of
the transfer, the mode, and the address increment or decrement
after each cycle. Each channel can be set for one of three
transfer modes: Three-State Control (TSC) Steal, Halt Steal, or
Halt Burst. Two read-only status bits in the Channel Control
Register indicate when the channel is busy transferring data and
when the DMA transfer is completed.

The Priority Control Register enables the transfer requests
from the peripheral controllers and establishes either a fixed
priority or rotating priority scheme of servicing these requests.

When the DMA transfer for a channel is complete (the Byte
Count Register is zero), a DMA End signal is directed to the
peripheral controller and an IRQ goes to the MPU. Enabling of
these interrupts is done in the interrupt Control Register. The
IRQ flag bit is read from this register.

Chaining of data transfers is controlled by the Data Chain
Register. When enabled, the contents of the Address and Byte
Count Registers for channel #3 are put into the registers of the
channel selected for chaining when its Byte Count Register
becomes zero. This allows for repetitively reading or writing a
block of memory.

During the DMA mode, the DMAC controls the address bus
and data bus for the system as well as providing the R/W
line and a signal to be used as VMA. When a peripheral
device controller desires a DMA transfer, it is requested by a
Transfer Request. Assuming this request is enabled and meets
the test of highest priority, the DMAC will issue a DMA
Request. When the DMAC receives the DMA Grant, it gives a
Transfer Acknowledge to the peripheral device controller, at
which time the data is transferred. When the channel’s Byte
Count Register equals zero, the transfer is complete and a DMA
End is given to the peripheral device controller, and an IRQ is
given to the MPU.

@ |Initialization .

During a power-on sequence, the DMAC is reset via the RES
input. All registers, with the exception of the Address and Byte
Count Registers, are set to a logic “0” state. This disables all
requests and the Data Chain function while masking all
interrupts. The Address, Byte Count, and Channel Control
Registers must be programmed before the respective transfer
request bit is enabled in the Priority Control Register.

o Transfer Modes

There are three ways in which a DMA transfer may be done.
The one used is determined by the data transfer rate required,
the number of channels attached, and the hardware complexity
allowable. Refer to Figures 12, 16 and 17.

Two of the modes, TSC Steal and Halt Steal, are done by
cycle-stealing from the MPU. The Three-State Control (TSC)
Steal mode is initiated by the DMAC bringing the DRQT line

w”’. This line goes to the system clock driver which returns a
“High” on DGRNT on the rising edge of the system ¢, clock.

The DGRNT signal must cause the address control and data
lines to go to the high impedance state. The DMAC now
supplies the address from the Address Register of the channel
requesting. It also supplies the R/W signal as determined from
the Channel Control Register. After one byte is transferred,
control is returned to the MPU. This method stretches the ¢,
and ¢, clocks while the DMAC uses the memory.

The second method of cycle-stealing is the Halt Steal mode.
This method actually halts the MPU instead of stretching the $1
clock for the transfer period. This mode is initiated by the
DMAC bringing the DRQH line “Low”. This line connects to
the MPU HALT input. The MPU Bus Available (BA) line is the
DGRNT input to the DMAC. While the MPU is halted, its
Address Bus, Data Bus, and R/W are in the high impedance
state. The DMAC now supplies the address and R/W line. After
one byte is transferred, the HALT line is returned “High” and
the MPU regains control. In this mode, the MPU stops internal
activity and is removed from the system while the DMAC uses
the memory.

The third mode of transfer is the Halt Burst mode. This
mode is similar to the Halt Steal mode, except that the transfer
does not stop with one byte. The MPU is halted while an entire
block of data is transferred. When the channel’s Byte Count
Register equals zero, the transfer is complete and control is
returned to the MPU. This mode gives the highest data transfer
rate, at the expense of the MPU being inactive during the
transfer period.

= INPUT/OUTPUT FUNCTIONS

® DMAC Interface Signals for the MPU

The DMAC interfaces with the HMCS6800 MPU through the
eight-bit bidirectional data bus, the CcS line, five address lines,
an IRQ line, the Read/Write line, and the RES line. These sig-
nals, in conjunction with the HMCS6800 VMA output, permit
the MPU to have access to the DMAC. Four other lines as-
sociated with the MPU and the clock driver are the DRQT,
DRQH, DGRNT, and the ¢, DMA.

Bidirectional Data (D,~D,)

The Bidirectional Data lines (Do~D-)allow for data transfer
between the DMAC and the MPU. The data bus output drivers
are three-state devices that remain in the high impedance state
except when the MPU performs DMAC read operations.

Chip Select/Transfer Acknowledge B (CS/T x AKB)

This line is multiplexed, serving both as an input and an
output. CS/TxAKB is an output in the four-channel mode
during the DMA transfer. At all other times, it is a high
impedance TTL compatible input used to address the DMAC.
The DMAC is selected when CS/TxAKB is “Low”. VMA must
be used in generating this input to insure that false selects will
not occur. Transfers of data to and from the DMAC are then
performed under the control of the 2 DMA, Read/Write, and
Ao~A,4 address lines. In the four-channel mode when TxAKB is
needed, the CS gate must have an open-collector output (a
pull-up resistor should not be used). In the two-channel mode,
CS/TxAKB is always an input.

Address Lines (A;~A,)

Address lines Ag~A4 are both input and output lines. In the
MPU mode, these are high impedance inputs used to address the
DMAC registers. In the DMA mode, these lines are outputs
which are set to the contents of the Address Register of the
channel being processed.
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Interrupt Request/DMA End (IRQ/DEND)

IRQ/DEND is a TTL compatible, active “Low” output that
is used to interrupt the MPU and to signal the peripheral
controller that the data block transfer has ended. If the
Interrupt has been enabled, the IRQ/DEND line will go “Low”
after the last DMA cycle of a transfer. An open collector gate
must be connected to DGRNT and IRQ/DEND to prevent false
interrupts from the DEND signal when interrupts are not
enabled. Refer to the section of “DMA End Control”.

Read/Write (R/W)

Read/Write is a TTL compatible line that is a high impedance
input in the MPU mode and an output in the DMA mode. In the
MPU mode, it is used to control the direction of data flow
through the DMAC’s input/output data bus interface. When
Read/Write is “High” (MPU read cycle) and the chip is selected,
DMAC data output buffers are turned on and a selected register
is read. When it is “Low”, the DMAC output drivers are turned
off and the MPU writes into a selected register.

In the DMA mode, Read/Write is an output to drive the
memory and peripheral controllers. Its state is determined by
bit 0 of the Channel Control Register for the channel being
serviced. When Read/Write is “High”, the memory is read and
the data from the memory is written into the peripheral
controller. When it is “Low”, the peripheral controller is read
and its data stored in the memory. In the DMA mode, the
DMAC data buffers are off.

Reset (RES)

The RES input provides a means of resetting the DMAC from
an external source. In the “Low” state, the RES input causes all
registers, with the exception of the Address and Byte Count
Registers, to be reset to the logic “0” state. This disables all
transfer requests, masks all interrupts, disables the data chain
function, and puts each Channel Control Register into the
condition of memory write, Halt Steal transfer mode, and
address increment.

©® Transfer Signals to the MPU

Two DMA request output lines and a DMA Grant input line,
together with the system clock, synchronize the DMAC with the
MPU system.

DMA Request Three-State Control Steal (DRQT)

This active “Low” output requests a DMA transfer for a
channel configured for the TSC Steal transfer mode. This line is
connected to the system clock driver, requesting a ¢; clock
stretch. It will remain in the “Low” state until the transfer has
begun.

DMA Request Halt (DRQH)

This active “Low” output requests a DMA transfer for a
channel programmed for the Halt Steal or Halt Burst mode
transfer. This line is connected directly to the MPU HALT input
and remains “Low” until the last byte has begun to be
transferred.

DMA Grant (DGRNT)

This is a high impedance input to the DMAC, giving it
control of the system busses. For the TSC Steal mode, the signal
comes from the system clock drive circuit (DMA Grant),
indicating that the clock is being stretched. For either of the
Halt modes, this signal is the Bus Available from the MPU,

HD6844,HD68A44,HD68B44

indicating that the MPU has halted and turned control of its
busses over to the DMAC. For a design involving TSC Steal and
Halt mode transfers, this input must be the OR of the clock
driven DMA Grant and the MPU BA.

¢,DMA

Transferring in and out of the DMAC registers, sampling
of channel request lines and gating of other control signals to
the system is done internally in conjunction with the ¢, DMA
high impedance input. This input must be the system memo-
ry clock (non-stretched #2 clock).

©® Transfer Signals From the Peripheral Controller

Transfer Request (TxRQ,~TxRQ;)

Each of the four channels has its own high impedance input
request for transfer line. The peripheral controller requests a
transfer by setting its TxRQ line “High” (a logic “1”*). The lines
are sampled according to the priority and enabling established in
the Priority Control Register. In the Steal mode and the first
byte of the Halt Burst mode, the TxRQ signals are tested on the
positive edge of ®2 DMA and the highest priority channel is
strobed. Once strobed, the TxRQs are not tested until that
channel’s data transfer is finished. In the succeeding bytes of the
Halt Burst mode transfer, the TxRQ is tested on the negative
edge of $2 DMA, and data is transferred on the next ¢, DMA
cycle if TxRQ is “High”.

©® Transfer Signals to the Peripheral Controller

Two encoded lines select the channel to be serviced. A strobe
line acknowledges the request and performs the transfer. The
DEND line signals to the peripheral controller that the DMA
transfer is completed.

Transfer Acknowledge A (T x AKA)

The Transfer Acknowledge A (TXAKA) is a TTL compatible
output used in conjunction with the CS/TxAKB line to select
the channel to be strobed for transfer and to give the DMA End
Signal. In the two-channel mode, only TXAKA is used to select
channel O or channel 1, and CS/TxXAKB is always an input.

Chip Select/Transfer Acknowledge B (CS/TxAKB)

In the DMA mode, this dual purpose line is encoded together
with TxAKA to select the channel being serviced. Table 1 shows
the encoding order.

Table 1 Encoding Order

CS/TxAKB TxAKA Channel #
0 0 0
0 1 1
1 0 2
1 1 3

Transfer Strobe (TxSTB)

The TxSTB causes acknowledgement to be given to the
peripheral controller and transfers the data to or from the
memory. This line is also intended to be the VMA signal for the
system in the DMA mode. In a one-channel system, may
be inverted and run to the peripheral controller’s Acknowledge
input. In a two or four-channel system, TxSTB enables the
decode of TXxAKA and CS/TxAKB to select the device
controller to be acknowledged.
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Interrupt Request/DMA End (IRQ/DEND)

In the DMA mode, this dual purpose line is “Low” for the
last byte of transfer, indicating a DMA End. This occurs when
the Byte Count register decrements to zero.

This line, through the decode of TxAKA and CS/TxAKB,
can be used to strobe a DMA End to each device controller.

® Address Lines to the Memory

Address Lines (Ag~A,;s)

These output lines are in the high impedance state during the
MPU mode. In the DMA mode, these lines are outputs which are
set to the contents of the Address Register of the channel being
processed.

® THE DMAC REGISTERS

The HD6844 (DMAC) has Address Register (ADR), Byte
Count Register (BCR), Channel Control Register (CHCR), and
General Control Register (GCR).

General Control Register (GCR) is composed of Priority
Control Register (PCR) that controls priority among the chan-
nels, Interrupt Control Register (ICR) that controls interrupt

and Data Chain Control Register (DCR) that controls data chain
function, Refer to Table 2 and Figure 1,

These are Read/Write registers and MPU can exchange the
data with DMAC when CS is at “Low” level. Ag~A, specifies
the address of the registers. How to specify the registers is
shown in Table 2.

2-byte ADR and BCR can be read or written by one instruc-
tion, using 2-byte instruction of the MPU,

® Function of Internal Registers
ADR (Address Register)

Each channel has 16-bit Address Register. Initial address of
memory used for DMA transfer is programmed to this register.
The contents of ADR are output to address bus (Ag~A;s)
during DMA transfer operation. When 1-byte transfer has com-
pleted, the 16-bit address is incremented or decremented by

one.

The address which the MPU reads out is the renewed one,
that is, the memory address for the next transfer. When 1-block
transfer has completed, final memory address +1 or -1 is read
out.

Table 2 Internal Registers of the DMAC

] Address Bus Signal Address

Register Name Symbol | Channel A A A A, Ao (Hexadecimal)

. ADRH 0 0 0 0 0 0 00

Address Register ADRL 0 0 0 0 (] 1 01

] BCRH 0 0 0 0 1 0 02

Byte Count Register BCRL 0 0 0 0 1 1 03

) ADRH 1 [} [} 1 0 0 04

Address Register ADRL 1 0 0 1 0 1 05

o te Count Ao BCRH 1 0 0 1 1 0 o6

yte Count Register BCRL 1 0 0 1 1 1 07

. ADRH 2 0 1 0 0 0 08

Address Register ADRL 2 0 1 0 [} 1 09

o e Count i BCRH 2 0 1 0 1 0 0A

yte Count Register BCRL 2 0 1 0 1 1 0B

. ADRH 3 0 1 1 0 0 ocC

Address Register ADRL 3 0 1 1 0 1 0D

. o BCRH 3 0 1 1 1 0 0E

yte Count Register BCRL 3 0 1 1 1 1 OF

CHCR 0 1 0 0 0 0 10

. CHCR 1 1 0 0 0 1 11

Channel Control Register CHCR 2 1 0 0 1 0 12

CHCR 3 1 0 0 1 1 13

Priority Control Register PCR - 1 0 ! 0 0 14

Interrupt Control Register ICR - 1 0 1 0 1 15

Data Chain Control Register DCR - 1 0 1 ! ° 16

(NOTE) 1) All the registers can be accessed by Read/Write operation. Unused bit of the register is read out “0".
2) H/L of ADR and BCR means the higher (H) 8 bits/the lower (L) 8 bits of a 16-bit register.
3) Being allocated to continuous address, 16-bit ADR and BCR can be read or written by one instruction, using MPU's 2-byte

LOAD/STORE instruction.

Rogist_g[ Address
eg.LDX § + 2 0C
Address of DMAC

~~~~~~~~~~ (ADRH 3) — (Index Register H)
(ADRL 3) - (index Register L)
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BCR (Byte Count Register)

Each channel has a 16-bit Byte Count Register. Number of
DMA transfer words is programmed into this register. The con-
tent of the Byte Count Register is decremented by one everytime
one-byte transfer has completed. When it becomes “0”, DEND
output goes “Low” level and informs l/O controller of the end
of one-block DMA transfer. When IRQ is not masked, TRQ out-

put
the
out

CH

goes ““Low” level and MPU is interrupted to be informed of
end of DMA transfer. Moreover, IRQ and DEND signals are
put, multiplexed with IRQ/DEND pin.

CR (Channel Control Register)
Each channel has Channel Control Register. This register is

HD6844 HD68A44,HD68B44

used to program the control information of its corresponding
channel. Structure of CHCR is shown in Table 3.

(0]

R/W Control (specifies the direction of transfer)
Bit — CHCR Bit 0

This bit controls the direction of DMA transfer. When it
is at “1”, R/W signal of DMAC goes “High” level during
DMA transfer operation. This means to read out memory
and write into I/O controller, that is, data is transferred
from memory to I/O controller.

When it is at “0”, R/W output goes “Low” level and
data is transferred from I/O controller to memory.

Table 3 Bit Structure of CHCR (Channel Control Register)

Si:. Name Read/Write por Function o
Transfer from memory Transfer from 1/O

0 R/W R/W to 1/0 controller controller to memory
(R/W output = “High”’) (R/W output = “Low")

1 Burst/Cycle Steal R/W Burst Mode Cycle Steal Mode*

2 TSC/HALT R/W TSC Mode HALT Mode*

3 Address down/up R/W Address: -1 Address: +1

4 Not used - - -

5 Not used - - -

6 Busy/Ready Flag (DMA Tr:rl::fyer Operation) (No DMAR '?‘::rrsfer Operation)

7 DEND Flag R DMA End & Interrupt No Interrupt

* Burst transfer in TSC mode is prohibited. R: Read, W: Write

Note that during DMA transfer operation, the function of
R/W signal is accommodated to the memory Read/Write
operation. Therefore, on the side of I/O device during DMA
transfer operation, R/W input should be interpreted in
inverse of the MPU Read/Write. That is, data should be out-
put when R/W input is at “Low” level (In the case of
MPU’s read operation, I/O device outputs the data when it
is at “High” level).

This arises from that during DMA transfer operation,
1/0 side performs data transfer independently instead of
MPU. Moreover, such family LSI as HD6843 (FDC), etc.
has this function and R/W signal is automatically inter-

@

performed by using MPU’s TSC function or HALT func-
tion. When it is at “0”, DMA transfer request signal is output
from DRQH of DMAC.

When it is at ““1”’, DMA transfer request signal is output
from DRQT of DMAC.
Address down/up Bit — CHCR Bit 3

This bit is used to decide that the address of memory
region used for DMA transfer should be renewed up (incre-
ment of address) or down (decrement of address). When it
is at “1”, the address is decremented by one after one-byte
transfer. When it is at “07, the address is incremented by
one.

preted inversely. (5) Busy/Ready Flag Bit — CHCR Bit 6
(2) Burst/Cycle Steal Bit — CHCR Bit 1 This bit is a status flag to indicate whether its corres-
This bit is used to decide that DMA transfer should ponding channel is performing DMA transfer or not.
be performed in burst mode or cycle steal mode. When it (READ only)
is at ““1”, it specifies burst mode. That is, once DMA trans- When it receives the first TxRQ of its corresponding
fer is performed, MPU remains stopped until one-block data channel, it goes to “1”. When one-block transfer is com-
transfer is completed. ) pleted and BCR becomes ““0”, it is reset to “0”,
When this bit is “0”, it specifies cycle steal mode. That Also this flag is cleared when corresponding TxRQ -
is, everytime one-byte transfer has completed, MPU takes Enable Bit in the PCR becomes “0”.
back the bus control, and DMA transfer and MPU operation (6) DEND Flag Bit — CHCR Bit 7
are performed in time sharing. This bit is an interrupt flag to indicate that one-block
(NOTE) Only in the case of HALT mode, burst mode can DMA transfer of its corresponding channel has completed.
be specified. In TSC mode, burst mode cannot (READ only).
be specified. When one-block transfer of its corresponding channel is
(3) TSC/HALT Mode Bit — CHCR Bit 2 completed and BCR becomes “0”, it goes to “1”. As soon
This bit is used to decide that DMA transfer should be as this flag is read out, i.e. CHCR of this channel is read
@ HITACHI
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out, it is reset to “0”.

Moreover, this bit is connected to IRQ output. When it
is at “1” and IRQ enable bit (within ICR register described
later) is at ““1”, TRQ output goes “Low” level.

PCR (Priority Control Register)

Priority Control Register is a 5-bit register to decide the
operation mode of priority control circuit. Structure of PCR is
shown in Table 4.

Table 4 Bit Structure of PCR (Priority Control Register)

i Function

0 TxRQ Enable #0 (TXENg) RW TxRQ of Channel 0 is accepted. TxRQ of Channel 0 is not accepted.
1 TxRQ Enable #1 (TxEN;) R/W TxRQ of Channel 1 is accepted. TxRQ of Channel 1 is not accepted.
2 TxRQ Enable #2 (TxEN,) R/W TxRQ of Channel 2 is accepted. TxRQ of Channel 2 is not accepted.
3 TxRQ Enable #3 (TxEN;) R/W TxRQ of Channel 3 is accepted. TxRQ of Channel 3 is not accepted.
4 ] — - -

5 Not used — - -

6 ] - - -

7 Rotate Control R/W Rotate Mode IS:"Z:&Z'; g: dr;r:.ority is fixed at

R: Read, W: Write

(1) TxRQ Enable Bit (TXEN,~TxEN;) — PCR Bit 0~3

Each channel has this TxRQ Enable bit. When it is at
“1”, TxRQ input of its corresponding channel is accepted
to perform DMA transfer. When it goes to “0’, TxRQ of its
corresponding channel is masked not to be received and
TxAK is not output. During DMA transfer operation, when
this bit goes to “0” before BCR becomes “0”, following
TxRQ input is not accepted and DMA transfer is inter-
rupted. Then contents of ADR and BCR remain unchanged.
When it rises to “1” again, DMA transfer is reopened.
Therefore, in the case of cycle steal DMA, it is possible for
the program to change the priority of the specific channel
temporarily by manipulating this bit.

(2) Rotate Control Bit — PCR Bit 7

When this bit is at “0”, the order of priority among
DMA channels is fixed at numerical order. That is, Channel
0 is given a first priority and then is followed by Channel
1->2->3.

When this bit is at “1”°, priority control is due to rotate
mode. That is, the channel that ended in the first time is

This is a read-only bit and the status of IRQ output is
directly reflected on it. That is, when IRQ output goes to
“Low” level, it becomes “1”’.

IRQ output of DMAC is output as logical OR of 4-
channel DEND Flag according to the following equation.
IRQ = (DEND, IRQ Enable, ) + (DEND, *IRQ

Enable, ) + (DEND, -IRQ Enable,) +
(DEND; *IRQ Enable;)

DCR (Data Chain Control Register)

Data Chain Control Register is a 4-bit register and three of
those bits are used to control data chain function. Remaining
one bit is used to specify 2-channel/4-channel mode.

Structure of DCR is shown in Table 6.

(1) Data Chain Enable Bit — DCR Bit 0
When this bit is at “1”’, data chain function of DMAC
is enabled. That is, when DMA transfer of a specified chan-
nel has completed and BCR goes to “0”, the contents of
ADR and BCR of Channel #3 are automatically transferred
to ADR and BCR of the specified channel.

given a first priority and the channel ended in the last time (2) Data Chain Channel Bit — DCR Bit 1~2
is controlled to be given a last priority. These bits are used to specify which channel should
be used for the data chain. How to specify the channel is
ICR (Interrupt Control Register) _ shown in Table 7. Data Chain Channel bit specifies the
Interrupt Control Register is a 5-bit register to control IRQ channel to which data should be transfered from Channel
output, Its structure is shown in Table 5. #3. Channel #3 contains the data for replacement. Channel
(1) IRQ Enable Bit — ICR Bit 0~3 #3 is fixed and cannot be changed.
Each channel has IRQ Enable Bit. When this bit is at “1” (3) 2/4-channel Mode Bit — DCR Bit 3
and DEND Flag of its corresponding channel is set to “1”, This bit has no relation to the data chain function.
TRQ output goes “Low” level. But when it is at “0”, IRQ It is used to specify whether CS/TxAKB is used for only
output is masked not to be output even if DEND Flag is set input pin or 1/O pin. When this bit is “0”, CS/TxAKB be-
to “17. comes CS input pin in 2-channel mode since TxAKB output
These bits enable to control to output only a necessary is not necessary for application up to 2-channel.
channel to IRQ. When this bit is “1”, CS/TxAKB becomes I/O pin in
(2) IRQ Flag — ICRBit 7 4-channel mode (See Fig. 11).
O HITACHI
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Table 5 ICR (Interrupt Control Register)

HD6844,HD68A44, HD68B44

Bit Read Function
No. Name /Write T g

0 IRQ Enable #0 R/W | TRQ of Channel O is able to be output. | IRQ output of Channel 0 is masked.
1 IRQ Enable #1 R/W | IRQ of Channel 1 is able to be output. | IRQ output of Channel 1 is masked.
2 IRQ Enable #2 R/W | TRQ of Channel 2 is able to be output. | TRQ output of Channel 2 is masked.
3 IRQ Enable #3 R/W | TRQ of Channel 3 is able to be output. | IRQ output of Channel 3 is masked.
4 — — —_

5 Not used — - -

6 — —_ —

7 IRQ Flag R TRQ output “Low" TRQ output “High”’ (off state)

R: Read, W: Write
Table 6 Bit Structure of DCR (Data Chain Control Register)

Bit Read Function
No. Name /Write uyn i

0 Data Chain Enable R/W Data Chain is performed. Data Chain is not performed.

1 R/W The channel which performs Data Chain is specified.

Data Chain Channel (The channel where contents of ADR and BCR of Channel
2 R/W #3 are loaded.) -
4-Channel Mode (CS/TxAKB is 2-Channel Mode (CS/TxAKB is

3 2/4-Channel Mode RIW 1/0 pin.) designated to only input pin.)

4 - — —

5 _ _ _

Not used
6 ot us! — — —
7 - - —

R: Read, W: Write

Table 7 How to specify Data

Chain Channel
DCR DCR Specified
Bit 1 Bit 2 Channel

0 0 Channel #0

1 0 Channel #1

0 1 Channel #2

1 1 -
;’ """""""""""""""" H
: HD6844 (DMAC) Vee : TTL Input

H - —-—
:(DMA ) .(Achannel) o
'\ Execution/ \Mode cs/ 1
' Ti Txaks!
: : or
L

| TXAKB T, ' lf" 0 DGRNT
i i i E (BA of MPU)
H - —-—CS Input
5 Vss i : CS Input i
P os <] Lo :
h ' ! open collector | 3-state buffer
e e ] i TTL output [

In CS input mode T1 turns ON and T2 turns OFF. T1 fi

as pull-up

Figure 11 How to Use CS/TxAKB Pin
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® OPERATION OF THE DMAC

©® Transfer Mode of the DMAC

There are three DMA transfer modes such as HALT Cycle
Steal, HALT Burst and TSC Cycle Steal. Operation in each
mode is explained in the following.

HALT Cycle Steal Mode

This is a basic DMA transfer mode utilizing HALT state of
MPU. In this mode, everytime 1-byte transfer has completed,
MPU takes back the bus control and executes instruction
cycle. That is, DMA transfer and MPU operation are performed
in time sharing.

Timing chart is shown in Fig. 12 and flow chart is shown in
Fig. 13. Procedure of transfer operation is the following. (No.
® ~ @ in Fig. 12 correspond to the following items.)
® TxRQo~TxRQ; input is checked at the rising edge of

¢2DMA. When it is at “High” level, it gets into the following

operation,

@ DRQH=“Low” is output and MPU is requested to stop its
operation,

® TxAKA is driven (Level output).

@ MPU stops its operation and DMAC waits until DGRNT goes
to “High” level.

® When DGRNT goes to “High” level, DMAC drives TxAKB,
Ao~A;s and R/W lines.

TxSTB is given to perform DMA transfer.

@ Address is incremented or decremented by one and number
of transfer words is decremented by one.

When DRQH rises to “High” level, MPU gets into Instruction
Cycle again.

TxRQ falls to “Low” level.

Ao~A,s and R/W get into high impedance state again.

@ DGRNT falls to “Low” level.

[Note] TxRQo~TxRQs input in HALT cycle steal is, in
principle as shown in Fig. 12, set to “High” every 1-
byte transfer on account of 1/O request. When TxSTB
of the DMAC is driven, it is reset to “Low”. Take care
not to be against this principle, or the following states
may happen.

(1) In the case where TxRQ becomes “High”, but it
is reset to “Low” before DGRNT becomes “High”.
In this case, the DMAC is in the wait state without
sending out TxSTB until TxRQ rises to “High”
again. As DRQH remains “Low” the MPU is forced
to be stopped, and the system is in dead lock state
until TxRQ rises to “High” again (Fig. 14).

In the case where TxRQ is not reset to “Low”

though TxSTB has been driven.

In this case, unless TxRQ returns to “Low” by the

time ¢,DMA rises after TxSTB has risen to “High”,

it is considered as a new I/O request, which leads

the above-mentioned operation ®,@ — .

If TxRQ falls to “Low” immediately after that, the

same state as (1) happens (Fig. 15).

)]

MPU f
Last 'Sycie of Instruction Dead |-_D M A__‘ Dead |_ mey
oA _I_L—f_LT_‘ P“.l_r'u_\_f_\_
t TaH — :-—4@ — :P—t*rtz_s; 1 ) tranzn i @ t.TG—s-li: B :. E
TxRQo~TxRQs el AR o S —
NG H ; ' 1@ i ,
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Figure 12 HALT Cycle Steal Mode
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‘ RESET '

Initial State wait
for Programming

NO BCR="0"
TXEN = “1"?

YES
Wait for TxRQ
Input
NO TxRQ = "High""? Checked __{
¢2DMA
YES
DRQH/DRQT = “Low”
Output
Wait for MPU
Response
NO DGRNT>
YES
Wait for
TxRQ
input
TxRQ = “High"

DGRNT = “High"?

Checked
$2DMA l

DMA Transfer
(A,~A,;, R/W, TxSTB,
TxAKA/B Output)

!

Address: +1 or -1 Number
of Transfer words: -1

BCR = "0"

#+0
Burst/Cycle DRQH/DRQT = “High”
Steal? Output
Cycle Steal Mode ‘
DRQH/DRQT = “High" 1RQ/DEND = “‘Low"”
Output Output

Figure 13 Flow Chart of DMAC Operation
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DMA

¢,DMA

TxRQ S \ I
v |

DGRNT /

TxSTB 4 \ '

DRQH \ N /

14

For this period, both the MPU and the DMAC
are in the wait state.

Figure 14 Extraordinary TxRQ Input (1)

In the case where TxRQ is reset to
“Low’’ before the transfer

DMA
o LMLMLMU T LML ML
TxRQ L g
DGRNT I / A A
TxSTB ) \__ /
o T\ A A — -
’ =

Both the MPU and the DMAC are
in the wait state until the
next TxRQ input.

Figure 15 Extraordinary TxRQ Input (2)

In the case where TxRQ doesn’t fall to *’Low" after
the fer has been pleted
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HALT Burst Mode

In the case of cycle steal mode, MPU gets into Instruction
Cycle everytime 1-byte transfer has completed. But in the case
of burst mode, MPU remains stopped until 1-block transfer is
finished. That is, DRQH continues to be output “Low” level
until BCR becomes “0”.

Its timing chart and flow chart are shown in Fig. 16 and Fig.
13 respectively. Procedure of transfer is the following (No. @
~ @@ in Fig. 16 correspond to the following items).

( TxRQ input is checked at the rising edge of $, DMA. When
it is at “High” level, it gest into the following operation.

@ DRQH=“Low” level is given and MPU is requested to stop its
operation.

® TxAKA is driven.

@ MPU stops and DMAC waits for DGRNT rising “High” level.

(® When DGRNT rises “High” level, DMAC drives TXAKB, Ao
~A;s, and R/W lines.

(® TxSTB is sent out to perform DMA transfer.

(@ Address is incremented or decremented by one and number
of transfer words is decremented by one.

TxRQ falls to “Low” level.

(® When number of transfer words is 0, from @ to @
operations are performed.

HD6844,HD68A44, HD68B44

When BCR is not ““0”’, TxRQ is checked at the falling edge
of ¢, DMA.When TxRQ is at “High”’ level, DMA transfer is
performed through ® ~ again. When TxRQ is not at

_ “High” level, DMAC waits for becoming “High” level.

@ IRQ/DEND output goes to “Low” level.

@ DRQH output rises to *“‘High” level and MPU gets into

Instruction Cycle again.
® Ao~A,;s and R/W get into high impedance state.

@@ DGRNT falls to “Low” level.

The transfer of the first byte (D~ (®) is performed in the
same way as that in HALT cycle steal mode. But in the second-
byte and subsequent transfer, TxRQ is checked at the falling
edge of ¢2 DMA and if TxRQ is at “High” level, DMA transfer
is performed at the following cycle. Therefore, a high-speed
response (MAX. 1 byte/1 cycle) is feasible.

In burst mode, TxRQ should be also, in principle, set to
*‘High” when I/O request is asserted, and reset to “Low’” when
TxSTB goes to “Low”. If TxRQ is asserted as level input with-
out being reset, DMA transfer is performed at all cycles of
¢, DMA since TxRQ is always at “High” level at the falling edge
of ¢,DMA. Its example is shown in the second-byte and the
third-byte transfer in Fig. 16.

First-byte Second-byte Final-byte
PU ~| Dead Du Dead MPU
. | ©4_|~OMA §-Dumms J-DMA DA~ Oeed |
$2DMA \ , ] .
=@ <=t : traz! traseli tvasdl traSAn  trasa” ! b
TxRGo~Txr T '®” {=-t1as : z‘, Taszli ”-rosé - — b
A\, toao |1 ; On b i Ui v —
BRGH _J3o ' : —
h ; L @ =t
DGRNT ! . - N 0%
TxSTB . ; ! | :
N 1
-~ : ! —~ ~—troz !
TxAKA : - + - - !
TxAKB ) ~ trkoz ! i | = —trkos
(output) H Ao : E E E
TS (input) X X 7 — —  — a—
—~ ~tarsr@-~tao —~ —tao ~~tarso !
Ao~Ais, R/W —~ % o X & - }
(output) : i G 1
Ao~Ac, R/W X X >— T : X
(input) — ~—tpeo2 —  ~toEpi— toep: — ~—tpep!1
IRQ/DEND  ~eceecccceccmmcecmmemmeoaen 7 N8 L/ IS S
Figure 16 HALT Burst Mode
TSC Cycle Steal Mode extend clock E (¢2) of MPU.

In the above-mentioned modes, DMA is performed by using
the HALT function of the MPU. In TSC cycle steal mode, DMA
is performed by using the TSC function of the MPU.

Its timing chart and flow chart are shown in Fig. 17 and
Fig. 13 respectively.

Basic operation of the DMAC is the same as that in HALT
cycle steal mode, but the detailed timing is different. The differ-
ence is explained in the following.

(1) DRQT is used for DMA transfer request instead of DRQH.
(2) DRQT is sent to the external clock control circuit to

(3) To DGRNT, the external clock control circuit inputs
response signals.

In TSC mode, there isn’t a burst mode. Because the MPU
clock cannot be extended for a long time because MPU per-
forms dynamic operation. When TSC mode is specified, DRQT
returns to “High” and the MPU gets into the instruction cycle
everytime 1-byte transfer has finished.
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—MPU '{ Dead —}~—DM A—=}— Dead } MPU
E (¢3) —J 1 J 1 I 1
$2DMA | — | | | J 1
t'ro:Ti r- (D Y trasyt i h-ou—z.i ~ 1 ® E ;i r_.ms‘ E
T N o T\
TxRQ —_L.L-'_-’_’_a_/ ! ; . : :.\ s : - ;
) :
toao' )\ ! ' : / toao L L1
) 1
DRQT @F ; ' /® ! i
. i ! " ! |
T
DGRNT f ® ! i NO_L !
' '
E ! itao it E
n n s 1
sTe o N ®© L/
: trkor | ! trkor
1 [ " ' 1 1
L ST U
TxAKA — L ©, : , N
! trkor | ! — !
TxAKB ; . : ; : tn\uu. ¢
(output) 1 , N T E / E
! 1 | ' [l
! ! 1 L 1
CS(intput) X ! /: ! | 4:L X
i | H
E T tarsr :.'_.::tATSD E
Ao~Ais, R/W - ® M ® | O T
(output) ' ! “: —tano !
A [ \ )
Ac~As, R/W MPU X  MPU ' > . e \  MPU X
(input) . ' I
b : toeo,
RQBEND oo d e N
When TRQ is
put out

Figure 17 TSC Cycle Steal Mode

® Priority Control
Basic priority Control

There are two kinds of the DMAC priority control function.
One is to mask TXRQ on each channel by TxRQ Enable bit
of PCR. The other is priority-order-determining-circuit which
the DMAC has as a hardware.

Moreover, the priority- order- determining- circuit has two
operation modes (the rotate mode and the normal mode).

Structure of the priority control circuit is shown in Fig. 18.
As shown in Fig. 18, TXxRQ of the channel whose TxRQ Enable
bit is at “1” level becomes an input of the priority-order-deter-
mining-circuit. Then it is checked whether TxRQ is at “High”
level or not.

(Note) In this case, ZERO flag needs to be at “1’ level. ZERO
flag will be described later.

If one of TxRQ,~TxRQ; is at *‘High” level, its channel is
selected, being given a first priority. Then it is latched by an
executing-channel-number-latch-circuit to perform DMA trans-
fer. Once an executing channel is determined and latched, it is
unchanged until its DMA transfer has been completed. That is,
the channel number strobe signal of DMAC doesn’t go to “1”
and the contents of the channel-number-latch-circuit are un-
changed. In the cycle steal mode, the channel is fixed until
1-byte transfer has completed. In the burst mode, it is fixed
until BCR becomes “0”.

© HITACHI
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Rotate Mode Bit

—_——
3 2 1 0 Channel Number Strobe Signal (Synchronous with ¢,)
\ /Y VY
T™=RQ, > 4— . = 0
3
e The channel which is
TxRQ, l—)— s G‘ 1 | executing DMA transfer
2 now becomes “1”.
€ - 1 All other lines are
TxRQ, {O— gé L_J 2| &t 0" level.
58
l A/ 1
3 2 1 0 E Ch I-Numb

(From ZERO Flag)

Latch-Circuit

Figure 18 Structure of Priority Control Circuit

Therefore, once a long-period DMA transfer of a channel is
performed in the burst mode, other channels need to wait until
it has completed even if they have higher priority than the chan-
nel. Take much care to this point in designing response time to
TxRQ of DMA channel.

(Note) As explained above, TXxRQ input is latched internally. So

once it is accepted and latched, the channel number cannot be
changed even though it returns to “Low”. But as explained in
HALT Cycle Steal Mode, DMA transfer is not performed unless
TxRQ rises to “High” again.

Strobe timing of executing-channel-number-latch-circuit

which allow modification or decision of executing channel is
shown in Fig. 19.

¢,DMA
TxRQ,~TxRQ, / \
TxSTB \_/
Strobe
Grant signal
of executing
channel
T T
Strobe Strobe Strobe
possible prohibited possible
(Channel cannot
be changed.)
Strobe possible

(But channel under executing
DMA transfer is prohibited.)

Figure 19 Strobe Timing of Executing-Channel-Number-Latch-Circuit (the cycle steal mode)

But, as shown in Fig. 19, only the channel under executing
DMA transfer is prohibited to accept TxRQ during DMA trans-
fer operation, in order that one more byte transfer may not be

performed when the reset timing of TxRQ is delayed. Strobe
timing in the burst mode is shown in Fig. 20.
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— MPU —-’ i— DMA _{ |-—-—— MPU
woe —J LTy

maemre, — 1 WU
TxSTB \ [\ [

\

TRG/DEND _J

Strobe
Grant signal
of executing
channel
1
Strobe Strobe prohibited Strobe
possible possible
Strobe possible
(But channel under
executing DMA transfer
is prohibited.)
Figure 20 Strobe Timing of Executing-Channel—Number-Laich-Circuit (the burst mode)
Rotate Mode which DMA was executed in the last sequence, is given a first

There are two operation modes in priority-order-determining ~ priority and the channel in the last sequence is given a last
circuit. These are Normal Mode and Rotate Mode. In the normal ~ priority. But immediately after it gets into the reset state, the
mode, the order of priority is fixed at numerical order. (Channel ~ order of priority is the following: Channel 0 > 1 -2 - 3.

0 is given a first priority and then is followed by Channel 1 - 2 An example of the rotate mode is shown in Fig. 21.
- 3.) In the rotate mode, the channel next to the channel with

Channel Number #0 #1 #2 43
1. Order of Priority 1 -2 —3 —4
in the reset state
{
DMA transfer
2. Order of Priority 3 —4 -1 -2 These numerals
immediately after C N show the
Channel #1 has . ori r to
performed DMA ! priority,
transfer DMA transfer
3. Order of Priority [‘ 4 -1 —2 -3 —I
immediately after
Channel #0 has
performed DMA
transfer

Figure 21 Example of Operation in the Rotate Mode

Next, Fig. 22 shows an example of the difference between Moreover, BCR=2 and TxEN=1 are assumed. As a transfer
the operation in the rotate mode and that in the normal mode. mode, HALT cycle steal mode is used.
In this example, TXRQ of all channels is always at “High” level.
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DY
1
TxRQ, ~TxRQ, .I

TxSTB S I I I I Jguwr
¥ Executing [20] T #1 1 l#0 ] 1#11 1#2] J#s] J#2] J#3]
E ‘Channel

E |maoens I I I
2

§ Executing_| #0 | | IEXH X | #3 | [ #0] [ #1 ] | #2 ] | #3]
ElChannel

g TRQ/DEND L I I I

[Note] Suppose that TxRQ, ~TxRQ, = “High"’, BCR = 2 and TxEN,~ TxEN,

= 1", All channels are assumed to be in HALT cycle steal mode.

Figure 22 Difference between the operation in the rotate
mode and that in the normal mode

The reason why the order of priority is not #0 - #0 - #1
- #1 > ——— in the normal mode is that during DMA transfer
operation, TXRQ of an executing channel is prohibited from
being accepted.

DMA Operation Timing with priority control

When more than 2 channels perform DMA transfer in paral-
lel, the abovementioned priority-order-determining-circuit is
used to determine the priority. The channel with lower priority
waits until the channel with higher priority completes the
transfer. Then it gets into DMA transfer operation. In this case,
The following combinations of transfer modes are conceivable.
(1) From HALT mode to HALT mode (Fig. 23)

(2) From TSC mode to TSC mode (Fig. 24)
(3) From HALT mode to TSC mode]_ (Fig. 25)
(4) From TSC mode to HALT mode ’

In changing from HALT mode to HALT mode, only one
dead cycle is intervened. That is, even in the cycle steal mode,
DMA transfer of the next channel is performed without return-
ing the bus control to the MPU (DRQH remains “Low”).

In changing from TSC mode to TSC mode, DMA transfer

of the next channel is performed, after returning the bus control
to MPU for one cycle.

In the case of HALT - HALT, it doesn’t return the bus con-
trol to MPU in order not to increase the response time of DMA
transfer and dead cycles of the system.

On the other hand, in the case of TSC - TSC mode, same
mean cannot be applicable because MPU clock cannot remain
stopped for a long time as in the case of HALT mode.

Both in the case of HALT - TSC mode and in the case of
TSC - HALT mode, DMA operation timing is based on the
same idea as the above two kinds of mode change. (In detail,
see Fig. 25).

The timing in the case where the next byte is transfered with-
out changing the channel is shown in Fig. 26. This is the case of
HALT - HALT mode. In this case, the bus control returns to
MPU, before the next byte is transfered. In the case of TSC -
TSC mode, its timing is almost the same as than in Fig. 24, that
is, after 1-byte transfer has completed, MPU executes the
Instruction Cycle for one clock and then DMAC executes 1-byte
transfer again.
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MPU | Dead |—DMA ——Dead—T~ DMA | Dead |———MPU —
42 DMA [ - I
TxRQa T \i\i
1
TxRQS VIS OSSN T P o o o o 7 \ i AW Y "\
DRGH —""——\\\ H \/
1
DGRNT 777 ] ~__
1
F578 /7 N/
TxST8 '
* — trkoy
TxAKB L CHa o 1 CHS N\
TxAKB o
{output) \__CHa X CHZ. J
TS (input) ). X 7 X
Ac~As,R/W < X X
(output ) _
Ao~ A5, R/W X X — X
(nput)
RQ/DEND -———-o-oommoom oo .7 ~ — 7 L
Figure 23 Channel Change (HALT Mode > HALT Mode)
MPU DMA MPU DMA ___MPU
| — | — [ al I
Ele,) —F —I L | | W
$2DMA
TxRGe [T T\ [
TeRQS ) A A A A S A 1
i N i }

oGRNT o
.

H ' H
TxSTB E \ \/ E . S
1 1 N
TxAKA ! ya—" : X [27] N
TxAKB 1
(output) \_&_:_7 o 7
|
CS(mput) X 77 N~—— 7 ~——————————— X
! Starso 1
Ac~Ais.R/W ——mh— < ——
(output) ' gt} '
PRV Be——_ e I > U G
(input) i toeoy }— toeor
iRQ/DEND -—ommmoooooo ey \ U ? < -7 e

Figure 24 Channel Change (TSC Mode - TSC Mode)
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HALT MPU one instruction cycle

TSC HALT
Dead [~OMA—| Dead | Deadt—DMA— Dead | MPU —f

Dead [—DOMA— Dead

—_—\ [T + T
..... 7 AU AN
—/ \ * S/

Response signal from the external clock control circuit

—_— N [ —— 0 + /S
DMA GRANT from MPU
b ” \ /-
1}
CHa’ X CHE t X CHa
AN CHa X cHg 7 v ) W . S A——
~ b 7
1" tarso
X X > *
______ (S — —— LS. SRR S N

Figure 25 Channel Change (HALT Mode - TSC Mode - HALT Mode)

|Dnd | DMA IDnd L

$2 DMA

e [ T L
R T\ /\ /

oannT
TxSTB . \_/ u
TxAKA J L J 1
-
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* Executing Period of One Instruction

Figure 26 Successive 2-byte Transfer of One Channel (HALT Cycle Steal Mode)

HALT = HALT (by one channel)
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® Status Flag

DMAC has BUSY Flag, DEND Flag and ZERO Flag on each
channel. The former two of these flags can be read out by
MPU, but ZERO Flag cannot be read out. Set and reset timing
of each flag are shown in Fig. 27.

BUSY/READY Flag

This flag is set to *“1” when it accepts the first-byte TxRQ
of its corresponding channel. After 1-block transfer has com-
pleted and BCR becomes “07, it is reset to “0”. Therefore,
while this flag is “1”, that is, its corresponding channel is being
used, the next block transfer cannot be performed.

Also this flag is cleared when corresponding TxRQ Enable
Bit i the PCR becomes “0”.
DEND Flag

This is the interrupt flag to indicate the end of DMA trans-
fer of its corresponding channel. After 1-block transfer has com-
pleted and BCR becomes “0”, this flag is set to “1”. This flag is
reset to “0” immediately after the Channel Control Register
having this flag is read out.

ZERO Flag
This is the internal flag to indicate whether the data stored in
the BCR is “0” or not (It cannot be read out).

TxSTB \ / in the case where

[ I ~~IRQ is masked.

] DEND

\ L____</
BUSY/READY | [ ! 1
Flag \ \
DEND Flag ‘\ I
ZERO Flag

MPU Write
BCR BCR

A value that is not *0’' 1s written into BCR.

/
\ /
L 1
gl

MPU Read
CHCR

CHCR that has the flag
is read out.

Figure 27 Timing of Status Flag (Suppose that BCR is 2 in the initial state)

When BCR is “0”, ZERO Flag is “0”. When BCR is not “0”,
it is “17.

In the reset state, this flag is “0”. If data that is not “0” is
written into BCR, this flag is set to “1”’. When BCR becomes
“0” after 1-block data transfer has completed, or MPU writes
“0” into BCR, this flag is reset to “0”. .

The function of ZERO Flag is to prohibit accepting TxRQ
of its corresponding channel while this flag is “0” (that is, BCR
is “0”) (See Fig. 18). While ZERO Flag is “0”, TxRQ is not
accepted even if TXEN is “1”. This function avoids an false
operation even if “High” input is provided to TxRQ before the
initialization of the register.

When RES pin goes to “Low”, this flag becomes *‘0”, but the
number in BCR is not reset to “0”. Therefore, the state of this
flag and BCR are not the same. In this case new data should be
written into BCR (Then ZERO Flag becomes *‘17°).

® DMA End Control
Function of TRQ/DEND Pin

DMAC has IRQ output and DEND output to perform
DMA End Control. These are multiplexed outputs to IRQ/

DEND pin.

The function of DEND output is to inform I/O controller of
the end of 1-block transfer. After 1-block transfer has been
completed and BCR becomes “0”, DEND output provides
“Low” pulse whose cycle is one clock, being synchronous with
the final 1-byte data transfer. 4 channels have only one DEND
output in common, so each channel determines whether DEND
output is its own output or not, combining with TxAK signal.
When TxAK of the channel is “High” and DEND is “Low”,
it shows that the cycle is the last one of DMA (See Fig. 29 and
30).

The function of TRQ output is to inform MPU of the end of
1-block transfer by interrupting it. As shown in Fig. 28, IRQ
output is logical AND-OR of the interrupt flag (DEND Flag)
and IRQ Enable bit of each channel.

IRQ and DEND outputs are multiplexed. TRQ/DEND pin is
used as DEND output during DMAC cycle and TRQ output
during MPU cycle. Moreover, DGRNT signal separates DEND
and TRQ by its “High” or “Low”. In detail, see Fig. 29 and
Fig. 30.

@ HITACHI
90 Hitachi America Lid. * 2210 O'Toole Avenue ¢ San Jose, CA 95131 e (408) 435-8300



HD6844,HD68A44,HD68B44

#0
#1 -
DEND Flag TRQ Output
(CHCR Bit 7) #2
1
43 —
#3#2%140
——

IRQ Enable Bit (PCR Bit 0~3)

Figure 28 Logic of IRQ Output

—MPU } DMA | } MPU
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1
)
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[
]

i
-
1
1
I
i
1
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'

channel of DMAC requests IRQ.

— U—F—

L A A\

#0
DEND ‘ > In the case where other l__l

\
) lndncu st
/
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Figure 29 Timing of TRQ/DEND Output
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DMA GRANT

DGRNT

iRQ

Open Collector TTL

Channel Number

iRQ./DEND __D; : ”‘o} o
DEND
<578 —-Do——‘ #1
DMAC
c
TxAKA A - “] TxAK
HD74 188 #
CS./ TxAKB B8 :
Decoder
Figure 30 How to Use IRQ/DEND Output Signal
Unusual DMA End ADR BCR
Following section describes how to terminate or change
normal sequence of DMA transfer. 20 #0
(1) When ““0” is written into BCR
When “0” is written into BCR before it becomes *“0”, #1 #1
subsequent TxRQ are not accepted and this causes the ter- #2 #2
mination of the DMA transfer since the internal ZERO

Flag is reset to “0”. In this case, note that DEND pulse is
not provided.

(2) When “1” is written into BCR
When “17, instead of “0”, is written into BCR, only the
next TxRQ is accepted and 1-byte DMA transfer is per-
formed. In this case, DEND pulse is provided, being syn-
chronous with the last transfer.

(3) When another value is written into ADR & BCR during the
transfer
When the data in ADR & BCR are changed during the trans-
fer, the following transfer is performed according to the
change of the data.

(4) When “0” is written into TxRQ Enable bit
When TxEN is reset to “0” during the transfer, this causes
TxRQ comes not to be accepted and the transfer halts. But
the state is different from that in the case (1), the number
in BCR remains unchanged. Therefore, when TxEN is set to
““1” again, the transfer is performed again.

(5) When RES pin is set to “Low”
When RES is provided during the transfer, the transfer
stops.
Then all of the control registers and their internal flags are
reset to “0”. But the data in ADR & BCR are not reset.

(Supplement)

1t is only in the cycle steal mode that DMAC registers such as
BCR and ADR can be read or written during the transfer. In the
burst mode, it is usually impossible (But special external circuits
enable it).

® Data Chain Function

The data chain function of DMAC is to transfer the contents
of ADR & BCR of Channel #3 to ADR & BCR of a specified
channel automatically and renew the data of them after the
channel has completed 1-block transfer.

#3 Y #3

Channel #3 has address
and number of transfer
words for the renewal.

DCR specifies

the channel to
which the contents
of Channel #3 are
transfered.

Figure 31 Data Chain Operation

Its detailed timing is shown in Fig. 32 and Fig. 33. As shown
in these figures the contents of ADR & BCR of Channel #3
are transfered to the channel during the clock cycle next to the
last one of 1-block transfer (which provides DEND pulse). Then
DRQH or DRQT provides “Low” output for one more clock
cycle than in the normal case. Therefore, MPU takes back the
bus control again 1-clock later than in the normal case, that is,
after the data renewal of the specified channel by the data
chain from Channel #3.

In the TSC mode, the stretching period of clocke, islonger
than in the normal case.

The contents of ADR & BCR of Channel #3 remain un-
changed as long as new data are not written by MPU, even if
the data chain is executed.

As for DEND output, DEND Flag and BUSY Flag in the case
of data chain execution, they function in the same way as in the
normal case. They provide DEND pulse everytime 1-block trans-
fer has completed, and then DEND Flag is set to “1”. There-
fore, in the case where more than 3-block data chain is needed,
DEND Flag is used for the execution. Its sequence is shown in
Fig. 34. First, DEND Flag=*“1" that shows the end of the first-
block data chain is read out. Next, the data of ADR & BCR for
the third-block data chain need to be written into Channel #3,
in parallel with the execution of the second-block data chain.
(This data chain is feasible only in the cycle steal mode.)
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Cycle under the execution of

Data Chain
MPU — —oma ——— l— mPU
#2DMA SN D SN D IS D S SN S U S p
.
LT RN i
TxRQa 2 g A +
DRGA \ ' Vam
TxSTB . \ s
TxAKA L : CHa \ .
| : '
TxAKB . . ;
(output) H b—l—.——/ '
cs H . . -
(mpul) ———K'——/ i 1 :
Ao~Ais, R/W ! L '
(output) ' .
Ao~Ai, R/W : .
(input) X X > . T
1 T : <X
toeoz =) : .
Y - \ s . ~—
—

" The contents of ADR & BCR
of Channel #3 are transfered
to Channel a.

Figure 32 Data Chain Operation (HALT Mode)

Cycle under the execution of

Data Chain
— e — - oA -
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E (¢2) N e B ; ; f—
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] j
TxRQa [T A VAARRARRRN 1
< . .
oRaT _ ; -
oGRNT Y : N\
e ~
TxAKA L S \ :
TxAKB X T a— 7
O i e— c— 5 < X
Ao~Ais, R/W <> '
(output) . |
Y e cm—— : L X
(nput) ! !
WO . ./ U
.

The contents of ADR & BCR of
Channel #3 are transfered
to Channel a.

Figure 33 Data Chain Operation (TSC Mode)
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Third Block—

The data of ADR &
BCR for the fourth
block are written.

} First Block Second Block
TxAK h ” ” _____________ .
DEND U w
DEND Flag
BUSY Flag _‘ I |
Channel #3
The data of ADR & BCR
BOR) Write Signal for the third block
are written,
Read Signal

of CHCR of the
Specified Channel

Figure 34 Sequence of More than 3-block Data Chain

= DMAC PROGRAMMING

Preparation of a channel for a DMA transfer requires:

1) Load the starting address into the Address Register.

2) Load the number of bytes into the Byte Count Register.

3) Program the Channel Control Register for the transfer
characteristics: direction (bit 0), mode (bits 1 and 2), and
the address update (bit 3).

The channel is now configured. To enable the transfer

request, set the appropriate enable bit (bits 0~3) of the Priority
Control Register, as well as the Rotate Control bit.

If an interrupt on DMA End is desired, the enable bit (bits
0~3) of the Interrupt Control Register must be set.

If data chaining for the channel is necessary, it is pro-
grammed into the Data Chain Register and the appropriate
data must be written into the Address and Byte Count Registers
for channel #3.

Table 8 DMAC Programming Model

Register Address . Register Content
(Hex) Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Channel 1x* DMA End | Busy/Ready | Not Used Not Used Address TSC/ Burst/ Read/Write
Control Flag Flag Up/Down Halt Steal (RW)
(DEND)
Prionty 14 Rotate Not Used Not Used Not Used TxRQ TxRQ TxRQ TxRQ
Control Control Enable #3 Enable #2 Enable #1 Enable #0
(TXEN3) (TxEN2) (TXEN1) (TxENO)
Interrupt 15 IRQ Not Used Not Used Not Used IRQ iRQ IRQ IRQ
Control Flag Enable #3 Enable #2 Enable #1 Enable #0
(1E3) (1E2) (1E1) (1E0)
Data Chain 16 Not Used Not Used Not Used Not Used Two/Four Data Chain Data Chain Data Chain
Channel Channel Channel Enable
Select (2/4) Select B Select A

* The x represents the binary equivalent of the channel desired.

A comparison of the response times and maximum transfer
rates is shown in Table 9. The data are shown for a system
clock rate of 1 MHz.

The two 8-bit bytes that form the registers in Table 10 are
placed in consecutive memory locations, making it very easy to
use the MPU index register in programming them.

Fig. 38 shows an example of its minimum structure (1
channel, HALT mode, combination with FDC). Fig. 39 shows
an example of its maximum structure. (but only one DMAC is
used.) -
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HD6844,HD68A44, HD68B44

Table 9 Maximum Transfer Speed & Response Time of the DMAC when t, .4 equals 1 usec.

Maximum Transfer Response Time (usec)
Mode ~ —
Speed (usec/byte) maximum minimum
(executing time of (executing time
HALT Cycle Steal one instruction) + 3 of one instruction) 3.5+ trast
HALT first byte _ ] +3.5 - tram
si
Burst b\;‘f: secon 2 —trquz 1+ tras2
TSC Cycle Steal 4 3.5 — tram 2.5+ traHi
TRG (Open Collector) Table 10 Address and Byte Count Registers
DMA GRANT Register Channel A(c:::l;:;s
Address High 0 0
Address Low 0 1
i—_D—. DEND, Byte Count High 0 2
TxAK, Byte Count Low 0 3
Address High 1 4
Address Low 1 5
Byte Count High 1 6
Byte Count Low 1 7
. Address High 2 8
Figure 35 One Channel Address Low 2 9
Byte Count High 2 A
Byte Count Low 2 B
— Address High 3 Cc
IRQ (Open Collector) Address Low 3 D
DMA GRANT Byte Count High 3 E
Byte Count Low 3 F
DGRNT DEND,
IRQ/DEND] DEND, IRQ (Open Collector)

ICS/TxAK Ble—— Cs [IRQ/DEND,

Figure 36 Two Channel TxSTB

TXSTB
TxAK DMA GRANT
XARe DEND,DEND, DEND, DEND,
I TxAK,
TXAKA DGRNT—i—Do- p
No
Do

TxAK
TxAK
TxAK
TxAK

Collector)

cs

Figure 37 Four-Channel
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HD6844,HD68A44,HD68B44

96

Address Bus Data Bus VMAI—R—O
(1e) (8 P2R W
] E—
Do~ F‘_"‘— Y K= | D~D; HMEB10
HDE80O " Q +sv )
— -
MPU) Faxe ©S. Ao~As
R/W — R/W (RAM)
iRQ b
HME8 10
VMA >————__D__ (RAM)
BA HALT
$2MPU
4 MPU
$2TTL S
HD26501
(CPG)
H M
" L |
H E
p— -1 p—
DGRNT DRQH § RQ
5
A P N Decoder RAW
As~Ais ) JD—J S pesas
IT[ E (FDC)
oo~0r J K Do~Dr
8
HD6844
(DMAC) R D
TxSTB 1 TxAK
TxRQo — TxRQ
A
R/W —
RES "
CS/TxAKB |
Vee ~
Vss Decoder Floppy Disk Drive
$2DMA F—

Figure 38 Example of DMA System Structure (1) (minimum)
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é
é2

HDE80O
(MPU)

Ao~Ars

Do~Dr

o
2

$ MEM

o8
AB
$MEM

T,

HME810

READY
REFRESH REQ

HAMPU
L 1Y)

$MEM
MRDY

HD26501

(CcPG)

]

|

Data Bus
Address Bus

=

l

*

#0

8

Vee

Vss

Ao~As

As~Ais

Do~Dr

IRQ/DEND

HD6844

(OMAC)  F.sT8

TxAKA

CS/TxAKB
TxRQ~TxRQ

R/W
$2 DMA

$20MA

UL

7

[ |

TxAK

1/0

R/W
DEVICE

DB CONTROLLER

TxRQ
#2

| H——1f

#3

T

* Open Collector

Figure 39 Example of DMA System Structure (2) (maximum)

Hitachi America Ltd. ¢ 2210 O'Toole Avenue ¢ San Jose, CA 95131 « (408) 435-8300
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HD6844,HD68A44,HD68B44

= APPENDIX
Contents of the DMAC Registers

(1) ADRO ~ ADR3 (Address Register)

(1 ADR on each channel)

l H [ L | 16bitx4
(2) BCRO ~ BCR3 (Byte Count Register) (1 BCR on each channel)
| H | L ] 16bitx4
(3) CHCRO ~ CHCR3 (Channel Control Register) (1 CHCR on each channel) (6 bit x 4)
7 o un‘u uou
D/El B/RW D/U|T/H E/S lR/WI i ‘
empty - E';f:::g n Read / Write
—] Transf Burst Cycle steal .
] Meadter | M2 GG | conworbie
Addre:
up/do::n - I+
B/R Busy / Ready ] Stotus fisg
DEND DMA END / NOT END
(4)PCR (Priority Control Register) (5bitx 1)
wqn g
] 1
o
TxRQ #1
Enable 42 Enable/ Mask
#3
Specify Rotate | Rotate / Fixed
(5) ICR (Interrupt Control Register) (5bitx 1)
7 o n1u "0"
1 1
#0 ! |
IEF:\gble :; Enable / Mask
#3
IRQ Flag IRQ output / NOT IRQ output
Status Flag
(6) DCR (Data Chain Control Register) (4 bit x1)
7 0
qn wgre
42 DE i ! I
‘—m‘g’hain Executed / NOT executed
. 00 #3 - #0
Specify Data ] 01  #3 - #
] Chain Cl 10 3 - #2
L—  Specify
4/2-Channel 4-Channel mode / 2channel mode
mode
@ HITACHI
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HD6345

CRTC-II (CRT Controller)

The HD6345/HD6445 CRTC-II provides an interface be-
tween MPU and a raster scan CRT display. Both are upward-
compatible with the NMOS CRTC HD6845S in pin and soft-
ware. The power dissipation is lowered by adopting the CMOS
process.

The HD6345/HD6445 offers a variety of functions under
MPU control, such as programmable timing signal outputs for
CRT monitor and display screen control operation. It can be
widely applied to the various types of CRT display systems.

B FEATURES ¢

HD6345 PIN AND SOFTWARE COMPATIBLE WITH

HD6845S

HD6445 SOFTWARE COMPATIBLE WITH 6845S

FLEXIBLE SCREEN FORMAT

® Programmable numbers of characters per screen and rasters
per character row

® Programmable horizontal/vertical sync signals and display
timing signals

® Up to 16k words refresh memory (14 bits) addressable

® Programmable raster scanning modes: non-interlace, inter-
lace sync, or interlace sync and video modes

® Up to 256 character rows per field

® High-speed display operation at 4.5 MHz character clock

® Double-size vertical display by raster interpolation

VERSATILE DISPLAY FUNCTIONS

® Screen spht (max.4 screens configurable, horizontally)

® Paging and scrolling for each screen

® Smooth scrolling

® Two cursors with programmable width

® Programmable refresh memory width

FACILITATED SYSTEM CONFIGURATION

® 68 system bus interface (HD6345)

80 system bus interface (HD6445)

Three-state control of memory address and raster address
External synchronization in master-slave or TV sync modes
Interrupt request by vertical blanking or hght pen strode
detection

® Programmable timing signal for dual-port RAM in DRAM mode

SINGLE +5V POWER SUPPLY
CMOS PROCESS

s TYPE OF PRODUCTS

TN
L 1{(;\;, |
. C
Shavpr |
5v\ A/ e 2’ 384" "
! &
- \’T(J: 7‘
e ‘f ;
HD6345, HD63A45, HD63B45,

HD6445-4

(DP-40)
= PIN ARRANGEMENT
Ves [0 40] VSYNC/EXVSYNC*
RES [2] [39] HSYNC/EXHSYNC®

LpsTB/TSC* [3] 38] RAo
MAo [£] [37] RA

MA, (5] [36] RAz

ma; [¢] [35] RAs

MAs (7] [34] RA.

MA, [E] (33] Do

MAs [9 32] D:

MAs |10 31| D2

ma, [ [56] 0

MAs [12] (29] D«

MaAs [13 28] Ds

MAso [14] [27] Ds

MAy; D3] [26] o,

MA,, [1¢] 25] CS

MAs; 07} 24] RS

DISPTMG [8] % E* RD*
1rQ*/cupISP/ACI® [19 [22] wm
Vcc% 21| CLK
(Top View)

+

* HD6345

* Additional functions to the HD6845S
HD6445

Type No. Bus Timing CRT Display Timing
HD6345 1.0 MHz
HD63A45 1.5 MHz
4.5 MHz Max.
HD638B45 2.0 MHz 5 MHz Max
HD6445-4 4.0 MHz
@ HITACHI
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HD6345/HD6445

= INTERNAL BLOCK DIAGRAM

""" "~ "~ T T T T Tt T T T T T T T T TTTT T T T T bl
! |
I R12, R13, |
12,R13, !
! ME”‘EEEN‘T”&”SS SCREEN CONTROL ~ A12 1% — wieHT peN .(I:O:';ROL . | iesT
; R20, R21, R22, R23, R24, R25, R26, R33 R18, R17. A2 I
| L |
i 1
CHARACTER I
cLK ! COUNTER HORIZONTAL TIMING CONTROL 1 CURSOR CONTROL I cupises
i (MAX 266) . R R10,R11,R14, R15, R34 ——ab o 0/acy
{ l $—— R35, R36, R37, R38, R39 !
i M |
1 RASTER RASTER CONTROL rRe [
COUNTER 1 ACE CONTROL I
: WAX 32) INTERLACE R8 |L RES
'| { o DISPTMG
Py DISPLAY CONTROL i
| COUNTER 2 SMOOTH SCROLLING CONTROL S MAg-MA
! (MAX 32) R29 .
; — } RAg-RA4
| 1 i
| HSYNC/
i comer VERTICAL TIMING CONTROL SYNC CONTROL ~*+ ExHSYNC
| (MAX 256) R4, R5, R6, R7, R27 R3 . VSYNC/
| T EXVSYNC
i REGISTER ENABLE |
| I
| ADDRESS 40 CONTROL REGISTERS
| REGISTER DECODER R30, R31, R32 E
: 7O INTERNAL |
REGISTERS |
N —
zlsﬁ WPU INTERFACE <:> STATUS REGISTER :
RS R31
5 |
! INTERNAL DATA BUS |
b A ] J
DATA (Dy—D7) Vee Ves

® SYSTEM BLOCK DIAGRAM

ADDRESS BUS (Ag—As)

MPU
DATA BUS (Dg—D-)
Do-D4
MAg—MA BUS
IRQ o7 MPX-] I TRANSCEIVER |
o |ceRTCn ‘
REFRESH
o MEMORY
osc COUNTER
~ VIDEO
RAg—RAs CHARACTER | it SIGNAL
GENERATOR s VIDEO
H CONTROL
HSYNC, DISPTMG VSYNC, CUDISP
DOT CLOCK
LPSTB LIGHT
PEN
CONTROL

LIGHT
PEN
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® FUNCTION TABLE

HD6345/HD6445

Item

Descriptions

Remarks

Programmable
Screen Format

Horizontal scanning cycle
Vertical scanning cycle (by row)
Vertical scanning cycle (Adjust)
Number of displayed chars. / row
Number of char. rows / screen
Number of rasters / char. row
Horizontal display position
Vertical display position
Vertical sync position (Adjust)
HSYNC pulse width

VSYNC pulse width

DISPTMG skew

Programmable by char. clock time
Programmable by char. row time
Programmable by raster time

Enabled by programming sync signal output timings

Programmable by raster time

1 or 2 character skew

Screen Split

4 split-screens start positions programmable

Discretely programmable (Unit: row)
2/3/4 screens format selectable

Cursor Control

Cursor display position

Cursor height

Cursor width

Cursor blink

Simultaneous output of 2 cursors
(Only 1 available in DPRAM mode)
Cursor display mode

CUDISP skew

Two 14-bit Cursor registers

1 or 2 cursors displayed

Display start/end rasters programmable within a row
Programmable by char. clock time

1/16 or 1/32 field rate selectable

Discretely programmable

OR/EOR mode selectable
1 or 2 character skew

Raster
Scanning Mode

Non-interlace mode
Interlace sync mode
Interlace sync and video mode

Either one of three modes selectable

Memory Format

Memory width set

Memory width programmable wider than display
width (Unit: char.)

Smooth Display start raster address set Programmable by char. clock time
Scrolling Target screen set Any screen selectable
Raster Double-size vertical display

Interpolation

Vertical scanning cycle doubled

Same raster address supplied twice

External
Synchronization

Synchronization with external sync signals

Superimposed display enhabled on other CRT or
TV screens

Interrupt request signal caused by vertical blank-

Interrupt N . R )

Reques': ing period or light pen input (Disabled in Interrupt request mode programmable
DPRAM mode)

Light Pen l?g:;t;::agnh: a[;te:r rre egglisstteerr Light pen raster address detected

Refresh 14-bit refresh memory address output

Memor Four 14-bit screen start regs. Up to 16k words refresh memory accessible

AddresZing (Display start address programmable for each Paging and scrolling enabled for each screen

screen)

Three-State
Control

Three-state control on MA and RA

Controlled by TSC pin input

Programmable
Timing Output

Programmable timing signal supplied from access
inhibit pin

In DPRAM mode

@ HITACHI
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HD6345/HD6445

= PIN FUNCTION

" " Input/ .
Pin No. Symbol Pin Name Output Functions
1 Vss Vss - Ground (GND) pin
Performs external reset on CRTC-II
RES assertion causes CRTC-II:
(1) Clear all the internal counters
(2) Set all the output signals at low
2 RES Reset Input (Do-D7 are excluded)
(3) Clear registers R30 (Control 1), R31 (Control 2/
Status), and R32 (Control 3)
(Other registers are not affected at all)
RES is valid only while LPSTB is low
- LPSTB Light Pen Strobe Input Informs light pen strobe pulse detection
Three State Performs three-state control on memory and raster
TSC Input
Control address
4-17 MAo-MA13 g/l—e;gory Address Output Supplies memory address for periodical memory refresh
18 DISPTMG Display Timing Output Indicates a screen display period
. Displays cursor on a screen
cubisp Cursor Display Output Enabled during DISPTMG is high
19* ACI Access Inhibit Output Supplies DPRAM\access inhibit timing (programmable)
Indicates interrupt request to MPU
IRQ Interrupt Request Output Enabled during D&PTMG is low
20 Vce Vce - Power supply (+ 5V) pin
21 CLK Character Clock Input Receives character clock timing
22 WR Write Input Inputs write signal from MPU
23 E Enable (HD6345) Input Enables register read/write strobe signals from MPU
RD Read (HD6445) Input Inputs read signal from MPU
Selects either of address register or other registers
. Address reg. selected when at low, and others at high
24 RS Register Select Input Normkally, requested to connect to “Ao"’ of MPU address
bus
Performs addressing on CRTC-Hl
25 cs Chip Select Input MPU read/write upon CRTC-II registers enabled when
CSis low
Input/ . .
26-33 Do-D7 Data Bus 0-7 Output Bidrectional bus for data transfer between MPU and CRTC-lI
34-38 RAo-RA4 Raster Address Output Supplies rater address for selecting raster on character
0-4 generator
39% HSYNC Horizontal Sync Output Supplies horizontal sync signal
EXHSYNC Exte.;rnal Input Receives external horizontal sync signal
Horizontal Sync
40" VSYNC Vertical Sync Output Supplies vertical sync signal
External . . .
EXVSYNC Vertical Sync Input Receives external vertical sync signal

Note: *-marked pin function is alterable according to the register setting.
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® INTERNAL REGISTER ASSIGNMENT

HD6345/HD6445

— Register Address ?‘?' Register Name P'S?‘?:"‘ Symbol | R/W Dete Bt
CS|RS|5 4 3 210 7 6 5 4 3 2 1 0
1 x]xxxxxx]| - - - - - o g badei eie Sy
0 [0 | x x X x x x|AR | Address Register - - W kg
0|1}1000 00O |Ro | Horizontal Total Characters Character | Nht w
0|1]00000O01|Rt Horizontal Displayed Characters Character| Nhd w
0/1]/]000010|R2 Horizontal Sync Position Character| Nhsp W
ofl1[000011]|R3 |syncwidth . Now [ w | wey | wes [wey [wee | whs | Why | why [ whe
0|1}1000 100 |R4 | Vertical Total Rows Row Nvt w
0|1]/]000 101 |Rs | Vertical Total Adjust Raster Nad) w
0|1]/000 110 |R8 | Vertical Displayed Rows Row Nvd w
0|11000111]|R? Vertical Sync Position Row Nvsp w
0f1]001000]|R8 Interlace Mode and Skew - - w v s
0[1]00 1001 |Rg | Maximum Raster Address Raster Nr w
0f[1]001 010 [Rio] Cursor Start Raster Nes, | W
0(1]00 1 011 ]|R11| Cursor1End Raster Nce, w
0f1f00 1 100 |Ryz | Screen 1 Start Address (H) Jemory | -
0|1]00 1 101 |Ri3 | Screen1Start Addpess (L) xggg;sy -
0[1]00 1 110 |Rq| Cursor1 Address (H) %g:}:;\s/ -
o1 oo 1 111 Ris| cursor 1 Address (L) oo |-
011010000 |R1g| LightPen (H) - -
0)]1]010001|R17]| LightPen (L) - -
01010010 [R18 | Screen2 Start Position Row -
01010011 |Rig | Screen 2 Start Address (H) 'X'gg‘rzg -
0]1]01 010 0[R20 [ Screen 2 Start Address (L) Memory | -
011010101 |R21 | Screen 3 Start Position Row -
o[1}0 1 011 0[R2 [ Screen 3 start Address (H) Memory | -
01101011 1[R23 | Screen 3 Start Address (L) '\Aﬂgc'ﬂgg -
O [1 [0 1 1000 |R24 | Screen4 Start Position Row -
0|1]01 1001 |R25 | Screen 4 Start Address (H) '\A"gg‘r:;‘s’ -
0|1 ]01 1010 |R2s | Screen4 Start Address (L) Xg’d“'gg -
0|1 [0 11011 [R27| Vertical Sync Position Adjust Raster Nvad
011011100 [Rr28 | LightPen Raster - -
01|01 1101 |R29 | Smooth Scrolling Raster Nss
0f1]011 110 |R30]| Control1 - - SY | TV [ SP, |SPe
ol1]o1 1111 as Control 2 - - W | SS¢ | SSs Rl
Status - - R | Al g ¥ ] E [sB | SL
of{1]100000][g3z| Control3 - - w [cm | c. |ew, [ew, [mw | Tc | DR
01 1 0 000 1 ]|R33| Memory Width Offset Character
0]1]100 01 0]|R34]| Cursor?2Start Raster
0|1 |100011|R35| Cursor2End Raster
0|11 00 100 |R3s| Cursor2 Address (H) xgg:,gg
0[1[100 101 [ray | Cursor2Address (L) Memory
0f1]100 110 |R3g | Cursor1Wdth Character
01 |1t 00 111 |R39 | Cursor2Width Character
Notes 1) *: Vertical : raster / Horizontal : character
2) -: /0" is to be set, since these bits may be used in the future.
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HD6345/HD 6445

® FUNCTIONAL DESCRIPTION

PROCRAMMABLE SCREEN FORMAT

Figure 1 illustrates the screen format example, in non-
nterlace mode, when programming CRTC-II registers as listed
in Table 1. Figure 2 shows the relation between memory address
(MA,~MA ), raster address (RA,~RA,) and the location on the
CRT screen.

The timing charts of CRT interface signals are shown in
Figure 3, and those details are partially shown 1n Figure 4 and 5.

Horizontal Total Characters (Nht+1)
[ Horizontal Displayed Characters (Nhd)

{ Y 1319 gt;t‘r’acter

Horizontal
Retrace
Period
(Non-

Display Period Display)

Vertical Retrace Period
(Non-Display)

Max Raster Address (Nr+1)—
Vertical Total Rows (Nvt+1)

/Verncal Displayed Rows (Nvd))

(
Vertical Total Adjust (Nady)

Figure 1 CRT Screen Format

Table 1 Programmed Values in Each Register

Re'aié(er Register Name Pro\g/;allTer:ed

RO Horizontal Total Characters Nht

R1 Horizontal Displayed Nhd

Characters

R2 Horizontal Sync Position Nhsp

R3 Sync Width Nvsw, Nhsw

R4 Vertical Total Rows Nvt

R5 Vertical Total Adjust Nad)

R6 Vertical Displayed Rows Nvd

R7 Vertical Sync Position Nvsp

R9 Max. Raster Address Nr

R12 Screen 1 Start Address (H) 0

R13 Screen 1 Start Address (L) 0

R30 Control 1 0

R31 Control 2 / Status 0

R32 Control 3 0

Notes 1) Nhd < Nht, Nvd < Nvt

2) R30, R31, and R32 are cleared by a device reset.

Raster Address

Row Number Horizontal Display Period Horizontal Retrace Period
/1 Char | / \
0 0 —— Npg—1 Nig —— N
0{! 3 JE—— JE—— [}
N © — Ning—1 Nng — [
O N Nig+1 2Npg—1 2Nna Nng+Nut
SRR H — _ .
2 Nr| _ Nno Nha+1 2Nps—1 2Nhg Nna+Nne
< O 2Nw [ 2Nmgt? 3Nng—1 3Nna 2Nnact N
3| 24 _— —
-3 i
8 | 2Nng 2Nng+1 3Npg—1 3Nng 2Nng+Nit
3
s
(N 1) Ng+ 1 Noc Nra—1] Nug Nna (NG= 1) g+ N1
—_— —
(N —1) Nna+ 1] Nva Nna—1 | Nyg Nno (Nws— 1) Now +Nod
Nug Nng [Nug Nna+1 (Nt DNa=1" | (Nyg+ 1)Nna Nus Npa+Nne
—_— — -
3 Nug Nbg  [Nug Nna+1 (Nt MNna=1 | (Nyg +1)Nng Nug Nng+Nne
k3
F ol o |
@
8
e
& O Nu Nro [N Npat 1 T [Nt 1N N Nt N
% | Nai: — ——
3
£ Nr{ Nu Nhg  [Nu Nho+1 Nt I8 —1 | (Nt +1)Nng [Nyt -Nng +Nie
s O(Nwt+1) Nhg [(Na+1) Nngt 1 (Na+2Nns—1 | (Nt +2) Nig (Nor + 1)Nng + Ny
— —_—
Nty = 14N +1) Nog [Nt 1) Nng 1 (Nt 2Noa=1 (N +2)-Nig (Nt 11N + Ny

address register 1s 0

Valid memory addresses [0 thru (Nvd-1) or O thru (Nhd-1)] are shown within the
thick-line square  Memory addresses are provided even during horizontal and vertical
retrace period This i1s an example in the case where the programmed value of start

Figure 2 Memory Address and Raster Address
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0088-GEY (80%) o LELGE YO ‘OSOf UBS o 8NUBAY |00L,0 0L2Z o "PI1EOHAWY IYOBUH

solL

IHOVLIH®

Character Clock Time

Te

/— Horizontal Displayed Characters
/— Horuontal Sync Position

/— Horizontal Total Characters

0 1 2

| Nig—1 Nng Nip  Noept+ 1 Now
SR e I B p R
| ]
re—Horizontal Display Nhd+Tc —=f |
DISPTMG }«————Horizontal Retr
Moo Tc N Te ———
WSYNC _ [ ]
|
\ Nna—1
T o e X %
|

RAg—-RAs X
!

i

|

|
ax UYL Juut Juun.
MAag-MAR o N X "“le X Y o ) ""N.‘l lNlm* ) 6 O CU X Iloh! T

1 f | | N 1
RAg—RAs II 0 1 X - ) { Nr ; 0 X 1

\ T \' Max Raster Mdr:ﬁ

1

Row 0 N 1
Number : 3

= Row Cycle Ti ‘:

|

T 1

: _____________

L e

m e -t T,
:‘ + Frame Cycle TFRM —: -
! - - Il
e T = R
ul | \__ Vertical Syne L Vertical Tota!
Position Rows

T

i
N, )
~-“B(See Fig. 5)

Horizontal and vertical waveforms when values shown in Table 1 are set into each register.

Horizontal Timing
Raster Cycle Tr
= (Nht+1) Tc

Row Cycle Timing

Row Cycle Tl
= (Nr+1)-Tr

Vertical Timing
TFRM : Frame Cycle
TERM = (Nvt + 1)«T1 + Tadj
Tadj: Adjustment Period of
Frame Cycle
Tadj = Nadj - Tr
Tvsw: Vertical Sync Pulse Width
Tvsw = Nvsw+Tr

Figure 3 CRTC-Il Timing Chart (Non-Interlace mode)
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HD6345/HD6445:

) |
: Vertical Display —:— Vertical
1
| |
1
PN S B B B B S B 28 N S B
i
\
Row Number | Nvd 2 [ Nvd 1 [~
0
D'SPTMG'r—U——U—U—E --------------
LA I I 1 I 1 O W |

Figure 4 Vertical Display / Retrace Timing
(A detail drawing of Fig. 3 A)

i‘ Vertical Retrace —— Vertical Display
: | Frame Cycle Adjustment Tlmmg—.:
: i Tad) = Nad Tr ‘

Rag-RAa, L o 1 T2 [n [ o T T Ivaai] o T v T2 ] [ To T T2
] | :
e ] !

Row Number | Nvt |7Z ZZ| [ T 1

| |
I 1

DISPTMG: ]UUUUUUUUUUUL
|

Figure 5 Frame Cycle Adjustment Timing
(A detail drawing of Fig.3 B)
SCREEN SPLIT Row .
A display screen can be divided into up to four parts in the Number Display Screen

horizontal direction. Divided four parts are defined as split-
screen 1, split-screen 2, split-screen 3, and split-screen 4. Split-
screen are controlled by using bits SPy and SP; of the control
1 register (R30) and screen start position registers (R18, R21,
R24).

Starting positions of each split-screen are determined in the
number of character row. Split-screen 1 is the base screen, and
always starts at row 0, while the other three split-screens start
at any row except row 0. Paging or scrolling (by character) is
performed in each split-screen independently.

The following 1s the example of screen split:

Split-Screen 1

Split-Screen 4

ONDOOHWN=0

Programmed Value of Screen 2 Start Position Register

Row Display Screen = Programmed Value of Screen 3 Start Position Register
Number Programmed Value of Screen 4 Start Position Register = 6
? ! Split-Screen 1 Figure 6-B Screen Split (Example 2)
2 Split-Screen 2 Row
3 Number Display Screen
4 0 s
. plit-Screen 1
5 Split-Screen 3 1
6 2
! 3
8 Split-Screen 4 a
5 lit-Screen 4
Programmed Value of Screen 2 Start Position Register = 1 6 Split-Scree
Programmed Value of Screen 3 Start Position Register = 3 7 SolitS 2
Programmed Value of Screen 4 Start Position Register = 7 8 plit-screen

Figure 6-A Screen Split (Example 1)
9 P P Programmed Value of Screen 2 Start Position Register = 6

When the same value 1s programmed 1nto more than one screen Programmed Value of Screen 3 Start Position Register 28
start position registers, split-screens corresponding to these regis- Programmed Value of Screen 4 Start Position Register = 4

ters are not displayed.
Figure 6-C Screen Split (Example 3)
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Raster Address
Horizontal Display Period Horizontal Retrace Period
—————1R°W Numb £7 Char /
sl \ | t-)
9 []] 1 —— - Nhd-1 Nhd p—— Nht Spht-Screen 1
01 i { P ——— ——
Nrl [0] 1 —_— - Nhd-1 Nhd — Nht
0
1 [.’ Nhd Nhd+1 —_— 2Nhd-1 2Nhd ———— | Nhd+Nht
o :
c:w rg Split-Screen 2
€ o | N2 | ws2wr | ——————— [Ns2NRAD L o] Neoenne
_5 Nr +1
&
o
3
-
3
>
o Sphit-Screen 4
L’I“;{ onse | nsan Nsd+Nhd
- [ © [ Nsaenng[Nsa+Nhd Nsd+ Ns2- Start Address
e ™y + Nhd+Nht of Split-Screen2
5 Nr
t l Ns4  Start Address
§ of Split-Screend4
& 0[Nsd+(Nvt
5 [
I Nepr Ns4+ .
€ 0 [Ns4+(Nvt L ~Nvd+2
s i[-Nva+2) T e
(MNe—1] -Nhd
Figure 7 Memory Address and Raster Address in Spht-Screens
CURSOR CONTROL 3) Cursor Widths

The HD6345/HD6445 can display two separate cursors (cur-
sor 1, cursor 2) simultaneously on the screen. These two cursors
are controlled independently. The cursor 1 is always valid, while
the cursor 2 becomes valid by setting the C, bit of the control 3
register (R32). In the DPRAM mode, the cursor 2 cannot be
displayed.
The HD6345/HD6445 controls cursors as follows: 4)
1) Starting Position
Starting position is controlled by using the cursor 1
address registers (R14, R15), and the cursor 2 address
registers (R36, R37).
2) Cursor Heights 5)
The heights of the cursor 1 and the cursor 2 can be
specified independently 1n units of rasters by using the
cursor start registers (R10, R34), and the cursor enc
registers (R11, R35).

The widths of the cursor 1 and the cursor 2 can be speci-
fied independently in units of characters by using the
cursor width registers (R38,R39),and bits CW, and CW,
of the control 3 register (R32). If the cursor width
extends over the following row, the cursor 1n the follow-
ing row is not displayed

Cursor Blink

Cursor display, non-display, and blink rate can be con-
trolled by using bits B; and P; of the cursor 1 start
register (R10), and bits B, and P, of the cursor 2 start
register (R34).

Cursor Display Mode

When the cursor 1 and the cursor 2 are overlapped on the
screen, cursor display mode 1n the overlapped area can
be specified by the CM bit of the control 3 register (R32),
as shown in Figure 9.

Display Screen

HITACHI ...

Cursor 1 { ‘

CRTC-II

Cursor 2 Start Raster

t Cursor Height

s  fa—— Cursor Width

Cursor 2 End Raster

Figure 8 Cursors

GO HITACHI
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OR MODE (CM=1)

Display Screen

Cursor 1

= =

Cursor 2

““OR"" of the cursor 1
and the cursor 2

EOR MODE (CM=0)

Display Screen

Cursor 1

Z=

Cursor 2

“EOR" of the cursor 1
and the cursor 2

Figure 9 Cursor Display Mode

RASTER SCANNING MODE

The HD6345/HD6445 performs a character display in three
types of raster scanning modes: non-interlace mode, interlace
sync mode, and interlace sync and video mode. The bits V and S of
the interlace mode and skew register (R8) control these modes.

The period that the raster scans across a screen and returns

to the top of the raster line is designated as ‘one field”. In the
non-interlace mode, one field configures a single frame (Figure
10). In the interlace sync mode and the interlace sync and video
mode, a single frame period is shared between two alternating,
even and odd, fields (Figure 10).

Display

’\ Retrace

Non-Interlaced Scanning

L_ _______ E—~§_::;.:::_=...
TSIl
== -—
__________ : \::._‘_’.‘_‘:::_:..
oD
| ST
=T (=g =
-———— 1
e ke
v _——=
: gt
I R Ny N
RN
even field
— — — — odd field
Interlaced Scanning

Figure 10 Raster Scanning Mode

In the interlace sync mode, the scanning lines in the odd
field are placed downward by 1/2 raster line space from those
in the even field because of the difference in HSYNC/VSYNC
phases between two alternating fields.

In the interlace sync and video mode, the placement of the
scanning lines 1s the same as 1n the interlace sync mode. How-
ever, the alternating even and odd raster lines are displayed in
the alternating even and odd fields. For a given number of
rasters per character, this mode allows twice as many characters
to be displayed in the vertical direction as the non-interlace and
the interlace sync modes Note that the raster address is suppli-
ed 1n the different way according to the total number of rasters
in a row, even or odd, as shown in Table 2.

Table 2 Start Raster Address for Each Row
(In interlace sync and video mode)

Total Number Field
of Rasters Even Field Odd Field
ina Row
Even Even address Odd address
0dd Even Char. Row” | Even address Odd address
Odd Char. Row™ | Odd address Even address

* The start row address 1s assumed to be 0"’ (even).

@ HITACHI
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Figure 11 illustrates the raster scanning example in each mode.

Raster Address Raster Address Raster Address Raster Address
0

1—@—@—
2—@——@—
@ ————O0—

—00000600—
5 Row 0

Row 0

Non-Interlace Mode Interlace Sync Mode

Raster Address Raster Address Raster Address Raster Address

Row 0 Row O

Row 1
Row 1

Interlace Sync and Video Mode Interlace Sync and Video Mode
(even rasters per row) (odd rasters per row)

Note: Refer to Table 2 for raster address output
in the interlace sync and video mode. ———— even field

——————— odd field

Figure 11 Raster Scanning Example
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(1) Interlace Sync Mod®

Fral

Even Field =}

Odd Feld

¢ Adjust
~— Row#Nvt *Ra;ter

Row#1 —= — Row#stp——f

.o Adjust
e Row#0 — - Row#1 —= = Row#Nvsp — =— Row#Nvt——p o

AKX X~ XXX m)-c JG-CE

— N Tr

1 bt :

(2) Interlace Sync and Video Mode (raster per row = Nr +2 = even)

i . } Adjust
—— Row#0 Row#1 —  ~— Row#Nvsp —

ArAa T - xﬂzxzz - X~ YT - m~m®c BE ' P

§ T e . : | Do
+

~— Row#Nvt — Raster— B Row#0
nas) y

. : Adjust !

Row#1 —— ~- Row#Nvsp — «—— Row#Nvt-~G— Raster —
2Nach 1

DEDCIOCEC XEDC~ EXEX: M*M - m b

R .

(3) Interlace Sync and Video Mode (raster per row = Nr + 2 = odd)
.Nvt = 0dd, Nvsp = Even

H : Even 9dd ! Adjust | . Row#N , : Adjust |
—— Row#0 S Row; #z W 'ﬁRow#stmW . Row#Nvtmq— Hasterq vmﬁow#(z ] Row#1 —=~ , ow ;IS[D T, %Row#Nvtﬁ,—]—Rastern—::
~Z 21" y ] i . { B 1
-w»mcrmm~x_«v_rx 5 -~ - wn - xoox X - e
: e : 5 TN o e : S 3
vm: ‘ — : i i ‘
= 0dd, Nusp = Odd Qdd . : Odd ; P
N : R W#N o1 Adust i : Adyust
Row# vsp_ o v Raster.. Row#‘l

ﬁ

e Tr—

—— Row#0 —.,—~RDW#1
’-.,-.., ‘%]XIE)C%

~—Row#Nvsp—— P—Row#Nv( Raster
[ "'] 2 T2 [" oy

Dumemy Raster

Nvt Even, stp Even . : : Evenf

Adjust 1,7

’ . ’ N l ' H B

: Adjust ,

nMu-»—Row#O—;—»Row#L—T ——Row#stp;_ETx w#Nvt—[.T-Raster.t{__Row#Oowm%a ) ROW#N\V,;‘EET; ) :-—Row#Nvt[;]———Rasgt
: i —", e T Obb ‘ T : __—
_"w, s Z‘li#, mwvmvslw _W,/ A ot o, oot s

:'-—Muv——

Do e e T ; H : :

Figure 12 Raster Scanning Timing
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HD6345/HD6445

MEMORY WIDTH SETTING

The offset value which is the dlfferencg between the display HITACHI HITACHI HITACHI

screen width and the display memory width in the hornizontal
T : CRTC-11 CRTC-1I CRTC-11I Display Screen
direction can be specified in units of characters. (See Fig. 13)

Scrolling in any direction can be accomplished in units of HITACHI HITACHI HITACHI
characters, by setting the display memory width (horizontal CRTC-1I CRTC-1I CRTC-11
direction) and the offset value, and by changing the start ad-
dresses of split-screens 1—4. This 1s performed by the memory HITACHI HITACHI HITACHI
width offset register (R33) and the MW bit of the control 3 CRTC-II CRTC-1I CRTC-1I
register (R32). HITACHI HITACHI HITACHI

CRTC-1I CRTC-1I CRTC-1I
/ Change of Start Address
Display Screen
HITACHI HITACHI HITACHI
. RTC-1I .
Display Screen CRTC-1I CRTC CRTC-1I
Width Offset Value
HITACHI HITACHI HITACHI
CRTC-1I CRTC-1I CRTC-11 Display Screen
Display Memory Width HITACHI HITACH! HITACHI
(Horizontal Direction) CRTC-1I CRTC-II CRTC-11
HITACHI HITACHI HITACHI
Figure 13 Memory Width CRTC-1I CRTC-11 CRTC-1I
Figure 14 Scrolling by Memory Width Setting
Raster Address
Horizontal Display Period Horizontal Retrace Period
Row Number /
bkt \ 1 Char.
o 0 —_— Nhd-1 Nhd P—— Nht
0 {j ] —_—— — {
Nr| 0 —_— Nhd-1 Nhd — Nht
o N \
o 1[0 Nh+dN Nha+Nor le_wNov Z&th » | Nhd+Ngg
8 . oF +1 1 OF ) +Nht
&
a
-
o
a
-]
o
g
&
>
N ? (Nw—1) (Nog—1)
\_' M I (ot
" 0 Nug N
Nt d ] (Nmo+Nor) Jm:mo;)

l

i
1 N+ Nor)

'

Q) N+t

(Nwe+ 1)

Vertical Retrace Period

\N.ﬁ-" (Nna+Nok)

(Nng +Nor)
+Nie

Nofr offset value written in the memory width offset register (R23)

Figure 15 Memory Address and Raster Address in Memory Width Setting
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SMOOTH SCROLLING Smooth scrolling is performed by bits SS; —SS4 of the con-
Smooth scrolling in the vertical direction can be accomplish- trol 2 register (R31), and the smooth scrolling register (R29).

ed by changing the start raster address in a character row. Whe- Smooth scrolling can be used in the non-interlace mode and

ther scrolling in each split-screen is available or not can be the interlace sync mode, but not in the interlace sync and video

selected. Selected split-screens scroll in the same way up to mode.

four sphit-screens simultaneously.

' @—& : 90000
; $ 3
Row Number N 3 W Row Number N ] 5
c@—@ : @—@
i S 4 ) ——
. A (R i
A
ollowing row
o
o
000
(R29) Programmed value = 0 (R29) Programmed value = 2

Figure 16 Smooth Scrolling

Raster Address
Row Number —

- Horizontal Display Period Horizontal Retrace Period
./
W Char \
T T — T Nhd1 Nhd | ——= ht I
Row Raster 0 3 ‘ t _— Nh‘ N — W
Number  Address ND’ 0 1 e — d-1 d —= T
1
2| Nhd  [Nhd+1 Nmt
1 N /
1 2Nhd 2Nhd
3} 2nna /1 20 o

Vertical Display Period
Smooth Scrolling

| . |

/ 3] (Nva-1) (Nvd-1)-
-4 *Nhd

2
“”{N Nhd+Nht
71
0
Nvd Nhd Nug Nng ]&
1
+Nne
.: {
e 9 (Nhd+1)
& 2 [N+ 1) Neg Nhd+Nht
2
8
e
@
4
g
£ 2
s g (Nva+ 1) N
3 Neg 1 [Nt 1) Nng R
Nog + 1 [N +2) Nog

(Nvd+2)-Nhd+Nht

Figure 17 Memory Address and Raster Address in Smooth Scrolling (R29=2)
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HITACHI
CRT
CONTROLLER

Split-Screen 1

HITATHT
CONTROLLER

Sphit-Screen 2

Figure 18 Smooth Scrolling in the Sphit-Screens
(Split-screen 2 is scrolling.)

RASTER INTERPOLATION

In raster interpolation, the raster address 1s incremented register (R31) This function can be used 1n the non-interlace
every two rasters, thus the displayed image is doubled in the mode and the interlace sync mode, but not 1n the interlace sync
vertical direction. The vertical scanning cycle is also doubled. and video mode.

Raster interpolation is performed by the RI bit of the control 2 Figure 19 is an example of display with raster interpolation.

Raster Address

0
Raster Address 0 Repeated Raster

1 Address

(o] 1

1 2

2 —> 2

3 3

4 3
4
4

Normal Scanning Raster Interpolation Scanning

Figure 19 Raster Interpolation

Raster Cycle Tr

Restor Normal Scanning X 0 1 1 X 2 X 3 x 4

Address
Output

Raster Interpolation
Scanning X o X 1 x 2

Figure 20 Raster Address Output and Raster Interpolation
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EXTERNAL SYNCHRONIZATION

External synchronization (EX sync) has master-slave mode
and TV sync mode. The EX sync mode is controlled by bits VE,
VS, and TV of the control 1 register (R30).

Master-slave mode is used to synchronize slave CRTC-II’s
with a master CRTC-1I by VSYNC of a master CRTC-II. When
superimposing a master screen with slave screens on the same
CRT, clocks of a master and slave CRTC-II’s can operate in
different frequency on conditions shown below.

(1) Phase of master CRTC-II clock matches with slave
CRTC-II clock at rising edge of VSYNC.

(2)Both master and slave CRTC-II’s have the same horizon-

tal/vertical scanning cycle.

In the interlace sync mode and interlace sync and video mode,
the control 1 register must be set as to provide VSYNC output in
odd fields of master CRTC-II.

Figure 21 illustrates the system configuration.

REFRESH

MEMORY

MIXER]

MASTER
CRTC-II
[~ HSYNC
VSYNC
MPU
EXVSYNC
SLAVE
CRTC-II

REFRESH l

MEMORY

Figure 21 Master-Slave Mode

TV sync mode is used to synchronize the CRTC-II with the
HSYNC and VSYNC signals of a TV’s video signal.

In the TV sync mode, VSYNC/EXVSYNC and HSYNC/
EXHSYNC pins function as input pins. The length of horizont-
al back porch 1s specified by the bits 0—3 of the sync width
register (R3) and determines the display position in the hori-
zontal direction.

In the interlace sync and video mode, the TV sync mode can-
not be used.

In the TV sync mode, when performing slave CRTC raster
interpolation, interlace sync mode or interlace sync and video
mode must not be set in a master CRTC; otherwise the screen to
move up and down by one raster.

Figure 22 illustrates the system configuration.

TV

MPU

HSYNC

VSYNC

EX EX
VSYNC HSYNC

CRT

MIXER

SLAVE
CRTC

REFRESH
MEMORY

Figure 22 TV Sync Mode
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External sync is valid on the conditions shown in Table 3.

Table 3 External Sync

(V:vald, I. invalid, —: program inhibited)

Slave Mode

Sync Mode Master Mode

Non-Interlace

Interlace Sync

Interlace Sync Mode and Video Mode

Non-Interlace Mode

Master-Slave Mode Interlace Sync Mode

Interlace Sync and
Video Mode

\ \Y

Non-Interlace Mode
TV Sync Mode Interlace Sync Mode

Interlace Sync and
Video Mode

Note) Slave CRTCs are always non-interlace mode in TV sync mode.

INTERRUPT REQUEST

An interrupt request signal to the MPU is output in the tim-
ing shown in Figure 23. An interrupt request 1s generated by the
vertical blanking period, or the light pen input.

Reading the status register (R31) clears an interrupt request
signal. Thus, 1f MPU does not read the status register (R31) when

the interrupt request 1s generated, an interrupt request signal is
output during the horizontal and vertical retrace period.

In the DPRAM mode, an interrupt request signal is not out-
put.

This function 1s controlled by using bits IB and IL of the
control 1 register (R30).

Display Period

Retrace Period
S S—

DISPTMG

e
L

When an interrupt request
occurs during the display

||

Interrupt Request Signal

cupIspP \

—

period “T", an interrupt
request signal 1s output

|
1
1
Cursor : during the blanking period. ¥
! An interrupt request signal
: is cleared by reading the status
! register (R31)
Status Read l |
Figure 23 Interrupt Timing
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THREE-STATE CONTROL OF MA/RA By using this function, multiplexer (MPX) which selects ad-
Memory address (MA) and raster address (RA) outputs can dress lines from MPU and CRTC-II for refresh memory is not
be three-stated, using the TSC input pin. Three-state control is needed.

enabled by setting the TC bit of the control 3 register (R32).

ADDRESS BUS
Ao —As
MPU DATA BUS
Do-D,
E BUFFER
MPX
g - REFRESH
LPSTB [ MEMORY
CRTC MA, (RA)

Note. When using DRAM as refresh memory, DRAM refresh circuit is needed.

Figure 24 Three-State Control

DPRAM MODE In the DPRAM mode, an interrupt request signal is not out-
When the DPRAM mode is selected, the HD6345/HD6445 put, and the cursor 2 is not displayed.

generates a programmable timing signal from the access inhibit This timing signal is available by using the DR bit of the

pin. This signal, shown in Figure 25 as access inhibit period, control 3 register (R32), and the cursor 2 width register (R39).

provides the timing for the MPU to access to dual-port memory.

ik B R U B IS L )

" D G GHE G G G G R (
‘ s

DISPTMG _.—‘—— E;hsplay Period —~‘—"+_—-— Retrace Period DtsPIay Period

| 1

i
i
Cursor 1 :
CuDISP _— T |
las- Access Inhibit Period :
. (A) ‘
| The Programmed Value of |
| the Cursor 2 Width Register (R39) !
t 1
i | i
| |
: |
|
| |
The Al Bit (bit 7) of the  leg1 Char. k- 1 Char
Status Register (R31) ! (8) (B)

o The Al bit indicates the access inhibit period (A) '
and the first character period (B) in each raster

Figure 25 DPRAM Mode Output Timing
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® INTERNAL REGISTERS

HD6345/HD6445 has one address register (AR) and forty
data registers (RO - R39). One register out of 40 data registers 1s
selected by writing the address number of the register into the
address register. Then the MPU can transfer data to or from the
selected data register

Write O to unused data bits (appear as [— ]in the register
table), since these bits are reserved for the future extensions.

ADDRESS REGISTER (AR)

Data Bit
s [a[3]2]17o
Register Address

Program Unit | R/W

7 6

— w

This register specifies the address number of the data register
to be accessed. When both RS and CS are at low level, this
register 1s selected. Programming the data from 40 to 63 pro-
duces no result.

HORIZONTAL TOTAL CHARACTERS REGISTER (R0)

Data Bit Program Unit |R/W
7]e s JaJ3]2T1To
Nht (No. of Char. -1)
This register determines the horizontal scanning cycle. The
programmed value is the total number of displayed and non-
displayed characters per raster, minus one.
In the interlace sync mode, the programmed value, Nht,
must be odd.

Character w

pulse width 1s programmed from 1-to-16 raster times in the
high-order four bits When 0 1s programmed in the high-order
four bits, a vertical sync pulse width 1s 16 raster times (16H).

Table 4 Horizontal Sync Pulse Width

HSW
Pulse Width

2° 22 2! 2°

0 0 0 0 Not Used
0 0 0 1 1CH
0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 0 0 0 8

1 0 0 1 9

1 0 1 0 10

1 0 1 1 1"

1 1 0 0 12

1 1 0 1 13

1 1 1 0 14

1 1 1 1 15

CH Character Clock Time

Table 5 Vertical Sync Pulse Width

HORIZONTAL DISPLAYED CHARACTERS REGISTER (R1) VSW
I h
Data Bit Program Unit | R/W 27 28 25 24 Pulse Widt
7
IGI5l4[3I2I1[0 Character w o o o o 16 H
Nhd (Displayed Characters) 0 0 0 1 1
This register specifies the number of displayed characters per 0 0 1 0 2
row. Any number less than the total number of characters can 0 0 1 1 3
be programmed 1nto this register. 0 1 0 0 4
0 1 0 1 5
HORIZONTAL SYNC POSITION REGISTER (R2) 0 1 1 0 6
Data Bit Program Unit |R/W 0 1 1 1 7
7]6]sJaf3]2]17]o 1 0 0 0 8
h

Nhsp (Horizontal Sync Position - 1) (f aracter w 1 0 0 1 9
This register is used to program horizontal sync position as a ! 0 ! 0 10
multiple of the character clock time. The programmed value 1s ! o 1 1 n
the character number of horizontal sync position, minuts one. 1 1 0 0 12
Any number equal to or less than the horizontal total charac- 1 1 0 1 13
ters register value (RO) can be programmed. When the pro- 1 1 1 0 14
grammed value of this register is increased, the display position 1 1 1 1 15

on the screen is shifted to the left. When the programmed value
is decreased, the display position is shifted to the right. Thus
the optimum horizontal position can be determined.

SYNC WIDTH REGISTER (R3)

Data Bit Program Unit |R/W
7 6 5 4 3 2 1 O | H: Character
Wvs |Wvy [Wv, [Wvg [Wh; [Wh, [Wh, |Wh, | V- Raster

w

This register determines the widths of both horizontal sync
pulse and vertical sync pulse. The horizontal sync pulse width is
programmed from 1-to-15 character clock times in the low-
order four bits. Zero cannot be programmed. The vertical sync

H Raster Time

VERTICAL TOTAL ROWS REGISTER (R4)
Program Unit |R/W

Data Bit
7 [e[sJa3][2]1]o
Nvt (No. of Char. Rows — 1)
This register determines the vertical scanning cycle. The pro-
grammed value is the total number of character rows 1n a field,
minus one.

Row w

I
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VERTICAL TOTAL ADJUST REGISTER (R5)

C, GCo CUDISP
Data Bit Program Unit |R/W 0 0 No skew
7 6 5 4 l 3 T 2 T1 r 0 Raster w 0 1 One character skew
- |- 1-= Nad) (No. of Rasters) 1 0 Two character skew
This register determines the number of additional rasters to 1 1 Not available

adjust total number of rasters in a field. The optimum number
from 0-to-31 can be programmed. Thus fine adjustment of
vertical scanning cycle is performed.

VERTICAL DISPLAYED ROWS REGISTER (R6)
Data Bit Program Unit |R/W

7 65 [a[3aJ2a2]17To

Nvd (Displayed Char. Rows)

Row w

This register specifies the number of displayed character rows
in each field. Any number less than the total number of charac-
ter rows can be programmed into this register.

VERTICAL SYNC POSITION REGISTER (R7)

Data Bit
7 [6 ][5 [4a[3[2]1]o
Nvsp (Vertical Sync Position - 1)

Program Unit |R/W

Row w

This register is used to program vertical sync position on the
screen as a multiple of the character row time. The programmed
value is the character number of vertical sync position, minus

one. Any number equal to or less than the vertical total rows:

register value (R4) can be programmed. When the programmed
value of this register is increased, the display position is shifted
up. When the programmed value is decreased, the display posi-
tion is shifted down. Thus the optimum vertical position can be
determined.

INTERLACE MODE AND SKEW REGISTER (R8)

Data Bit Program Unit |R/W
7 6 5 4 3 2 1 0 W
C |G Dy (Do [- -]V ]s -

This register selects the raster scanning mode and controls
the skew (delay) of CUDISP and DISPTMG outputs.

® Raster Scanning Mode (V, S)
The low-order two bits select the raster scanning mode.

\ S Raster Scanning Mode
0 0 Non-interlace mode

0 1 Interlace sync mode

1 0 Non-interlace mode

1 1 Interlace sync and video mode

® Skew (C,, Cy, Dy, Do)

The bits D, /D, and C,/C, specify the skew of DISPTMG
and CUDISP outputs, respectively. Skew control makes these
output timings match with the serial video signals by delaying
these outputs as programmed, in order to assure the access time
to refresh memory and character generator.

D, Do DISPTMG
0 0 No skew

0 1 One character skew

1 0 Two character skew

1 1 Not available

aw J UL TULITL
No Skew

P One Character Skew

cupbiIspP
Skew

No Skew
One Character Skew
I
Skew

L

—
One Character Skew L

DISPTMG [

Figure 26 DISPTMG and CUDISP (One character skew)

MAXIMUM RASTER ADDRESS REGISTER (R9)

Data Bit
7 |6 [5 [4a[3]27]17]o0
- — - Nr
This register determines the number of rasters per character
row. When n means the number of rasters, the programmed value
is as follows:
non-interlace mode, interlace sync mode : n -1
interlace sync and video mode ‘n-2

Program Unit |R/W

Raster w

(1) Non-Interlace mode

Raster
Address
0 Number of rasters ; 5
1 Programmed value : Nr=4
2 Row
3
4 —
(2) Interlace sync mode
Raster
Address
—————— " even field
L - : odd field
1 R Number of rasters §
2 ow Programmed value * Nr=4

In the interlace sync mode, a half number of rasters per row
minus one should be programmed.
(3) Interlace sync and video mode
Raster
Address

0 . even field
odd field
Number of rasters . 5
Programmed value : Nr =3

In the interlace sync and video mode, the sum of rasters per
row minus two should be programmed.
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CURSOR 1 START REGISTER (R10)
Data Bit

7 {65 [a]3]2]1]o0

- |By | Py Ncs, (Raster Address)

This register determines the start raster address and selects
the cursor blink mode for the cursor 1. The low-order five bits
determines the start raster address. Bits B, and P, select the
cursor blink mode.

Program Unit | RW

Raster w

B, P, Cursor Blink Mode
0 0 No blink

0 1 No cursor

1 0 Blink, 1/16 field rate

1 1 Blink, 1/32 field rate

Blink Rate
ON , OFF )

b
1/16 or 1/32 Field Rate

CURSOR 1 END REGISTER (R11)

Daata Bit

4 [3aJ2]11]o

Nce; (Raster Address)

Program Unit |R/W

7 6 5

Raster w

This register determines the end raster address for the cursor-
1.

SCREEN 1 START ADDRESS REGISTER (H, L) (R12, R13)
(R12)

Data Bit Program Unit |R/W
7 6 5]4 l3lz 11 [0 Memory R/W
- - Memory Address (H) Address
(R13)
Data Bit Program Unit |R/W
716]514]312J1L0 Memory RW
Memory Address (L) Address

These registers determine the start memory address for the
split-screen 1 display. Paging or scrolling is enabled by renewing
these registers. The high-order two bits of R12 are always read
as Os.

CURSOR 1 ADDRESS REGISTER (H, L) (R14, R15)
(R14)

Data Bit Program Unit|R/W
7 6 5I4L312I1|0 Memory RW
- - Memory Address (H) Address
(R15)

Data Bit Program Unit |R/W
7J6|5|4]372|1|0 Memory RW
Address

Memory Address (L)

These registers determine the cursor 1 display memory ad-
dress. The high-order two bits of R14 are always read as Os.

HD6345/HD6445

LIGHT PEN REGISTER (H, L) (R16, R17)

(R16)

Data Bit Program Unit |R/W
7 [6 |5 [4]3]2]17o . R
- - Memory Address (H)
(R17)

Data Bit
7 [6 [5 [4a]3]2]1]o
Memory Address {L)
These registers store the light pen detection address. The
high-order two bits of R16 are always read as Os
Note that the stored address will be different from the actual
address due to the following delays: address output delay, video
signal output delay, light pen detection to LPSTB delay, and
LPSTB to 1nternal recognition delay. The relations between the
LPSTB input and the memory address, raster address are shown
in Figures 32, 33 in electrical charactenstics.

Program Unit |{R/W

—_— R

SCREEN 2 START POSITION REGISTER (R18)

Data Bit Program Unit |R/W
76l s]a] 3] 2] 1o R AW
Start Row - 1 ow

This register determuines the start row of the split-screen 2.
The programmed value is the start row number minus one.

If the split-screen 3 (or 4) start position register (R21 (or
R24) ) has already been programmed with the identical data,
both of the split-screens 2 and 3 (or 4) will be disabled.

SCREEN 2 START ADDRESS REGISTER (H, L) (19, R20)
(R19)

Data Bit Program Unit |R/W
7 6 514‘3l211lo Memory RIW
- | - Memory Address (H) Address
(R20)

Data Bit
7]e[s5]al3]2]1T0
Memory Address (L)

Program Unit |R/W

Memory
Address RW

These registers determine the start memory address for the
split-screen 2 display. Paging or scrolling is enabled by renewing
these registers. The high-order two bits of R19 are always read
as Os.

SCREEN 3 START POSITION REGISTER (R21)

Data Bit Program Unit | R/W
766 [a][3]2]1]o0 Row AW
Start Row - 1

This register determines the start row of the split-screen 3.
The programmed value is the start row number minus one.

If the split-screen 2 (or 4) start position register (R18 (or
R24)) has already been programmed with the identical data,
both of the split-screens 3 and 2 (or 4) will be disabled.
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HD6345/HD6445

SCREEN 3 START ADDRESS REGISTER (H, L) (R22, R23)
(R22)

Data Bit Program Unit |R/W
7 6 5[4|3|2I1l0 Memory RIW
- - Memory Address (H) Address
(R23)

Data Bit Program Unit |R/W
7l6L5—[413]2[1|0 Memory RW
Memory Address (L) Address

These registers determine the start memory address for the
split-screen 3 display. Paging or scrolling is enabled by renewing
these registers. The high-order two bits of R22 are always read
as Os.

SCREEN 4 START POSITION RECISTER (R24)

Data Bit Program Unit |R/W
7[e[s[af3]2]1]o row |
Start Row - 1

This register determines the start row of the split-screen 4.
The programmed value is the start row number minus one.

If the split-screen 2 (or 3) start position register (R18 (or
R21)) has already been programmed with the identical data,
both of the split-screens 4 and 2 (or 3) will be disabled.

SCREEN 4 START ADDRESS REGISTER (H, L) (R25, R26)
(R25)

Data Bit

5 [4a 321 ]o

Memory Address (H)

Program Unit |R/W

Memory
Address RW

7 6

(R26)

Data Bit Program Unit | R/W
716T5I413L21110 Memory RW
Memory Address (L) Address

This register performs a fine adjustment on the vertical sync
signal output in units of rasters. The VSYNC signal is supplied
after the delay of Nvad rasters. Nvad is equal to or less than the
maximum raster address register value (R9).

This register 1s enabled when “SY (bit 3)= 1" is set into the
control 1 register (R30). If an adjustment is not required, the
SY bit or this register (R27) is requested to be set as 0.

LIGHT PEN RASTER REGISTER (R28)
Data Bit

4 [3J2]1]o

Raster Address

Program Unit |R/W

716 |5
oP | — | -

—_— R

This register stores the light pen detection raster address and
the detection period. The raster address is detected and stored
into this register when the LPSTB input is asserted. The DP (bit 7)
indicates the period in which the light pen strobe 1s detected.
“DP = 17 is stored when the LPSTB is asserted during the dis-
play period, and “DP = 0” is stored when 1t occurs during the
blanking period.

SMOOTH SCROLLING REGISTER (R29)

Data Bit Program Unit | R/W

7 6 5

43210

Raster R/W

Nss (Raster Address)

This register determines the start raster address within a row.
By renewing this register, smooth scrolling is provided for the
screen specified by the bits SS; — SS,4 of the control 2 register.
The programmable number 1s equal to or less than the maximum
raster address register value (R9).

Thus register is valid only in the non-interlace mode and the
interlace sync mode.

CONTROL 1 REGISTER (R30)

Data Bit
7 6 5 4 3 2 1 0

Program Unit | R/W

These registers determine the start memory address for the
split-screen 4 display. Paging or scrolling is enabled by renewing
these registers. The high-order two bits of R25 are always read
as Os.

VERTICAL SYNC POSITION ADJUST REGISTER (R27)
Data Bit

4 [3J2T1 7o

Nvad (No. of Rasters)

Program Unit |R/W

Raster w

_— w

VE|VS | IB [ IL [SY|TV |SP, [SP,

This register controls the following by the corresponding
bits. A device reset clears all bits of this register.

VE, VS, TV : External synchronization control

1B, IL . Interrupt control

SY : Vertical sync position adjust control

SP,, SP, Screen split control

Row Number L—1 X L

L+1

Raster Address 5

o X X2 ke X e X & Xo

P X2 X3 X4

SY=0

Vertical Sync Position
Fine Adjustment

l‘—B Raster Times

|

SY=1(R27=3)

Figure 27 Vertical Sync Position (Vertical Sync Pulse Width = 6)
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® External Synchronization Control (VE, VS, TV)
(1) Operation mode alteration

VE Function

HD6345/HD6445

® [nterrupt Control (IB, IL)

Control 1Register
IB [

IRQ Signal

0 EXVSYNC/VSYNC corresponds to VSYNC output
1 EXVSYNC/VSYNC corresponds to EXVSYNC input

Vs DISPTMG
0 Activated
1 Keeps low

TV Function

0 EXHSYNC/HSYNC corresponds to HSYNC output
Sync width register (R3) defines the HSYNC pulse
width

1 EXHSYNC/HSYNC corresponds to EXHSYNC input
Sync width register (R3) defines the horizontal back

0 0
0 1
1 0
1 1

Not supplied
Supplied by light pen strobe
Supplied by vertical blanking

Supplied by light pen strobe
or vertical blanking

Note)
1s low

The IRQ signal 1s supplied from the IRQ pin while the DISPTMG

® Vertical Sync Position Adjust Control (SY)

Control 1 Register
534

Vertical Sync Position Adjust Reg. (R27)

0
1

Disabled
Enabled

® Screen Split Control (SP;, SPy)

porch period
(2) EXVSYNC and VSYNC control
<VE=1>
VS| TV EXVSYNC
0|0 Signal supplied to EXVSYNC is ignored
‘1) (‘) EXVSYNC/VSYNC corresponds to EXVSYNC
119 input and synchronized with the external signal
<VE=0>

VSYNC

Interlace Sync
and Video™

VSYNC signal supplied

VSYNC signal supplied only in
odd field scanning

VS| Non-Interlace Interlace Sync

0
7 VSYNC signal
1 supplied

Note) * Attention to the limitation item described in Note) of Table 6
for interlace sync and video mode.

Table 6 External Synchronization Control

Control 1 Register

SP, SP, Function

0 0 Screen start position regs. (R18, R21,
R24) disabled

0 1 Screen 2 start position register (R18)
enabled

1 0 Screen 2 and 3 start position regs.
(R18, R21) enabled

1 1 Screen 2 to 4 start position regs.

(R18, R21, R24) enabled

CONTROL 2/STATUS REGISTER (R31)

Data Bit Program Unit |R/W
7 6 5 4 3 2 1 0
SS. |SSs [SSa [ss  [RU |- | = [ - | —_ _|w
Al | 0 0 0 [} E |SB |SL R
Status-J
Control 2

During a write transaction, this register specifies the screen

TV|VE| VS Function
o[0/|0 Set as master CRTC in master-slave mode
0} 01 Set as master CRTC in master-slave mode, in
interlace sync mode or interlace sync and video
mode, upon synchronization
of1(0 Set as slave CRTC in master-slave mode
0| 1,1 Set as slave CRTC in master-slave mode, upon
synchronization
1100 Program inhibited
1101 Program inhibited
1110 Set as slave CRTC in TV sync mode™* ™
111 Set as slave CRTC in TV sync mode, upon
synchronization™*
Note) * ‘000" 1s to be set also when not performing the external

synchronization.

** |n TV sync mode, DISPTMG 1s supplied after the back porch
period.

to be scrolled smoothly and provides the double-size vertical
display with the raster interpolation function. A device reset
clears the bits of the control 2 register.

During a read transaction, this register indicates the status
such as display field, vertical blanking, light pen strobe and
access inhibit in DPRAM mode. A device reset clears the Al bit
and SL bit of the status register.

Refer to Table 10 Reset State of Internal Registers for details.
< Control 2 Register >

SS,, SS3, SS,, SSy Smooth scrolling control

RI : Raster interpolation control
< Status Register >
AL E, SB, SL Status indication
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HD6345/HD 6445

® Smooth Scrolling Control (SS1—-SS4)

Setting the bits SS1 to SS4 enables smooth scrolling on the
split-screens 1 to 4, respectively. The smooth scrolling register
(R29) is enabled for the specified split-screen.

Smooth Scrolling

SS, Disabled on the split-screen 1
Enabled on the split-screen 1
Disabled on the split-screen 2
Enabled on the split-screen 2
Disabled on the split-screen 3
Enabled on the split-screen 3
Disabled on the sphit-screen 4

Enabled on the split-screen 4

SS,

SS3

SS,4

- O|l= Oo|= o|= o

® Raster Interpolation Control (R1)

Setting 1 into this bit performs a raster interpolation. The
raster address is incremented every two rasters, doubling the
vertical scanning cycle.

This function is provided only in the non-interlace mode and
the interlace sync mode.

® Status Indication (Al, E, SB, SL)
Access Inhibit Status Bit : Al

Al Status
0 Refresh memory access allowed
1 Refresh memory access inhibited

Display Field Status Bit : E

CONTROL 3 REGISTER (R32)

Data Bit Program Unmit | R/W
7 6 5 4 3 2 1 0

CM | C, |CW, [CW, |[MW |TC [DR | —

— w

This register controls the following by the corresponding
bits. A device reset clears this register
CM : Cursor display mode control
C, : Cursor 2 enable
CW,; : Cursor 1 width control
CW, : Cursor 2 width control
MW : Memory width control
TC : Three-state control
DR : DPRAM mode selection

® Cursors Display Mode Control (CM)

C™M Cursors Display Mode

0 EOR mode
1 OR mode

® Cursor 2 Enable (C,)

C, Cursor 2
Disabled
1 Enabled

® Cursor 1 Width Control (CW, )

Cw, Cursor 1 Width Register (R38)
0 Disabled
1-character width specified as cursor 1 width
1 Enabled

Set value in R38 specified as cursor 1 width

E Status ® Cursor 2 Width Control (CW,)
0 During odd field display
1 During even field display CwW, Cursor 2 Width Register (R39)
e 0 Disabled
Note) E1salways 0" in the non-interlace mode. 1-character width specified as cursor 2 width
. . 1 Enabled
Vertical Blanking Status Bit * SB Set value in R39 specified as cursor 2 width
S8 Status ® Memory Width Control (MW)
0 Not during vertical blanking
1 During vertical blanking MW Memory Width Offset Register (R33)
0 Disabled
Linear address supplied as memory address
Light Pen Strobe Status Bit * SL 1 Enabled

SL Status
0 Light pen strobe not detected
1 Light pen strobe detected

Reading this register clears the SL, but not SB. Also, the IRQ
output signal goes low upon read access of this register. The bits
3-6 of the status register are always read as Os.

Memory width definable

® Three-State Control (TC)

TC MA and RA Outputs

0 Three-state control disabled

1 When TSC is low, memory address supplied on MAg— 3
and RAp—a
When TSC is high, MA;—;3 and RA(—4 stated
Into high- impedance
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® DPRAM Mode Selection (DR)

DR DPRAM Mode Selection

0 DPRAM control signal not supplied
1 Enters DPRAM mode

MEMORY WIDTH OFFSET REGISTER (R33)
Program Unit |R/W

Data Bit

7]6[5[a[3]2]1]o

Nof (Offset Address)

Character  |R/W

This register specifies the offset value to be supplemented to
the memory address, in units of characters, in order to define the
start memory address of the next row. Adding the offset value to
the memory address makes the memory width wider than the
display width. Reprogramming the start memory address en-
ables the display screen to be scrolled in any direction within a
memory space by character. If this register is set to the offset
value M, the start address of the next row will be the last dis-
played character address + M + 1.

This register is enabled when “MW (b1t 3) = 1"’ 1s set into the
control 3 register (R32). If an offset value 1s not required, the
MW bit of R32 or this register (R33) 1s requested to be set as
0.

HD6345/HD6445

8, P, Cursor Blink Mode
0 0 No blink
0 1 No cursor
1 0 Blink, 1/16 field rate
1 1 Blink, 1/32 field rate
Blink Rate
L ON \ OFF J
| )

RS

1/16 or 1/32 Field Rate

CURSOR 2 END REGISTER (R35)
Data Bit

4 [3]2]17T0

Nce, (Raster Address)

Program Unit |R/W

7 6 5

Raster w

This register determines the end raster address for the cursor
2.

If the C, bit of the control 3 register1s 0, or in the DPRAM
mode, this 1egister 1s nvalid

CURSOR 2 ADDRESS REGISTER (H, L) (R36, R37)
(R36)

Display Width

Offset Value= M

Figure 28 Memory Width Offset

CURSOR 2 START REGISTER (R34)

Data Bit
7165 ]af3]2]17]o0
- | B [P Ncs, (Raster Address)

This register determines the start raster address and selects
the cursor blink mode for the cursor 2. The low-order five bits
determines the start raster address. Bits B, and P, select the
cursor blink mode.

If the C, bit of the control 3 register is O, or in the DPRAM
mode, this register is invalid.

Program Unit |R/W

Raster w

Memory Width Data Bit Program Unit [R/W
7 6 5 l4 ]3 rz r’ ]0 Memory RW
- - Memory Address (H) Address
(R37)

Data Bit

76 [sJaf3]2]1To

Memory Address (L)

Program Unit |R/W

Memory
Address

These registers determine the cursor 2 display memory
address The high-order two bits of R36 are always read as Os.

This register is disabled in DPRAM mode or when “C, = 0”
is set in the control 3 register (R32).

CURSOR 1 WIDTH REGISTER (R38)

Data Bit

7]e6]s[aJa]2]1]o

Program Unit |R/W

Character R/W

Ncw, (Number of Characters)

This register specifies the cursor 1 width in units of
characters. Writing O into this register disables the cursor 1
display.

This register 1s enabled when “CW; (bit 5) = 1" 1s set into
the control 3 register (R32).

CURSOR 2 WIDTH REGISTER (R39)

Data Bit Program Unit |R/W

7 e [s[a3]27T]1]o

Character RW

Ncw, (Number of Characters)

This register specifies the cursor 2 width in units of
characters. Wnting 0 into this register disables the cursor 2
display.

This register is enabled when “CW, (bit 4) = 17 is set into
the control 3 register (R32).

In DPRAM mode, this register specifies the ACI signal output
timing, not affected by the CW, bit at all.
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HD6345/HD6445

® LIMITATION FOR PROGRAMMING
The register programmed value is limited as listed in Table 7.

Table 7 Limitation on Register Programmed Value

Function Register Programmed Value Range Associated Reg.
1 < Nhd < Nht + 1 < 256 R1, RO
0 <Nvd <Nvt+1<£256 R6, R4
0 < Nhsp < Nht R2, RO
Screen Format 0 Nvsp < Nut? R7, R4
2 < Nr <30 (Interlace sync and video mode) R9
Nvad < Nr R27, R9
3 < Nht (Interlace sync mode and interlace sync and video mode) RO
5 < Nht (Non-interlace mode)
0 < Nes;, < Nee, R10, R11
Nce; < Nr (Non-interlace mode and (interlace sync mode)
Nce; < Nr (Interlace sync and video mode) R11, RO
0 < Nes; < Nce, R34, R35
Cursor Control
Nce, < Nr (Non-interlace mode and interlace sync mode) R3S, RD
Nce, < Nr (Interlace sync and video mode)
0 < New; £255 R38
0 < New, £255 R39
Smooth Scrolling Nss < Nr R29, R9
Memory Width Setting 0 < Nof £ 255 R33

Notes 1) * In the interlace sync mode, 1if the vertical sync signal assertion strides over the next field, the signal pulse width 1s alternately
increased or decreased by 1/2 raster period in the following fields.

2) Refer to INTERNAL REGISTER ASSIGNMENT for symbols

= RESET
The RES functions as a reset input signal only while the
LPSTB 1s low. “Reset” is definable in two stages. o
(1) “During a reset state” indicates the period that the RES
remains “low”. -
(2) ‘‘After a reset state” indicates the state after the RES transi-
tion from low to high

RES 0 8V 20v

During After

A reset has occurred a reset state a reset state

Figure 29 Reset Definition

The note for a reset is listed in Table 8, and the pin status
during a reset state is in Table 9.

Table 8 Note for a Reset

Note
1. HD6345/HD6445 sets “6845S mode* "’

Control registers R30, R31, and R32
cannot be programmed

During
a Reset State

After
a Reset State

-

. HD6345/HD6445 remains "'6845S
mode’’ until control registers R30, R31,
R32 are programmed
In external sync mode, the additional
circuit 1s required to prevent the conten-
tion between sync signals (VSYNC,
HSYNC) of a master and those of a
slave

N

The RES assertion at power-on does not define the internal
registers. The internal operation remains undefined until all the
internal registers have been programmed.

Note) * ‘6845S mode”
The 6845S mode causes the HD6345/HD6445 to implement
the HD6845S functions The HD6345/HD 6445 is software-
compatible with the HD6845S, and 1s provided with the ex-
tended functions of the HD6845S Programming the control
registers enables the extended functions
The control registers are initialized during a reset state
The HD6345 has 68-compatible bus interface It 1s pin-
compatible with NMOS CRTC-1l HD6845S
HD6445 has 80-compatible bus interface Note that HD6445
i1s not pin-compatible with NMOS CRTC HD6845S.
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Table 8 Pin Status during a Reset State

HD6345/HD6445

Pin No. Symbol Pin Name (;T::;:/t Functions
1 Vss Vss - -
2 RES Reset Input -
LPSTB Light Pen Strobe Input
3 Low Level signal requested to be supplied
TSC Three State Control Input
4-17 MAo-MA 13 Memory Address 0-13 Output Goes low immediately after reset
18 DISPTMG Display Timing Output Goes low immediately after reset
CuDISP Cursor Display Output
19 ACI Access Inhibit Output Goes low immediately after reset
IRQ Interrupt Request Output
20 Vce Vce - -
21 CLK Character Clock Input Not affected
22 WR Write Input Not affected
E Enable (HD6345) Input Not affected
23 RD Read (HD6445) Input Not affected
24 RS Register Select Input Not affected
25 CcS Chip Select Input Not affected
26-33 | Do-D; Data Bus 0-7 (')'L’i:z/t Not affected
34-38 RAo-RA, Raster Address 0-4 Output Goes low immediately after reset
HSYNC Hornzontal Sync Output Corresponds to HSYNC until external
39 sync mode is set into the control register
EXHSYNC External Horizontal Sync Input after reset
VSYNC Vertical Sync Output Corresponds to VSYNC until esternal
40 sync mode is set into the control register
EXVSYNC External Vertical Sync Input after reset
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HD6345/HD6445

Table 10 Reset State of Internal Registers

?leog Register Name RIW - - sData B;t (Rese; State)2 1 -
AR Address Register w N 2
RO Horizontal Total Characters w
R1 Horizontal Displayed Characters w
R2 Horizontal Sync Position w
R3 Sync Width w
R4 Vertical Total Rows w
RS Vertical Total Adjust W pfaen ) . S
R6 Vertical Displayed Rows w
R7 Vertical Sync Position W
R8 Interlace Mode and Skew w S A
R9 Maximum Raster Address W RN
R10 Cursor 1 Start w
R11 Cursor 1 End w
R12 Screen 1 Start Address (H) RW
R13 Screen 1 Start Address (L) R/W
R14 Cursor 1 Address (H) R/W -
R15 Cursor 1 Address (L) R/W
R16 Light Pen (H) R
R17 Light Pen (L) R
R18 Screen 2 Start Position R/W
R19 Screen 2 Start Address (H) RW |- aF (54
R20 Screen 2 Start Address (L) R/W
R21 Screen 3 Start Position R/W
R22 Screen 3 Start Address (H) RMW | v s -
R23 Screen 3 Start Address (L) R/W
R24 Screen 4 Start Position R/W
R25 Screen 4 Start Address (H) RIW  Ffi” i 3
R26 Screen 4 Start Address (L) RW
R27 Vertical Sync Position Adjust w
R28 Light Pen Raster R
R29 Smooth Scrolling RW
R30 Control 1 w 0 0 0 0 0
R31 Control 2 w 0 0 2 B
Status R 0 L ok 0
R32 Control 3 w 0 0 0
R33 Memory Width Offset R/W
R34 Cursor 2 Start w
R35 Cursor 2 End w <
R36 Cursor 2 Address (H) RW
R37 Cursor 2 Address (L) R/W
R38 Cursor 1 Width R/W
R39 Cursor 2 Width RW
Note) [ ] notaffected
(After power-on, the value i1s not fixed until it 1s programmed )
I:__O——_l becomes 0"’
E becomes 1"
(=] becomes "0 in the non-interlace mode
becomes 1" in the Interlace sync mode and interlace sync and video mode
(After power-on, its status is not fixed until the raster scanning mode Is set )
- not used
m NOTES AND LIMITATIONS FOR HD6445 (2) Refer to the RESET section for notes on a reset at power-
on.
NOTES
(1) The CRTC-II HD6345/HD6445 is the CMOS LSI. It LIMITATION FOR PROGRAMMING
should be noted, peculiar to CMOS LSIs, that the input Refer to “Table 7 Limitation on Register Programmed
pins of the HD6345/HD6445 must not be left discon- Value” for details.
nected, etc.
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HD6345/HD6445

ANOMALOUS OPERATION BY REGISTER REPROGRAMMING DURING SCREEN DISPLAY

The temporary erroneous operation may occur 1f program-
ming the internal register during a screen display period. Gener-
ally, the device starts the newly specified operation on and after A

the following field after a renewal.

Whether or not the register reprogramming 1s allowed during
a display 1s shown by the symbols O A and X in the following X :

Register reprogramming 1s:
. Allowable
Allowable with some conditions

A temporary flicker may occur upon deviation of the

conditions.
Not recommended

table. A temporary flicker may occur upon register renewal.
zzg' Register Name Phenomenon and Renewal Recommended Period

RO Hornizontal Total Characters Horizontal scanning cycle is irregularized. X

R1 Horizontal Displayed DISPTMG width may be set shorter than specified only during 1 raster pernod o

Characters because of a momentary misrecognition of this register data.

R2 Horizontal Sync Position HSYNC will not be supplied as required, or a noise may occur. It may be «
supplied as programmed on and after the following field.

R3 Sync Width Sync pulse width may be set shorter than specified when registers are A
reprogrammed during high of HSYNC and VSYNC

R4 Vertical Total Rows Vertical scanning cycle may be irregularized when reprogrammed during the last A
raster scanning period within a row.

R5 Vertical Total Adjust The specified number of adjust rasters will not be supplemented when
reprogrammed within the last character clock time during adjust raster scanning A
period.

R6 Vertical Displayed Rows Raster scanning may be suspended (DISPTMG goes low.) immediately after
being reprogrammed within a field. The programmed display is enabled on and O
after the following field.

R7 Vertical Sync Position VSYNC will not be supplied as required, or a noise may occur. It may be %
supplied as programmed on and after the following field.

R8 Interlace Mode and Skew Reprogramming the scanning mode bit irregularizes vertical scanning cycle.
Reprogramming the skew bit neglects the programmed position for screen and X
cursor displays.

R9 Maximum Raster Address Vertical scanning cycle Is irregularized. X

R10 Cursor 1 Start Cursor raster scanning may be irregularized or blink period be temporarily set

RN Cursor 1 End shorter when reprogrammed within the last character clock time during raster A
scanning period.

R12 Screen 1 Start Address (H) Except during the last raster scanning period within a row, register

R13 Screen 1 Start Address (L) reprogramming is allowable. Horizontal/vertical display period is especially
recommended for reprogramming. If R12 and R13 are separately reprogrammed o
in the different fields, a screen display will temporarily start from the partially
reprogrammed address.

R14 Cursor 1 Address (H) The cursor will not temporarily be displayed at the specified address when

R15 Cursor 1 Address (L) reprogrammed during display period Horizontal/vertical retrace period is
especially recommended for reprogramming. If R14 and R15 are separately O
reprogrammed in the different fields, a cursor will be temporarily displayed on
the partially reprogrammed address

R16 Light Pen (H) _

R17 Light Pen (L)

R18 Screen 2 Start Position Except during raster scanning period prior to the split-screen 2 start row,
reprogramming 1s allowable. Horizontal/vertical retrace period is especially @]
recommended for reprogramming.

R19 Screen 2 Start Address (H) Except during raster scanning period prior to the split-screen 2 start row,

R20 Screen 2 Start Address (L) reprogramming I1s allowable. Horizontal/vertical retrace period Is especially
recommended for reprogramming If R19 and R20 are separately reprogrammed o
in the different fields, a screen display will temporarily start from the partially
reprogrammed address

R21 Screen 3 Start Position Except during raster scanning period prior to the split-screen 3 start row,
reprogramming is allowable. Horizontal/vertical retrace period I1s especially O
recommended for reprogramming.
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:329' Register Name Phenomenon and Renewal Recommended Period

R22 Screen 3 Start Address (H) Except during raster scanning period prior to the split-screen 3 start row,

R23 Screen 3 Start Address (L) reprogramming is allowable. Horizontal/vertical retrace period is especially
recommended for reprogramming. If R22 and R23 are separately reprogrammed (@)
in the different fields, a screen display will temporarily start from the partially
reprogrammed address.

R24 Screen 4 Start Position Except during raster scanning period prior to the split-screen 4 start row,
reprogramming is allowable. Horizontal/vertical retrace period is especially O
recommended for reprogramming.

R25 Screen 4 Start Address (H) Except during raster scanning period prior to the split-screen 4 start row,

R26 Screen 4 Start Address (L) reprogramming is allowable. Horizontal/vertical retrace period is especially
recommended for reprogramming. If R25 and R26 are separately reprogrammed (o]
in the different fields, a screen display will temporarily start from the partially
reprogrammed address.

R27 Vertical Sync Position The programmed position for VSYNC output will not be satisfied. X

Adust

R28 Light Pen Raster — —

R29 Smooth Scrolling For a screen not performing smooth scroll, reprogramming is allowable except
during the last raster scanning period within each row. For a screen performing
smooth scroll, reprogramming is allowable except during rater scanning period A
on the address of “programmed value—1". Horizontal/vertical retrace period is
especially recommended for reprogramming.

R30 Control 1 -VE Reprogramming is allowable except at VSYNC output. (]

TV Reprogramming is allowable except at HSYNC output when DISPTMG is low. O
*VS, B, IL Reprogramming is allowable. @)
-SY VSYNC will not be supplied as required or a noise may occur. It may be supplied A
as programmed on and after the following field.
+SP,,SP, Temporary disturbance may occur on a screen when reprogrammed during the
display period. Vertical retrace period is especially recommended for A
reprogramming.

R31 Control 2 -SS,, —SS, Temporary disturbance may occur on a screen when reprogramming during
display period. Vertical retrace period is especially recommended for A
reprogramming

Rl Vertical raster scanning cycle is irregularized. X
Status —_— —
R32 Control 3 ‘CM, C, Temporary disturbance may occur on a cursor when reprogrammed during
‘CW,, CW, display period. Vertical retrace period is especially recommended for A
reprogramming.
‘MW Temporary disturbance may occur on a screen when reprogrammed during
display period. Vertical retrace period is especially recommended for A
reprogramming.
+TC, DR Reprogramming is inhibited. X

R33 Memory Width Offset The specified address for cursor display will not temporarily be satisfied upon
reprogramming during display period. Horizontal/vertical retrace period is o]
especially recommended for reprogramming.

R34 Cursor 2 Start Cursor raster scanning may be irregularized or blink period be temporarily set

R35 Cursor 2 End shorter when reprogrammed within the last character clock time during raster A
scanning period.

R36 Cursor 2 Address (H) The specified address for cursor display will not temporarily be satisfied when

R37 Cursor 2 Address (L) reprogrammed during the display period. Horizontal/vertical retrace period is
especially recommended for reprogramming. If R36 and R37 are separately O
reprogrammed in the different fields, a cursor will be temporarily displayed at
the partially reprogrammed address.

R38 Cursor 1 Width The specified cursor width will not temporarily be satisfied when reprogrammed

R39 Cursor 2 Width during display period. Horizontal/vertical retrace period is especially A

- recommended for reprogramming.
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& ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Supply Voltage Vee® -03~+7.0 Vv
Input Voltage Vin* -0.3~Vcc+0.3 \'
Operating Temperature Topr -20~ +75 °c
Storage Temperature Tog -55~ +150 °C
Data Bus . 5 mA
Allowable Output Current Others llo! 3 A
Total Allowable Output Current [Zlpl*** 60 mA

* This value 1s in reference to Vg = OV
** The allowable output current i1s the maximum current that may be drawn from, or flow out to, one output pin or one input/output common pin.
*** The total allowable output current is the total sum of currents that may be drawn from, or flow out to, output pins or input/output common pins
Note) Using an LSI beyond its maximum ratings may result in its permanent destruction. LSI’s should usually be under recommended operating
conditions. Exceeding any of these conditions may adversely affect its reliability.

® RECOMMENDED OPERATING CONDITIONS

Item Symbol Min Typ Max Unit
Supply Voltage Vee* 4.75 5.0 5.25 Y
Input Low Level Voltage viL* -03 - 0.8 \%
Input High Level Voltage Vir* 2.0 - Vee \Y
Operating Temperature Topr -20 25 75 °c

* This value 1s in reference to Vgg = 0V

= ELECTRICAL CHARACTERISTICS
DC CHARACTERISTICS (Ve = 5.0V5%, Vss = 0V, Ta = ~20 ~ +75°C unless otherwise noted)

Item Symbol Measuring Condition Min Typ* Max Unit
Input High Level Voltage Vin 2.0 - Vee \%
Input Low Level Voltage ViL -03 - 0.8 Vv
Inputs except
Input Leak Current Dop- D, P hn Vin=0~525V -25 — 25 uA
Three State (Off State) | Do =07 . |- Vin=04~24V 0 I I A
Input Current Raster \/(\ddress TSI Vec =525V K
Output High Level Do — D4 I=-205uA
Voltage Others Von I=-100 uA 24 - - v
Output Low Level Voltage VoL I=16mA - - 0.4 \
D e} Vin=0V
EXVSYNC n = - - 12,5 F
Input Capacity EXHSYNC Cn T; =26°C P
f=10M
Others 0 MHz - - 10 pF
Vin=0V
Output Capacity Cout Ta=256C - - 10 pF
f=1MHz
fCLK =45 MHz
fg = 2 MHz
Power Dissipation Pp Ve = max, No Load - 50 - mwW
le = VCC‘ 1.0V
V=08V
* Ta=25°C, Vcc =5 OV
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HD6345/HD 6445

AC CHARACTERISTICS (Vg = 5V+10%, Vgg = 0V, Ta = -20 ~ +75°C, unless otherwise noted.)

1. TIMING OF CRTC SIGNAL

Item Symbol Test Condition Min Max Unit
Clock Cycle Time teycc 220 - ns
Clock High Pulse Width PWcy 100 - ns
Clock Low Pulse Width PWcL 100 — ns
Rise and Fall Time for Clock Input ter, tef - 20 ns
Memory Address Delay Time tMAD - 80 ns
Raster Address Delay Time tRAD Fig. 30 - 80 ns
DISPTMG Delay Time tpTD - 120 ns
CUDISP Delay Time tcop — 120 ns
Horizontal Sync Delay Time tHSD - 100 ns
Vertical Sync Delay Time tvsD - 120 ns
Light Pen Strobe Pulse Width PWpH 60 - ns
I;Eht Pen Storobe Uncertain Time of tLpD1 Fig 32,33 - 70 ns
ceptance tLpD2 — 0 ns
Memory Address Three-State Off Time tmAaz Fig. 31 - 50 ns
Raster Address Three-State Off Time tRAZ - 50 ns
2. EXTERNAL SYNC TIMING
Item Symbol Test Condition Min Max Unit
Clock Halt Time toLksT 100 - ns
External Horizontal Sync Pulse Width tPWHS 1000 - ns
External Horizontal Sync Rise and Fall Time tHr . _ 20 ns
tHf Fig. 34 - 20 ns
External Vertical Sync Pulse Width* tpwvs 1660 - ns
External Vertical Sync Rise and Fall Time tvr _ 20 ns
tvs - 20 ns
* : External Vertical Sync Pulse Width tpyyyg = 1000 ns + 3+tcy¢c C
3. HD6345 MPU BUS TIMING
Item Symbol Test Condition 6345 63A45 63845
Min | Max | Min | Max | Min | Max [ Unit
Enable Cycle Time teycg 1000 — 666 - 500 - ns
Enable ‘’High’’ Pulse Width PWEy 450| - 280 - 220 - ns
Enable ’Low" Pulse Width PWgL 400| - 280 - 210 - ns
Enable Rise and Fall Time ter, tef - 20 - 20 - 20| ns
Address Set Up Time tas 80| -— 80 - 40 - ns
Data Set Up Time tosw Fig. 35 195 - 80 — 60 - ns
Data Delay Time toDR Fig. 36 1200 — | 140 — | 120 ms
Data Hold Time tH 10| - 10 - 10 - ns
Address Hold Time taH 10 - - - 10 - ns
Data Access Time tacc — [ 280 - | 220] - | 160] ns
Input Signal Rise and Fall Time . tf — 100 — 100 — 100 ns
(RES, LPSTB, RS, CS, R/W) ’
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HD6345/HD6445

4. HD6445 MPU BUS TIMING HD6445-4
Item Symbol Test Condition Min Max Unit
Read Address Set Up Time tAR 0 - ns
Read Low Level Time tRR 160 - ns
Read Address Hold Time tRA 0 - ns
Write Address Set Up Time taw 0 - ns
Write Low Level Time tww 190 — ns
Write Address Hold Time twA 0 - ns
Data Delay Time tRD Fig. 37 - 120 ns
Data Hold Time (Read) tDE Fig 38 10 - ns
Data Set Up Time tbw 60 — ns
Data Hold Time (Write) twp 0 — ns
Access Inhibit Time tDIs 210 - ns
Input Signal Rise Time t - 100 ns
Fall Time _ tf
(RES, LPSTB, RS, CS, RD, WR)
I toe
20V m\ PWe / \
osv osv osv osv
cLk PWen ~
ter ot
YV oav
MAG—MA 3 / o4v
tman mao
lZdV
RAg—RA4 / oav
tRaD thaD
KZAV
DISPTMG / 0av
lZdV
/ Todv
CupisP
teoo teoo
2av
HSYNC TOAV
VSYNC
b o
20v 20v
PWirn
LpsTB |

Figure 30 CRTC Timing Chart
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LPSTB
(Tc=1) T 20V
<t osv

4
MAG—MA 3 ‘_< .
N\
—
tmaD tmaz
RAg—RA4 .
ltmn traz

Note) tpaz and tRraz show the timing when outputs are completely
turned off. Actual waveform varies according to loads conditions.

Figure 31 Three-State Delay Timing (Three-state mode: TC= 1)

tipD2 p— —+ teot
0 8V / 08V / \ / \
CLK | [

MAo—MA 13 X M M+1 x m+2 X x

—if

5

r 48

LPSTB 08V  —
2017 7

LPSTB —

\ When LPSTB rises in this period,
memory address ‘‘M+2" is set
into the light pen registers.

tLPD1 tLPD2 : LPSTB's invalid time of acceptance

Figure 32 CRTC-CLK, MAO—MA13, and LPSTB Timing
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tipp2 ~

RAg—RA,; M x

[0 8V

LPSTB —————

L When LPSTB rises after this timing,
raster address ‘M+1" 1s set into
the hght pen registers.

tLPD3 LPSTB's invalid time of acceptance

Figure 33 CRTC-CLK, RA; — RA4 and LPSTB Timing

teikst

8V
CLK 0
20V 20V
os8v os8v
EXHSYNC towHS
t
tHr Hf
20v 20V

osv

EXVSYNG ———— & towvs

&[08\1

tur

v

Figure 34 External Sync Timing
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} teycE
WL
PWen
fe—tas
R
20V 20v PWe
osv osv osv
E
fe— tec — - ter
p— tDDR —d
cs
{20v 20v -y
08V o8v
R/W, RS - 7
N j tay o
acc
P
24v ] X 2av
Do—D7
0 4:&[ 7l 04v
Figure 35 HD6345 Read Sequence
-l
__PWEI.
osv osv
E
l— tes
cs tosw
R/W { oov 20V
RS(Address
Register)
osv osv
RS K
(Data Registers) e tan o
-ty |—
20v 20v
Do-D1
Kosv o8V

Figure 36 HD6345 Write Sequence

— 20v 20V
cs
RS

+ 0 8V 0 8V -

le—t, I et tos—]
— p
AD 20V 20v 20v
b toss:
0 8V 0 8V
}0——%‘.-—’ teo tor

24V 24V
Do-D1
(Reac) 0 4v 0 4v

Figure 37 HD6445 Read Sequence
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= A
s 2. 0v 2 0V
RS
X 0 8V 0 8V 4
re— 1ty [ty [ty —|
WR 20v 2 ov X2.0v
'vla
0.8V 0 8V
tVII)
le— t,
-DW
Al
oD, 2 av 2 4v
(Write}
0 4v o.4v{

Figure 38 HD6445 Write Sequence

TEST LOAD
50V
RL=2 4kQ

Dy C=130pF (Dg — D7)
Test Point = 40pF (Output signals except Do — D7)

D2 R= 11kQ (Dg— D)
c R D = 24k (Output signals except Do — D7)

l Da D; — D4 are 1S2074@or equivalent.
4

Figure 39 Test Load
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HD6345/HD 6445

= COMPARISON BETWEEN HD6345/HD6445 AND HD6845S
HD6845S

HD6345/HD6445
CLK: 3.7 MHz NMOS
6800 System Bus Interface

CLK: 4.5 MHz CMOS
68 System Bus Interface (HD6345)

80 System Bus Interface (HD6445)
1. Refresh Memory Address (16k words)

Refresh Memory Address (16k words)
2 Paging, Scrolling

1.

2. Paging, Scrolling
3. Light Pen 3. Light Pen
4. TTL Compatible 4. TTL Compatible
5. Software Programmable:
Number of Displayed Characters on Screen 5. Software Programmable:
Number of Rasters per Character Row Number of Displayed Characters on Screen
Horizontal/Vertical Sync Signal Nun_lber of Rastgrs per Character Row
Raster Scanning Mode HorlzontaI/V}ertlcaI Sync Signal
Cursor Raster Scanning Mode
Cursor

6. Screen Split (Up to 4)

7. Smooth Scrolling

8. External Synchronization
9. Interrupt Request

10. Raster Interpolation

12. Light Pen Raster Address
13. Second Cursor
14. Display Memory Width Setting
15. Up to 256 Character Rows
16. Timing Signal for Dual Port RAM
17. Three-State Control of Memory Address and Raster
Address

1
1
'
'
'
!
'
1
1
'
i
11. Sync Position Adjustment !
'
1
'
'
1
1
|
i
i
H
1
1
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= CHARACTERISTICS DIFFERENCES BETWEEN HD6345 AND HD6845S

No. Item Symbol HDE345 HDGE845S Unit
Min Typ Max Min Typ Max
1 Power Dissipation Pp — 50 - - 600 1000 mW
2 Clock Cycle Time tcyce 220 - - 270 - - ns
3 Clock ““High” Pulse Width PWcH 100 - - 130 - — ns
4 Clock ““Low" Puise Width PWcL 100 - - 130 - - ns
5 Memory Address Delay Time tMAD - - 80 - - 160 ns
6 Raster Address Delay Time tRAD - - 80 - - 160 ns
7 Display Timing Delay Time toTD - - 120 - - 250 ns
8 Horizontal Sync Delay Time tHSD - - 100 - - 200 ns
9 Vertical Sync Delay Time tysp - - 120 — - 250 ns
10 Cursor Display Delay Time tcop - - 120 — — 250 ns
1 Enable Cycle Time tcycg 500 - — 1000 - - ns
12 Enable ““High" Pulse Width PWey 220 - - 450 - - ns
13 Enable “Low’’ Puise Width PWeL 210 - - 400 - — ns
14 Enable Rise and Fall Time ter, tef - - 20 - . - ns
15 Address Set Up Time tas 40 - - 140 - - ns
16 Data Set Up Time tpsw 60 - - 195 - - ns
17 Data Delay Time toDR - - 120 - = 320 ns
18 Data Access Time taCC - - 160 - - 460 ns
19 Input Signal Rise and Fall Time| tr, t¢ - - 100 -~ - - ns

= CHARACTERISTICS DIFFERENCES BETWEEN HD6445 AND HD6845S

HD6445 HD6845S .

No. Item Symbol i Tvp Max i Tvo Ve Unit
1 Power Dissipation Pp - 50 - - 600 1000 mW
2 Clock Cycle Time tcyce 220 - - 270 - - ns
3 Clock High Pulse Width PWcH 100 - - 130 - - ns
4 Clock Low Pulse Width PWcL 100 - - 130 - — ns
5 Memory Address Delay Time tMAD — - 80 - - 160 ns
6 Raster Address Delay Time tRAD - - 80 - - 160 ns
7 Display Timing Delay Time toTD - - 120 - - 250 ns
8 Horizontal Sync Delay Time tHSD - - 100 - - 200 ns
9 Vertical Sync Delay Time tvsD — = 120 = - 250 ns
10 Cursor Display Delay Time tcob - - 120 - - 250 ns
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HD6345/HD6445:

= PACKAGE DIMENSIONS [Unit: mm (inch)]
Scale 1/1

52 8(2 079)

40 54 Omax (2 126max )
oanoonnAanononanonnnn

21

1340

(0528)

14 6max
(0575max)

T TUUT OO D OO U O OO
20

T
'l
(0047) 1524
“ (0600)

5lmin

,+L‘L
I R
S 08max

10 020min

(0 200max )

048+ 01
(0019 +0004)

Ois e

2544025
(0 100+ 0010)

2 54min
(0 100min )

(DP-40)

Note) Inch value indicated for your reference.
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HD6845R/HD6845S

CRT Controller (crTc)

The CRTC is a LSI controller which is designed to provide
an interface for microcomputers to raster scan type CRT displays.
The CRTC belongs to the HD6800 LSI Family and has full
compatibility with MPU in both data lines and control lines. Its
primary function is to generate timing signal which is necessary
for raster scan type CRT display according to the specification
programmed by MPU. The CRTC is also designed as a program-
mable controller, so applicable to wide-range CRT display from
small low-functioning character display up to raster type full
graphic display as well as large high-functioning limited graphic
display.

& FEATURES

® Number of Displayed Characters on the Screen, Vertical
Dot Format of One Character, Horizontal and Vertical
Sync Signal, Display Timing Signal are Programmable

® 3.7 MHz High Speed Display Operation

Line Buffer-less Refreshing

14-bit Refresh Memory Address Output (16k Words

max. Access)

Programmable Interlace/Non-interlace Scan Mode

Built-in Cursor Control Function

Programmable Cursor Height and its Blink

Built-in Light Pen Detection Function

Paging and Scrolling Capability

TTL Compatible

Single +5V Power Supply

HD6845SP, HD68A45SP, HD68B45SP
HD6845RP, HD68A45RP, HD68B45RP

(DP-40)

® SYSTEM BLOCK DIAGRAM

= PIN ARRANGEMENT

HD6845S

HD6845R

Address Bus
A~ Ay
e Data Bus
D,~D,
F a, (] o]
(Top View)
“‘ HO6845 e
e = ORDERING INFORMATION
. CRT Display
CRTC Bus Timing Timing
HD6845S 1.0 MHz
car HD68A45S 1.5 MHz 3.7 MHz max.
HD68B45S 2.0 MHz
rdend ° .2 HD6845R 1.0 MHz
verme . HD68A45R 1.5 MHz 3.7 MHz max.
LsTe conren Q'" HD68B45R 2.0 MHz
O HITACHI
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HD6845R/HD6845S

= ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee * -0.3~+7.0 v
Input Voltage Vv, * -0.3~ +7.0 v
Operating Temperature Topr -20~+75 °c
Storage Temperature Teag - 55~ +150 °c

*  With respect to Vgg (SYSTEM GND)

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

= RECOMMENDED OPERATING CONDITIONS

Item Symbol min typ max Unit
Supply Voltage Vee* 4.75 5.0 5.25 v
Input Volt Vi * -0.3 - 0.8 \"
nput Voltage
P 9 Vin® 20 Z Vee v
Operating Temperature Topr -20 25 75 °c
*  With respect to Vgg (SYSTEM GND)
8 ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vg =5V + 5%, Vgs =0V, Ta = -20~+75°C, unless otherwise noted.)
Item Symbol Test Condition min typ* max Unit
Input “High’’ Voltage Viu 2.0 - Vee \%
Input “Low"’ Voltage Vi -0.3 - 0.8 \
Input Leakage Current lin Vin =0~ 5.25V (Except Do~D5) -25 - 2.5 MA
Three-State Input Current Vin =0.4~ 24V
(off-state) lrs: Vee = 5.25V (Do~ D) -0 B 10 A
| =- A (Do~D
Output “High’’ Voltage Von LOAD 205 pA (Do 7) 2.4 - - v
lLoap = -100 uA (Other Outputs)
Output “Low” Voltage VoL lLoap = 1.6 mA - - 0.4 \
Vin =0 Do ~ D, - - 12.5 pF
Input Capacitance Cin Ta=25°C
£=1.0 MHz Other Inputs - - 10.0 pF
Output Capacitance Cout Vin =0V, Ta=25°C, f= 1.0 MHz — - 10.0 pF
Power Dissipation Po - 600 1000 mw

* Ta= 25°C, Ve = 5.0V

140
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* AC Characteristics
(Ve = 5V = 5%, T, = -20 ~ +75°C, unless otherwise noted.)

1. TIMING OF CRTC SIGNAL

HD6845R/HD6845S

Test HD6845R HD6845S
No. Item Symbol Condition min | typ | max | min | typ | max Unit
1 | Clock Cycle Time teyec 330 — — 270 - — ns
2 | Clock “High” Pulse Width PW¢y 150 — — 130 — - ns
3 | Clock “Low” Pulse Width PW¢, . 150 | — — 130 — — ns
ig. 1
4 | Rise and Fall Time for Clock Input Ten tes 9 — — 15 - - 20 ns
5 | Horizontal Sync Delay Time thsp — —_ 250 — — 200 ns
6 | Light Pen Strobe Pulse Width PW, by 80 - — 60 — — ns
Light Pen Strobe tLppi1 ' - | = 80 | — | — 70 | ns
7 U - Fig. 2
ncertain Time of Acceptance tpo2 — — 10 — — 0 ns
Memory Address Delay Time tuap - - 160 - — 160 ns
Raster Address Delay Time trap _ — 160 —_ — 160 ns
10 | DISPTMG Delay Time toro Fig. 1 — - 250 — - 250 ns
11 | CUDISP Delay Time teop - — 250 — — 250 ns
12 | Vertical Sync Delay Time tyso - — | 250 | — — | 250 | ns
2. MPU READ TIMING
T HD68436 HDesA4S Hbesbass
Item Symbol est = = Uni
ymbo Condition min typ | max | min typ | max | min typ | max mt
Enable Cycle Tine Leyee 1.0 | — — |0.666 | — - 05 | - - us
Enable “High”’ Pulse Width PWey 045 | - - 0.28 - - 022 | - — us
Enable “Low" Pulse Width PWe 0.40 - - |0.28 - - | 021 . -~ Ms
Enable Rise and Fall Time ter, ter - - 25 - = 25 . - 25 ns
Address Set Up Time tas Fig. 3 140 | — - 140 | — - 70| - - ns
Data Delay Time topRr - - | 320 - - | 220 - - | 180 ns
Data Hold Time ty 10| - - 10| - ~ 10| - - ns
Address Hold Time tAH 10| - - 10| - - 0| - - ns
Data Access Time tacc - - 460 - - 360 - - 250 ns
3. MPU WRITE TIMING
T | o s Bams
Item Symbol est 5 Unit
v Condition min | typ | max [ min | typ | max | min | typ | max n
Enable Cycle Time teyce 1.0 - - 10.666 | — - 0.5 - - us
Enable ““High’’ Pulse Width PWey 0.45 - — |0.28 . - | 022 — - us
Enable “Low’’ Pulse Width PWe, 0.40 - - |0.28 — - 0.21 - - us
Enable Rise and Fall Time te, teg Fio. 4 - - 25 - - 25 - - 25 ns
Address Set Up Time tas < 10 | - | - | 140 - | — | 0] = | = | ns
Data Set Up Time tosw 195 | — - 80| — - 60 | — - ns
Data Hold Time th 10 - = 10| — - 10 - - ns
Address Hold Time tan 10 - - 10 - - 10 - - ns
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| tevee |
2.0V 20V PWc L
o8v os8v 0.8v 0.8v
CLK PWcy
e
ter tet
L 2av
04v
MA,~MA,,
tMAD tmaD
12 v
0.4v
RA,~RA,
tRAD tRAD

l

4 2.4V
0.4V
DISPTMG
toro

tbTp
lz.Av
/ 04v
cuDIsP
tcobp tcop
Y/ 24v
0.4v
HSYNC
VSYNC
tHsD tHsD
tysp tvso
2.0V 2.0v
PWipn
LPSTB

This Figure shows the relation in time between
CLK signal and each output signals. Output
sequence ts shown in Figs. 10~15.

Figure 1 Time Chart of the CRTC
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tLpD2 = ] tLPD1
CLK 0.8V osv \ / \
rN
MAoNMA.sX M X M+ 1 X M+2 X X

LPSTB —m—oun

LPSTB

gy
77
0.8v \
I 1F
2 0V7 \

<

tLpD1. tLPD2

Refresh Memory Address “M+2""

When LPSTB rises in this period.)
is set into the light pen registers. )

LPSTB's uncertain time of acceptance

Figure 2 LPSTB Input Timing & Refresh Memory Address that is set into the light pen registers.

tcvoE
“——PWEH——
F—'As-—’
20V 20v PW,
= PWg —
'7 0.8v ——0.8Vv osv
E
__tEr
= [~ tes
= tDDR +=|
& s
20v 20v
_ 08V 0.8V
R/W, RS
et 1 o]
tacc th
2.4V 4 24V
D,~D,
0.4VX 0.4V
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Figure 3 Read Sequence

G HITACHI

143




HD6845R/HD6845S

cycE
tas—
le——— PWg | —o!
7 o8V j—OﬁV
E
tEr —e r—tEf
— tosw
CSs
R/W 20v 20V
RS (Address
Register)
0.8v 0.8v
RS
(Control Registers) et A
-ty
+Ha0v 20V
D,~D,
(O.BV 0.8v
Figure 4 Write Sequence
5.0v
Ry =24k
Test Point C = 130pF (D, ~D,)
D, = 30pF (Output signals except D, ~D,)
D, R = 11k (D,~D,)
D = 24k (Output signals except D, ~D,)

D, ~D, are 1520748 or equivalent.

Figure 5 Test Loads

® SYSTEM DESCRIPTION

The CRTC is a LSI which is connected with MPU and CRT
display device to control CRT display. The CRTC consists of
internal register group, horizontal and vertical timing circuits,
linear address generator, cursor control circuit, and light pen
detection circuit. Horizontal and vertical timing circuit generate
RA,~RA,, DISPTMG, HSYNC, and VSYNC. RA,~RA, are
raster address signals and used as input signals for Character
Generator. DISPTMG, HSYNC, and VSYNC signals are received
by video control circuit. This horizontal and vertical timing
circuit consists of internal counter and comparator circuit.

Linear address generator generates refresh memory address MA,
~MA,; to be used for refreshing the screen. By these address
signals, refresh memory is accessed periodically. As 14 refresh
memory address signals are prepared, 16k words max are
accessible. Moreover, the use of start address register enables
paging and scrolling. Light pen detection circuit detects light
pen position on the screen. When light pen strobe signal is
received, light pen register memorizes linear address generated
by linear address generator in order to memorize where light
pen is on the screen. Cursor control circuit controls the position
of cursor, its height, and its blink.
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— _ — D,~
V(I:c Vlss RES R/WE CSRs °
J R — I -
B R Pt
Address Register |4
& R/W Control
CLK Character Counter R1 Horizontal Displayed
CK (~256) Register
__| ]
, " L Horizontal Total
% RO cvp K cmp - RO | geogreter IC:
HMAX l
Horizontal Sync
ﬁ:tnj Position Register F
i ][ 12 7 9 o —+ HSYNC
-I\,K Nonzontal svrf\c :m :|R3 alygch R |(j:
Width Counter «dth Register
RQ,~ 2o
RQ
| Raster Coumerl__4 R9 | Maximum Raster
cK (-32) c::l Address Register —|<:
MR L] ]
Line Counter ] c_. Vertical Displayed
cK (-128) [VT M :i R6 Register k:
! MR H H
1 HH
— FMJ Vertical Total k___
VTOTAL Control || L Register E—
R8 [ Rs | Vertical Total Adjust
20 - Register
' —1= DISPTMG
cK Vertical Sync CE R7| Vertical Sync Ic:A
Width Counter(—16) 1 Position Register
MR
{R12] Start Addre
Lo Linear Address K 7 iR13 FSR:grlsters ress
H—wcK Generator 7 J
Cursor Start
R10 Raster Register |<:
RQ,~RQ Cursor Skew | |
- 2 ! Control | |Controlf = CuDIsP
VT R11| Cursor End
Raster Register
Vs
N cve K= S:?'I Cursor Registers ]C:?
— 1 —+* VSYNC
Interlace a s
RA,~ a Control K— 22 .2 2 27! Interlace & Skew
. v 1 Register E—
~[R16| Light Pen J
Y'[R17] Registers !
Set
LPSTB — - _svne J
Ry
MA,~MA,,

Figure 6 Internal Block Diagram of the CRTC
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= FUNCTION OF SIGNAL LINE
The CRTC provides 13 interface signals to MPU and 25
interface signals to CRT display.

® Interface Signals to MPU
Bi-directional Data Bus (D,~D,)

Bi-directional data bus(Dy~D-,) are used for data transfer
between the CRTC and MPU. The data bus outputs are 3-state
buffers and remain in the high-impedance state except when
MPU performs a CRTC read operation.

Read/Write (R/W)

Read/Write signal (R/W) controls the direction of data
transfer between the CRTC and MPU. When R/W is at “High”
level, data of CRTC is transfered to MPU. When R/W 1s at
“Low” level, data of MPU is transfered to CRTC.

Chip Select (CS) _

Chip Select signal (CS) is used to address the CRTC. When
CS is at “Low” level, it enables Read/Write operation to CRTC
internal registers. Normally this signal is denved from decoded
address signal of MPU under the condition that VMA of MPU
is at “High” level.

Register Select (RS)

Register Select signal (RS) is used to select the address
register and 18 controi registers of the CRTC. When RS is at
“Low” level, the address register is selected and when RS is at
“High” level, control registers are selected. This signal is
normally a derivative of the lowest bit (A0) of MPU address bus.

Enable(E)

Enable signal (E) is used as strobe signal in MPU Read/Write
operation with the CRTC internal registers. This signal is nor-
mally a derivative of the HD6800 System ¢, clock.

Reset (RES)
Reset signal (RES) is an input signal used to reset the CRTC.
When RES is at “Low” level, it forces the CRTC into the
following status.
1) All the counters in the CRTC are cleared and the device
stops the display operation.
2) All the outputs go down to “Low” level.
3) Control registers in the CRTC are not affected and remain
unchanged.
This signal is different from other HD6800 family LSIs in the follow-
ing functions and has restrictions for usage.
1) RES has capability of reset function only when LPSTB
is at “Low” level.
2) The CRTC starts the display operation immediately after
RES goes “High” level.

o Interface Signals to CRT Display Device
Character Clock (CLK)

CLK is a standard clock input signal which defines character
timing for the CRTC display operation. CLK is normally derived
from the external high-speed dot timing logic.

Horizontal Sync (HSYNC)
HSYNC is an active “High” level signal which provides
horizontal synchronization for display device.

Vertical Sync (VSYNC)
VSYNC is an active “High” level signal which provides verti-
cal synchronization for display device.

Display Timing (DISPTMG)

DISPTMG is an active “High” level signal which defines the
display period in horizontal and vertical raster scanning. It is
necessary to enable video signal only when DISPTMG is at
“High” level.

Refresh Memory Address (MA,~MA ;)

MA,~MA; are refresh memory address signals which are
used to access to refresh memory in order to refresh the CRT
screen periodically. These outputs enables 16k words max.
refresh memory access. So, for instance, these are applicable up
to 2000 characters/screen and 8-page system.

Raster Address (RA,~RA;)

RA(~RA, are raster address signals which are used to select
the raster of the character generator or graphic pattern
generator etc.

Cursor Display (CUDISP)

CUDISP is an active “High” level video signal which is used
to display the cursor on the CRT screen. This output is in-
hibited while DISPTMG is at “Low” level. Normally this output
is mixed with video signal and provided to the CRT display
device.

Light Pen Strobe (LPSTB)

LPSTB is an active “High” level input signal which accepts
strobe pulse detected by the light pen and control circuit. When
this signal is activated, the refresh memory address (MAo~
MA,3) which are shown in Fig. 2 are stored in the 14-bit light
pen register. The stored refresh memory address need to be
corrected in software, taking the delay time of the display
device, light pen, and light pen control circuits into account.
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® REGISTER DESCRIPTION

Table 1 Internal Registers Assignment

_ Address Register Data Bit

4 3210 #

1 | X |[x X X x X - - -

0 [0 |x x X X X AR |Address Register - X o
0O |(1]/]0000O00O0 RO |Horizon tal Total * Character X o
0 1/0 0001 R1 Horizontal Displayed | Character X o)

Horizontal Sync*

Position Character X [¢]

o(1/00O0T1T0O0 R2

Vertical-Raster,
0O (1|0 00O0 11 R3 |Sync Width Horizontal- X e} wv3| wv2| wvl| wvO | wh3 | wh2 | wh1 | whO

\\\\
.

0|1/001 00 R4 Vertical Total * Line X o

1] 1/0 01 01 RS Vertical Total Adjust | Raster X o

0|1{001 10 R6 Vertical Displayed Line X [e]

of1]oo 11 1| Ry |yerueasSynct Line x o

0 |1]/0 100 0| R8 |Interlace& Skew - X o . s
0o 1 (0100 1| R |MeumumRaster Raster x o \\\\\ -
0|10 1 01 0| RI0 |Cursor Start Raster | Raster X o
0|10 1 01 1| R11 |Cursor End Raster | Raster X o \\\\&\
0 |[1]0 110 0| R12 |Start Address(H) - o o N&\\
0 |1]{0 1 10 1| RI3 |Start Address(L) - o o ..
NN
0 [1/01 11 0f R14 |Cursor(H) - o o &N&N
0|1{01 11 1| R15 |Cursor(L) - o o .-
\ \
0 |11 00 0 0| R16 |LightPen(H) - o X &%&\\\\
0 /1]100 0 1| RI17 |LightPen(L) - o X

[NOTE] 1. The Registers marked *. (Written Value) = (Specified Value) — 1
2. Written Value of R9 1s mentioned below.
1) Non-interlace Mode _
Interlace Sync Mode} (Written Value) = (Specified Value) - 1
2) Interlace Sync & Video Mode
(Wnitten Value) = (Specified Value) -2
3. CO and C1 specify skew of CUDISP
DO and D1 specify skew of DISPTMG
When S 1s 1", V specifies video mode. S specifies the Interlace Sync Mode.
4. B specifies the cursor blink. P specifies the cursor blink period.
5. wvO~wv3 specify the pulse width of Vertical Sync Signal.
wh0~wh3 specify the pulse width of Hor zomal Sy Signal.
g go 1s ordin; a:‘:y programmed to be odd number nterlace mode.
, X, No
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= FUNCTION OF INTERNAL REGISTERS

® Address Register (AR)

This is a S-bit register used to select 18 internal control
registers (RO~R17). Its contents are the address of one of 18
internal control registers. Programming the data from 18 to 31
produces no results. Access to RO~R17 requires, first of all, to
write the address of corresponding control register into this
register. When RS and CS are at “Low” level, this register is
selected.

® Horizontal Total Register (R0)

This is a register used to program total number of horizontal
characters per line including the retrace period. The data is 8-bit
and its value should be programmed according to the specifi-
cation of the CRT. When M is total number of characters,M-1
shall be programmed to this register. When programming for
interlace mode, M must be even.

® Horizontal Displayed Register (R1)

This is a register used to program the number of horizontal
displayed characters per line. Data is 8-bit and any number that
is smaller than that of horizontal total characters can be
programmed.

® Horizontal Sync Position Register (R2)

This is a register used to program horizontal sync position as
multiples of the character clock period. Data is 8-bit and any
number that is lower than the horizontal total number can be
programmed. When H is character number of horizontal Sync
Position, H-1 shall be programmed to this register. When pro-
grammed value of this register is increased, the display position
on the CRT screen is shifted to the left. When programmed
value is decreased, the position is shifted to the right. Therefore,
the optimum horizontal position can be determined by this
value.
® Sync Width Register (R3)

This is a register used to program the horizontal sync pulse
width and the vertical sync pulse width. The horizontal sync
pulse width is programmed in the lower 4-bit as multiples of the
character clock period. “0” can’t be programmed. The vertical
sync pulse width is programmed in higher 4-bit as multiples
of the raster period. When “0” 1s programmed in higher 4-bit,
16 raster period (16H) is specified.

® Vertical Total Register (R4)

This is a register used to program total number of lines per
frame including vertical retrace period. The data is within 7-bit
and its value should be programmed according to the specifica-
tion of the CRTC. When N is total number of lines, N-1 shall
be programmed to this register.

® Vertical Total Adjust Register (R5)

This is a register used to program the optimum number to
adjust total number of rasters per field. This register enables to
decide the number of vertical deflection frequency more
strictly.

® Vertical Displayed Register (R6)

This is a register used to program the number of displayed
character rows on the CRT screen. Data is 7-bit and any number
that is smaller than that of vertical total characters can be
programmed.

Table 2 Pulse Width of Vertical Sync Signal

VSW

7 » > " Pulse Width
0 0 0 0 16H
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7

1 0 0 0 8

1 0 0 1 9

1 0 1 0 10

1 0 1 1 1

1 1 0 0 12

1 1 0 1 13

1 1 1 0 14

1 1 1 1 15
H; Raster period

Table 3 Pulse Width of Horizontal Sync Signal

HSW

> 7 " 2 Pulse Width
0 0 0 0 — (Note)
0 0 0 1 1CH

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 0 0 0 8

1 0 0 1 9

1 0 1 0 10

1 0 1 1 1"

1 1 0 0 12

1 1 0 1 13

1 1 1 0 14

1 1 1 1 15

CH; Character clock period
(Note) HSW = "0’ can't be used
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® Vertical Sync Position Register (R7)

This is a register used to program the vertical sync position
on the screen as multiples of the horizontal character line peri-
od. Data 1s 7-bit and any number that 1s equal to or less than
vertical total characters can be programmed. When V 1s charac-
ter number of vertical sync position, V-1 shall be programmed
to this register. When programmed value of this register 1s in-
creased, the display position 1s shifted up. When programmed
value 1s decreased, the position 1s shifted down. Therefore, the
optimum vertical position may be determined by thus value.

® Interlace and Skew Register (R8)
This is a register used to program raster scan mode and skew
(delay) of CUDISP and DISPTMG.
Raster Scan Mode Program Bit (V, S)
Raster scan mode 1s programmed in the V, S bit.

Table 4 Raster Scan Mode (2', 2°)

\ S Raster Scan Mode
0 0
} Non-interlace Mode
1 0
0 1 Interlace Sync Mode
1 1 Interlace Sync & Video Mode

Skew function is used to delay the output timing of
CUDISP and DISPTMG n LSI for the time to access refresh
memory, character generator or pattern generator, and to
make the same phase with serial video signal.

® Maximum Raster Address Register (R9)*

This 1s a register used to program maximum raster address
within 5-bit. This register defines total number of rasters per
character including line space This register 1s programmed as
follows.

Non-interlace Mode, Interlace Sync Mode

When total number of rasters 1s RN, RN-1 shall be pro-
grammed.

Interlace Sync & Video Mode

When total number of rasters 1s RN, RN-2 shall be pro-
grammed

This manual defines total number of rasters in non-interlace
mode, interlace sync mode and interlace sync & video mode as
follows:

Non-interlace Mode

In the non-interlace mode, the rasters of even number
field and odd number field are scanned duplicatedly. In the
interlace sync mode, the rasters of odd number field are
scanned in the middle of even number field. Then it is
controlled to display the same character pattern in two
fields. In the interlace sync & video mode, the raster scan
method is the same as the interlace sync mode, but it is
controlled to display different character pattern in two field.

0 Total Number of Rasters:5
1 Programmed Value: Nr =4
2 The same as displayed )
3 total number of rasters
4
Raster Address
Interlace Sync Mode

0 Total Number of Rasters:S

- 0 Programmed Value: Nr =4
1 - In the interlace sync mode,
2 total number of rasters in
3 both the even and odd fields
4l is ten. On programming,

the half of it is defined as

Skew Program Bit (C1, CO, D1, DO) Raster Address total number of rasters.
UDISP .
andTB;;; 'F;ACGlfsed to program the skew (delay) of C Interlace Sync & Video Mode
Skew of these two kinds of signals are programmed O 1 Total Number of Rasters:S
Programmed Value: Nr =3
separately. 2
g 3 Total number of rasters
- ( displayed in the even ﬁeld)
Raster Address and the odd field.
Table 5 DISPTMG Skew Bit (2°, 2¢)
D1 DO DISPTMG ® Cursor Start Raster Register (R10)
This is a register used to program the cursor start raster
0 0 Non-skew address by lower 5-bit (2°~2*) and the cursor display mode by
0 1 One-character skew higher 2-bit (2° , 2°).
1 0 Two-character skew
1 1 Non-output Table 7 Cursor Display Mode (2%, 2%)
B P Cursor Display Mode
0 0 Non-blink
0 1 Cursor Non-display
Table 6 CuDISP Sk 7,28
2ble 8 SkewBi (2, 27) 1 0 Blink 16 Field Period
c co CuDISP 1 1 Blink 32 Field Period
0 0 Non-skew
0 1 One-character skew Blink Period
1 0 Two-character skew | light 1 dark
! ! Non-output 16 or 32 Field Period

*See Comparison of HD6845S and HD6845R on page 40.
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® Cursor End Raster Register (R11)
This is register used to program the cursor end raster address.

@ Start Address Register (R12, R13)

These are used to program the first address of refresh
memory to read out.

Paging and scrolling is easily performed using this register.
This register can be read but the higher 2-bit (2¢,2") of R12 are
always “0”.

® Cursor Register (R14, R15)
These two read/write registers stores the cursor location. The
higher 2-bit (2%, 27) of R14 are always “0”.

® Light Pen Register (R16, R17)

These read only registers are used to catch the detection
address of the light pen. The higher 2-bit (2%, 27) of R16 are
always “0”. Its value needs to be corrected by software because
there is time delay from address output of the CRTC to signal
input LPSTB *pin of the CRTC in the process that raster is lit
after address output and light pen detects it. Moreover, delay
time shown in Fig. 2 needs to be taken into account.

Restriction on Programming Internal Register

1) 0<Nhd<Nht + 1 £256

2)0<Nvd<Nvt+1 128

3) 0 < Nhsp S Nht

4) 0 < Nvsp S Nvt+

5) 0 £ NcsTART S NCEND £ Nr (Non-interlace, Interlace sync
mode
0 N)CSI‘ART < NCEND £ Nr + 1 (Interlace sync & video
mode)

6) 2 < Nr £ 30 (Interlace Sync & Video mode)

7) 3 S Nht (Except non-interlace mode)
5 < Nht (Non-interlace mode only)

* In the interlace mode, pulse width is changed *! raster time when
vertical sync signal extends over two fields.

Notes for Use

The method of directly using the value programmed in the
internal registers of LSI for controlling the CRT is adopted.
Consequently, the display may flicker on the screen when the
contents of the registers are changed from bus side asynchro-
nously with the display operation,
Cursor Register

Writing into this register at frequent intervals for moving the
cursor should be performed during horizontal and vertical
retrace period.
Start Address Register

Writing into the start address register at frequent intervals for
scrolling and paging should be performed during horizontal and
vertical display period.

It is desirable to avoid programming other registers during
display operation.

= OPERATION OF THE CRTC

® Time Chart of CRT Interface Signals

The following example shows the display operation in which
values of Table 8 are programmed to the CRTC internal
registers, Fig. 7 shows the CRT screen format. Fig. 10 shows the
time chart of signals output from the CRTC.

/—————— Number of Horizontal Total Characters (Nht + 1)———————\

,— Number of Horizontal Displayed Characters (Nhd) —

u

} Line

= -
+ +
s s Horizontal
£ e 3 Retrace
a ° S Period
-4 1 k)
5 g 2
< E| e
g S 8
® T £3
5 £ 2%
s K] ° 4 Display Period

5| 88

> &

>

5| 26

H

€

3

2

Vertical Retrace Period

Vertical Total Adjust (Nadj)

Figure 7 CRT Screen Format
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Table 8 Programmed Values into the Registers

Register Register Name Value Register Register Name Value
RO Horizontal Total Nht R9 Max Raster Address Nr
R1 Horizontal Displayed Nhd R10 Cursor Start Raster
R2 Horizontal Sync Position Nhsp R11 Cursor End Raster
R3 Sync Width Nvsw, Nhsw R12 Start Address (H) 0
R4 Vertical Total Nvt R13 Start Address (L) 0
R5 Vertical Total Adjust Nadj R14 Cursor (H)

R6 Vertical Displayed Nvd R15 Cursor (L)
R7 Vertical Sync Position Nvsp R16 Light Pen (H)
R8 Interlace & Skew R17 Light Pen (L)

[NOTE] Nhd<Nht, Nvd<Nvt

The relation between values of Refresh Memory Address
(MA,~MA ;) and Raster Address (RA,~RA;) and the display
position on the screen is shown in Fig. 16. Fig. 16 shows the
case where the value of Start Address is 0.

® Interlace Control
Fig. 8 shows an example where the same character is
displayed in the non-interlace mode, interlace sync mode, and
interlace sync & video mode.
Non-interlace Mode Control

Non-interiace Mode

o
- ---—--- - o -1

2—¢
4--0-——---—————4;--3
6—«»-o~o—o-o-e—<>-—5
-®------------0--7
8

AL - - -- - ©o--9 J
0 N
2

4--0 ------------ >--3
g 3-e-0-0-0-0-2-5
D —

s ° ;
A

-.__-.--—---—---..-B J

Interlace Sync & Video Mode

(Total number of rasters in a line 1s even )

line #Q

hine #1

In non-interlace mode, each field 1s scanned duplicatedly.
The values of raster addresses (RAo~RA,) are counted up one
from 0.

Interlace Sync Mode Control

In the interlace sync mode, raster addressed in the even field
and the odd field are the same as addressed in the non-interlace
mode. One character pattern is displayed mutually and its dis-
played position in the odd field is set at 1/2 raster space down
from that in the even field.

'
Py
L4
!
1
I
|
i
i
'
|
'

'
&
i
o

WP OO DO DWN 2O

Interlace Sync Mode

g-—o—~-—————-~--0—— 17
4—4)"————»————0-«3
6—-0-9-9—0-9—0—0—— 5 |hne #g
8
A <
1—¢€
- ¢
-
5 line #1
e
7
. ae——

J

Interlace Sync & Video Mode
(Total number of rasters in a line is odd.)

Figure 8 Example of Raster Scan Display
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Interlace Sync & Video Mode Control

In interlace sync & video mode, the output raster address
when the number of rasters is even is different from that when
the number of rasters is odd.

Table 9 The Cutput of Raster Address in
Interlace Sync & Video Mode

Total Field
Number of Even Field Odd Field
Rasters in a Line
Even Even Address Odd Address
Even Line* = | Even Address Odd Address
0dd Odd Line* 0Odd Address Even Address

* Internal line address begins from 0

1) Total number of rasters in a line is even;

When number of rasters is programmed to be even, even
raster address is output in the even field and odd raster address
is output in the odd field.

2) Total number of rasters in a line is odd;

When total number of rasters is programmed to be odd, odd
and even addresses are reversed according to the odd and even
lines in each field. In this case, the difference in numbers of dots
displayed between even field and odd field is usually smaller the
case of 1). Then interlace can be displayed more stably.
[NOTE] The wide disparity of dots between number of dots

between even field and odd field influences beam
current of CRT. CRT, which has a stable high-voltage
part, can make interlace display normal. On the con-
trary, CRT, which has unstable high-voltage part,
moves deflection angle of beam current and also dots
displayed in the even and odd fields may be shifted.
Characters appears distroting on a border of the
screen. So 2) programming has an effect to decrease
such evil influences as mentioned above. Fig. 13
shows fine chart in each mode when interlace is
performed.

® Cursor Control

Fig. 9 shows the display patterns where each value is
programmed to the cursor start raster register and the cursor
end raster register. Programmed values to the cursor start raster
register and the cursor end raster register need to be under the
following condition.

Cursor Start Raster Register < Cursor End Raster Register <

Maximum Raster Address Register.

Time chart of CUDISP 1s shown in Fig. 14 and Fig. 15.

0 0

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9—?—?—6)—?—? -0 900 )‘W
O 0PPPe

Cursor Start Address = 9 Cursor Start Address =9
Cursor End Address = 9 Cursor End Address = 10
° |

1000090

2-©-¢ OO0

3¢ g:gv ¢

44 -0

5—4 -0

6

7

8

9
10

Cursor Start Address = 1
Cursor End Address = 5

Figure 9 Cursor Control
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N L7 seeFig 11 I_ Tusw See Fig 12
Nvsp- T
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1

Figure 10 CRTC Time Chart
Output waveform of horizontal & vertical display
in the case where values shown in Table 8 are
Programmed to each register.

Horizontal Time Chart

Raster Period
Tr = (Nht+1)- Te

Time Chart of Raster
Line Period

Line Period
TL= (Nes1)-Te

Vertical Time Chart

Frame Period Tr pm

= (Ny7+1)-T +Tag)

Tad) Fine Adjustment
Period of Frame
Tad) = Nady Tr

Tusw Vertical Sync

Pulse Width
Tvsw = Nvsw-Tr
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- Vertical Display Period Vertical Retrace Period
RA~RA,[ o [+ [ 2T 37 Inefof vt ] 2]3] [nJoT T2 3]

Line Nvd-2 1 Nvd-1 1 Nvd
DISPTMG_II_'||'—'|[_—I """ TT['"]I—H'"II—II"'] """ ‘,—”—]

Figure 11 Switching from Vertical Display Period over to Vertical Retrace Period (Expansion of Fig. 10— @ )

Vertical Retrace Period

Vertical Display Period ——M————————
Fine Adjustment Period of v

Frame Period
Tadj = Nad)+ Tp
RA~RA, | o] 1 ] 21 Ine o1 ] WNaayl o T 1 T 2T Ine T ol [T 2]
Line Nvt [ 1
DISPTMG U U Ul

Figure 12 Fine Adjustment Period of Frame in Vertical Display
(Expansion of Fig. 10— ® )
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RA,~RA,

CuDIsSP

MA,~MA,,

RA,~RA,

CcuoIsP

Line 0

Line #1 | Line *2

o |

3 NE BN EXERES I

8 N R ) AT N A B B

- -~ = =]

Nhd+1 Nhd+2

Nhd + Nht

Figure 14 Relation between Line  Raster and CUDISP

Nhd + 2 Nhd + 1 Nhd + 2

L

Nhd + 1 Nhd + Nht Nhd + Nht
[

Nhd+1  Nhd+2

Nhd + Nht

Nhd I

l\

e ]

\
T T "

o |

it 1
I A B R

Figure 15 CUDISP Timing (Expansion of Fig. 14.©)

[NOTE)

Cursor register = Nhd+2
Cursor Start
Raster Register = 1
Cursor End /
Raster Register = 3

are Programmed in cursor display mode

In blink mode, 1t 1s changed into display or
non-display mode when field period 1s 16 or
32-time period
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Raster address
Line number

Horizontal Display Period Horizontal Retrace Period
—_l l /[ Tehar \/
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o i — : 4 — !
N ] — Nhd-1 Nhd — Nht
0 Nhd Nhd+1 2Nhd-1 2Nhd Nhd +Nht
1 H —— ——
3 Nl Nhd Nhd+1 2Nhd-1 2Nhd Nhd+Nht
5 0 2Nhd 2Nhd +1 3Nhd-1 3Nhd 2Nhd +Nht
NEES —_— —
§ N 2Nhd 2Nhd+1 3Nhd-1 3Nhd 2Nhd+Nht
[
®
3
§
>
0] (Nvd-1) Nhd (Nvd-1) Nhd +1] Nvd Nhd-1 Nvd Nhd {Nvd 1) Nhd+Nht
Nvd-1§ | —— —
( (Nr(Nvd-1)-Nhd [(Nvd-) Nhd +1 Nvd Nhd-1 | Nvd Nhd (Nvd 1) Nh+ Nt
d O] Nvd-Nhd |Nvd Nhd+1 (Nvd+1)Nhd-1| (Nvd + 1)Nhd| Nvd Nhd +Nht
o [Nvd{ — —_—
2 Nf| Nvd-Nhd  |Nvd Nhd+1 (Nvd + 1)Nhd-1| (Nvd + 1)Nhd| Nvd Nhd+Nht
&
5
8
: ol b |
=
4
«
B 9 Nvt-Nhd  |Nvt -Nhd + 1 (Nvt+1)Nhd-1| (Nvt+ 1)Nhd Nvt Nhd+Nht
S Nw (o — _—
>° Nl Nvt-Nhd  [Nvt -Nhd+1 {Nvt+1)Nhd 1| (Nvt+1)Nhd Nvt Nhd+Nht
0 J(Nvt+ 1)-Nhd KNvt+1)Nho+Y {Nvt+2)Nhd-1 |(Nvt+2)-Nhd| l(Nvi+1)Nhd +Nhd
: — —_—
(Nadj -1 [(NvE+1)-Nhd[Nve+11Nhd+Y (Nvt+2)Nhd-1 |(Nvt+ 2) -Nhd| (Nvt+1)NRd + Nhg

Figure 16 Refresh Memory Address (MA,~MA ;)

Valid refresh memory address (0~Nvd-Nhd-1)
are shown within the thick-line square.

Refresh memory address are provided even
during horizontal and Vertical retrace period.
This is an example in the case where the
programmed value of start address register is 0.
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® How to Use the CRTC

o Interface to MPU

As shown in Fig. 17, the CRTC is connected with the stand-
ard bus of MPU to control the data transfer between them. The
CRTC address is determined by CS and RS, and the Read/Write
operation is controlled by R/W and E. When CS 1s “Low”
and RS 1s also “Low”, the CRTC address register 1s selected.
When CS is “Low” and RS is “High”, one of 18 internal regis-

ters is selected.

RES is the system reset signal. When RES becomes “Low”,
the CRTC internal control logic is reset. But internal registers
shown in Table 1 (RO~R17) are not affected by RES and rema-
in unchanged.

The CRTC 1s designed so as to provide an interface to micro-
computers, but adding some external circuits enables an inter-
face to other data sources.

Ao ~ Ais RS
A4
VMA JlBEEO_II o C§
R/IW R/W
HD6800 CRTC
MPU €
Do ~ D7 K — D,~D,
RES b -q RES
System ¢, clock
RES
Figure 17 Interface to MPU

® Dot Timing Generating Circuit

CRTC’s CLK mput (21 pin) 1s provided with CLK which
defines horizontal character time period from the outside.
This CLK 1s generated by dot counter shown in Fig. 18. Fig.
18 shows a example of circuit where horizontal dot number
of the character 1s “9”. Fig. 19 shows the operation time chart

9-Counter (HD74163D!
MR

0sC| Cl

P
Q9 0, 9, Q,

N

> — LOAD P/S REG—N

of dot counter shown in Fig. 18. As this example shows ex-
phaitly, CLK 1s at “Low” level in the former half of horizontal
character time and at “High” level 1n the latter half. It 1s neces-
sary to be careful so as not to mistake this polarity.

to P/S SHIFT
REGISTER

DOTCP—P

CHCP—P to CRTC (CLK)

Figure 18 Example of Dot Counter
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LOAD P/S REG—N

CHCP—P (CLK)

Character Time

One Horizontal ——

Figure 19 Time Chart of Dot Counter

= INTERFACE TO DISPLAY CONTROL UNIT

Fig. 20 shows the interface between the CRTC and display
control unit. Display control unit is manly composed of
Refresh Memory, Character Generator, and Video Control
circuit. For refresh memory, 14 Memory Address line
(0~16383) max are provided and for character generator, 5
Raster Address line (0~31) max are provided. For video control
circuit, DISPTMG, CUDISP, HSYNC, and VSYNC are sent
out. DISPTMG 1s used to control the blank period of video
signal. CUDISP 1s used as video signal to display the cursor on
the CRT screen. Moreover, HSYNC and VSYNC are used as
drive signals respectively for CRT horizontal and vertical deflec-
tion circuits.

Outputs from video control circuit, (video signals and sync
signals) are provided to CRT display unit to control the
deflection and brightness of CRT, thus characters are displayed
on the screen.

Fig. 21 shows detailed block diagram of display control unit.
This shows how to use CUDISP and DISPTMG. CUDISP and
DISPTMG should be used being latched at least one time
at external flip-flop F1 and F2. Flip-flop F1 and F2 function
to make one-character delay time so as to synchromze them
with video signal from parallel-serial converter. High-speed
D type flip-flop as TTL 1s used for this purpose. After being
delayed at F1 and F2 DISPTMG 1s AND-ed with character
video signal, and CUDISP 1s Or-ed with output from AND
gate. By using this circuitry, blanking of honizontal and vertical
retrace time is controlled. And cursor video 1s mixed with
character video signal.

Fig. 21 shows the example in the case that both refresh
memory and Character Generator can be accessed for horizontal
one character time. Time chart for this case 1s shown in Fig. 24.
This method 1s used when a few character needed to be dis-
played in honizontal direction on the screen.
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CRTC

CLK

" 14 max Refresh
A v Memory
<7
RA 5 max N Character
CRTC v Generator
4
DISPTMG
CuDISP Video
Signals
HSYNC Video Control Sync
Signals
Y
CLK VSYNC o o
Figure 20 Interface to Display Control Unit
F1
CUDISP a
CHCP-N
F2
DISPTMG
D a
- . VIDEO
MA Refresh Character
v Memory —¥] Generator
RA ‘]T
CHCP-P

DOT COUNTER

Figure 21 Display Control Unit (1)
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When many characters are displayed in horizontal direction
on the screen, and horizontal one-character time is so short
that both refresh memory and Character Generator cannot be
accessed, the circuitry shown in Fig. 22 should be used. In this
case refresh memory output shall be latched and Character
Generator shall be accessed at the next cycle. The time chart
in this case 1s shown in Fig. 25 CUDISP and DISPTMG should
be provided after being delayed by one-character time by using
skew bit of interlace & skew register (R8). Moreover, when

HD6845R/HD6845S

there are some troubles about delay time of MA during hori-
zontal one-character time on high-speed display operation,
system shown in Fig. 23 1s adopted. The time chart in this case
1s shown in Fig. 26. Character video signal is delayed for two-
character time because each MA outputs and refresh memory
outputs are latched, and they are made to be in phase with
CUDISP and DISPTMG by delaying for two-character time.
Table 10 shows the circuitry selection standard of display units.

Table 10 Circuitry Standard of Display Control Unit

Block Interlace & Skew Register
. oc .
Case Relation among tcy Refresh Memory and Character Generator Diagram Bit Programming
- c1 co D1 Do
1 tcn > RM Access + CG Access + tyap Fig. 21 0 0 0 0
2 RM Access + CG Access + tyap = tew > RM Access + tyap Fig. 22 0 1 ] 1
3 RM Access + tyap = tcy > RM Access Fig. 23 1 0 1 0
tcq CHCP Period, tyap MA Delay
RM. Refresh Memory CG Character Generator
F1
CUDISP b a
CHCP-N T
F2
DISPTMG D a
CRTC - VIDEO
L
A
MA A Refresh T Character '
v Memory v g v| Generator v
(14
e d
RA ﬁ
CLK
I CHCP-P
DOT COUNTER
Figure 22 Display Control Unit (2)
. F1
CUDIS! )
CHCP-N T
DISPTMG F2
D Q
LT
CRTC T T VIDEO
A A
MA T N Refresh T ~JCharacter
cA— Memory [o4 V| Generator
H H
(2) 1)
RA
CLK
I CHCP-P

Figure 23 Display Control Unit (For high-speed display operation) (3)
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MA

DISPTMG

CuUDIsP

F2-Q

\ A
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N

RMOUT

XX

NIZX XX

0

N
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>

™~

CGouT

D ine

o

X1

XU/

XX

VIDEO

3

CRT Display

Figure 24 Time Chart of Display Control Unit (1)
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MA

X
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DISPTMG
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N
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[

RMOUT
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>

LATCH (1):)

CGOoUT

9]

VIDEO

CRT Display

Figure 256 Time Chart of Display Control Unit (2)
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Figure 26 Time Chart of Display Unit (3)

® HOW TO DECIDE PARAMETERS SET ON THE CRTC

® How to Decide Parameters Based on Specification of CRT
Display Unit (Monitor)
Number of Horizontal Total Characters
Horizontal deflection frequency fh is given by specification
of CRT display unit. Number of horizontal total characters 1s
determined by the following equation.

1

fh= — 21
tc (Nht + 1)

where,
tc : Cycle Time of CLK (Character Clock)
Nht : Programmed Value of Horizontal Total Register
(RO)
Number of Vertical Total Characters
Vertical deflection frequency is given by specification of
CRT display umt. Number of vertical Total characters is
determined by the following equation.
1) Non-interlace Mode
Rt=(Nvt+1)(Nr+ 1)+ Nad)
2) Interlace Sync Mode
Rt=(Nvt + 1)(Nr+ 1)+ Nadj + 0.5
3) Interlace Sync & Video Mode

+ 2).+ 2Nad;
m:@“')(g" proady @
Ri= (Nvt+ ) (Nr +2)+ 2Nady ¥l (b)

2

(a) is applied when both total numbers of vertical characters
(Nvt + 1) and that of rasters 1n a line (Nr + 2) are odd.

(b) is applied when total number of rasters (Nr + 2) 1s even, or
when (Nr + 2) is odd and total number of vertical characters
(Nvt + 1) 1s even.

where,

Rt : Number of Total Rasters per frame
(Including retrace period)

Nvt Programmed Value of Vertical Total
Register (R4)

Nr : Programmed Value of Maximum Raster
Address Register (R9)

Nadj : Programmed Value of Vertical Total Adjust

Register (R5)
Horizontal Sync Pulse Width
Honzontal sync pulse width 1s programmed to low order
4-bit of honzontal sync width register (R3) in unit of hornizontal
character time. Programmed value can be selected within from 1
to 15.
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Horizontal Sync Position

As shown in Fig. 27, horizontal sync position is normally
selected to be in the middle of horizontal retrace period. But
there are some cases where is optimum sync position is not
located in the middle of horizontal retrace period according to
specification of CRT. Therefore, horizontal sync position
should be determined by specification of CRT. Horizontal sync
pulse position is programmed in unit of horizontal character
time.

i—_ 1H
oisptme mmed e —
Ouplay Period Ratrace Peniod Ouplay Period 1

HSYNC n

Figure 27 Time Chart of HSYNC

Vertical Sync Pulse Width

Vertical*Sync Pulse Width is programmed to high order 4-bit
of vertical sync pulse width register (R3) in unit of raster
period. Programmed value can be selected within from 1 to 16.

Vertical Sync Position

As shown in Fig. 28, vertical sync position is normally
selected to be in the middle of vertical retrace period. But there
are some cases where its optimum sync position is not located in
the middle of vertical retrace period according to specification
of CRT. Therefore, vertical sync position should be determined
by specification of CRT. Vertical sync pulse position is pro-
grammed to vertical sync position register (R7) in unit of line
period.

@ How to Decide Parameters Based on Screen Format
Dot Number of Characters (Horizontal)

Dot number of characters (horizontal) is determined by
character font and character space. An example is shown in Fig.
29. More strictly, dot number of characters (horizontal) N is
determined by external N-counter. Character space is set by
means shown in Fig. 30.

Dot Number of Characters (Vertical)

Dot number of characters (vertical) is determined by
characters font and line space. An example is shown in Fig. 29.
Dot number of characters (vertical) is programmed to maximum
raster address (R9) of CRTC.

Vertical

Vertical ol Vertical -
Display Period ] Retrace Period I Display Period
{6 n
oo T T 4T T L— T T 7T T L—
[—-—————1 Frame——————l
VSYNC n
Figure 28 Time Chart of VSYNC
Don Number of
|e———Horizontal Characterm
Character Font Space
° o[e[efe]e )
® ® [ ®
[ ] [ [ J [}
([ ] [ ] [ [ J
[ J [ ] o [ 2K J
oo/ 0000 ° ° Dot Number of
? Vertical Characters
° b s d (Number of Rasters)
[ ] [} [ [ J
[ (] [ JEJ [ 3K J
Line
Space
J

Dot Number of Vertical Characters 13

‘ Dot Number of Horizontal Characters 10

7X9 Character generator is used.

Figure 29 Dot Number of Horizontal and Vertical Characters
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Shift Register

Figure 30 How to Make Character Space

Horizontal Deflection Period (ty) =#

Horizontal Display Period

Horizontal Retrace Period

T

L

Y

tc

T— Horizontal Character Time =

Number of Horizontal Displayed Characters

Horizontal Display Period

Number of Horizontal Displayed Characters

Figure 31 Number of Horizontal Displayed Characters

Number of Horizontal Displayed Characters

Number of horizontal displayed characters is programmed to
horizontal displayed register (R1) of the CRTC. Programmed
value is based on screen format. Horizontal display period,
which is given by specification of horizontal deflection fre-
quency and horizontal retrace period of CRT display unit,
determines horizontal character time, being divided by number
of horizontal displayed characters. Moreover, its cycle time and
access time which are necessary for CRT display system are
determined by horizontal character time.
Number of Vertical Displayed Characters

Number of vertical displayed characters is programmed to
vertical displayed register (R6). Programmed value is based on
screen format. As specification of vertical deflection frequency
of CRT determines number of total rasters (Rt) including verti-

cal retrace period and the relation between number of vertical
displayed character and total number of rasters on a screen is
as mentioned above, CRT which is suitable for desired screen
format should be selected.

For optimum screen format, it is necessary to adjust number
of rasters per line, number of vertical displayed characters, and
total adjust raster (Nadj) within specification of vertical
deflection frequency.

Scan Mode

The CRTC can program three-scan modes shown in Table 11
to interlace mode register (R8). An exampl: of character display
in each scan mode is shown 1n Fig. 8.
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Table 11 Program of Scan Mode

S Scan Mode Main Usage
0 0 Normal Display of Characters
Non-interlace .
1 0 & Figures
Fine Display of Characters
0 1 Interlace Sync Pay
& Figures
Display of Many Characters
Interlace Sync
1 1 & Figures Without Using
& Video
High-resolution CRT
[NOTE] In the interlace mode, the number of times per

sec. 1n raster scanning on one spot on the screen
is half as many as that in non-interlace mode.
Therefore, when persistence of luminescence 1s
short, flickering may happen. It 1s necessary to
sefect optimum scan mode for the system, taking
characteristics of CRT, raster scan speed, and
number of displayed characters and figures into
account,

Cursor Display Method
Cursor start raster register and cursor end raster register

(R10, R11) enable programming the display modes shown in
Table 7 and display patterns shown in Fig. 9. Therefore, it is
possible to change the method of cursor display dynamically
according to the system conditions as well as to realize the
cursor display that meets the system requirements.
Start Address

Start address resisters (R12, R13) give an offset to the
address of refresh memory to read out. This enables paging and
scrolling easily.
Cursor Register

Cursor registers (R14, R15) enable programming the cursor
display position on the screen. As for cursor address, it is not X,
Y address but linear address that is programmed.

® Applications of the CRTC

® Monochrome Character Display

Fig. 32 shows a system of monochrome character display.
Character clock signal (CLK) is provided to the CRTC through
OSC and dot counter. It is used as basic clock which drives
internal control circuits. MPU is connected with the CRTC by
standard bus and controls the CRTC initialization and read/
write of internal registers.

Refresh memory is composed of RAM which has capacity of
one frame at least and the data to be displayed is coded and
stored. The data to refresh memory is changed through MPU

AL ~A,
MPU
K: ———5D,~D,
!
osc por | CLK ‘ MULTIPLEXER IES_?EFI

REFRESH
MEMORY
(RAM)

)

CRTC RA ] cHARACTER
v| GENERATOR
DISPTMG
cupisp VIDEO D
VIDEO SYNC
HSYNC CONTROL | SIGNAL | o o
VSYNC

Figure 32 Monochrome Character Display
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bus, while refresh memory is read out successively by the CRTC
to display a static pattern on the screen. Refresh memory is
accessed by both MPU and the CRTC, so it needs to change its
address selectively by multiplexer. The CRTC has 14 MA
(Memory Address output), but in fact some of them that are
needed are used according to capacity of refresh memory.

Code output of refresh memory is provided to character
generator. Character generator generates a dot pattern of a
specified raster of a specified character in parallel according to
code output from refresh memory and RA (Raster Address
output) from the CRTC. Parallelserial converter is normally
composed of shift register to convert output of character
generator into a serial dot pattern. Moreover, DISPTMG,

HD6845R/HD6845S

CUDISP, HSYNC, and VSYNC are provided to video control
circuit. It controls blanking for output of parallel-serial con-
verter, mixes these signals with cursor video signal, and gene-
rates sync signals for an interface to monitor.

® Color Character Display

Fig. 33 shows a system of color character display. In this
example, a 3-bit color control bit (R, G, B) is added to refresh
memory in parallel with character code and provided to video
control circuit, Video control circuit controls coloring as well
as blanking and provides three primary color video signals (R,
G, B signals) to CRT display device to display characters in
seven kinds of color on the screen.

:) A ~A,
MPU
K: =~—D,~D,
MA
b <L <
DOT CLK I MULTIPLEXERI IBUS DFIIVERI
osc COUN- S
TER
Configuration of the Refresh Memory
REFRESH .
MEMORY Blink
(RAM) Color 8 bit Data (1 word)
- Llelefel TLTTTTT
~ -
High order Low order
<
CRTC :‘T:() CHARACTER
GENERATOR
COLOR BIT (R, G, B)
A4
DISPTMG R. VIDEO
CuDISP G. VIDEO D
HSYNC VIDEO CONTROL B. VIDEO S S
VSYNC
SYNC SIGNAL

Figure 33 Color Character Display

® Color limited Graphic Display

Limited graphic display is to display simple figures as well as
character display by combination of picture element which
are defined in unit of one character.

As shown in Fig. 34, graphic pattern generator is set up in
parallel with character generator and output of these gener-
ators are wire-ORed. Which generator is accessed depends on

coded output of refresh memory.

In this example, graphic pattern generator adopts ROM, so
only the combination of picture elements which are program-
med to it is used for this graphic display system. Adopting RAM
instead of ROM enables dynamically writable symbols in any
combination on one display by changing the contents of them.
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REFRESH
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Figure 34 Color Limited Graphic Display
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® Monochrome Full Graphic Display

Fig. 35 shows a system of monochrome full graphic display.
While simple graphic display is figure display by combination of
picture elements in unit of 1 picture elements, full graphic dis-
play is display of any figures in unit of 1 dot. In this case,

HD6845R/HD6845S

refresh memory is dot memory that stores all the dot patterns,
so its output is directly provided to parallelserial converter to
be displayed. Dot memory address to refresh the screen is set
up by combination of MA and RA of CRTC.

D A ~A,

> D,~D,

MPU
|
DOT | crk MA
osc COUN-
TER RA

CRTC

jLL (V4

| MULTIPLEXER I

DOT MEMORY
(RAM)

Y

A
|BUS DRIVEHI

Figure 35 Monochrome Full Graphic Display
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HD6845R/HD6845S

Fig. 36 shows an example of access to refresh memory tween dot on the CRT screen and refresh memory address is
by combination of MA and RA. Fig. 36 shows a refresh memory shown in Fig. 37.
address method for full graphic display. Correspondence be-

RA,
RA,
RA,
MA ma
CRT K 1
¢ MA, ma,,
MA, ma,,
MA, ma,
MA, ma,
MA
M A: :: ? Refresh Memory
6
MA, ma, Address
MA, ma,
MA, ma,
] < ma,
ma,
ma,
Figure 36 Refresh Memory Address Method for Full Graphic Display
32 Characters x 8 dots = 256 dots
1 byte (8-bit)
HICHT 31
2 33 63
8 rasters 64 65 %5
)6
(1 line) - 97 1?7
224 225 255
24 lines : : H
x 8 rasters . ' H
= 192 rasters : : 1
: . i
; ; E
6112 6113 6148

\ Value of ma

Figure 37 Memory Address and Dot Display Position on the Screen for Full Graphic Display
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® Color Full Graphic Display

Fig. 38 shows a system of color full graphic display by 7-
color display. -Refresh memory is composed of three dot
memories which are respectively used for red, green, and blue.
These dot memories are read out in parallel at one time and

their output is provided to three parallel-serial converters, Then
video control circuit adds the blanking control to output of
these converters and provides it to CRT display device as red,
green, and blue video signals with sync signals.

> A ~A,
MPU
C 7AN 7 > D,~D,
SZ. < <
MA BUS I BUS BUS
por CLK |DRIVER pRIVER| |DRIVER
osc COUN- A 7 7 C
TER
jL‘ 7 A
]
MEMORY (RAM)
CRTC

P — S
RED VIDEO
GREEN
VIDEO
o BLUE
c CONTROL VIDEO =7 °
VSYNC
SYNC SIGNAL

Figure 38 Color Full Graphic Display

® Cluster Control of CRT Display

The CRTC enables cluster control that is to control CRT
display of plural devices by one CRTC. Fig. 39 shows a system
of cluster control. Each display control unit has refresh memory,
character generator, parallelserial converter, and video control

circuit separately, but these are controlled together by the
CRTC.
In this system, it is possible for plural CRT display devices to

have their own display separately.
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MPU
<D,~Do
MA 1
BUS BUS
MULTIPLEXER|  |pRivER DRIVER
poT [
osc COUN-
TER ll
REFRESH REFRESH REFRESH
MEMORY MEMORY MEMORY
#1 #2 #n
ra| &
cRT w CHARACTER | o CHARACTER [ ... CHARACTER
c g GENERATOR GENERATOR [——————"-""") GENERATOR
[+
piISPTMG 1. ]
CuDISP
VIDEO VIDEO [ 77" ~— ] VIDEO
CONTROL HSYNC coNTROL | _|] conTrOL
VSYNC

Figure 39 Cluster Control by the CRTC
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Table 12. Moreover, specification of CRT display unit is shown

s EXAMPLES OF APPLIED CIRCUIT OF THE CRTC
in Table 13 and initializing values for the CRTC are shown in

Fig. 41 shows an example of application of the CRTC to
monochrome character display. Its specification 1s shown in

Table 14.

Table 12 Specification of Applied Circuit

Item Specification
Character Format 5 x 7 Dot
Character Space Horizontal : 3 Dot Vertical : 56 Dot
One Character Time 1 us

Number of Displayed Characters

40 characters x 16 lines = 640 characters

Access Method to Refresh Memory

Snychronous Method (DISPTMG Read)

Refresh Memory

640B

Address Map

215 214 913 iz Il I0 59 28 57
Refresh
Memory
CRTC
Address 0 0 O 1 0 0 x x x
Register
CRTC

Controi 0 O O 1 0O O % » «x
Register

o oo o0 o0o0 * * *

x . --don‘tcare, *...0Qor 1

2

23

22

2]

Synchronization Method

HVSYNC Method

Table 13 Specification of Character Display

Item Specification
Scan Mode Non-interlace
Horizontal Deflection Frequency 15.625 kHz
Vertical Deflection Frequency 60.1 Hz
Dot Frequency 8 MHz

Character Dot (Horizontal x Vertical)

8 x 12 (Character Font 5 x 7)

Number of Displayed Characters (Row x Line) 40x 16
HSYNC Width 4 us
VSYNC Width 3H

Cursor Display

Raster 9~ 10, Blink 16 Field Period

Paging, Scrolling

Not used

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

G HITACHI

'

173




HD6845R/HD6845S

Table 14 Initializing Values for Character Display

Register Name Symbol In::;h(z;)n::ﬂ\/;;::)e
RO Horizontal Total Nht 3F (63)
R1 Horizontal Displayed Nhd 28 (40)
R2 Horizontal Sync Position Nhsp 34 (52)
R3 Sync Width Nvsw, Nhsw 34
R4 Vertical Total Nvt 14 (20)
RS Vertical Total Adjust Nadj 08 (8)
R6 Vertical Displayed Nvd 10 (16)
R7 Vertical Sync Position Nvsp 13 (19)
R8 Interlace & Skew 00
R9 Maximum Raster Address Nr 0B (11)
R10 Cursor Start Raster B, P, NcsTART 49
R11 Cursor End Raster Nceno 0A (10)
R12 Start Address (H) 00 ( 0)
R13 Start Address (L) 00 (0)
R14 Cursor (H) 00 (0)
R15 Cursor (L) 00 (0

tc tus

\01234567'01234567 01234567

O PHOONDTIBWN=O

Cursor

Figure 40 Non-interlace Display (Example)
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Figure 41 Example of Applied Circuit of the CRTC (Monochrome Character Display)
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® DISPLAY SEQUENCE AFTER RES RELEASE OF HD6845S (1)
HD6845S starts the display operation immediately after the

release of RES. The operation at the first field is different from )
the normal subsequent display operation.
[Operation at the first field after the RES release] 3)

Display Operation Starts (first

DISPTMG and CUDISP are not output. (They remain at
“Low” level. The display is inhibited.)

The data programmed in the start address register is not
used. (MA and RA start at “0”))

The sequences are shown in the following figures.

field)

CLK

1

| E—

RES

J\ 0 ~ 50ns (RES should be r

eleased during this period.)

MAXx 0 0 X 1 X 2 X
Figure 42 RES Release Sequence
first field Normal O
RES
Frame Perod
Adjust Adjust
w— XX )C)C X 00X XX X
Line ao #1 ansp #Nvt # Nvsp # Nvsp #0 21 #Nvsp
VSYNC Adust M ml
Figure 43 RES Release Sequence in The Non-interlace Mode
L first field
Normal Operation
[
-RE rll"lv |-
Even Field Even Field Odd Fleld T
RAX
Line #0  #1 ulesp #Nvt #0 #1 qusn #N Dummy %0 | | stp # Nvt
Adjust Adjust I Adjust
VSYNC& I l :
1
VSYNCE® ‘ I h
VSYNCE& Interlace Sync Control
Interlace Sync & Video Control (Nr+2=Even)
Interlace Sync & Video Control (Nr+2=0dd, Nvt=0dd. Nvsp=Even)
VSYNC® Interlace Sync & Video Control (Nr+2=0dd, Nvt=0dd, Nvsp=0dd)
Figure 44 RES Release Sequence in The Interlace Mode (1)
first field Vormal Op
s )
L e T
E I £
I* I"lalﬂ Even Field T qu‘Fleld T
w—C XX XX
Line #0  #1 #Nvsp #Nvt #0 81 ulesp #Nvt #0 1
1
1
\ Adjust ' Adjust
i
VSYNCC
VSYNCO
VSYNCC Interlace Sync & Video Control (Nr+2=0dd, Nvt=Even, Nvsp=Even)
VSYNCO Interlace Sync & Video Control (Nr+2=0dd, Nvt=Even, Nvsp=0dd)
Figure 45 RES Release Sequence in The Interlace Mode (2)
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@ ANOMALOUS OPERATIONS IN HD6845S CAUSED BY REWRITING REGISTERS DURING THE DISPLAY OPERATION*

Register Register Name Anomalous operations caused by rewriting registers & Conditions to avoid Rewriting**
# 9 those operations OK or NG
RO Honzontal Total The horizontal scan period is disturbed X
R1 Horizontal Displayed There are some cases where the width of DISPTMG becomes shorter than the o]
programmed value at the moment of a rewrite operation. An error operation
occurs only during one raster period
R2 Horizontal There are some cases where HSYNC 1s placed on the position different from X
Sync Position the programmed value or the noise 1s output
R3 Sync Width When a rewrite operation is performed at a "High’’ level on HSYNC pulse or VSYNC A
pulse, there are some cases where the width pulse becomes shorter than the
programmed value at the moment of a rewrite operation
R4 Vertical Total When a rewrite operation is performed during the last raster period in the line, there is A
a possibility that the disturbance occurs during the vertical scan period There I1s no
problem of a rewrite operation during raster period except this period
R5 Vertical Total When a rewrite operation 1s performed in the last character time of the raster period, A
Adjust there are some cases where the numbers of Adjust Raster, specified by program, are
not added. (Only during the adjust raster period)
R6 Vertical Displayed After the moment of a rewrite operation, there are some cases where the Display 1s O
inhibited However, the display according to the programmed value 1s performed
from the next field
R7 Vertical Sync There are some cases where VSYNC 1s placed on the position different from the X
Position programmed value or the noise 1s output
R8 Interlace & Skew Neither scan mode bit nor skew bit 1s rewritten dynamically X
Dynamic Rewrite into scan mode bit and skew bit is prohibited
R9 Maximum Raster The internal operation will be disordered by a rewrite operation X
ddress
R10 Cursor Start Raster When a rewrite operation s performed in the last character time of the raster A
period, there are some cases where the jitter occurs on the cursor raster or the cursor
1s not displayed correctly. There is also a possibility that the blink rate becomes
temporally shorter than usual.
R11 Cursor End Raster When a rewrite operation is performed in the last character time of the raster period, A
there are some cases where the jitter occurs on the cursor raster or the cursor
1s not displayed correctly Moreover, there are also some cases where the blink rate
becomes temporally shorter than normal operation
R12 Start Address (H) R12 and R13 are used in the last raster period of the field A rewrite operation can O
be performed except during this period However, when R12 and R13 are rewritten in
each field separately, the display operation, whose start address I1s determined
R13 Start Address (L) temporally by programming sequence, will be performed. (@]
A rewrite operation should be performed during the horizontal/vertical display
period.
R14 Cursor (H) When a rewrite operation i1s performed during the display period, there are some O
cases where the cursor 1s temporally displayed at the address different from the
programmed value. A rewrite operation should be performed during the horizontal/
R15 Cursor (L) vertical retrace period. Also, when R14 and R15 are rewritten in each field separately,
the cursor 1s displayed temporally at the temporal address determined by programming
sequence
* means temporary abnormal operations in rewriting the internal register during the display operation Normally, after a rewrite operation,
the LS| performs the specified display operation from the next field
(The operations in this table are outside our guarantee and are regarded as materials for reference )
O A rewrite operation is possible without affecting the screen in the display so much.
. A If conditions are satisfied, a rewrite operation is possible |If conditions are not satisfied, there are some cases where a flicker and
$0 on occur temporally
X . When a rewrite operation 1s performed, there are some cases where a flicker and so on occur temporally,
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= COMPARISON BETWEEN HD6845S AND HD6845R
o Comparison of function between HD6845S and HD6845R

No. Functional Difference HD6845 HD6845S
1 Interlace |Programming [Character line address. Character line address
Sync Method N
& of OLA"B-S:- ______________________________ Programming  |of A BC rogramming
Video Mode | Number of unit for number 1 unit for number
Display Vertical of vertical of vertical
Characters |1f---—-=====—=========mm e e~ 1 characters 2 characters
3
D I 4
5[
P 6
7]
7 O 8
9
In HD6845, number of characters is vertically pro- In HD6845S, number of characters Is vertically pro-
grammed in unit of two lines, as illustrated above. grammed 1n unit of one line, as illustrated above.
(Number of vertical total characters, Number of (Number of vertical total characters, Number of
vertical displayed characters, Vertical Sync Posi- vertical displayed characters, Vertical Sync Posi-
tion) tion)
Example of above figure Example of above figure
Programmed number into Vertical Displayed Programmed number into Vertical Displayed
Register =5 Register = 10
Number of Only even number can be specified. Both even number and odd number can be specified
Rasters Per Character line address Character line address
Character 0 0 0
Line pIIQTI g1 2 AR 2 1
4 000 4 000 3 0 4 o0-0-O 3 0
[ - Gt -5 Number of raster e SR &--5 5
6 - 6 6— o
7 7 7
8 Y 3 9 8 -0
e or-wr=s— 1 Character line address 0 0 ) 1
2 2 1
. 3 . 3 - S——
- 5 ° 5¢1 Y-g------8--6
5 s 7 6B 555", 7-8-986——;
................. 9 8— s
Number of raster = 10 scan line (specified)
When number of raster When number of raster
However, number which i1s programmed into re- per character line is per character line 1s
gister Is calculated at follows. EVEN. oDD
Number of raster Number of raster
Programmed number (Nr) =10 scan line =9 scan line
= (Number specified) - 1 (specified) (specified)
However, number which 1s programmed into register
1s calculated as follows.
Programmed number (Nr)
= (Number specified) -2
Cursor Cursor i1s displayed in either EVEN field or ODD Cursor 1s displayed 1n both EVEN field and ODD
field. field.
Display
0
~—EVEN number 2 ! <—EVEN number
4 5
<+—EVEN number 6—0—6-5-0-5— 7 =—EVEN number
8
2 -1
<—ODD number 4—§—§:§§:§ -3 «+—O0DD number
<—O0DD number P --56 <+—O0DD number
8
2- - :; <—EVEN number
4
6- ©-©---5 «=—0DD number
8 -7
(to be continued)
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Fixed at 16 44
scan cycle

VSYNC

(VSYNC output)

No. | Functional Difference HD6845R HD6845S
2 Vertical Sync Fixed at 16 raster scan cycle (16H) Programmable (1 ~ 16 raster scan cycle)
Pulse Width

Specified by
high order
4 bit of R3
VSYNC

Attached bits

 mmd—
R3 fwofunfo]

re V0 Vs
—

R3 [T 1]
(—— | ——
Not used Horizontal Sync Width Vertical Sync  Horizontal Sync
Width Width
3 SKEW Function Not included SKEW function i1s newly included in DISPTMG,

CUDISP signals

Attached byte

N -
R8 [clcdoi |07 V] 5]

Output signals of MA, ~ MA 3, RA, ~ RA,,
synchronizing with DLK “‘Low’’ level, go to
“Low" level, after RES has gone to ‘Low’’
Other outputs go to ""Low’’ immediately after
RES has gone to “"Low" level

Not used CUDISP DISPTMG
Example of DISPTMG output
— 71— Not skewed
One character skew
Two character skew
1 character time
2 character time
4 Start Address Register Impossible to READ Possible to READ
5 RESET Signal (RES) MA, ~ MA,; Output MA, ~ MA,, Output]
RAo ~ RA, Output [~ Synchronous reset RA, ~ RA, Output . Asynchronous reset
Other Outputs . . . Asynchronous reset Other Outputs J

Qutput signals of MA; ~ MA 3, RA, ~ RA, and
others go to “‘Low” ievel mmediately after RES
has gone to “Low’’ level.

= COMPATIBILITY OF HD6845S AND HD6845R

data for vertical direction need to

] be changed.

Non-interlace mode control }; Fully compatible with HD6845R* % The functions added to HD6845S utilize undefined bits of the

Interlace sync mode control / HD6845R can be directly replaced Control Register in HD6845R. If “0” is programmed to the
by HD6845S in these modes. undefined bits in the initial set, it is possible to replace

Interlace sync & Video mode control . HD6845R with HD6845S without changing the parameters.
Not compatible with HD6845R Note) The restriction on programming of HD6845S and HD6845R
in regard to programming and should be taken into consideration.
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HD6350, HD6850

Asynchronous Communications
Interface Adapter (CMOS) (NMOS)

The HD6350/HD6850 Asynchronous Communications Inter-
face Adapter provides the data formatting and control to
interface serial asynchronous data communications information
to bus organized systems such as the HMCS6800 Micro-process-
ing Unit.

The bus interface of the HD6350/HD6850 includes select,
enable, read/write, interrupt and bus interface logic to allow
data transfer over an 8-bit bi-directional data bus. The parallel
data of the bus system is serially transmitted and received by
the asynchronous data interface with proper formatting and
error checking.

The functional configuration of the ACIA is programmed
via the data bus during system initialization. A programmable
Control Register provides variable word lengths, clock division
ratios, transmit control, receive control, and interrupt control.
For peripheral or modern operation three control lines are
provided.

FEATURES

® Serial/Parallel Conversion of Data

® Eight and Nine-bit Transmission

® Optional Even and Odd Parity

® Parity, Overrun and Framing Error Checking

® Peripheral/Modem_Control Functions (Clear to Send CTS,
Request to Send RTS, Data Carrier Detect DCD)

Optionak- 1,+ 16, and<- 64 Clock Modes

One-or Two-Stop Bit Operation

Double Buffered

— HD6350 —

® Low-Power, High-Speed, High-Density CMOS
Compatible with NMOS ACIA (HD6850)

Wide Range Operating Voltage (V¢c = 5V £10%)
Up to 1Mbps Transmission

— HD6850 —
® Compatible with MC6850 and MC68A50
® Up to 500Kbps Transmission

TYPE OF PRODUCTS

Type Process | Clock Frequency | Package
HD6350 1.0MHz
HD63A50 CMOS 1.5MHz DP-24
HD63B50 2.0MHz
HD6850 NMOS 1.0MHz DP-24
HD68A50 1.5MHz

® Flat Package in Development for HD6350

HD6350P, HD6850P

® PIN ARRANGEMENT

VssE b 24) CTs
Rx DmaE E beco
Rx CLK 3] 1270,
Tx CLKE E o,
ATS[5] 20|10,
Tx DataE E D,
wol] .
cs, 8] 170,
35 .
T o,
Rs[1]] h4)e
VCCE Eja/ﬁ

(Top View)

G HITACHI
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HD6350/HD6850

s BLOCK DIAGRAM

TxCLK 4
€ 14 Gon
13 —= | Transmit Tun
Rom

AW Ccre
Sateot
§. 10 ——ad o Data pmee——em 6 Tx Data
RS 11 ] Comrw Register
Ty e cm
Do 22 e ~ Status
g; 21 \r Register
20 =
Dy 19 o D".: T Logic 7 G
Ds 18 ' 23 BCO
Ds 17 oo
Ds 16 e s ATS
0y 15 wo~ed o
Vee=Pin 12
v::-nn 1 2 Rx Dats
RxCLK 3
® ABSOLUTE MAXIMUM PATINGS
Value .
Item Symbol HD6350 HD6850 Unit
Supply Voltage Vee"© | ~03~+7,0 | 03~47.0| V
Input Voltage Vin* | -0.3~+70 | -03~+7.0| V
Maximum Output Current**| llg | 10 mA
Operating Temperature Topr -20 ~+75 | =20 ~+75 | °C
Storage Temperature Tstg -55 ~+160| —56 ~+150| °C
* With respect to Vg (SYSTEM GND)
** Maximum output current is the maximum current which can flow out from one
output terminal or 1/O common terminal (Dg ~D~, RTS, Tx Data, IRQ).
(NOTE) Permanent LS| damage may occur if maximum ratings are exceeded. Normal
operation should be under recommended operating conditions. If these
conditions are exceeded, it could affect reliability of LSI.
® RECOMMENDED OPERATING CONDITIONS
Item Symbol |—HD6350 _HD6BS0 it
min |typ | max | min [typ | max
Supply Voltage Ve 45|50 | 5.5 ({4.75(5.0 | 5.25| V
Input “'Low” Voltage viit" | o |- |08|-03] - |08]V
s | Do~D17, RS, Tx CLK, DCD, TTS 20 v
Input “High” | o' Data Via® gl B €1 20| - |Vec| V
Voltage — IH
CSo, CS;, CS,, R/W, E, Rx CLK 22| - | Vee
Operating Temperature Topr |720| 25| 75 -20[25{ 75 | °C
* With respect to Vgg (SYSTEM GND)
G HITACHI
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® ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (HD6350; Ve = 5V +10%, HD6850; Ve = 5V 5%, Vg = OV, Ta = —20 ~+75°C, unless otherwise noted.)

HD6350/HD6850

Iter {Symbol HDB8350 HDB8E0 Unit
m vm Test Condition min [typ" [ max Test Condition * min [typ* | max
Do~ D7, RS, Tx CLK, 20 v
DED, TS, Rx Data 3 - cc
Input ‘'High’' Voltage Vin 20 - |V v
CSo, €53, CSy, R/W, E 22 | = v, o
Rx CLK " Ll
Input “Low" Voltate All Inputs ViL -0.3 - 0.8 -03 | - 0.8 v
Input Leakage Current | R/W, CSg, CS;,CS3, E | 1in Vin =0~ Ve =2.6 - 25 | Vin=0~ 6526V 25| - 25 | MA
Three-State (Off State) ~ 3 - . -
Input Current Do ~ D7 ITsi [ Vin=0.4~ Vec 10 |- |10 |Vin=04~24V 0 | -~ [ 10 | pA
IoH = —400uA 4.1 - - loH = —205uA, Enable _ _
Do ~ Dg Pulse Width < 25us 24 v
loH < —104A Vee=01[ - | - =
Output ““High'’ Voltage VoH
[} = —~400uA 4.1 - -
Tx Data, ATS OH “ Ion = —100uA, Enable | 5,4 | _ | _ v
loH S —108A Vee—0.1] — —~ | Puise Width < 26us
" ow! - - loL = 1.6mA, Enable
Output “Low" Voltage | All Outputs VoL |lon=16mA 04 | oL idth < 26us -~ |- loa|vV
Output Leakage Current -
(Off State) TRa ILon | VoH = Vee - | = |10 |vou=24v - | - |10 [ua
Do~ D, - - |125 - | - |125
Vin =0V, Tg=25°C Vin =0V, Ta = 25°C, pF
Input citance E, Tx CLK, Rx CLK, in, . 'a " in ' Ta o
Capa RW, RS, FX Data, &5, | Cin | =10 MHz - |- |78 ]|f=1.0MHz - |- 178
cs, CS; ,CTs,DCD
- RTS, Tx Data Vin =0V, Tq = 25°C, - - 10 | Vin=0V, Tq=25°C - | -110
Output o Cout |t 1.0 MHz - o0 |f=10mHz S i e R
© Under transmitting and E = 1,0 MHz - - 3
500 kbps E=1.5MHz - -1
© Data bus in R/'W
operation E = 2.0 MHz - - 5
Supply Current :%‘(""’k‘t‘,;"" selected. E=1.0MHz - ~ | 200 mA
® Under non transmitting = - -
and r ..(v p .) E=1.5MHz 250
® Input level (Except E - _ -
VIH min = V¢c—~0.8V E=20MHz 300
VL max = 0.8V,
Power Dissipation Pp J - JSOO 1525 mwW
* Tg=25°C, Vcc =5.0V
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® AC CHARACTERISTICS (HD6350; V= 5.0V +10%, HD6850; Ve = 5V 5%, Vss = 0V, Ta = —20~+75°C, unless otherwise noted.)
1. TIMING OF DATA TRANSMISSION

Test HD6350 HD63A50 HD63B50 IHoBBAB0 .
ftem Symbol | condition [min | max | min | max | min | max | min | max Unit
+1 Mode 900 - 650 - 500 - 900 - ns
Minimum Clock Pulse +16,+64 Modes| PW¢, Fig. 1 | 600 - 450 — 280 — 600 - ns
Width +1 Mode 90 [ — |eso | — [s0 | — |90 [ — | ns
<16, +64 Modes| PWew Fia.2 600 - 450 - 280 - 600 - ns
-+1 Mode ¢ - 500 - 750 - 1000 - 500 e
Clock Frequency 16, 264 Modes|  © — |80 | - |1000 | — |1s00 | — | 800
Clock-to-Data Delay for Transmitter tToDp Fig. 3 - 600 - 540 - 460 - 1000 | ns
Receive Data Setup Time |1 Mode tRDSU Fig. 4 250 - 100 - 30 - 500 - ns
Receive Data Hold Time |-+1 Mode tRDH Fig. 5 250 - 100 - 30 - 500 - ns
TRQ Release Time YR Fig. 6 - 1200 - 900 - 700 - 1200 | ns
RTS Delay Time tRTS Fig.6 | — 560 | — 480 | — 400 | — | 1000 | ns
Rise Timg and Fall Time or 10% of the | ¢ - froo0 | - |so | - |0 |~ frooo| me
2. BUS TIMING CHARACTERISTICS
1) READ
o ymbol | o rtion [ | max [ in | man i | | i | o [ | o "
Enable Cycle Time toycE Fig.7 |1000| — 666 | — 500 | — }1000 - 666 - ns
Enable "“High’ Pulse Width PWgy Fig. 7 450 | — 280 | — 220 | - 450 |25000| 280 (25000 | ns
Enable “Low’’ Pulse Width PWg Fig. 7 430 | — 280 | — 210 | — 430 - 280 - ns
e I ) I I ) N e Y e
Data Delay Time tDDR Fig. 7 - 290 | — 180 | — 150 | — 320 - 220 ns
Data Hold Time ty Fig. 7 20 | 100 20 | 100 20 | 100 10 - 10 - ns
* Address Hold Time tAH Fig. 7 10 | — 10| — 10| — 10 - 10 - ns
Rise and Fall Time for Enable Input tEr tEf Fig. 7 - 25 | — 25 - 2 | - 25 | — 25 ns
2) WRITE
o SVl |corition (i | max [min | man i | mox [min | max [in | ]V
Enable Cycle Time teycE Fig.8 [1000| — {666 | — [500) — 1000 [ — 666 - ns
Enable “High’’ Pulse Width PWey Fig. 8 450 | — 280 | — 220 | — 450 (25000| 280 | 25000 | ns
Enable “Low" Pulse Width PWgL Fig. 8 430 | — 280 | — 210 | — 430 - 280 - ns
Segp Timg addrops and RV VaI0 | (ys | Fies w0 |~ [0 |~ 0| — |10 | — |10 | — |
Data Setup Time tosw Fig. 8 165 | — 80 | — 60 | — 195 - 80 - ns
Data Hold Time ty Fig. 8 10 | — 10 | — 10| - 10 - 10 - ns
Address Hold Time tAH Fig. 8 10 | — 10 | - 10| - 10 - 10 - ns
Rise and Fall Time for Enable Input ter tef Fig. 8 - 25 | — 25 | — 2 | - 25 | — 25 ns
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le——PWe | —df
Tx CLK
or

Rx CLK 0.8v

Figure 1 Clock Pulse Width, *‘Low’’ State

Tx CLK
0.8V
tTDD—=~
Tx Data X Veg =20V »++
0.4V

Figure 3 Transmit Data Output Delay

Rx CLK Vg min !
tRDH '—-

Rx Deta 2.0V
x be 0.8V

Figure 5 Receive Data Hold Time (<1 Mode)

tas
Enable

Tx CLK
or
Rx CLK

= ViH min

fe——PWCeH ——a

HD6350/HD6850

\_

Figure 2 Clock Pulse Width, “High’ State

2.0v
Rx Data
0.8V

Rx CLK

trRosU

o.8v

Figure 4 Receive Data Setup Time (+1 Mode)

Enable }

ATS

tRTS
ce =2 e
04V

IRQ

tR**

-——-“R’——.

/

[Vec-20V »es

* (1) TRQ Release Time applied to Rx Data Register read operation.
(2) iRQ Release Time applied to Tx Data Register write operation.
(3) TRQ Release Time applied to control Register write TIE = 0,

RIE = 0 operation.

*+* IRQ Release Time applied to Rx Data Register read operation
right after read status register, when TRQ is asserted by DCD

rising edge.

#*+* 2.4V for HD68EO.
(Note) Note that followings take place when IRQ is asserted by the
detection of transmit data register empty status. TRQ is
released to “High’’ asynchronously with E signal when

CTS goes “'High"’. (Refer to Figure 14)

Figure 6 RTS Delay and TRQ Release Time

PWeH
Vi min

—-"g b tE,

tDDR

po————teycE—

- PWg =]

0.8y /—_

l=— tEf

RS, CS, RIW X Vin min

9.8V

l—Tan

]
—e] tH

Data Bus

Vee—2.0V
X 04V I

Figure 7 Bus Read Timing Characteristics
(Read information from ACIA)
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Test Point

teycE————]
PWeR:
. - PWE L |
Enable Hmn 0.8V {
— ter F— tes
tAs — —=~ 1 tpsw
__ V,
Rs,cs, R X otv'" g
] TAH
—* H
Data Bus x 6“8"\'}

Figure 8 Bus Write Timing Characteristics
(Write information into ACIA)

Load A Load B
(D,~D,, RTS, Tx Data) 5.0V (Ve (ﬁa Only)
Ry =2.4kQ
Test point

C = 130pF for D,~D,
* HD6840

= 30pF for RTS and Tx Data
R*= 10kS2 for D, ~ D,, RTS and Tx Data

All diodes are.152074® or Equivalent.

MARKING

SPACING

BIT TIME

186

—

R =11k for Dg~Dy
=24k for RTS and Tx Data.

Figure 9 Bus Timing Test Loads

5.0v

3k

r—r="r-rr-r/a -7 h ]
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
AN (RN NN S N (S PN RS S t
DATA BITS
9.09 l—
msec
START D, D, D, D, D, D, D, PARITY  STOP STOP
BIT BIT BIT

CHARACTER TIME @ 10 CPS (11 BITS)
100 msec

Figure 10 110 Baud Serial ASCII Data Timing
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MARKING

F~—r--r--r--r--r--Tr-r—- ————
[ I R I
P [ T N A | I I
| | | | I I | |
SPACING IS RSNV (PRI PRI SN (NI PRSI SN M b —
DATA BITS
BIT TIME —f
(SEE TABLE
BELOW)
START D, D, o, D, D, D; D, PARITY STOP
BIT BIT BIT
e CHARACTER TIME @ 15 & 30 CPS (10 BITS) ——— o]
(SEE TABLE BELOW)
BAUD RATE 150 300
CHARACTERS/SEC | 15 30
BIT TIME (msec) | 6.67 3.33
SEC
CHARACTER TIME (msec) | 66.7 333 BIT TIME =00 RATE
Figure 11 150 & 300 Baud Serial ASCI! Data Timing
MARK l ' ' | T
[ | | | |
| | | | | NEXT
START| D, 1 D, 1 D, D, D, | D, D, |PARITY| STOP l STOP | CHAR.
SPACE

Figure 12 Send a 7 Bit ASCII Char. “H" Even Parity
— 2 Stop Bits H = 48,, = 1001000,

8 DATA OF ACIA

ACIA is an interface adappter which controls transmission
and reception of Asynchronous serial data. Some examples of
serial data are shown in Figs. 10 ~ 12.

8 INTERNAL STRUCTURE OF ACIA

ACIA provides the following; 8-bit Bi-directional Data
Buses (Do ~ D,), Receive Data Input (Rx Data), Transmit
Data Output (Tx Data), three Chip Selects (CSo, CS;, CS;),
Register Select Input (RS), Two Control Input (Read/Write:
R/W, Enable: E), Interrupt Request Output(IRQ), Clear-to-
Send (CTS) to control the modem, Request-to-Send (RTS),
Data Carrier Detect(DCD) and Clock Inputs(Tx CLK, Rx CLK)
used for synchronization of received and transmitted data. This
ACIA also provides four registers; Status Register, Control
Register, Receive Register and Transmit Register.

24-pin dual-in-line type package is used for the ACIA. Inter-
nal Structure of ACIA is illustrated in Fig. 13.

= ACIA OPERATION
© Master Reset

ACIA has an internal master reset function controlled
by software, since it has no hardware reset pin. Bit 0 and
bit 1 of control register should be set to “11” to execute
master reset, also bit 5 and bit 6 should be programmed to
get predetermined RTS output accordingly. To release the
master reset, the data other than “11” should be written
into bit 0, bit 1 of the control register. When the master
reset is released, the control register needs to be programmed
to get predetermined options such as clock divider ratios,
word length, one or two stop bits, parity(even, old, or none),
etc.
It may happen that “Low” level output is provided in
IRQ pin during the time after power-on till master reset.
In the systemusing ACIA, interrupt mask bit of MPU should
be released after the master reset of ACIA. (MPU interrupt
should be prohibited until MPU program completes the master
reset of ACIA.) Transmit Data Register (TDR) and Receive
Data Register (RDR) can not be reset by master reset.
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Acia
e e e -
Vss | |
(GND) ey TRANSMIT DATA REGISTER (TDR) i
1 SERIAL DATA OUT n
Vee | mnsom.v[o,lo,lu,lD_lo,lu,ln,ln, -
[ i Tx Data|
| / / / / |
| |
| |
| |
£Rom |
U DATA
l S LINES (PARALLEL STATUS REGISTER (SR} :
+ T |
! . O SERIAL CONVERTER) T e s T s 2 .
T 0. l
s wral P F
€ fovan| Fe | TTS | BCO | TORE |RORF | |
DATA o READ ONLY |
LINES . |
10 { ]
oRr o |
FROM 3
MPU | — |
! D2 CONTROL REGISTER (CR) |
L moonaamol
TO MPU DATA LINES
| —-—‘D ey 30 lme Tc ws cos |
° |
N CONVERTER) WRITE
| ONLY |
| |
| |
| RxCLK |
| READ SERIAL DATA IN Rx Data |
| ONLY T
TxCLK RECEIVE DATA REGISTER (RDR) :
L Ra RW € RS TS cs, cs, s, €D ATS 1
INTERRUPT READ ENABLE CLEAR I REQUEST
RECEIVE MPU OR 0 10
cLock WRITE SEND SEND
FROM SIGNAL ‘e’ T0
TRANSMIT MPU oo MODEM
(A0l MODEM CHIP SELECT
croek REGISTER FROMMPU  pata
SELECT ADoA! CARRIER
FROM DETECT
MPU FROM
ADDRESS MODEM
LINE

Figure 13 Internal Structure of ACIA

o Transmit

A typical transmitting sequence consists of reading the ACIA
Status Register either as a result of an interrupt or in the
ACIA’s turn in a polling sequence. A character may be written
into the Transmit Data Register 1f the status read operation has
indicated that the Transmit Data Register is empty. This
character is transferred to a Shift Register where it is serialized
and transmitted from the Transmit Data output preceded by a
start bit and followed by one or two stop bits. Internal parity
(odd or even) can be optionally added to the character and will
occur between the last data bit and the first stop bit. After the
first character 1s written in the Data Register, the Status
Register can be read again to check for a Transmit Data Register
Empty condition and current peripheral status. If the register is
empty, another character can be loaded for transmission even
though the first character is in the process of being transmitted
(because of double buffering). The second character will be
automatically transferred into the Shift Register when the first
character transmission is completed. This sequence continues
until all the characters have been transmitted.

©® Receive

Data is received from a peripheral by means of the Receive
Data input. A divide-by-one clock ratio is provided for an
externally synchronized clock (to its data) while the divide-by-
16 and 64 ratios are provided for internal synchronization. Bit
synchronization in the divide-by-16 and 64 modes is initiated by

the detection of the leading mark-space transition of the start
bit. False start bit delection capability insures that a full half bit
of a start bit has been received before the internal clock is
synchronized to the bit time. As a character is being received,
parity (odd or even) will be checked and the error indication
will be available in the Status Register along with framing error,
overrun error, and Receive Data Register full. In a typical
receiving sequence, the Status Register is read to determine if a
character has been received from a peripheral. If the Receiver
Daia Register is full, the character is placed on the 8-bit ACIA
bus when a Read Data command is received from the MPU.
When parity has been selected for an 8-bit word (7 bits plus
parity), the receiver strip the parity bit (D,=0") so that data
alone is transferred to the MPU. This feature reduces MPU
programming. The Status Register can continue to be read again
to determine when another chatacter is available in the Receive
Data Register. The receiver is also double buffered so that a
character can be read from the data register as another character
is being received in the Shift register. The above sequence con-
tinues until all characters have been received.

® ACIA INTERNAL REGISTERS

The ACIA provides four registers; Transmit Data Register
(TDR), Receive Data Register(RDR), Control Register(CR) and
Status Register(SR). The content of each of the registers is
summarized in Table 1.
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Table 1 Definition of ACIA Register Contents

HD6350/HD6850

*HEN
et Rs=1+ R/W=0 RS=1+ R/W=1 RS=0 - R/W=0 RS=0 - RW=1
Data Bus Tras:lg‘:ls‘tgata Regeel;?s;eD'ata Control Register Status Register
(Write Only) (Read Only) (Write Only) (Read Only)
e . Counter Divide Rx Data Reg. Full
0 Data Bit 0 Data Bit 0 Select (CRO) (RDRF)
. . Counter Divide Tx Data Reg. Empty
1 Data Bit 1 Data Bit 1 Select (CR1) (TDRE)
2 Data Bit 2 Data Bit 2 Word Select 1 Data Carrier Detect
(CR2)
. . Word Select 2 Clear to Send
3 Data Bit 3 Data Bit 3 (CR3) (CTS)
. R Word Select 3 Framing Error
4 Data Bit 4 Data Bit 4 (CR4) (FE)
. . Tx Control 1 Overrun
5 Data Bit 5 Data Bit 5 (CRS) (OVRN)
. . Tx Control 2 Parity Error
6 Data Bit 6 Data Bit 6 (CR6) (PE)
7 Data Bit 7*** Data Bit 7** Rx l;\(t:eﬂr;t;pt Enable Inter{;::ct) )Request

* Leading bit = LSB = Bit 0
** Data bit will be zero in 7-bit plus parity modes.
*** Data bit is “don‘t care” in 7-bit plus parity modes.
#eee 9 ... "High" level, 0 ... “Low” level

o Transmit Data Register (TDR)

Data is written in the Transmit Data Register during the
negative transition of_the enable (E) when the ACIA has been
addressed and RS * R/W is selected. Writing data into the
register causes the Transmit Data Register Empty bit in the
Status Register to go “0”. Data can then be transmitted. If the
transmitter is idling and no character is being transmitted, then
the transfer will take place within 2 bit time + several E cycles
of the trailing edge of the Write command. If a character is
being transmitted, the new data character will commence as
soon as the previous character is complete. The transfer of
data causes the Transmit Data Register Empty (TDRE) bit to
indicate empty.

® Receive Data Register (RDR)

Data is automatically transferred to the empty Receive Data
Register (RDR) from the receiver deserializer (a shift register)
upon receiving a complete character. This event causes the
Receive Data Register Full bit (RDRF) on the status buffer to
go “1” (full). Data may then be read through the bus by ad-
dressing the ACIA and R/W “High” when the ACIA is enabled.
The non-destructive read cycle causes the RDRF bit to be
cleared to empty although the data is retained in the RDR. The
status is maintained by RDRF as to whether or not the data
is current. When the Receive Data Register is full, the automatic
transfer of data from the Receiver Shift Register to the Data
Register is inhibited and the RDR contents remain valid with its
current status stored in the Status Register.

© Control Register
The ACIA Control Register consists of eight bits of write-
only buffer that are selected when RS and are “Low”. This

register controls the functicn of the receiver, transmitter,
interrupt enables, and the Request-to-Send (RTS) peripheral/
modem control output.

Counter Divide Select Bits (CRO and CR1)

The Counter Divide Select Bits (CRO and CR1) determine
the divide ratios utilized in both the transmitter and receiver
section of the ACIA. Additionally, these bits are used to provide
a master reset for the ACIA which clears the Status Register
(except for external conditions on CTS and DCD) and initializes
both the receiver and transmitter. Master reset does not affect
other Control Register bits. Note that after power-on or a power
fail/restart, these bits must be set “1” to reset the ACIA. After
resetting, the clock divide ratio may be selected. These counter
select bits provide for the following clock divide ratios:

Table 2 Function of Counter Devide Select Bit

CR1 CRO Function
0 0 +1
0 1 +16
1 0 +64
1 1 Master Reset

Word Select Bits (CR2, CR3, and CR4)
The Word Select bits are used to select word length, parity,
and the number of stop bits. The encoding format is as follows:
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Table 3 Function of Word Select Bit

CR4 | CR3 | CR2 Function

7 Bits + Even Parity + 2 Stop Bits
7 Bits + Odd Parity + 2 Stop Bits
7 Bits + Even Parity + 1 Stop Bit
7 Bits + Odd Parity + 1 Stop Bit
8 Bits + 2 Stop Bits

8 Bits + 1 Stop Bit

8 Bits + Even Parity + 1 Stop Bit
8 Bits + Odd Parity + 1 Stop Bit

- - a e 00 0O
- - 0O 0O = =00
- O = O = O = O

Word length, Parity Select, and Stop Bit changes are not
buffered and therefore become effective immediately.

Transmitter Control Bits (CR5 and CR6)

Two Transmitter Control bits provide for the control of
the interrupt from the Transmit Data Register Empty condition,
the Request-to-Send (RTS) output, and the transmission of a
Break level (space). The following encoding format is used:

Table 4 Function of Transmitter Control-Bit

CR6 | CR5 Function
0 0 RTS = “Low”, Transmitting Interrupt Disabled.
0 1 RTS =""Low”, Transmitting Interrupt Enabled.
1 0 RTS =""High”*, Transmitting Interrupt
Disabled.
1 1 RTS ="Low", Transmits a Break level on
the Transmit Data Output.
Transmitting Interrupt Disabled.

Receive Interrupt Enable Bit (CR7)

The following interrupts will be enabled by a “1” in bit
position 7 of the Control Register (CR7): Receive Data
Register Full, Overrun, or a “Low” to “High” transistion on the
Data Carrier Detect (DCD) signal line.

RORF Flag RIE

Internsl RORF Flag

Recewver OVAN Flag iRG
OO Fiag

Internal TORE Flsg

Transmitter
TIE
CTS Input TORE Flag

Figure 14 IRQ Internal Circuit

o Status Register

Information on the status of the ACIA is available to the
MPU by reading the ACIA Status Register. This read-only
register is selected when RS is “Low” and R/W is “High”.
Information stored in this register indicates the status of the
Transmit Data Register, the Receive Data Register and error
logic, and the peripheral/modem status inputs of the ACIA.

Receive Data Register Full (RDRF), Bit 0

RDRF indicates that received data has been transferred to
the Receive Data Register. RDRF is cleared after an MPU read
of the Receive Data Register or by a master reset. The cleared or
empty state indicates that the contents of the Receive Data
Register are not current. Data Carrier Detect (DCD) being
“High” also causes RDRF to indicate empty.

Transmit Data Register Empty (TDRE), Bit 1

The Transmit Data Register Empty bit being set *“1”
indicates that the Transmit Data Register contents have been
transferred and that new data may be entered. The ““0” state
indicates that the register is full and that transmission of a new
character has not begun since the last write data command.

Data Carrier Detect (DCD), Bit 2

The DCD bit will be “1” when the DCD input from a modem
has gone “High” to indicate that a carrier is not present. This bit
going “1” causes an Interrupt Request to be generated when the
Receive Interrupt Enable is set. It remains “1” after the DCD
input is returned “Low” until cleared by first reading the Status
Register and then the Data Register or until a master reset
occurs. If the DCD input remains “High” after read status and
read data or master reset has occurred, the interrupt is cleared,
the DCD status bit remains “1” and will follow the DCD input.

Clear-to-Send (CTS), Bit 3

The CTS bit indicates the state of the CTS input from a
modem. A “Low” CTS input indicates that there is a CTS from
the modem. In the “High” state, the Transmit Data Register
Empty bit is inhibited and the CTS status bit will be “1”.
Master reset does not affect the Clear-to-Send Status bit.

Framing Error (FE), Bit4

FE flag indicates that the received character is improperly
framed by a start and a stop bit and is detected by the absence
of the 1st stop bit. This error indicates a synchronization error,
faulty transmission, or a break condition. The FE flag is set or
reset during the receive data transfer time. Therefore, this error
indicator is present throughout the time that the associated
character is available.

Receiver Overrun (OVRN), Bit5

Overrun is an error flag that indicates that one or more
characters in the data stream were lost. That is, a character or a
number of characters were received but not read from the
Receive Data Register (RDR) prior to subsequent characters
being received. The overrun condition begins at the midpoint of
the last bit of the second character received in succession
without a read of the RDR having occurred. The overrun does
not occur in the Status Register until the valid character prior to
Overrun has been read. The RDRF bit remains set until the
Overrun is reset. Character synchronization is maintained during
the Overrun condition. The Overrun indication is reset after the
reading of data from the Receive Data Register or by a Master
Reset.
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Parity Error (PE), Bit 6

The PE flag indicates that the number of “1”’s (highs) in the
character does not agree with the preselected odd or even
parity. Odd parity is defined to be when the total number of
ones is odd. The parity error indication will be present as long as
the data character is in the RDR. If no parity is selected, then
both the transmitter parity generator output and the receiver
parity check results are inhibited.

Interrupt Request (IRQ), Bit 7 o

The IR@ bit indicates the state of the IRQ output. Any
interrupt condition with its applicable enable will be indicated
in this status bit. Anytime the IRQ output is “Low” the IRQ bit
will be “1” to indicate the interrupt or service request status.
IRQ is cleared by a read operation to the Receive Data Register
or a write operation to the Transmit Data Register. (Refer to
Figure 14.)

8 SIGNAL FUNCTIONS
® Interface Signal for MPU

Bi-Directional Data Bus (D,~D)

The bi-directional data bus (Do~D) allow for data transfer
between the ACIA and the MPU. The data bus output drivers
are three-state devices that remain in the high impedance (off)
state except when the MPU performs an ACIA read operation.

Enable (E)

The Enable signal, E, is a high impedance TTL compatible
input that enables the bus input/output data buffers and clocks
data to and from the ACIA. This signal will normally be a
derivative of the HMCS6800 ¢, Clock. The ACIA accepts both
continuous pulse signal and strobe type signal as Enable input.

Read/Write (R/W)

The R/W line is a high impedance input that is TTL
compatible and is used to control the direction of data flow
through the ACIA’s input/output data bus interface. When R/W
is “High” (MPU Read cycle), ACIA output drivers are turned on
and a selécted register is read. When it is “Low”, the ACIA
output drivers are turned off and the MPU writes into a selected
register. Therefore, the R/W signal is used to select read-only or
write-only registers within the ACIA.

Chip Select (CS,, CS;, CS;)

These three high impedance TTL compatible input lines are
used to address the ACIA. The ACIA is selected when CS, and
CS, are “High” and CS, is “Low”. Transfers of data to and
from the ACIA are then performed under the control of the
Enable signal, Read/Write, and Register Select.

Register Select (RS)

The RS line is a high impedance input that is TTL
compatible. A “High” level is used to select the Transmit/
Receive Data Registers and a “Low” level the Control/Status
Registers. The R/W signal line is used in conjunction with
Register Select to select the read-only or write-only register in
each register pair.

Interrupt Request (IRQ)

is a TTL compatible, open-drain (no internal pullup),
active “Low” output that is used to interrupt the MPU. The
IRQ output remains “Low” as long as the cause of the interrupt

HD6350/HD6850

is present and the appropriate interrupt enable within the ACIA
is set.

Clock Inputs

Separate high impedance TTL compatible inputs are pro-
vided for clocking of transmitted and received data. Clock
frequencies of 1, 16 or 64 times the data rate may be selected.

Transmit Clock (Tx CLK)

The Tx CLK input is used for the clocking of transmitted
data. The transmitter initiates data on the negative transition of
the clock.

Receive Clock (Rx CLK)

The Rx CLK input is used for synchronization of received
data. (In the + 1 mode. the clock and data must be
synchronized externally.) The receiver samples the data on the
positive transition of the clock.

o Serial Input/Output Lines

Receive Data (Rx Data)

The Rx Data line is a high impedance TTL compatible input
through which data is received 1n a serial format. Synchroniza-
tion with a clock for detection of data is accomplished internal-
ly when clock rates of 16 or 64 times the bit rate are used. Data
rates are in the range of O to 500 kbps when external
synchronization is utilized.

Transmit Data (Tx Data)

The Tx Data output line transfers serial data to a modem or
other peripheral. Data rates in the range of 0 to 500 kbps when
external synchronization is utilized.

Modem Control

The ACIA includes several functions that permit limited
control of a peripheral or modem. The functions included are
CTS, RTS and DCD.

Clear-to-Send (CTS)

This high impedance TTL compatible input provides auto-
matic control of the transmitting end of a communications link
via the modem CTS active “Low” output by inhibiting the
Transmit Data Register Empty (TDRE) status bit. (Refer to
Figure 15.)

Request-to-Send (RTS)

The RTS output enables the MPU to control a peripheral or
modem via the data bus. The RTS output corresponds to the
state of the Control Register bits CRS and CR6. When CR6=0
or both CRS and CR6=1, the RTS output is “Low” (the active
state). This output can also be used for Data Terminal Ready
(DTR). (Refer to Figure 15.)
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Tx Data

[sriofr]z]s]4fsje]r]w  [srjo]t]2fs]a]s[e]r s

RTS
CTS (
TDRE flag r—
Control Register

- h} }/ |l| \
Status Register
Read { f
Tx Data Register

Write
Transmit operation is not disabled, even if CTS goes “‘High"’.
Figure 15 RTS and CTS Timing Chart (Example of 2 bytes transmission)

Data Carrier Detect (DCD) status and the operation in the receiving part is prohibited.

DCD is the input signal corresponding to the “carrier When DCD goes “Low”, the receiving part is allowed to
detect” signal which shows carrier detect of modem. receive data. In this case, the following process is needed to

DCD signal is used to control the receiving operation. When reset DCD flag and restarts the receive operation. (Refer to
DCD input goes “High”, ACIA stops all the receiving operation Figure 16.)
and sets receiving part in reset status. It means that receive (1) Return DCD input from “High” to “Low”.
shift register stops shifting, error detection circuit and syn- (2) Read status register. (DCD flag = “1”")
chro, “zation circuit of receive clock are reset. When DCD is (3) Read receive data register (Uncertain data will be read.)

in “High” level, the receiving part of ACIA is kept in initial

DCD input

DCD flag

(RIE="1")

Status Register Read ﬁ

Rx Data Register Read

——

All the r ing operation are prohibited and ACIA is stopped

in this period.

Figure 16 DCD Flag Timing Chart

B Note for Use (HD6350 ohly) applicable to the following signal pins.
Input Signal, which is not necessary for user’s application, Rx Data, Rx CLK, Tx CLK, CTS, DCD
should be used fixed to “High” or “Low” level. This is
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SSDA (Synchronous Serial Data Adapter)

The HD6852 Synchronous Serial Data Adapter provides a
bi-directional serial interface for synchronous data information
interchange. It contains interface logic for simultaneously
transmitting and receiving standard synchronous communica-
tions characters in bus organized systems such as the
HMCS6800 Microprocessor systems.

The bus interface of the HD6852 includes select, enable,
read/write, interrupt, and bus interface logic to allow data
transfer over an 8-bit bi-directional data bus. The parallel data
of the bus system is serially transmitted and received by the
synchronous data interface with synchronization, fill character
insertion/deletion, and error checking. The functional con-
figuration of the SSDA is programmed via the data bus during
system initialization.

Programmable control registers provide control for variable
word length, transmit control, receive control, synchronization
control and interrupt control. Status, timing and control lines
provide peripheral or modem control.

Typical applications include data communications terminals,
floppy disk controllers, cassette or cartridge tape controllers and
numerical control systems.

s FEATURES

® Programmable Interrupts from Transmitter, Receiver,
and Error Detection Logic

® Character Synchronization on One or Two Sync Codes

External Synchronization Available for Parallel-Serial

Operation

Programmable Sync Code Register

Up to 1Mkbps Transmitter

Peripheral/Modem Control Functions

Three Bytes of FIFO Buffering on Both Transmit and

Receive

6, 7, or 8 Bit Data Transmission

Optional Even and Odd Parity

Parity, Overrun, and Underflow Status

Compatible with MC6852 and MC68A52

® BLOCK DIAGRAM
E 14 — Tx CLK 4
RW 13— Transmit

Data FIFO

TS 10 —of

Logic

RS 11 ——nf

HD6852P, HD68AS52P
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® ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Veet -0.3~+7.0 \")
Input Voltage Vin* -0.3~+7.0 \
Operating Temperature Topr -20~+75 °c
Storage Temperature Teg -55 ~ +150 °c

*  With respect to Vgg (SYSTEM GND)

(NOTE) Permanent LSI damage may occur if

ratings are

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

ded. Normal operation should be under recommended operating

= RECOMMENDED OPERATING CONDITIONS
Item Symbol min typ max Unit
Supply Voltage Vee 4.75 5.0 5.25 \Y
Inout Volt. Vi * -0.3 - 0.8 Y
neut Voltage Vin " 20 _ Vee v
Operating Temperature Topr -20 25 75 °c
* With respect to Vgg (SYSTEM GND)
8 ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vgc =5V + 5%, Vgs =0V, Ta= -20~+75°C, unless otherwise noted.)
Item Symbol Test Condition min typ* max Unit
Input “High’’ Voltage All Input Vin 2.0 - - \"
Input ““Low’’ Voltage All Input Vi -0.3 — 0.8 v
= -205 uA,
Do~D~ Von low HA, 24 - - \"
. PWEH ' PWELg 25#5
Output “High” Voltage
Tx Data v low = =100 uA, 24 v
DTR, TUF OH | PWey, PWe, <26pus|
Output “Low" Volta Al Output v oL =1.6mA, 04 | v
P! ge utpu oL PWey, PWg, < 254 8
TxCLK, RxCLK,
Rx Data, E,
Input Leakage Ci t — — | Vin =0~ 5.25V -2.5 - 25 A
nput Leakage Curren RES, RS, RIW in in U
CS, DCD, CTS
Three-State Input Current Vin =0.4~24V,
Do~ D ! - - 10 A
(Off State) o™ Hr TS| Vee =5.25V 10 H
Output Leakage Current J—
IRQ | Vou =24V - - 10 A
(Off State) Low | Vow K
Power Dissipation Po - 300 525 mW
Do~ D, = = 125
RxData, RxCLK, Vin =0V,
Input Capacitance TxCLK, RES, c Ta =25°C, 75 pr
TS, RS, R/W, E, ;n f=1MHz ’
bCD, CTS
TxData, DTR, TUF Vi, =0V, Ta=25°C — — 10
. — . . . C n . F
Output Capacitance Ra out =1 MHz _ _ 5.0 P
*Ta=26°C, Ve = 5V ‘
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® AC CHARACTERISTICS (Vcc=5V+5%, V=0V, Ta=-20~+75"C, unless otherwise noted.)
1. TIMING OF THE DATA TRANSFER

Test HD6852 HD68A52
ftem Symbol Condition | min typ | max min typ max Unit
Clock “’Low’ Pulse Width PWer Fig. 1 700 — — 400 - — ns
Clock “High” Pulse Width PWcH Fig. 2 700 - — | 400 — - ns
Clock Frequency fc - - 600 - - 1,000 kHz
Receive Data Setup Time tRDSU Fig. 3 350 - - 200 - - ns
Receive Data Hold Time tRDH Fig. 3 350 - - 200 - - ns
Sync Match Delay Time tsm Fig. 3 - - 1.0 - - 0.666 Ms
?',Zﬁ:n?.lflfta Delay for troD Fig.46| - | - | 10 - | - | o666 | wus
Transmitter Underflow tTuF Fig. 4 - - 1.0 - - 0.666 us
DTR Delay Time toTR Fig. 5 — - 1.0 - — 0.666 us
TRQ Release Time tir Fig. 5 - - 1.2 - - 0.8 us
RES Pulse Width tRES 1.0 - — | 0666 - - us
CTS Setup Time ters Fig. 6 200 - - 150 - - ns
DCD Setup Time toeo Fig. 7 500 - - | 350 - - ns
Input Rise and Fall Times(ExceptE) t, t¢ 0.8V to 2.0V - - 1.0* - - 1.0* us
* 1.0u or 10% of the pulse width, whichever is smaller.
2. BUS TIMING
1) READ
HD6852 HD68A52 5
Item Symbot 00"1;20" min max min max Unit
Enable Cycle Time teycE 1.0 - 0.666 - us
Enable ““High" Pulse Width PWegy 0.45 25 0.28 25 us
Enable ““Low’’ Pulse Width PWg, 0.43 - 0.28 - us
tup Time, Address and i
ts: E:able pt');?tive tsrsa:siti:n/w el tas Fig. 8 140 - 140 - ns
Data Delay Time tpor - 320 - 220 ns
Data Hold Time ty 10 - 10 - ns
Address Hold Time taH 10 80 10 80 ns
Rise and Fall Time for Enable input ter, tes - 25 - 25 ns
2) WRITE
HD6852 HD68A52 .
ftem Symbol CO'L?:;O" min max min max Unit
Enable Cycle Time teycE 1.0 - 0.666 . us
Enable Pulse Width, ““High’’ PWgy 0.45 25 0.28 25 us
Enable Pulse Width, ““Low"” PWeg 0.43 - 0.28 - Ms
Time, Address and R/W valid
'(S:t;:able pS:i\tise tsr:?usitior(w ) tas Fig. 9 140 - 140 - e
Data Setup Time tpsw 195 - 80 - ns
Data Hold Time th 10 - 10 - ns
Address Hold Time tan 10 - 10 - ns
Rise and Fall Time for Enable input te,, tes - 25 — 25 ns
@ HITACHI
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‘—'PWCL
Tx CLK
or 0.8V
Rx CLK

Figure 1 Clock Pulse Width (“Low’’ level)

Rx CLK

trRDSU

n = Number of bits in character

= Don’t care
Sync Match

Tx CLK S5V
or
Rx CLK

PWcH

Figure 2 Clock Pulse Width (“’High"’ level)

tsm
]
724V 0.4V
~ Rx CLK
Period !

Figure 3 Receive Data Setup and Hold Times and Sync Match Delay Time

Tx
CLK 0.8V 7 2.0v
tTpoD
Tx 24V D
Data 04y n
—tTUF
TUF

n = Number of bits
in character Period

Figure 4 Transmit Data Output Delay and

Transmitter Underflow Delay Time

S VI
c

Tx CLK 08V

Tx Data j"__a'lv D,

Figure 6 CTS Setup Time

* TRQ Release Time applied to TxData FIFO write operation and

RxData FIFO read operation,
** IRQ Release Time applied to write *’1" operation to RxRS, TxRS,

CTUF, Clear CTS bits,
Figure 5 DTR and IRQ Release Time

66D~ \Losv ya

N
‘oco

2.0
® © @ 0

Rx CLK \ @

Notes:
® Must occur before DCD goes low.
® First data bit placed in Rx shift register,
© Last data bit of byte placed in Rx shift register.
@ Rx Data byte transferrad from shift register to Rx FIFO.
@ Clock edge required for generation of IRQ by RDA status.
Note: Refer to Figure 3 for the Rx Data setup and hold times.

Figure 7 DCD Setup Time
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teycE
tas PWen_  PWg
Enable 2.0V S 0.8V (
e s
DDR \
RS, CS, R/W 20y
! —{ t=—taH
tH
Data Bus x 0.4V.

Figure 8 Bus Read Timing Characteristics
(Read information from SSDA)

Load A
(D, ~ D,, DTR, Tx Data, TUF)

5.0V
R =24K
Test point

(¢]
D

C=130pF for D,~D,

=30pF for DTR, Tx Data, and TUF
All diodes are 152074 @ or Equivalent
R=11k2 for D,~D,

=24k for DTR, Tx Data, and TUF

« DEVICE OPERATION

At the bus interface, the SSDA appears. as two addressable
memory locations. Internally, there are seven registers: two
read-only and five write-only registers. The read-only registers
are Status and Receive Data; the write-only registers are Control
1, Control 2, Control 3, Sync Code and Transmit Data. The
serial interface consists of serial input and output lines with
independent clocks, and four peripheral/modem control lines.

Data to be transmitted is transferred directly into the 3-byte
Transmit Data First-In First-Out (FIFO) Register from the data
bus. Availability of the input to the FIFO is indicated by a bit
in the Status Register; once data is entered, it moves through
the FIFO to the last empty location. Data at the output of the
FIFO is automatically transferred from the FIFO to the
Transmitter Shift Register as the shift register becomes available
to transmit the next character. If data is not available from the
FIFO (underflow condition), the Transmitter Shift Register is
automatically loaded with either a sync code or an all “1”s
character. The transmit section may be programmed to append
even, odd, or no parity to the transmitted word. An external
control line (CTS) is provided to inhibit the transmitter with-
out clearing the FIFO.

Serial data is accumulated in the receiver based on the
synchronization mode selected. In the external sync mode used
for parallel-serial operation, the receiver is synchronized by the

HD6852,HD68A52

t"' E
PWep | PWeL
tas —
Enable 2 . 2.0V /
ter IR
Dsw ~——t pe—
RS, CS,R/W o8y [(
' - jetAH

Data Bus

_.Et,..

Figure 9 Bus Write Timing Characteristics
(Write information into SSDA)

Load B
(IRQ Only)

5.0V
3k
Test point
]; 100pF

Figure 10 Test Loads

Data Carrier Detect (DCD) input and transfers successive bytes
of data to the input of the Receiver FIFO. The single-sync-
character mode requires that a match occur between the Sync
Code Register and one incoming character before data transfer
to the FIFO begins. The two-sync-character mode requires that
two sync codes be received in sequence to establish synchro-
nization. Subsequent to synchronization in any mode, data is
accumulated in the shift register, and parity is optionally
checked. An indication of parity error is carried through the
Receiver FIFO with each character to the last empty location.
Availability of a word at the FIFO output is indicated by a bit
in the Status Register, as is a parity error.

The SSDA and its internal registers are selected by the
address bus, Read/Write (R/W) and Enable control lines. To
configure the SSDA, Control Registers are selected and the
appropriate bits set. The Status Register is addressable for
reading status.

Other 1/O lines, in addition to Clear-to-Send (CTS) and Data
Carrier Detect (DCD), include Sync Match/Data Terminal
Ready (SM/DTR) and Transmitter Underflow (TUF). The
transmitter and receiver each have individual clock inputs
allowing simultaneous operation under separate clock control.
Signals to the microprocessor are the Data bus and Interrupt
Request (IRQ).
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® |nitialization _

During a power-on sequence, the SSDA is reset via the RES
input and internally latched in a reset condition to prevent
erroneous output transmissions. The Sync Code Register,
Control Register 2, and Control Register 3 should be pro-
grammed prior to the programmed release of the Transmitter
and/or Receiver Reset bits; these bits in Control Register 1
should be cleared after the RES line has gone “High”.

® Transmitter Operation

Data is transferred to the transmitter section in parallel form
by means of the data bus and Transmit Data FIFO. The
Transmit Data FIFO is a 3-byte register whose status is
indicated by the Transmitter Data Register Available status bit
(TDRA) and its associated interrupt enable bit. Data is
transferred through the FIFO on negative edges of Enable (E)
pulses. Two data transfer modes are provided in the SSDA. The
l-byte transfer mode provides for writing data to the trans-
mitter section (and reading from the receiver section) one byte
at a time. The 2-byte transfer mode provides for writing two
data characters in succession.

Data will automatically transfer from the last register
location in the Transmit Data FIFO (when it contains data) to
the Transmitter Shift Register during the last half of the last bit
of the previous character. A character is transferred into the
Shift Register by the Transmitter Clock. Data is transmitted
LSB first, and odd or even parity can be optionally appended.
The unused bit positions in short word length characters from
the data bus are “don’t cares”. (Note: The data bus inputs may
be reversed for applications requiring the MSB to be transferred
taken, e.g., IBM format for floppy disks; however, care must be
taken to properly program the control registers — Table 1 will
have its bit positions reversed.)

When the Shift Register becomes empty, and data is not
available for transfer from the Transmit Data FIFO, an
“underflow” occurs, and a character is inserted into the
transmitter data stream to maintain character synchronization.
The character transmitted on underflow will be either a “Mark™
(all “1”s) or the contents of the Sync Code Register, depending
upon the state of the Transmit Sync Code on Underflow control
bit. The underflow condition is indicated by a pulse (= Tx CLK
“High” period) on the Underflow putput (when in Tx Sync on
underflow mode). The Underflow output occurs coincident
with the transfer of the last half of the last bit preceding the
underflow character. The Underflow status bit is set until
cleared by means of the Clear Underflow control bit. This
output may be used in floppy disk systems to synchronize write
operations and for appending CRCC.

Transmission is initiated by clearing the Transmitter Reset
bit in Control Register 1. When the Transmitter Reset bit is
cleared, the first full positive half-cycle of the Transmit Clock
will initiate the transmit cycle, with the transmission of data or
underflow characters beginning on the negative edge of the
Transmit Clock pulse which started the cycle. If the Transmit
Data FIFO was not loaded, an underflow character will
be transmitted.

The Clear-to-Send (CTS) input provides for automatic
control of the transmitter by means of external system
hardware; e.g., the modem CTS output provides the control in a
data communications system. The (%I‘-S input resets and inhibits
the transmitter section when “High”, but does not reset the
Transmit Data FIFO. The TDRA status bit is inhibited by CTS
being “High” in either the one-sync character or two-sync-
character mode of operation.

In the external sync mode, TDRA is unaffected by CTS in
order to provide Transmit Data FIFO status for preloading and
operating the transmitter under the control of the CTS input.
When the Transmitter Reset bit (Tx Rs) is set, the Transmit
Data FIFO is cleared and the TDRA status bit is cleared. After
one E clock has occurred, the Transmit Data FIFO becomes
available for new data with TDRA inhibited.

® Receiver Operation

Data and a presynchronized clock are provided to the SSDA
receiver section by means of the Receive Data (Rx Data) and
Receive Clock (Rx CLK) inputs. The data is a continuous
stream of binary data bits without means for identifying charac-
ter boundaries within the stream. It is, therefore, necessary to
achieve character synchronization for the data at the beginning
of the data block. Once synchronization is achieved, it is
assumed to be retained for all successive characters within the
block.

Data communications systems utilize the detection of sync
codes during the initial portion of the preamble to establish
character synchronization. This requires the detection of a
single code or two successive sync codes. Floppy disk and
cartridge tape units require sixteen bits of defined preamble and
cassettes require eight bits of preamble to establish the reference
for the start of record. All three are functionally: equivalent to
the detection of sync codes. Systems which do not utilize code
detection techniques require custom logic external to the SSDA
for character synchronization and use of the parallel-to-serial
(external sync) mode.

(Note: The Receiver Shift Register is set to ones when reset)

® Synchronization

The SSDA provides three operating modes with respect to
character synchronization: one-sync-character mode, two-sync-
character mode, and external sync mode. The external sync
mode requires synchronization and control of the receiving
section through the Data Carrier Detect (DCD) input. This
external synchronization could consist of direct line control
from the transmitting end of the serial data link or from
external logic designed to detect the start of the message block.
The one-sync-character mode searches on a bit-by-bit basis until
a match is achieved between the data in the Shift Register and
the Sync Code Register. The match indicates character synchro-
nization is complete and will be retained for the message block.
In the two-sync-character mode, the receiver searches for the
first sync code match on a bit-by-bit basis and then looks for a
second successive sync code -character prior to establishing
character synchronization. If the second sync code character is
not received, the bit-by-bit search for the first sync code is
resumed. .

Sync codes received prior to the completion of synchro-
nization (one or two character) are not transferred to the
Receive Data FIFO. Redundant sync codes during the preamble
or sync codes which occure as “fill characters” can automat-
ically be stripped from the data, when the Strip Sync control bit
is set, to minimize system loading. The character synchroniza-
tion will be retained until cleared by means of the Clar Sync bit,
which also inhibits synchronization search when set.

® Receiving Data

Once synchronization has been achieved, subsequent char-
acters are automatically transferred into the Receive Data FIFO
and clocked through the FIFO to the last empty location by E
pulses (MPU System ¢2). The Receiver Data Available status bit
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(RDA) indicates when data is available to be read from the last
FIFO location (#3) when in the 1-byte transfer mode. The
2-byte transfer mode causes the RDA status bit to indicate data
is available when the last two FIFO register locations are full.
Data being available in the Receive Data FIFO causes an
interrupt request if the Receiver Interrupt Enable (RIE) bit is
set. The MPU will then read the SSDA Status Register, which
will indicate that data is available for the MPU read from the
Receiver Data FIFO register. The IRQ and RDA status bits are
reset by a read from the FIFO. If more than one character has
been received and is resident in the Receive Data FIFO,
subsequent E clocks will cause the FIFO to update and the
RDA and IRQ status bits will again be set. The read data
operation for the 2-byte transfer mode requires an intervening E
clock between reads to allow the FIFO data to shift. Optional
parity is automatically checked as data is received, and the
parity status condition is maintained with each character until
the data is read from the Receive Data FIFO. Parity errors will
cause an interrupt request if the Error Interrupt Enable (EIE)
has been set. The parity bit is not transferred to the data bus
but must be checked in the Status Register. NOTE: In the
2-byte transfer mode, parity should be checked prior to reading
the second byte, since a FIFO read clears the error bit.

Other status bits which pertain to the receiver section are
Receiver Overrun and Data Carrier Detect (DCD). The Overrun
status bit is automatically set when a transfer of a character to
the Receive Data FIFO occurs and the first register of the
Receive Data FIFO is full. Overrun causes an interrupt if Error
Interrupt Enable (EIE) has been set. The transfer of the
overrunning character into the FIFO causes the previous
character in the FIFO input register location to be lost. The
Overrun status bit is cleared by reading the Status Register
(when the overrun condition is present), followed by a Receive
Data FIFO Register read. Overrun cannot occur and be cleared
without providing an opportunity to detect its occurrence via
the Status Register.

A positive transition on the DCD input causes an interrupt if
the EIE control bit has been set. The interrupt caused by
is cleared by reading the Status Register when the DCD status
bit is “1”, followed by a Receive Data FIFO read. The DCD
status bit will subsequently follow the state of the DCD input
when it goes “Low”.

® SSDA REGISTERS

Seven registers in the SSDA can be accessed by means of the
bus. The registers are defined as read-only or write-only
according to the direction of information flow. The Register
Select (RS) input selects two registers in each state, one being
read-only and the other write-only. The Read/Write (R/W) input
defined which of the two selected registers will actually be
accessed. Four registers (two read-only and two write-only) can
be addressed via the bus at any particular time. These registers
and the required addressing are defined in Table 1.

@ Control Register 1 (C1)

Control Register 1 is an 8-bit wirte-only register that can be
directly addressed from the data bus. Control Register 1 is
addressed when RS = “Low” and R/W = “Low”.

Receiver Reset (Rx Rs), C1 Bit 0

The Receiver Reset control bit provides both a reset and
inhibit function to the receiver section. When Rx Rs is set, it
clears the receiver control logic, error logic, Rx Data FIFO

Control, Parity Error status bit, and DCD interrupt. The
Receiver Shift Register is set ones. The Rx Rs bit must be
cleared after the occurrence of a “Low” level on RES in order
to enable the receiver section of the SSDA.

Transmitter Reset (Tx Rs), C1 Bit 1

The Transmitter Reset control bit provides both a reset and
inhibit to the transmitter section. When Tx Rs is set, it clears
the transmitter control section, Transmitter Shift Register, Tx
Data FIFO Control (the Tx Data FIFO can be reloaded after
one E clock pulse), the Transmitter Underflow status bit, and
the CTS interrupt, and inhibits the TDRA status bit (in the
one-sync-character and two-synccharacter modes). The Tx Rs
bit must be cleared after the occurrence of a “Low” level on
RES in order to enable the transmitter section of the SSDA. If
the Tx FIFO is not preloaded, it must be loaded immediately
after the Tx Rs release to prevent a transmitter underflow
condition.

Strip Synchronization Characters (Strip Sync), C1 Bit 2

If the Strip Sync bit is set, the SSDA will automatically strip
all received characters which match the contents of the Sync
Code Register. The characters used for synchronization (one or
two characters of sync) are always stripped from the received
data stream.

Clear Synchronization (Clear Sync), C1 Bit 3

The Clear Sync control bit provides the capability of
dropping receiver character synchronization and inhibiting
resynchronization. The Clear Sync bit is set to clear and inhibit
receiver synchronization in all modes and is reset to zero to
enable resynchronization.

Transmitter Interrupt Enable (TIE), C1 Bit4 __

TIE enable both the Interrupt Request (IRQ) output and
Interrupt Request status bit to indicate a transmitter service
request. When TIE is set and the TDRA status bit is “1”, the
n&) output will go “Low” (the active state) and the IRQ status
bit will go “1”.

Receiver Interrupt Enable (RIE), C1 Bit5

RIE enable both the Interrupt Request output (IRQ) and the
Interrupt Request status bit to indicate a receiver service
request. When RIE is set and the RDA status bit is “1”, the IRQ
output will go “Low” (the active state) and the IRQ status bit
will g0 “p»,

Address Control 1 (AC1) and Address Control 2 (AC2), C1
Bits 6 and 7

AC1 and AC2 select one of the write-only registers — Control
2, Control 3, Sync Code, or Tx Data FIFO — as shown in Table
1, when RS = “High” and R/W = “Low”.

@ Control Register 2 (C2)

Control Register 2 is an 8-bit write-only register which can be
programmed from the bus when the Address Control bits in
Control Register 1 (AC1 and AC2) are reset, RS = “High” and
R/W = “Low”.

Peripheral Control 1 (PC1) and Peripheral Control 2 (PC2),
C2BitsOand 1

Two control bits, PC1 and PC2, determine the operating
characteristics of the Sync Match/DTR output. PC1, when
“High”, selects the Sync Match mode. PC2 provides the inhibit/
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enable control for the SM/DRT output in the Sync Match mode.
A one-bit-wide pulse is generated at the output when PC2 is “0”,
and a match occurs between the contents of the Sync Code
Register and the incoming data even if sync is inhibited (Clear
Sync bit = “1”). The Sync Match pulse is referenced to the
negative edge of Rx CLK pulse causing the match.

The Data Terminal Ready (DTR) mode is selected when PC1
is “0”. When PC2 = “1” the SM/DTR output = “Low” and vice
versa. The operation of PC2 and PCl is summarized in Table 4.

1-Byte/2-Byte Transfer (1-Byte/2-Byte), C2 Bit 2

When 1-Byte/2-Byte is set, the TDRA and RDA status bits
will indicate the availability if their respective data FIFO
registers for a single byte data transfer. Alternately, if 1-Byte/
2-Byte is reset, the TDRA and RDA status bits indicate when
two bytes of data can be moved without a second status read.
An intervening Enable pulse must occur between data transfers.

Word Length Selects (WS1, WS2, WS3), C2 Bits 3,4, 5
Word length Select bits WS1, WS2, and WS3 select word
length of 7, 8, or 9 bits including parity as shown in Table 3.

Transmit Sync Code on Underflow (Tx Sync), C2 Bit 6

When Tx Sync is set, the transmitter will automatically send
a sync character when data is not available for transmission. If
Tx Sync is reset, the transmitter will transmit a Mark character
(including the parity bit position) on underflow. When the
underflow is detected, a pulse approximately a Tx CLK “High”
period wide will occur on the underflow output if the Tx Sync
bit is “1”. Internal parity generation is inhibited during
underflow except for sync code fill character transmission in 8
bit plus parity word lengths.

Error Interrupt Enable (EIE), C2 Bit 7 -
When EIE is set, the IRQ status bit will go “1” and the IRQ

output will go “Low” if:

1) A receiver overrun occurs. The interrupt is cleared by reading
the Status Register and reading the Rx Data FIFO.

2) DCD input has gone to a “High”. The interrupt is cleared by
reading the Status Register and reading the Rx Data FIFO.

3) A parity error exists for the character in the last location
(#3) of the Rx Data FIFO. The interrupt is cleared by
reading the Rx Data FIFO. The interrupt is cleared by

reading the Rx Data FIFO.

4) The C%‘g input has gone to a “High”. The interrupt is cleared
by writing a “1” in the Clear CTS bit, C3 bit 2, or by a Tx
Reset.

5) The transmitter has underflowed (in the Tx Sync on
Underflow mode). The interrupt is cleared by writing a “1”
into the Clear Underflow, C3 bit 3, or Tx Reset.

When EIE is a “0”, the TRQ status bit and the TRQ output
are disabled for the above error conditions. A “Low” level on

the RES input resets EIE to “0”.

@ Control Register 3 (C3)

Control Register 3 is a 4-bit write-only register which can be
programmed from the bus when RS = “High” and R/W =
“Low” and Address Control bit AC1 = “1” and AC2 = “0”.

External/Internal Sync Mode Control (E/I Sync), C3 Bit 0

When the E/I Sync Mode bit is “1”, the SSDA is in the
external sync mode and the receiver synchronization logic is
disabled. Synchronization can be achieved by means of the
input or by starting Rx CLK at the midpoint of data bit “0” of

a character with DCD “Low”. Both the transmitter and receiver
sections operate as parallel — serial converters in the External
Sync mode. The Clear Sync bit in Control Register 1 acts as a
receiver sync inhibit when “High” to provide a bus controllable
inhibit. The Sync Code Register can serve as a transmitter fill
character register and a receiver match register in this mode. A

w” on the RES input resets the E/I Sync Mode bit placing
the SSDA In the internal sync mode.

One-Sync-Character/Two-Sync-Character Mode, Control (1
Sync/2 Sync), C3 Bit 1

When the 1 Sync/2 Sync bit is set, the SSDA will
synchronize on a single match between the received data and
the contents of the Sync Code Register. When the 1 Sync/2
Sync bit is reset, two successive sync characters must be
received prior to receiver synchronization. If the second sync
character is not detected, the bit by bit search resumes from the
first bit in the second character. See the description of the Sync
Code Register for more details.

Clear CTS Status (Clear CTS), C3 Bit 2

When a “1” is written into the Clear CTS bit, the stored
status and interrupt are cleared. Subsequently, the CTS status
bit reflects the state of the CTS input. The Clear CTS control
bit does not affect the CTS. 'S input nor its inhibit of the
transmitter secton. The Clear CTS command bit is self-clearing,
and writing a “0” into this bit is a nonfunctional operation.

Clear Transmit Underflow Status (CTUF), C3 Bit 3

When a “1” is written into the CTUF status bit, the CTUF
bit and its associated interrupt are reset. The CTUF command
bit is self-clearing and writing a “0” into this bit is a
nonfunctional operation.

® Sync Code Register

The Sync Code Register is an 8-bit register for storing the
programmable sync code required for received data character
synchronization in the one-sync-character and two-sync-
character modes. The Sync Code Register also provides for
stripping the sync/fill characters from the received data (a
programmable option) as well as automatic insertion of fill
characters in the transmitted data stream. The Sync Code
Register is not utilized for teceiver character synchronization in
the external sync mode; however, it provides storage of receiver
match and transmit fill characters.

The Sync Code Register can be loaded when AC2 and AC1
are a “1” and “0” respectively, and R/W = “Low” and RS =
“Hioh”.

’Igll:e Sync Code Register may be changed after the detection
of a match with the received data (the first sync code having
been detected) to synchronize with a double-word sync pattern.
(This sync code change must occur prior to the completion of
the second character.) The sync match (SM) output can be used
to interrupt the MPU system to indicate that the first eight bits
have matched. The service routine would then change the sync
match register to the second half of the pattern. Alternately, the
one-sync-character mode can be used for sync codes for 16 or
more bits by using software to check the second and subsequent
bytes after reading them from the FIFO.

The detection of the sync code can be programmed to appear
on the Sync Match/DTR output by writing a “1” in PC1 (C2 bit
0) and a “0” in PC2 (C2 bit 1). The Sync Match output will go
“High” for one bit time beginning at the character interface
between the sync code and the next character.
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©® Parity for Sync Character
Transmitter

Transmitter does not generate parity for the sync character
except 9-bit mode.

9-bit (8-bit + parity) — 8-bit sync character + parity

8-bit (7-bit + parity) — 8-bit sync character (no parity)

7-bit (6-bit + parity) — 7-bit sync character (no parity)
Receiver

At Synchronization

Receiver automatically strips the sync character(s) (two sync
characters if ‘2 sync’ mode is selected) which is used to establish
synchronization. And parity is not checked for these sync
characters.

After Synchronization is Established

When ‘strip sync’ bit is selected, the sync characters (fill
characters) are stripped and parity is not checked for the
stripped sync (fill) characters. When ‘strip sync’ bit is not
selected (0), the sync character is assumed to be normal data
and it is transferred into FIFO after parity checking. (When
non-parity format is selected, parity is not checked.)

Strip Sync Data Format :
(C1Bit 2) (C2Bit 3-5) Operation
No transfer of sync
1 X code.
No parity check of
sync code.
*Transfer data and
0 With Parity sync codes.
Parity check.
*Transfer data and
0 Without Parity sync codes.
No parity check.
* to synchr

X ceuee don'’t care

It is necessary to pay attention to the selected sync character

in the following cases.

1) Data format is (6 + parity), (7 + parity),

2) Strip sync is not selected (“0”).

3) After synchronization when sync code is used as a fill
character.

Transmitter sends sync character without parity, but receiver
checks the parity as if it is normal data. Therefore, the sync
character should be chosen to match the parity chegk selected
for the receiver in this special case.

© Receive Data First-In First-Out Register

(Rx Data FIFO)

The Receive Data FIFO Register consists of three 8-bit
registers which are used for buffer storage of received data. Each
8-bit register has an internal status bit which monitors its full or
empty condition. Data is always transferred from a full register
to an adjacent empty register. The transfer from register to
register occurs on E pulses. The RDA status bit will be “1”
when data is available in the last location of the Rx Data FIFO.

In an Overrun condition, the overrunning character will be
transferred into the full first stage of the FIFO register and will
cause the loss of that data character. Successive overruns
continue to overwite the first register of the FIFO. This
destruction of data is indicated by means of the Overrun status
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bit. The Overrun bit will be set when the overrun occurs and
remains set until the Status Register is read, followed by a read
of the Rx Data FIFO.

Unused data bits for short word lengths (including the parity
bit) will appear as “0”s on the data bus when the Rx Data FIFO
is read.

® Transmit Data First-In First-Out Register

(Tx Data FIFO)

The Transmit Data FIFO Register consists of three 8-bit
registers which are used for buffer storage of data to be
transmitted. Each 8-bit register has an internal status bit which
monitors its full or empty condition. Data is always transferred
from a full register to an adjacent empty register. The transfer is
clocked by E pulses.

The TDRA status bit will be “High” if the Tx Data FIFO is
available for data.

Unused data bits for short word lengths will be handled as
“don’t cares”. The parity bit is not transferred over the data
bus since the SSDA generates parity at transmission.

When an Underflow occurs, the Underflow character will be
either the contents of the Sync Code Register or an all “1”s
character. The underflow will be stored in the Status Register
until cleared and will appear on the Underflow output as a pulse
approximately a Tx CLK “High” period wide.

® Status Register

The Status Register is an 8-bit read-only register which
provides the real-time status of the SSDA and the associated
serial data channel. Reading the Status Register is a non-destruc-
tive process. The method of clearing status bits depends upon
the function each bit represents and is discussed for each bit in
the register.
Receiver Data Available (RDA), S Bit 0

The Receiver Data Available status bit indicates when
receiver data can be read from the Rx Data FIFO. The receiver
data being present in the last register (#3) of the FIFO causes
RDA to be “1” for the 1-byte transfer mode. The RDA bit
being “1” indicates that the last two registers (#2 and #3) are
full when in the 2-byte transfer mode. The second character can
be read without a second status rad (to determine that the
character is available). And E pulse must occur between reads of
the Rx Data FIFO to allow the FIFO to shift. Status must be
read on a word-by-word basis if receiver data error checking is
important. The RDA status bit is reset automatically when data
is not available.

Transmitter Data Register Available (TDRA), S Bit 1

The TDRA status bit indicates that data can be loaded into
the Tx Data FIFO Register. The first register (#1) of the Tx
Data FIFO being empty will be indicated by a “1” in the TDRA
status bit in the 1-byte transfer mode. The first two registers
(#1 and #2) must be empty for TDRA to be “1” when in the
2-byte transfer mode. The Tx Data FIFO can be loaded with
two bytes without an intervening status read; however, one E
pulse must occur between loads. TDRA is inhibited by the Tx
Reset or RES. When Tx Reset is set, the Tx Data FIFO is
cleared and then released on the next E clock pulse. The Tx
Data FIFO can then be loaded with up to three characters of
data, even though TDRA is inhibited. This feature allows
preloading data prior to the release of Tx Reset. A “High” level
on the input inhibits the TDRA status bit in either sync
mode of operation (one-sync-character or two-sync-character).
CTS does not affect TDRA in the external sync mode. This
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enables the SSDA to operate under the control of the CTS input
with TDRA indicating the status of the Tx Data FIFO. The CTS
input does not clear the Tx Data FIFO in any operating mode.

Data Carrier Detect (DCD), S Bit 2

A positive transition on the DCD input is stored in the SSDA
until cleared by reading both Status and Rx Data FIFO. A “1”
written into Rx Rs also clears the stored DCD status. The DCD
status bit, when set, indicates that the DCD input has gone
“High”, The reading of both Status and Receive Data FIFO
allows Bit 2 of subsequent Status reads to indicate the state of
the DCD input until the next positive transition.

Clear-to-Send (CTS), S Bit 3

A positive transiton on the CTS input is stored in the SSDA
until cleared by writing a “1”” into the Clear CTS control bit or
the Tx Rs bit. The CTS status bit, when set, indicates that the
CTS input has gone “High”. The Clear CTS command (a “1”
into C3 Bit 2) allows Bit 3 of subsequent Status reads to
indicate the state of the CTS input until the next positive
transition.

Transmitter Underflow (TUF), S Bit 4

When data is not available for the transmitter, an underflow
occurs and is so indicated in the Status Register (in the Tx Sync
on underflow mode). The underflow status bit is cleared by
writing a “1” into the Clear Underflow (CTUF) control bit or

the Tx Rs bit. TUF indicates that a sync character will be
transmitted as the next character. A TUF is indicated on the
output only when the contents of the Sync Code Register is to
be transferred (transmit sync code on underflow = “1°°).

Receiver Overrun (Rx Ovrn), S Bit 5

Overrun indicates data has been received when the Rx Data
FIFO is full, resulting in data loss. The Rx Ovrn status bit is set
when Overrun occurs. The Rx Ovrn status bit is cleared by
reading Status followed by reading the Rx Data FIFO or by
setting the Rx Rs control bit.

Receiver Parity Error (PE), S Bit 6

The parity error status bit indicates that parity for the
character in the last register of the Rx Data FIFO did not agree
with selected parity. The parity error is cleared when the
character to which it pertains is read from the Rx Data FIFO or
when Rx Rs occurs. The DCD input does not clear the Parity
Error or Rx Data FIFO status bits.

Interrupt Request (IRQ), S Bit 7 _

The Interrupt Request status bit indicates when the IRQ
output is in the active state (IRQ output = “Low”). The IRQ
status bit is subject to the same interrupt enables (RIE, TIE, and
EIE) as the IRQ output. The IRQ status but simplifies status
inquiries for polling systems by ‘providing single bit indication of
service requests.

Table 1 SSDA Programming Model

Control* Address "
Register Inputs Control Register Content
RS | R/W [ AC2 [ AC1 Bit 7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Status (S) V] 1 X X Interrupt Recei Recei itter| Clear-to- Data Carrier Transmitter Receiver
Regquest Parity Overrun | Underflow Send Detect Data Data
(IRQ) Error  |{Rx Ovrn){  (TUF) (CTs) (DCD) Register Available
(PE) Available (RDA)
(TDRA)
Control 1 [h] (4] X X Address Address | Receiver | Transmitter Clear Strip Sync Transmitter Receiver
(c1) Control 2 Control 1 | Interrupt| Interrupt Sync Characters Reset Reset
(AC2) (AC1) Enable Enable (Strip Sync) (Tx Rs) (Rx Rs)
(RIE) (TIE)
Recewe |1 |1 |X |x D, D, D, D, D D,
eceive D, D,
Data FIFO 7 6 £ 4 3 2 1 °
Control 2 1 0 1] o Error Transmit Word Word Word 1-Byte/2-Byte Peripheral Peripheral
(c2) Interrupt [Sync Code | Length Length Length Transfer Control 2 Control 1
Enable on Select 3 | Select 2 Select 1 |(1-Byte/2-Byte) (PC2) (PC1)
(EIE) Underflow| (WS3) (ws2) (ws1)
(Tx Sync)
Control 3 1 0 0 1 Not Used Not Used | Not Used| Not Used Clear Clear CTS One-Sync- External/
(c3) Transmitter Status Character/ Internal
Underflow | (Clear CTS) Two-Sync | Sync Mode
Status Character Control
(CTUF) Mode Control [ (E/I Sync)
(1 Sync/
- 2 Sync)
Sync Code | 1 0 1 0 D, D, D, D, D, D, D, D,
iR
Transmit 1 0 1 1
Data FIFO D, D, A D, D, D, b, D,
* 0;"Low" level, 1;"High' level

** “FF" should not be used as Sync Code.
*** When the SSDA is used in applications requiring the MSB of data to be receive and transmitted first, the data bus inputs to the SSDA
may be reversed (D, to D,, etc.). Caution must be used when this is done since the bit positions in this table will be reversed, and the
parity should not be selected.
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Table 2 Functions of SSDA Register

Register Bit | Symbol Function
7 RQ The TRQ flag 1s cleared when the source of the TRQ is cleared. The source is determined by
the enables in the Control Registers: TIE, RIE, EIE.
6 PE When parity error is detected in Read Rx Data FIFO, or a1’ into
__________ ] | receive data. | RxRs(C1Bito).
5 Rx Ovrn Read Status and then Rx Data FIFO,
ora 1" into Rx Rs (C1 Bit 0).
I YuFr A ““1”" into CTUF (C3 Bit 3) or into
| Tx Rs (C1 Bit1).
3 TS into Clear CTS (C3 Bit 2) or
" into Tx Rs (C1 Bit 1)
Status o s/ 1 Conditions Conditions [~
2 DCl Read Status and then Rx Data FIFO
?se)glster for Set for Reset ora “1” into Rx Rs (C1 Bit 0)
1 Byte Transfer Mode; when
the transmit data FIFO (#1)
is em)|
1 TDRA AT — Write into Tx Data FIFO
2 Byte Transfer Mode; when the
transmit data FIFO (#1, #2) is
_ empty. 4
1 Byte Transfer Mode; when the
data is received in the receive
data FIF .
o | RDA | detaFIFOt#3). _____ ___ | Read Rx Data FIFO.
2 Byte Transfer Mode; when the
data is received in the receive
data FIFO (#2, #3).
7 AC2 Used to access other registers, as shown Table 1.
6 ACT |
S RIE When “1”, enables interrupton RDA(SBit0O).
Control T4 TE When “1”, enables interrupt on TDRA (S Bit 1).
?ce‘lg;ster 1 3 Clear Sync When “1”, clears i h synchronization
2 Strip Sync When “1", strips all sync codes from the received data stream.
1 TxRs When 1", resets and inhibits the transmutter section.
0 Rx Rs When “1", resets and inhibits the rec ver section.
7 EIE When “1”, enables the PE, Rx Ovrn, TUF, CTS, and DCD interrupt flags (S Bits 6 through 2).
6 Tx Sync When “1”, allows sync code contents to be transferred on underflow, and enables the TUF
Y Status bit and output. When “‘0", an all mark character is transmitted on underflow.
Control 5T Ws3
Register 2 4 WS2 Word Length Select
(c2) 3 Ws1
2 1-Byte/2-Byte When *“1”, enables the TDRA and RDA bits to indicate when a 1-byte transfer can occur; when
/0", the TDRA and RDA bits indicate when a 2-byte transfer can occur.
1 PC2
) PC1 SM/DTR Output Control
3 | CTUF When 1", clears TUF (S Bit 4), and IRQ if enabled.
g:“,"'td 3 2 Clear CTS When “17, clears CTS (S Bit 3), and 1RO if enabled.
ister
(c;?, 1 1-Sync/2-Sync When 1", selects the one-sync-character mode; when *“0”, selects the two-sync-character mode.
1] E/I Sync When “1”, selects the external sync mode; when 0", selects the internal sync mode.

Table 3 Word Length

Bit5 Bit 4 i

ws3 WS2 e Word Length
1] 0 0 6 Bits + Even Parity
0 0 1 6 Bits + Odd Parity
0 1 0 7 Bits
0 1 1 8 Bits
1 0 0 7 Bits + Even Parity
1 0 1 7 Bits + Odd Parity
1 1 0 8 Bits + Even Parity
1 1 1 8 Bits + Odd Parity

@ HITACHI

Hitachi America Ltd. ¢ 2210 O’'Toole Avenue ¢ San Jose, CA 95131 ¢ (408) 435-8300 203




HD6852,HD68A52

Table 4 SM/DTR Output Control

Bit i Ty
e o SM/DTR Output at Pin 5
0 0 “High” Level®
) 1 Pulse I L_1-Bit Wide, on SM
1 0 “Low’’ Level*
1 1 SM Inhibited, “Low’'"*

* OUTPUT level is fixed by the data written into PC2, PC1.
** When 10" or “11”, output is fixed at "“Low”’,

RDA-PE
Rx Ovrn
s
DCD
TUF
TDRA

m)
m|

RDA
RIE

= INTERFACE SIGNALS FOR MPU

The SSDA interfaces to the HD6800 MPU with an 8-bit
bi-directional data bus, a chip select line, a register select line, an
interrupt request line, read/write line, an enable line, and a reset
line. These signals, in conjunction with the HD6800 VMA
output, permit the MPU to have complete control over the
SSDA.

® Bi-Directional Data Bus (Dy~D,)

The bi-directional data bus (Do~D-) allow for data transfer
between the SSDA and the MPU. The data bus output drivers
are three-state devices that remain in the high impedance (off)
state except when the MPU performs an SSDA read operation.

® Enable (E)

The Enable signal, E, is a high impedance TTL compatjble
input that enables the bus input/output data buffers, clocks
data to and from the SSDA, and moves data through the FIFO
Registers. This signal is normally the continuous HMCS6800
System ¢2 clock, so that incoming data characters are shifted
through the FIFO.

© Read/Write (R/W)

The Read/Write line is a high impedance input that is TTL
compatible and is used to control the direction of data flow
through the SSDA’s input/output data bus interface. When
Read/Write is “High” (MPU read cycle), SSDA output drivers
are turned on if the chip is selected and a selected register is
read. When it is “Low”, the SSDA output drivers are turned off
and the MPU writes into a selected register. The Read/Write
signal is also used to select read-only or write-only registeres
within the SSDA.

® Chip Select (CS)

This high impedance TTL compatible input line is used to
address the SSDA. The SSDA is selected when CS is “Low”.
VMA should be used in generating the CS input to insure that
false selects will not occur. Transfers of data to and from the
SSDA are then performed under the control of the Enable
signal, Read/Write, and Register Select.

@ Register Select (RS)

The Register Select line is a high impedance input that is
TTL compatible. A “High” level is used to select Control
Registers C2 and C3, the Sync Code Register, and the
Transmit/Receive Data Registers. A “Low” level selects the
Control 1 and Status Registers (see Table 1).

@ Interrupt Request (TRQ)

IRQ is a TTL compatible, open-drain (no internal pullup),
active “Low” output that is used to interrupt the MPU. The
TRQ remains “Low” until cleared by the MPU.

® Reset (RES)

The RES input provides a means of resetting the SSDA from
an external source. In the “Low” state, the RES input causes
the following:

1) Receiver Reset (Rx Rs) and Transmitter Reset (Tx Rs) bits
are set causing both the receiver and transmitter sections to
be held in a reset condition.

2) Peripheral Control bits PC1 and PC2 are reset to zero,
causing the SM/DTR output to be “High”.

3) The Erfor Interrupt Enable (EIE) bit is reset.

4) An internal synchronization mode is selected.

5) The Transmitter Data Register Available (TDRA) status bit is
cleared and inhibited.

When RES returns “High” (the inactive state), the transmit-
ter and receiver sections will remain in the reset state until the
Receiver Reset and Transmitter Reset bits are cleared via the
bus under software control. The control Register bits affected
by RES (Rx Rs, Tx Rs, PC1, PC2, EIE, and E/I Sync) cannot be
changed when RES is “Low”.

® CLOCK INPUTS
Separate high impedance TTL compatible inputs are pro-
vided for clocking of transmitted and received data.

® Transmit Clock (Tx CLK)

The Transmit Clock input is used for the clocking of
transmitted data. The transmitter shifts data on the negative
transition of the clock.

® Receive Clock (Rx CLK)

The Receive Clock input is used for clocking in received data.
The clock and data must be synchronized externally. The
receiver samples the data on the positive transition of the clock.

= SERIAL INPUT/OUTPUT LINES
® Receive Data (Rx Data)

The Receive Data line is a high impedance TTL compatible
input through which data is received in a serial format. Data
rates are from 0 to 600 kbps.

® Transmit Data (Tx Data)
The Transmit Data output line transfers serial data to a
modem or other peripheral. Data rates are from 0 to 600 kbps.

® PERIPHERAL/MODEM CONTROL

The SSDA includes several functions that permit limited
control of a peripheral or modem. The functions included are
CTS, SM/DTR, DCD, and TUF.

® Clear-to-Send (CTS)
The TTS input provides a real-time inhibit to the transmitter
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section (the Tx Data FIFO is not disturbed). A positive CTS
transition resets the Tx Shift Register and inhibits the TDRA
status bit and its associated interrupt in both the one-sync-
character and two-sync-<character modes of operation. TDRA is
not affected by tl‘::{’rs input in the external sync mode.

The positive transition of CTS is stored within the SSDA to
insure that its occurrence will be acknowledged by the system.
The stored CTS information and its associated TRQ (if enabled)
are cleared by writing a “1” in the Clear CTS bit. The CTS
status bit subsequently follows the TTS input when it goes
((Inw’)-

The CTS input provides character timing for transmitter data
when in the external sync mode. Transmission is initiated on the
negative transition of the first full positive clock of the
transmitter clock (Tx CLK) after the release of (see Figure
6).

® Data Carrier Detect (DCD)

The DCD input provides a real-time inhibit to the receiver
section (the Rx FIFO is not disturbed). A positive DCD
transition resets and inhibits the receiver section except for the
Receive FIFO and the RDRA status bit and its associated TRQ.

The positive transition of DCD is stored within the SSDA to
insure that its occurrence will be acknowledged by the system.
The stored DCD information and its associated TRQ (if enabled)
are cleared by reading the Status Register and then the Receiver
FIFO, or by writing a “1” into the Receiver Reset bit. The DCD
status bit subsequently follows the DCD input when it goes
“Low”. The input provides character synchronization
timing for the receiver during the external sync mode of
operation. The receiver will be initialized and data will be
sampled on the positive transition of the first full Receive Clock

RES
TxRs=1, RxRs=1
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cycle after release of DCD (see Figure 7).

® Sync Mach/Data Terminal Ready (SM/DTR)

The SM/DTR output provides four functions (see Table 4)
depending on the state of the PC1 and PC2 control bits. When
the Sync Match mode is selected (PC1 = “1”, PC2 = “0”), the
output provides a one-bit-wide pulse when a sync code is
detected. This pulse occurs for each sync code match even if the
receiver has already attained synchronization. The SM output is
inhibited when PC2 = “1”. The DTR mode (PCl1 = *“0”)
provides an output level corresponding to the complement of
PC2 (DTR = “0” when PC2 = “1>.) (see Table 4.)

® Transmitter Underflow (TUF)

The Underflow output indicates the occurrence of a transfer
of a “fill character” to the Transmitter Shift Register when the
last location (#3) in the Transmit Data FIFO is empty. The
Underflow output pulse is approximately a Tx CLK “High”
period wide and occurs during the last half of the last bit of the
character preceding the ‘“Underflow” (see Figure 4). The
Underflow output pulse does not occur when the Tx Sync bit is
in the reset state.

® NOTE FOR USAGE _

If the hold time of CS signal and R/W signal is within 50~
230 ns, there is a case that Transmit Data FIFO is not cleared
and TDRA flag is not set when software reset using TxRS
(TxRS=1) is executed. Usual program for data transmission will
start to send the data as shown in Fig. 11 and Fig. 12.

In this case, the data of the first three bytes are not preset
and unexpected data which is remaining in Transmit Data FIFO
are sent in the first two bytes.

DTR

Initialhize Control
Register C1, C2, C3 TxRs

RxRs

TxData

Preset 3 Bytes
Data to TxFIFO

C A T & 1T = s

RxData

Program parameters
to Control Register C2 TORA

and let DTR outputy._
1

n n__n apl I I i

Dats —+ TxFIFO

Start to transmut and

Data #1 Data #2 Data #3

Data #4

Receive
{TxRs=0, RxRs=0)

Figure 11 Normal Flow of Starting
the Transmission and Reception

In case of SSDA, Address Hold Time should be from 20 to

50 ns or over 230 ns.
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When address hold time 1s N
wathin 60~230 ns, sometimes
TDRA fiag 1s not set.

Figure 12 Transmission Start Sequence

o DCD Input in External Synchronization Mode

In case of receiving data in External Synchronization Mode,
Receive data is put off by one bit at times, when DCD is drived
like_fLin RxCLK cycle in which RDA flag is set.

@ HITACHI
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HD6852,HD68A52

(Usual Case)

i

D, starts at RxCLK rise after DCD "%

e nipipipininipipipinipinininiy

" - I
' + + y

RxData D, + .

o, D, |

RDA flag

|

|

[
Read operation of Receive
Data FIFO after read
operation of Status Register,
DCD input

Read operation of Receive Data FIFO after
read operation of Status Register
(Data $FO)

(Unusual Case)

v+ 4

Read data is put off by one bit

S nlpinipininininipininipininie

RxData D, D, D, 5 DO b |Db, DO DO, D |0DO
RDA flag rL l‘L
! !
Read operation of Receive Data FIFO after " "
read operati f i Read operation of Receive Data FIFO after read
5B i peration of Status Register operation of Status Register (Data $78)
input

|

To avoid this case, use SSDA in the following method.

(1) DCD "Land RxCLK 7L_should meet the relation shown
in Fig. 14.

_J

Figure 13 Exceptional External Sync Operation

RXCLK | |
o
RxData b+t X o, X o
H i |
';(—){(—)2
ot t, = 500 nsec
t, >0

Figure 14 DCD Input Timing in External Sync Mode

(2) RxData should be input regarding the second RxCLK rise
as D, bit, after DCD™L_.
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206

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



HD46508, HD46508-1,

HD46508A, HD46508A-1
ADU (Analog Data Acquisition Unit)

The HD46508 is a monolithic NMOS device with a 10-bit
analog-to-digital converter, a programmable voltage comparator,
a 16-channel analog multiplexer and HMCS6800 microprocessor
family compatible interface.

Each of 16 analog inputs is either converted to a digital data
by the analog-to-digital converter or compared with the speci-
fied value by the programmable comparator. The analog-to-
digital converter uses successive approximation method as the
conversion technique. It’s intrinsic resolution is 10 bits but it
can be 8 bits if the programmer so desires. The programmable
voltage comparator compares the input voltage with the value
specified by the programmer. The result (greater than, or
smaller than) is reflected to the flag in the status register.

The device can expand its capability by controlling the
external circuits such as sample holder, pre-amplifier and
external multiplexer.

With these features, this device is ideally suited to applica-
tions such as process control, machine control and vehicle
control.

FEATURES

16-channel Analog multiplexer

Programmable A/D Converter resolution (10-bit or 8-bit)
Programmable Voltage comparison (PC)

Conversion Time 100us (A/D), 13us(PC)

External Sample and Hold Circuit Control

Auto Range-switching Control of External Amplifier
Waiting Function for the Settling Time of External
Amoplifier

Interrupt Control (Only for A/D conversion)

Single +5V Power Supply

Compatible with HMCS6800 Bus (The connection with
other Asynchronaus Buses possibie)

® BLOCK DIAGRAM

HD46508P, HD46508P-1, HD46508PA, HD46508PA-1

(Top View)

Comparator Comparator __ svivee " OPDERING INFORMATION
=" Input
i (COMPIN} GND (Vss) ADU Bus Timing Non Linearity”
Lo~ Common  «g— le— CLK (1MHz)  HDA46508A 1 MHz
utput HD46508A-1 1.5 MHz s
HD46508 TMHz
Al
g 2 HD46508-1 15MHz *aLse
Al = 1061 D/A gl oo . -
' Converter Dats SK Y d for 10 bit A/D
1 16- ]
| channet @
e | tnaer |
Inputs i plexer
: - :
1 L g.
N Control
Al > s,
RS,
T 1 RW
(Ezmnl M
Sgral
(GAINSEL)
5v Anaslog GND (NOTE] PC Data Dats for programmable
(REF(+)) (REF(-)) voltage comparison
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00€8-GEV (80Y) o LELSH VO ‘9SO UBS e 8NUBAY 9J00L,0 0122 o P BOUBWY IYdeIH

D,~D, <
- ‘_‘E
-
l U . s,
J U
_— | cH.wex ] | rec.o | | rec.1 | | RrEc.4 ] - L
D 3 R/W CONTROL

[ rec.2 ] | rec.3 | U U

C.START js<——RS,
© @ I"zoe"| "410"| SYNCHRONOUS

to ®
32 ® - CIRCUIT
CcLK —{coNnT}=—cD le————— RS,
R%. (Reg. 0)
le—————— R/W
CH. MPX d
BASIC | I {F i

TIMING l« ————— RE
GENERATOR —
SUCCESSIVE D/A
APPROXIMATION (1024 LADDER
REGISTER RESISTANCE & < Alo
DECODER)
fe——————— Al
EXPAND ® PC, GS, GO, a1®: !
controL [*7ST (Reg.0, 1) :
(Reg. 0) U '
1
|
MODE SELECT ANALOG !
& GAINSEL MPX !
CONTROL H
|
1
1
(
|
i
COMPARATOR Al
1
DO~D3 (Reg. 1)
MI
GAINSEL REF(+) REF (-) COMPIN  COMMON

206" : Fixed Data for Auto Range-Switching x 4
410" : Fixed Data for Auto Range-Switching x 2

Figure 1 Internal Block Diagram
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HD46508,HD46508-1,HD46508A,HD46508A-1

8 ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee” -0.3~+7.0 \
Input Voltage V" -0.3~ +7.0 \';
Analog Input Voltage Vain® -0.3~+7.0 \'/
Operating Temperature Topr -20~+75 °C
Storage Temperature Tstg - 55~ +150 °c
* Withsespect to Vgg (SYSTEM GND)
{NOTE] Permanent LS| damage may occur if maximum ratings are exceeded. Normal operation should be under d operating diti

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

s RECOMMENDED OPERATING CONDITIONS

Item Symbol min typ max Unit
Supply Voltage ) Vee* 4.75 5.0 5.25 v
Input “High’’ Voltage Vin* 2.0 - Vee \
Input “Low” Voltage Vi * -0.3 — 0.8 \
Analog Input Voltage Vain® 0 - VREF(+) \
* - \Z Vcce+0.25
Reference Voltage Vaerw) m ee cc*0 v
Vaer(-) -0.1 o -
Voltage Center of Ladder ﬁ."’“’—;v"f_‘_‘;’. — .\izc_‘f_ %+0.25 v
Operating Temperature Topr -20 25 75 °c
*With respect to Vgg (SYSTEM GND)
8 ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS <1> (Vgc =5V + 5%, Vgs =0V, Ta= -20~+75°C, unless otherwise noted.)
Item Symbol Test Condition min typ max Unit
Input “High” Voltage Vin 2.0 - Vee v
Input “Low” Voltage \/m -0.3 - 0.8 \4
Do ~ Dy lon = -205uA 24 - -
Output ““High*’ Vi = -200uA 4 - - \"
utput “Higl oltage GAINSEL Vou lon 00u. 2
Ton = ~104A Vee-1.0 - -
D,~D,, GAINSEL lo, = 1.6 mA - - 04
Output “Low" Vol = V v
utput "Low™ Voltage Ra oL lo, =3.2mA - - 04
E,CLK, RW
Input Leakage Current RES, RS,, RS; [ Vin =0~ 526V -25 - 25 HA
CSo, CS;
Three-State (off state)
lnput Current Do D-, lTSI vln =04~ 24V -10 - 10 MA
Output Leakage —_ B
Current IRQ I on Vou =24V - - 10 MA
Power Dissipation Po = - 500 mW
Do ~ D-, - - 125 pF
Input Capacitance E.CLK, R Vin =0V, Ta=26°C
put Lap RES, RSo, RS; |  Cin =1 MHz - - 10.0 pF
CSo, CS;
— in =0V, Ta=25°C
Output Capacitance IRQ, GAINSEL Cout Vin =0V, Ta=2 - - 10.0 pF
f=1MHz
@ HITACHI
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HD46508,HD46508-1,HD46508A, HD46508A-1

® DC CHARACTERISTICS <2> (V¢c =5V + 5%, Vgg = 0V, Ta = -20~+75°C, unless otherwise noted.)

Item Test Condition min typ max Unit
X i Vain =5.0V,
Analog Multiplexer ON Resistance Ve = 4.75V, Ta= 25°C - - 1 kQ
Vain = 5.0V
Vee = 4.75V, Ta= 25°C - 10 100 nA
OFF Channel Leakage Current COMMON = oV
Vain =0V, Ta=25°C
Vce = 4.75V, COMMON = 5V -100 -10 - nA
Analog Multiplexer Input Capacitance - - 7.5 pF
Ladder Resistance VRger +) = 5.0V
(from REF(+) to REF(-)) Veer () =0V, Ta=26°C 10 - 40 (39]
® CONVERTER SECTION (Ta =256°C, Ve = Vpgp) = 5.0V, toyeC = 1us, unless otherwise noted.)
1. 10-BIT A/D CONVERSION
HD46508A, HD46508A-1 HD46508, HD46508-1 .
Item - - Unit
min typ max min typ max
Resolution — 10 - - 10 - bits
Non-linearity Error * - +1/2 * - +1 +3 LSB
Zero-Error - +1/2 +3/4 - +1/2 +1 LSB
Full-Scall Error - +1/4 +1/2 - *1/2 +1 LSB
Quantization Error - - +1/2 - - +1/2 LsB
Absolute Accuracy * - 1 +3/2 - +2 +4 LSB
2. 8-BIT A/D CONVERSION
HD46508A, HD46508A-1 HD46508, HD46508-1 .
Item - - Unit
min typ max min typ max
Resolution - 8 - — 8 - bits
Non-linearity Error * - +1/8 +1/4 - +1/4 +3/4 LSB
Zero-Error - +1/4 +3/8 - +3/8 +1/2 LSB
Full-Scall Error - *+1/4 +3/8 - +3/8 +1/2 LSB
Quantization Error - - +1/2 - - +1/2 LSB
Absolute Accuracy * - +5/8 +3/4 - +3/4 15/4 LSB
3. PROGRAMMABLE VOLTAGE COMPARISON (PC)
HD46508A, HD46508A-1 HD46508, HD46508-1
Item . - Unit
min typ max min typ max
Resolution - 8 - - 8 - bits
Non-linearity Error * — +1/8 +1/4 - *1/4 +3/4 LSB
Zero-Error - +1/4 +3/8 — +3/8 +1/2 LSB
Full-Scall Error - *1/4 +3/8 - +3/8 *+1/2 LSB
Absolute Accuracy * - +3/8 +5/8 - +1/2 +1 LSB

*Temperature Coefficient; 25 ppm of FSR/°C (max)
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® AC CHARACTERISTICS (Vcc=5.0V + 5%, Vgg =0V, Ta=-20~ +75°C, unless otherwise noted.)

1. CLOCK WAVEFORM

HD46508,HD46508-1,HD46508A, HD46508A-1

Test cD*=0 CcD*=1 .
Item Symbol o Unit
v Conditions min typ max min typ max n
CLK Cycle Time teyeC 1.0 - 10 0.6 — 5 Hs
CLK “High” Pulse Width PWcy . 0.45 — 4.5 0.22 — 2.2 Hs
CLK “Low" Pulse Width|  PW¢,_ Fig. 2 0.40 — 4.0 0.21 _ 2.1 us
Rise and Fall Time of
CLK ter, tes - - 25 - - 25 ns
* CD : CLK Divider bit
{2.0v 2.0V 2.0v
CLK 0.8V7 0.8v 7 0.8v
—>{ tcy fe————PWcy tct PW¢ | —————
teyec
Figure 2 CLK Waveform
2. IRQ, GAINSEL OUTPUT
Item Symbol Test condition min typ max Unit
iRQ Release Time tia Fig. 3 - - 750 ns
§ teso1 . = = 750 ns
| Fig. 4
GAINSEL Delay Time tass ig — — 750 s
tgspr: TTL Load
tgsp2: CMOS Load
E / 0.8v
UR
2.4v
RG
Figure 3 TRQ Release Time
G HITACHI
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HD46508,HD46508-1,HD46508A,HD46508A-1

(1) Sample & Hold N
2.0v
CLK /
Vccx0.7°_'...‘_”
L
24V
GAINSEL
[*——tasD1 *CMOS Load
tesp2

(2) x2, x4 Auto Range-Switching, Programmable Gain

CLK \(- 0.8V

Vc¢x0.7"—7':" -
/
2.4V
*CMOS Load
—tGsD1
tesp2 ——>
Figure 4 GAINSEL Delay Time
3. BUS TIMING CHARACTERISTICS
READ OPERATION SEQUENCE
HDA46508 HD46508-1
Jtem Symbol Co::is:ion HD46508A HD46508A-1 Unit
min | typ max | min typ | max
Enable Cycle Time teycE 10| - — | 0.666 | — - | wMs
Enable ““High” Pulse Width PWen 045 | — - | 028 - - | ws
Enable “Low" Pulse Width PWe 040 | — — | 028 | — — | wus
Rise and Fall Time of Enable | tg, tgs - - 25 - | = 25 ns
Address Set Up Time tas Fig. 5 140 - - 140 | — - ns
Data Delay Time tobR - —_ 320 -] - 220 ns
Data Access Time tace - — | 460 - | - 360 ns
Data Hold Time tH 10 — - 10| — - ns
Address Hold Time tAH 10 = — 10| - - ns
G HITACHI
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HD46508,HD46508-1,HD46508A, HD46508A-1

WRITE OPERATION SEQUENCE

HD46508 HD46508-1
Item Symbol Col'gisttion HD46508A HDA46508A-1 Unit
min typ | max | min typ | max
Enable Cycle Time toycE 1.0 - — | 0666 | — — Ms
Enable “High” Pulse Width PWey 045 | -~ - 10280 - — | ks
Enable ’Low" Pulse Width PWg 040 | - - 10280 | — — | M
Rise and Fall Time of Enable | tg,,tgs Fig. 6 - - 25 -] - 25 | ns
Address Set Up Time tas 140 | - - 140 | - - | ns
Data Set Up Time tpsw 195 | — - 80| - — | ns
Data Hold Time ty 10| - = 10| — - ns
Address Hold Time tan 10| - — 10| — — | ns
teycE
f-20v 20v 20V
ter —» / je— —> \|*tef
€ 7 |osv -0.8v 0.8V
le—tAS. PWEH e PW | ——ee—int
je—tDDR——>{ let A1y
Gs,
f20v 20V
RS,, RS,
os8v
RIW, CS, o8
tacc —ﬁ th [
]£2.4V !\2.4V
D,~D, \ (
0.4V 7 04v

Figure 5 Read Timing
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HD46508,HD46508-1,HD46508A HD46508A-1

teycE:

2.0V X 20V 2.0V
tEr —f ] — —'—\)‘—‘Er
£ 08V 4 0.8V 08v
tas—oe———PWegy———3 [« PWg,——>
— *'DSH [t A H >
Cs,,RIW
20V 2.0V
RS,, RS,
0.8v 0.8V
cs, 7
—f ty [—
.
2.0v 20V:
D,~D,
0.8V 0.8V4
Figure 6 Write Timing
50V 5.0v
Ry
9
s R RL
Test Point Test Point
[+ R [
LOAD A (D,~D,, GAINSEL) LOAD B (iRQ)
RL = 2.4kQ RL = 24k
R = 11ka R = 3kQ
C = 130pF C = 100pF
Diode = 152074® Diode = 152074®
or Equivalent or Equivalent
Test Point
30pF
LOAD C (GAINSEL)
Figure 7 Test Load
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= SIGNAL DESCRIPTION

® Processor Interface
Data Bus (Do~D7)

The Bi-directional data lines (Do~D-) allow data transfer
between the ADU and MPU. Data bus output drivers are
three state buffers that remain in the high-impedance state
except when MPU performs a ADU read operation.

Enable (E)

The Enable signal (E) is used as strobe signal in MPU R/W
operation with the ADU internal registers. This signal is
normally derived from the HMCS6800 system clock (¢, ).

Chip Select (CS,, CS;) _

The Chip Select lines (CS,, CS,) are used to address the
ADU. The ADU is selected when CS, is at “High” and CS, is
at “Low” level.

Read/Write (R/W)

The R/W line controls the direction of data transfer be-
tween the ADU and MPU. When R/W is at “High” level, data
of ADU is transferred to MPU. When R/W is at “Low” level,
data of MPU is transferred to ADU.

Register Select (RS,, RS;)

The Register Select line (RS, , RS, ) are used to select one
of the 4 ADU internal registers. Table 1 shows the relation
between (RS, RS;) address and the selected register. The
lowest 2 address lines of MPU are usually used for these
signals.

Reset (RES)

This input is used to reset the ADU. An input “Low” level
on RES line forces the ADU into following status.

1) All the shift-registers in ADU are cleared and the conver-
sion operation is stopped.

2) The GAINSEL output goes down to “Low” level. The
IRQ output is made “Off’state and the Do~D, are made
high impedance state.

Interrupt Request (IRQ) (Open Drain Output)

This output line is used to inform the A/D conversion end
signal to the MPU. This signal becomes active “Low” level
when IE bit in the control register 1 is “1” and IRQ bit in
the control register 2 goes “1” at the end of conversion. And
this signal returns to “High” right after The MPU reads the
A/D Data Register (R3). Programmable voltage comparison

8 FUNCTION OF INTERNAL REGISTERS

HD46508,HD46508-1,HD46508A, HD46508A-1

does not affect this signal.
©® Analog Data Interface
Analog Input (Aly~Al;s)

The Input Analog Data to be measured is applied to these
Analog Input (Al,~Al, 5 ). These are multiplexed by internal
16 channel multiplexer and output to COMMOM pin. A
particular input channel is selected when the multiplexer
channel address is programmed into the control Register 1
(R1).

Multiplexer Common Output (COMMON)

This signal is the output of the 16 channel analog multi-
plexer, and may be connected to the input of pre-amplifier
or sample/hold circuit according to user’s purposes. When no
external circuit needed, this output should be connected to
the COMPIN input.

Comparator Input (COMPIN)

This is a high impedance input line that is used to transmit
selected analog data to comparator. The COMMON line is
usually connected to this input. When external Pre-amplifier
or Sample/hold circuit is used, output of these circuits may
be connected to this input.

Reference Voltage (+) (REF (+))

This line is used to apply the standard voltage to the in-

ternal ladder resistors.
Reference Voltage (—) (REF (-))
This line is connected to the analog ground.

e ADU Control
Conversion Clock (CLK)

The CLK is a standard clock input signals which defines

internal timing for A/D conversion and PC operation.
Gain Select (GAINSEL) (CMOS Compatible Output)

This output is used to control the external circuit. The
function of this signal is programmable and it is specified
by (G1, GO) bits in Control Register 0. By using this output,
user can control the auto-range-switching of external pre-
amplifier, also control external sample & hold circuit, etc. as
well,

[NOTE] This LSI is different from other HMCS6800 family
LSIs in following function
o RES doesn’t affect IE bit of RO

® Structure
Table 1 Internal Registers of the ADU

— 3 Data Bit
CS; | CSy | RS; | RS, |Reg. # Register Name Read | Write 7 s 5 |4 3 2 3 o
0 1 0| 0 RO Control Register 0 (o] o IE |CD | ST G1 | GO
ol 1] o] 1] Rl Control Register 1 [®) O |SC[GS|[PC| M | D3[D2]|D1]| D0
0 1 1 0 R2 Status & A/D Data Register (H) (o] x IRQ | BSY|PCO OV |DW | C9 | C8
0 1 1 1 R3 A/D Data Register (L) O x c7|C6|C5(C4 |C3[C2|C1|CO
0 1 1 1 R4 PC Data Register X (e} B7 (B6 | B5S (B4 | B3 | B2 | B1 | BO
(Note) O---YES

x ---NO
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HD46508,HD46508-1,HD46508A, HD46508A-1

Control Register 0 (R0)

7 6 5 4 3 2 1 0
IE| CD | ST G1 | GO
Neee——d 111 " uon
I——> Mode Select See Table 2
Not Used
Not Used
Not Used
Settling Time Available Not Available
CLK Divider CLK/2 CLK
Interrupt Enable® Enable IRQ Mask 1RQ
Figure 8 Control Register 0 “RES doesn’t affect IE bit.
Control Register 1 (R1)
7 6 5 4 3 2 1 0
SC| GS [PC |MI| D3| D2 | D1 | DO
wqe g
!—> MPX Channel Address See Table 3
—» MPX Inhibit Inhibited Not Inhibited
» Prog. Comparator Select | Prog. Comparator mode A/D Converter mode
# GAINSEL Enable GAINSEL Enable GAINSEL Disable
Short-cycle Conversion 8-bit Length 10-bit Length
Figure 9 Control Register 1
Status & A/D Data Register (H)
7 6 5 4 3 2 1 0
IRQ|BSY |PCO Oov|/DW |C9 | C8
\_—'_/ g hpyee
1 0
‘-——— Upper bit (10 bit data)
L. = DataWeight See Table 4.
L« DataOver Scale flag Data is over scale Within the scale
Not Used
Programmable .
Comparator Output Vain > Vo Vain <Vp
Busy flag Under Conversion Conversion Completed
IRQ flag Requested Not Requested
Vain: Unknown Input Voltage
Vp: Programmed Voltage by R4
C9, C8 bits are cleared when 8 bit A/D conversion is performed.
Figure 10 Status & A/D Data Register (H)
A/D Data Register (L)
7 6 5 4 3 2 1 0
c7|C6 |C5E|C4| C3|C2|C1|CO

216

Lower order 8 bit Data (Normal 10 bit Conversion)

18 bit Data (8 bit Short-cycle Conversion)

Figure 11 A/D Data Register (L)
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PC Data Register
71 6 5|4 |3 2 1 0
B7|B6 | B5 | B4 | B3| B2 | B1| B0

< 7

HD46508,HD46508-1,H

8 bit Data for Programmable Voltage Comparison

Figure 12 PC Data Register

D46508A,HD46508A-1

SC bit SC=“1", Short-cycle conversion
(Short-cycle) (8 bit length)
" . SC=“0", Normal conversion
©® Description for the Internal Registers ’
Control Register 0 (RO) (10 bit length)

This Register is a 5-bit read/write register that is used to  GS bit GS =*1", GAINSEL signal is
specify Interrupt Enable (IE), CLK Divider (CD), Settling (GAINSEL Enable) enabled. The function of
Time (ST) and Mode Select (GO, G1). This Register should GAINSEL is specified by
be written before writing R1. (GO, G1) bits.

GS =*“0", GAINSEL signal is dis-
abled. (“Low” level)
wen . PC bit PC=“1", Programmable voltage
IE bit: IE =“1”, Interrupt is requested (Program comparator) comparator mode
(Interrupt Enable) through the output. PC=%0", A/D conversion mode
IE= .(.) ,: lnterr.upt is masked. MI bit MI=“1", Internal MPX elis
CD bit: CD=“1", CLK+2isused as internal (MPX Inhibit) inhibited in order to use
(Clock Divider) clock. external MPX channel.
CD=“0", CLK is used directly. MI =“0”, Internal MPX channel is
ST bit: ST=“1”, First comparison is executed used.
(Settling Time) af;eer lt expanded c¥cle it!: DO~D3 These bits are used to select the
order to compensate exter- (MPX channel ticular MPX channel.
nal amplifiers settling delay. ) per ©
ST =*“0”, Cycle is not delayed.
GO, G1 bit; These bits are used to specify the func-
(Mode select) tion of GAINSEL signal when GS bit
is “1” Table 3 MPX Channel Addressing
Channel #1 D3 D2 D1 DO Analog Input
0 0 0 0 0 Alg
F i f GO,
Table 2 Function of GO, G1 1 0 0 0 1 Al
G1 GO Mode Select 2 0 0 1 0 Al
0 0 Sample & Hold 3 0 0 1 1 Aly
0 1 Auto Range-Switching x 2 4 0 1 0 0 Alg
1 0 Auto Range-Switching x 4 5 0 1 0 1 Alg
1 1 Programmable Gain Control 6 0 1 1 0 Alg
7 0 1 1 1 Al,
8 1 o o o Alg
9 1 0 (] 1 Aly
‘Control Register 1 (R1) 10 1 0 1 0 Algo
This register is an 8-bit read/write register that is used to
store the command for A/D conversion mode and program- " 1 0 1 1 Aly
mable comparison mode. This register includes MPX channel 12 1 1 0 0 Alj,
address (Do~D3), MPX inhibit (MI), programmable com- 13 1 1 0 1 Algs
parator select (PC), GAINSEL enable (GS) and short-cycle 14 1 1 1 0 Al
conversion (SC) bits. When this register (R1) is programmed, "
each conversion mode starts. 15 1 1 1 1 Alys
@ HITACHI
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Table 4 Function Select OV bit This bit is set when analog data is
- (Over scale) greater than or equal to reference Volt-
PC | SC Function GS (GO, G1) age (VREF))-
0 10 bit AD CONV. 0 DISABLE
0 1 ENABLE* PC(%-[:;rmmable gh.is bilt) 1 indi;:ates the rgsult of pro-
. rammable voltage comparison.
1 | 8bit AD CONV. 0 | DISABLE comparator %17 >PCO  Vain SVp
1 ENABLE Output) “0”>PCO Vain<Vp
1 X PROG. COMP (8 bit) | x DISABLE Vain : Analog Input
x = Do not care Voltage to be
» = See Table 6
[NOTE] CD bit and ST bit are effective in every case. Vp: P:(:)g‘:‘al::::g d Voltage
(R4)
Status & A/D Data Register (H) (R2)
This register is a 7-bit read only register that is used to BSY bit This bit indicates that the ADU is now
store the upper 2-bit data (C8, C9), data weight (DW), data (Busy) under conversion.
overscale (OV), programmable comparator output (PCO),
busy (BSY) and interrupt request(IRQ). IRQ bit This bit is set when the A/D conversion
Int t has completed and cleared by readin
(C8,C9) : These bits store upper 2-bit data mea- %:qi:;l)) the R3. P y $
(Upper bit data) sured by 10 bit length conversion.
A/D Data Register (L) (R3)
DW bit : This bit indicates data weight when This register is an 8-bit read-only register that is used to
(Data weight)  Auto range-switching mode is selected. store the lower 8 bits data of 10-bit conversion or full 8 bits
This bit is set or reset when the con- data of the 8-bit conversion.
version has completed. The conditions PC Data Register (R4)
are shown in following Table. This register is an 8-bit write-only register prepared for
In this mode GAINSEL output also goes Programmable Voltage comparison. Stored data is converted
“High” or “Low” on the same condi- to digital voltage, and compared with analog input to be
tion shown in Table 5. measured. The result of comparison is set into PCO bit.
Other status of DW bit is shown in
Table 6.
Table 5 Data Weight (DW) Set or Reset Condition
Condition Se 1) Reset  (“0”)
Mode ! eset |
o 410 410
Auto Range-Switching (x2) Vain < 1024 * VRerw) Vain > 1023 ° VREF ()
o 206 206
Auto Range-Switching (x4) Vain < 1008 VREF(+) Vain> 024 VReF+)
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Vain :
VREF(+) ° Voltage Applied to REF(+)

: Analog Input Voltage to be measured
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Reg 0 Reg 1 i
. [
1 1}
1 H )

////-.’//////////// D22 220 2 2 2 0000000440 022 2222800000777/ 022 ///////////////////////////////--////////

: Conversion start

N N O //. \ Xz

X 1f
\

Conversion, l
MSB (2°) LSB (2°)

Analog e —— “
MPX Out B 2)]
\ { \ Conversion end
T2 | 4 \]
iRQ 4 = &‘_
h
o wesin 1 7,
reaner' 7 7

Figure 13 A/D Conversion Timing Chart (Basic Sequence)
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® A/D Conversion and PC sequence

10 bits A/D Conversion

(teyc=1us)

Conversion Start

Conversion End
1) Basic Sequence
SC = 0" 2° 28 27 26 25 24 23 22 2! 20
( ST = "0”) (MSB) (LsSB)
GS="0 ==—O1§ ~tee— Q15—
. 90us
2) Basic Sequence 7
(When overscale 2|l 2| 2] 2| 2| 2| 2| 2| 2| 2 Fi
is detected) (MSB) (LSB) 3le]
< s — t
Overscale check Cycle
(Analog Input is com-
pared with Vagg(4).)
3) Expanded Sequence
SC = “0” Expand 2° 2 2’ 2 2 2 2 2 2! 2
(ST =" Cycle | (MSB) (LSB)
GS="0 18us
MSB cycle is expanded to compensate external amplifier’s settling delay.
4) Auto Range-
Switching Control . X
Sequence —> “GAINSEL" goes ’High’’ according to the result of comparison.
SC = 0" Auto] 2° 28 2’ 28 2 2* 2 22 2! 2°
ST = ‘0" Range{ (MSB) (LSB)
GS = u1 " vl / - -
GO= 0" L gﬂst—’i Auto Range-switching cycle
(G1 =g (Analog Input is compared with 1/2 Vgeg+) OF 1/4 VRgg)
at this cycle)
or
GO= "1 ,,)
G1="9"
5) Auto Range- a) Analog Input < 1/2 Vggg+) of 1/4 Vgep)
Switching & Expansion
Control “GAINSEL" goes “High"’
Sequence v % b
SC = “0” fExpandf AutoFExpand|  2° 28 27 26 25 2¢ 23 22 2! 2°
ST =1 |£ Cycle PRange Cycle] (MSB) (LSB)
GS="1"
GO = uon) 18 us 18 us -——-Qus—-l
G1="1"
or
(GO = 1:1 ”
G1= 0"
2 2* 22 2 2! 2°
(LSB)
GAINSEL doesn’t go ““High”
6) Sample & Hold * “GAINSEL" goes “High"’
Control Sequence
SC = “0" 2 28 2 2 2 2 2 2 2! 2
ST = 0" (MSB) (LSB)
GS="1" =
GO = "0” Ius tg = 5.5us +tgsp1 Of tasp2
G1= Q"
@ HITACHI
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7) Programmable
Gain Control “GAINSEL" always goes ‘"High’’
Sequence
SC = 0" 2° 28 27 2¢ 2 2* 28 22 2! 2°
ST = “0° (MSsB) (LSB)
e ~ 9us +
G1="1"

8) Programmable
Gain & Expansion “GAINSEL" always goes “‘High"’
Control Sequence
SC = “0” Expand] 2° 2® 2’ 2° 2¢ 2* 2 2 2! 2°
g‘ls' = ’:::’ Cycle] (MSB) (LSB)
a0 = ous

G1= g

8 Bit A/D Conversion
1) Basic Sequence
sC="1" 72 z2] 222271 »
(ST = “0") (MSB) (LSB)
GS= 0" :

Additional conversion cycle
for rounding the LSB - 1 Bit.

4
2¢ 25 2¢ 2 22 2! 2°
(LSB)

2) Expanded Sequence
SC ="
(o)
Gs = uoll

Programmable Voltage Comparison

1) Basic Sequence
PC = yer ) PC
ST = “0"

2) Expanded Seq
PC="1 u)
sT = 111 ”

® HOW TO USE THE ADU 1) Auto Range-Switching (Auto Gain) Control
2) Programmable Gain control
® Functions of GAINSEL 3) Sample & Hold control
The ADU is equipped with programmable GAINSEL out- GAINSEL output is controlled by Mode Select bit (GO,
put signal. By using GAINSEL output and external circuit, G1) when GAINSEL enable bit (GS) is “1”.
the ADU is able to implement following control.

Table 6 GAINSEL Control

GS G1 GO GAINSEL Control Mode DW
0 x 3 “Low” Normal Use (GAINSEL is not used) 0
1 1] 0 “High” Sample & Hold control 0
1 0 1 . Auto Range Switching x 2 control "o
1 1 0 . Auto Range Switching x 4 control "
1 1 1 *High”’ Programmable Gain control 1
* GAINSEL goes ““High' or “Low’ according to the condition shown in Table 5. )

*# See, Table 5.
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How to Control External Circuit

(1) Sample & Hold Control (G1=0, GO=0)

An example of Sample & Hold circuit is shown in Fig. 14.
When ADU is set in Sample & Hold Control Mode, GAINSEL
becomes ‘‘High” level on conversion and controls the data hold-
ing.

(2) Automatic Range Switching Control (G1=0, GO=1 or G1=
1, GO=0)

The GAINSEL signal controls the external amplifier which can
change the ratio of voltage amplification. (GAIN: 1 - 2 times or
1 —> 4 times). Fig. 15 shows Automatic Range Switching Con-
trol. In this case, when the input voltage is lower than 206/1024
VREF(+), GAINSEL becomes “High” level. This makes the GAIN
of the amplifier change from 1 to 4 times, and 4 times value
of the input voltage is A/D converted. Using this function even
if an input signal is small, it is possible to execute A/D conver-
sion in nearly full scale. In this mode, when GAINSEL signal
becomes “High”, DW bit becomes “1” to show the range
switching is in a progress.

(3) Programmable GAIN Control (G1=1, G0=1)

The GAINSEL signal is used for controlling the external
amplifier of any GAIN which is fit to the system.

In this mode, GAINSEL always becomes “High” at the
beginning of A/D conversion, so the change of range is con-
trolled by GS bit. Converted data need to be corrected in soft-
ware in accordance with GAIN of the amplifier.

This mode is effective in the case of converting very small
input voltage.

(Note) Refer to “ADU Function Sequence” (A/D Conversion
and PC Sequence) for the timing in which GAIN-
SEL signal becomes “High”. GAINSEL signal becomes
“Low” in accordance with “1” - “0” change of BSY
bit. Refer to Fig. 13.

x1 Sample & Hold

+8V
HA17902

HD14066
OR EQU

HA17902

e —

COMMON I Vss GAINSEL | REF(-)| COMPIN

ADU

+8v

HA17902
OR EQU) A
+
30 01%
1k 01%
COMMON REF (-) |COMPIN

Figure 15 Pre-amplifier Circuit
(x1, x4 Auto-Range Switching)
® Overscale Check

ADU is equipped with hardware overscale detection
function. The overscale detection is performed auto-
matically when the result of A/D conversion is 20-1 (all
bits = 1). When analog input V,;, is higher than VREF(#),
overscale bit (OV) is set to “1”. The definition of the over-
scale is illustrated in Fig. 17. And the flow of overscale
check is shown in Fig. 16.

A/D CONVERSION

ov DATA NOTE
0 m - -1 NOT OVERSCALE
1 LA BETEEERT | OVERSCALE

n Frmmm e m—e o
2ol wdeal transition
- ] -
! 1
8 1o \
a | ] | overscale area
8 il | of the ADU
I
) : T :
< 100 pt !
=4 [
Qo Py ! |
o | | | ! |
- | to b !
5 oo I \
g | | | |
| 1 |
3 0011 | : | \
i | 1 |
[
Vel
15/8 |
[
1 | |

000
0118 1 1/413/811/215/8 {314,718 818 qprecaie
—~— 1 1 ] refers voltage
\
Figure 14 Sample & Hold Circuit A2 R Ramz e
NORMALIZED ANALOG INPUT
Figure 17 Definition ADU'’s Overscale
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® Usage of the PC
The ADU has a programmable threshold voltage com-
parator (PC) function. The threshold voltage is pre-setable
from OV to 5V range with 8 bit resolution. The comparator’s

output is stored into PCO bit at the end of comarison.

The programmable voltage comparison time is so short
that the interrupt is not requested at this mode. The end of
comparison needs to be confirmed by reading the 1->0 transi-

tion of the BSY bit in R2.
ADU L ____
' Vi~ COMPARATOR
+ to
= | - Ve Reg. R2 - MPU
|
sensers J)—p : —'—
f;
B o
| ]
| DA
L
Figure 18 Function Diagram of the PC
address —/
Q / PC=0 : A/D conversion mode
Ri[sc| es|pc] mi ] 03] o2]01] po | PE=1 * Programmable Voltage
Comparison Mode
PCO : Programmable comparator
r2| 1ra| Bsv | pco] [ov]ow]cof cs | output (1 bit data)
B,~B, : Vp setting byte (upper
R4[ B7 | 86 [ le B4 I B3 I 82 | B1 I BO—I byte of 10 bit D/A.
Lower byte is set to 0)
Figure 19 Registers of the PC Mode
START START
Vp(R4) SET VpL(R4) SET Vp(R4) SET
APDCDEE$S ADDRESS
ADDRESS PC SET
PC SET
Vpn(R4) SET
VaniVp PH

(Tonextec ) (T ADCONV. )

(c) Check and A/D conv.

(a) General PC

(b) Window comparator

Figure 20 PC Application Flow Chart Examples
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® How to use MI bit

MI bit (R1) functions as follows.
{Ml =1: Internal MPX channel is inhibited in order to use

attached external MPX channel.
MI=0: Internal MPX channel is enabled.
CH1 ADDRESS SET | (g bt A/D . )
PC=0, SC=1 conversion) MI bit used to select either of External MPX and Internal
1 MPX. External MPX is connected as follows.
A/D CONV. External MPX
| S—
I I (Addressed at Mi=1)
—_— <
R3—+MPU ’
J COMMON‘ COMPIN
A
MPU-R4 e W
1
J —)
i = —
S S —
CH2, ADDRESS | (Programmable
Voltage ADU
PC=1 SET Comparison)
[NOTE] When external MPX is used as the way figure 20,
Vain:Vp 1 dammy AD conversion or PC at Mi=1 should be
performed.
Figure 21 How to use External MPX

R2 READ

TO NEXT PC

(d) Voltage Comparison two ch A
Figure 20 PC Application Flow Chart Examples (continued)

s EXAMPLE OF APPLIED CIRCUIT OF THE ADU

Signal
Source Al, R/W R/W
ﬁi Cs, A
Al,
cs, VMA

i

! HD46508
1 ADU
1

ak
iE
1
1
1
1
1
N Al " D,~D,
3
—_— ‘LAN\'—+5v —_—
E common IRQ L TRQ
CLK|
comPiN € L Clock (6,)
GAmsEE(—)( v

v
L Vss L/cc ss Vci

m
™

PS

nr

Figure 22 Single ADU System
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Al, E
=
el Al, =
Sine i T, cs, DEC A, ~A
Source : HD46508 187 A,
E ADU oo :, :‘. "
Al RS, . ¢ MPU
D,~D, T .
+5v§ M
COMMON  iRG
r——-oowm cLK
|
|
| !cn.ocxl
Al, E
Al ‘__é%ﬂL
,CS
Signal = A ° *—1 +5v
Source 1
“ | HD46508 A, REF
l| ADU Rs, x
Al RS, 1
D,~D,
Fe—====-= -
! +—{common TR
1
i b 1=ICOMPIN  CLK
' | [GAINSEL REF(+)
.
' ! REF(-)
|y 3 l

Figure 23 Multi ADU System
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® DEFINITIONS OF ACCURACY
Definitions of accuracy applyed to HD46508 are as follows.

(1) Resolution .. . The number of output binary digit.

(2) Offset Error ... The difference between actual input volt-
age and ideal input voltage for the first transition. (when
digital output code is changed from 000 ... 00to 000...
01

3) Fuil Scale Error...The difference between actual input
voltage and ideal input voltage for the final transition.
(when digital output code is changed from 111....10 to

Digitai Output Code

m

110

101 L Ideal Straight Line

100

011

010

001 L—-Quantizing Error Analog
Input
Voltage

000 L i 1 1 1 i N -

o 1/8Fs f 3/8Fs } 5/8Fs / 7/8FS FS
2/8FS 4/8 FS 6/8 FS

111...11)

(4) Quantizing Error...Error equipped in A/D converter
inherently. Always +% LSB is applied.

(5) Non-linearity Error...The maximum deviation of the
actual transfer line from an ideal straight line. This error
doesn’t include Quantizing Error, Offset, or Full Scale
Errors.

(6) Absolute Accuracy ... The deviation of the digital output
code from an analog input voltage. Absolute accuracy in-
cludes all of (2), (3), (4), (5).

Digital Output Code Full Scale Error—l-—-l_-

Ideal Straight Line

Actual
Transfer
Line Non-Linearity Error

Analog
Input
Voltage

['I— Offset Error

Figure 24 Definition of Accuracy
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DIPP (Document Image Pre-Processor)
—PRELIMINARY—

The HD63084 (DIPP) is an document image processor used
as a peripheral of a microcomputer. It reads analog image signals HD63084P
that have been photoelectrically converted by CCD line sensors
or other optical devices, corrects the shading distortion of the
signals, then converts the signals to digital form.

8 FEATURES
® High speed reading of image signals
5M pixel/sec (at input clock frequency of 10 MHz)
® Highly accurate processing of image signals
Peak level of image signals, 0.1V ~ 2.0V
Built-in 8-bit peak value detection circuit
Built-in 7-bit successive approximation pixel A/D and
D/A converter
Built-in 4-bit flash-type A/D converter (DP-64S)
® Various output modes
Binary data output mode
Dithered data output mode (Programmable dithered

pattern of 16 pixel x 16 pixel) = PIN ARRANGEMENT
4-bit coded data mode (16 gradations)
® Automatic judgement of horizontal and vertical resolutions ¥ —
® Interfaceable with either Motorola type or Intel type MPU LE?L' © x m:;rs':-v:
® Programmable magnification and reduction rates PRD EIMA10/MPRD
Reduction of read image signal PWR EIMA, 1/PDEN/MBE
: 0.125 ~ 1 times (about 1000 gradations) LRD G} 69 o7
Magnification of image signal to be recorded MAsm i CLKI
: 1~ 8 times (about 1000 gradations) MAD:? [F] 5 :?
® |mplements the following functions on a single chip MADs [5] E9 TRIG
(Built-in) sample and hold circuit MAD: [ig B3 lout
(Built-in) shading distortion correction RAM MAD. 1] EJ AVss
(Built-in) sensor interface MAD; [ ISING
+ Parallel to serial conversion of the image signal to be MAD. (3 pd ISIN
Voo (14} 51 Veu
recorded. MAD: [3 E3 AVoo
® 2.5 um CMOS process technology Vss & 3 PEAKO
® Single 5V supply MADo [T g PEAKI
TMSK (i3] Vg
T/RCLK [ 5§ DAo
T/R DATA Y 149 SLICE;
T/R DRQj] B4 SLICE2
RCLKI B3] [ vT
TIMO &3 B3 Vss
Do B4 31 LNST/IWIN
D1 5] i3 T/R SCAN
D2 [z8} B9 T/R DACK
D3] BR/W
Da [28} 71 DS
Ds B9 g§RS
De B} =3
D, 3] 39 68/80

(Top View)
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1.1 Absolute Maximum Rating
1.1.1 Internal Digital Circuits

(Voltages referenced to Vgg = OV. Ta = 25°C)

No. Item Symbol Value Unit
1 Supply Voltage Vbp -0.3 to +7.0 \
Input Voltage
2 (Digital Input VI -0.3 to VDD+0-3 \4
Pins )
Input Voltage
3 Digital I/0 Vir =0.3 to Vpp+0.3 v
Pins )
@ HITACHI
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1.1.2 1Internal Analog Circuits

(Voltages referenced to AVss

= QV. Ta = 25°C)

No. Item Symbol Value Unit
1 Supply Voltage AVpp -0.3 to +7.0 v
v
Reference 2.5
2 Voltage VeL -0.3 to Vpp+0.3 \Y
VBL
Input Voltage
3 (Analog Input Via -0.3 to Vpp+0.3 v
Pins )
@ HITACHI
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1.1.3 Common Characteristics between Digital and Analog Circuits

No. Item Symbol Value Unit
1 gzi;:;iz‘ﬁre Topr 0 to +70 °C
2 i:.:l;:f:ture Tstg =55 to +125 °C
3 gz::zmption *1 Pe 500 mi

*1) Ta = 25°C

Precaution in Using the DIPP

o Applying overvoltage more than the maximum rating to the input terminals due
to overshooting or under shooting may cause latch-up, electro-static break-
down, etc.

o Precaution is needed in noise protection and shield for the analog terminals.
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1.2 Electrical Characteristics

1.2.1

1.2.1.1 DC Characteristics

(Vpp=5.0V+5%,

Internal Digital Circuits

Vgg=0V, Ta=0 to +70°C)

No. Item Symbol | Test Condition | min | typ | max | Unit
Input High - _ v
1 Voltage Vi Vpp=5.25V 2.0 DD v
Input Low _ - _
2 | voltage Vi | Vpp=4.73V 0.3 0.8 v
Vpp=4.75V
Output High Iop=—400HA _ _
3 Voltage vOH Viyg=2.0V 3.0 v
VIL=0 .8V
VDD=4. 75V
Vip2.0V
Output Low V1p=0.8V _ -
4 | Voltage VoL | other output 0.41 v
pins : Low
IOL=1 . 6mA
Input Leakage Vpp=5.25V -10 -
3 Voltage IIN Vi =0 to Vpp *]1 10 HA
VDD=5 .25V _ -
Three-State IOZH Vo =Vpp 10 10 | wa
6 (Off State)
Leakage Current Vpp=5.25V _ _
Izt Vo =Vsg 10 10 | uA

*1) The minimum leakage current at pin 34 (68/80) is

-100UA because it has an internal pull-up resistor.
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1.2.1.2 AC Characteristics

(Vpp=5.0V+5%, Vgg=0V, Ta=0 to +70°C)

(1) Motorola MPU Interface Timing (68000, etc.)

232

frem Symbol | 1/0 gzrslctlition gzzlicable min | typ | max | Unit
DS Pulse Width tupse | I | Fig. 1-1 DS 450 | — - ns
gitﬁg 'l;ge tSRW6 I | Fig. 1-1 R/W 140 | — - ns
gilgoég tHRW6 I | Fig. 1-1 R/W 10 | — - ns
gitﬁg E_fme tscse | I | Fig. 1-1 cs 140 | — - ns
gilgofize tycse | I | Fig. 1-1 TS 10 | - - s
gftﬁg :I‘R—ime tSRs6 I | Fig.1-1 RS 140 | — — ns
gil:loTﬁe tHRS6 I | Fig. 1-1 RS s0 | — _ e
ﬁ;cel para fecess trace | O | Fig.1-1 |DO to D7 - — | 320 | ns
'?i‘ii pata Hold tRH6 0 Fig. 1-1 |DO to D7 10 - - as
?ﬁéﬁe pata Setup tyse I |Fig.1-1 |DO to D7 200 - - ns
vg;;:e pata fold twHe I |Fig.1-1 |[DO to D7 40 - - ns
Is’itﬁi f:iggACK tSDK6 I |Fig.1-2 | T/RDACK (140) | — - ns
331301:%?“1( tmke | I |Fig. 1-2 | T/RDACK o) | - - | ns
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(2) Intel MPU Interface Timing (8080, 8086, etc.)

Item Symbol | I/0 gztsu;it ion ?p;zlicable min | typ | max | Unit
PR st | neg | 1| Fig.1-3 | Ds 300 | = | = | ne
Sg:éﬁ) Fulse tyrws | I | Fig. 1-3 R/W 250 | — - ns
Etg ﬁme tSRC8 I | Fig. 1-3 cs 125 | — - ns
glgoTéi_ze tyrcg | I | Fig. 1-3 s o| - - ns
?iﬁg ’-([:‘—ime tgycg | I | Fig.1-3 cs 125 | - - ns
Eé%ﬁe tywcs | I | Fig. 1-3 cs 20 | - - ns
E—Ecﬁi Eme tsgrg | I | Fig. 1-3 RS 125 | - - ns
Eglgo’rﬁe tyrrg | L | Fig. 1-3 RS 50 | - - ns
ZE:E; gfme tswrg | I | Fig.1-3 RS 125 | - - ns
gflgnge tHWRS I | Fig. 1-3 RS 70 | - - ns
'II{'?.:IS pate Ascess tpacg | O | Fig. 1-3 | DO to D7 - — | 300 | ns
ﬁ;: para Hold tRH8 0 | Fig.1-3 | DO to D7 10 | - - ns
¥§;§e Data Setup | o 1 | Fig. 1-3 |DO to D7 180 | - - ns
Neite Data Hold | s | T | Fig.1-3 |D0 to D7 50| = | = | as
Etﬁg gi/igACK tspk8 | I | Fig. 1-4 | T/RDACK |(125)| - - | us
Do /RAK | e | T | Fig. 14 | TRORER | @ = | = | ms
?«:czg ﬂi’i“c“ tSRKS I | Fig. 1-4 | T/RDACK 125 | = - ns
;J—glﬁo'r%imw tprgg | I | Fig. 1-4 | T/RDACK (25) | - - ns
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(3) MPU Interface Timing (common to Motorola MPU and Intel MPU)

234

Test Applicable . .

Item Symbol | 1/0 Condition | Pin min | typ | max | Unit
T/RDRQ Positive . _ _
Edge Delay CDRQH 0 Flg. 1-5 T/RDRQ 200 ns
T/RDRQ Negative t . _ _
Edge Delay DRQL 0 | Fig. 1-5 T/RDRQ 200 ns
INT Positive .
Edge Delay CINTH 0] Fig. 1-6 INT - - 300 ns
T/RSCAN input to
INT Negative tINTL 0 | Fig. 1-6 INT - - 100 ns
Edge Delay
DS input to INT .
Negative Edge tpsSIL o | Tie.1-1 INT - — |(300)| ns
Delay Fig. 1-3
(4) Clock and Control Input Timing

Test Applicable . .

Item Symbol | I/0 Condition | Pin min typ max Unit
CLKI Cycle Time teye I Fig. 1-7 CLK,EZ 100 - 1000 ns
RCLK Cycle Time | tpeyc | I | Fig. 1-7 ROLEY | 200 | - 106| ns
TSCAN Pulse Width | tpsy | T | Fig. 17 | m/mseay [ ) = | = | ns
RSCAN Pulse Width | tpgy I | Fig. 1-7 | T/RSCAN (z";c) - - ns

-~
RST Pulse Width tRSTW 1 Fig. 1-7 RST (2 ) - - ns
tCYC
TRIG Pulse Width | tTRIG 1 | Fig. 1-7 TRIG ®) | - - Us
*2) Both CLKI and RCLKI input frequencies provide duty cycle of 507%.
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(5) Serial Output Timing

Item Symbol | 1/0 gz:u;ition gzglicable min | typ | max | Unit
e é;‘ﬁ;ﬁttgelay tpor | 0 | Fig. 1-8 TMSK - | = | 200 | ns
%‘;II( éz‘t’;‘ﬁtt;‘)l . |fmT | 0 | Fig. 1-8 TMSK - - | 200 | ns
gz‘i‘:;‘ Output t1DD 0 | Fig. 1-8 | T/RDATA - — | 200 | ns
foATA Output tron | 0 | Fig. 1-8 | T/RDATA - - | 25 | =s

old

gg;“: g‘;ii}fi"e tTcH | o | Fig.1-8 | T/RCLK - - | 200 | us
gg;‘: gZﬁ;i"e tre. | o | Pig. 1-8 | T/RCLK - - | 200 | ns
s o | o [me s | o | = | - [0 =
S ey |7 |0 e | v | = | - [ =
gﬁi Output tRDD | O | Fig.1-9 | T/RDATA - - (22%) ns
ggﬁ‘\ Output tRDH 0 | Fig.1-9 | T/RDATA - - (22(;) ns
ggg: gz;gi"e tRCH | 0 | Fig.1-9 | T/RCLK - - (222) ns
ggg: g:%:;i"e tRCL | O | Fig.1-9 | T/RCIK - | - (22%) ns

*3) Values for reference.
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(6) Application Output and Sensor Interface Timing

Test Applicable . .

Item Symbol | I/0 Condition | Pin min | typ | max | Unit
TIMO Output tro | o |Fig. 1-10 TIMO - - | 200 | ns
Delay
LNST/IWIN Output | Fig. 1-10 _ _
Delay LN 0 (IWIN) LNST/IWIN 250 ns
¢TG Output
Positive Edge t41D 0 Fig. 1-11 dTG - - 150 ns
Delay
¢TG Output
Negative Edge t4TH 0 Fig. 1-11 TG - - 160 ns
Delay
@1 Output Delay tg1D 0 |Fig. 1-11 d1 - - 100 ns
@1 Output Hold tg1n 0 | Fig. 1-11 g1 - - 130 ns
@R Positive Edge t
Delay @RD 0 Fig. 1-13 ¢R - 100 ns
‘ﬁlg“l“"e Edee | tyru | 0 |Fig. 1-13 érR - | = l100 | ns

(7) Memory Bus Interface Timing

Test Applicable . .
Item Symbol | 1/0 Condition | Pin min | type | max | Unit
- Fig. 1-14
ggséMgzlzosltlve tMASD 0 -16, -18,{ MAS /MDS - - 200 ns
g ¥ -19) ‘20)
. Fig. 1-14,
MAS /MDS Negative tMASH 0 1€, —18 4 MAS /MDS _ - 200 ns
Edge Delay ’ ’
‘19) ‘20’
LNSL Output t Fig. 1-14, - -
Delay LSD 0 _8, -19, LNSL 200 ns
MA8 /MIWR
g o oo |0 | et B - | - [ |
4 ’ ’ PDEN/MBE
IRD Negative € Fig. 1-14, J— _ _
Edge Delay LED 0 -8, -19, LRD 200 i
LRD Positive € Fig. 1-14 RE - -
Edge Hold LRH 0 -8, -19, g LD 200 i
TWR Negative t Fig. 1-14 TR — -
Edge Delay LwD 0 -8, -19, ’ LWR 200 e

(To be continued)
*4) Values for reference.
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(Continued)
Test Applicable . .
ltem Symbol | I/0 Condition | Pin min | typ | max | Unit
LWR Positive t Fig. 1-14 TR - - 200
Edge Hold LWH 0 Fig. 1-19 LR "
MADO to 7 Delay | tmapp | o | Fi€: cljzi"* MADO-7 — | = | 200 | ns
MADO to 7 Hold tyapn | o | Fi€ i;(lf’ MADO-7 - - | 200 | ns
MADO to 7 t . _ —_ —
Setup Time RDS I Fig. 1-14 MADO-8 50 ns
MADO to 7 t s _ - -
Hold Time RDH I | Fig. 1-14 MADO-7 50 ns
MBE Negative t s _ _ _
Edge Delay MBEL 0 Fig. 1-15 MBE 200 ns
T/RDACK Input to
M