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HD66421—

HD66421  Himeid %

(RAM-Provided 160 Channel 4-Level Grey Scale Driver
for Dot Matrix Graphics LCD)

Description

The HD66421 drives and controls a dot matrix his function realize low power consumptior
graphic LCD(Liquid Crystal Display) using a because high voltage for driving LCD is no
bit-mapped method. It provides a highlyneeded.

flexible display through its on-chip display An MPU can access HD66421 at any time
RAM, in which each two bits of data can bebecause the MPU operations are asynchronc
used to turn on or off one dot on LCD paneWwith the HD66421's system clock and displa
with four-level grey scale. operation.

A single HD66421 can display a maximum oflts low-voltage operation at 2.2 to 5.5V an
160x100 dots using its powerful displaystandby function provides low power
control functions. It can display only eight-dissipation, making the HD66421 suitable fo
lines out of one hundred lines. small portable device applications.

Features

* Built-in bit-mapped display RAM: 30kbits * Selectable multiplex duty ratio: 1/8, 1/64, 1/8(

(160 x 100 x 2 bits) 1/100

» Grey scale display: PWM four-level grey » LCD driving alternating cycle: 7, 11, 13 lines
scale can be selected from 32 levels or flame

« Grey scale memory management: Packed e Built-in oscillator: external resister

pixel * Low power consumption:

» Monochrome display: two planes can be * Circuits for generating LCD driving voltage :
selected. One plane is displayed while the othéontrast control, Operational amplifier, and

plane is being written. Resistive dividers

* Partial display: Eight-lines data can be * Internal resistive divider: programmable bias
displayed in any place rate

* An 80-system MPU interface » 32-level programmable contrast control
 Power supply voltage for operation : 2.2V to * Wide range of instructions

5.5V reversible display, display on/off, vertical

» Power supply voltage for LCD : 17 V max. display scroll, blink, reversible address,
read-modify-write mode
» Package: TCP

Ordering Information

Type No. Package
HD66421TBO TCP
HCD66421BP Die with gold bump
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Pin Arrangement

GND1
VLCD1
VCC1
V50
V40
V30
V20
V10
GREF
IREFM
IREFP
VLCD2
VLCD3
VCC2
GND2
GND3
VCC3
0SC1
0SscC2
0sC
Cco
DCON
CL1
FLM

Mis
RES
CS
RS
WR
RD
VCC4
GND4
DBO
DB1
DB2
DB3
DB4
DB5
DB6
DB7
VCC5
GND5
VCC6
VLCD4
GND6

I/O,Power supply pins

COM100
COM99
COM98
CoMs1
SEG160
SEG159
SEG158

LCD drive signal output pins

SEG3
SEG2
SEG1
COMS50
COM49

COM3
COM2
COM1

Note: This figure is not drawn to a scale
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HD66421—
Pad Arrangement
Chip size :8.99x4.72 mm
Coordinate : Pad center
Origin : Chip Center
Bump size : GND1, GNDS8, dummy A, dummy B 70x 70 pm
Power, 1/0 (Pad No. 276 to 321) 50 x 70 pm
COML1 - 100, SEG1 - 160, dummy1 -12 35 x50 um
GND7 GND2
GND8 [0 00| GND1
COM1 (O Type code O|com100
Dk/ HD66421
SEG24 | 0| SEG137
dummyA [ 00| dummyB
dummy1 dummy12
Pad Location Coordinate
No. | PAD NAME X Y No. | PAD NAME X Y No. | PAD NAME X Y
1 COM1 -4217 1731 31 COM31 -4217 230 61 SEG11 -4217 | -1299
2 COM2 -4217 1681 32 COM32 -4217 179 62 SEG12 -4217 | -1349
3 COM3 -4217 1631 33 COM33 -4217 129 63 SEG13 -4217 | -1399
4 COM4 -4217 1581 34 COM34 -4217 79 64 SEG14 -4217 | -1449
5 COM5 -4217 1531 35 COM35 -4217 29 65 SEG15 -4217 | -1499
6 COM6 -4217 1481 36 COM36 -4217 -21 66 SEG16 -4217 | -1549
7 COoM7 -4217 1430 37 COM37 -4217 -71 67 SEG17 -4217 | -1599
8 COMS8 -4217 1380 38 COM38 -4217 -121 68 SEG18 -4217 | -1649
9 COM9 -4217 1330 39 COM39 -4217 -171 69 SEG19 -4217 | -1699
10 COM10 -4217 1280 40 COM40 -4217 -221 70 SEG20 -4217 | -1749
11 COM11 -4217 1230 41 COM41 -4217 -271 71 SEG21 -4217 | -1799
12 COM12 -4217 1180 42 COM42 -4217 -321 72 SEG22 -4217 | -1849
13 COM13 -4217 1130 43 COM43 -4217 -371 73 SEG23 -4217 | -1899
14 COM14 -4217 1080 44 COM44 -4217 -421 74 SEG24 -4217 | -1949
15 COM15 -4217 1030 45 COM45 -4217 -471 75 dummy A -4217 | -2082
16 COM16 -4217 980 46 COM46 -4217 -521 76 dummy 1 -4029 | -2082
17 COM17 -4217 930 47 COM47 -4217 -571 77 dummy 2 -3907 | -2082
18 COM18 -4217 880 48 COM48 -4217 -621 78 dummy 3 -3827 | -2082
19 COM19 -4217 830 49 COM49 -4217 -671 79 dummy 4 -3619 | -2082
20 COM20 -4217 780 50 COM50 -4217 -721 80 dummy 5 -3497 | -2075
21 COM21 -4217 730 51 SEG1 -4217 -798 81 dummy 6 -3419 | -2075
22 COM22 -4217 680 52 SEG2 -4217 -848 82 SEG25 -2822 | -2082
23 COM23 -4217 630 53 SEG3 -4217 -898 83 SEG26 -2772 | -2082
24 COM24 -4217 580 54 SEG4 -4217 -948 84 SEG27 -2722 | -2082
25 COM25 -4217 530 55 SEG5 -4217 -998 85 SEG28 -2672 | -2082
26 COM26 -4217 480 56 SEG6 -4217 | -1049 | 86 SEG29 -2622 | -2082
27 COM27 -4217 430 57 SEG7 -4217 | -1099 | 87 SEG30 -2572 | -2082
28 COM28 -4217 380 58 SEGS8 -4217 | -1149 | 88 SEG31 -2522 | -2082
29 COM29 -4217 330 59 SEG9 -4217 | -1199 | 89 SEG32 -2472 | -2082
30 COM30 -4217 280 60 SEG10 -4217 | -1249 | 90 SEG33 -2422 | -2082
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No. | PAD NAME X Y No. | PAD NAME X Y No. | PAD NAME X Y
91 SEG34 -2372 | -2082 | 141 SEG84 220 -2082 | 191 SEG134 2722 | -2082
92 SEG35 -2322 | -2082 | 142 SEG85 270 -2082 | 192 SEG135 2772 | -2082
93 SEG36 -2272 | -2082 | 143 SEG86 320 -2082 | 193 SEG136 2822 | -2082
94 SEG37 -2222 | -2082 | 144 SEG87 370 -2082 | 194 dummy 7 3419 | -2075
95 SEG38 -2172 | -2082 | 145 SEGS88 420 -2082 | 195 dummy 8 3497 | -2075
96 SEG39 -2121 | -2082 | 146 SEG89 470 -2082 | 196 dummy 9 3619 | -2082
97 SEG40 -2071 | -2082 | 147 SEG90 520 -2082 | 197| dummy 10 3827 | -2082
98 SEG41 -2021 | -2082 | 148 SEGI1 570 -2082 | 198 | dummy 11 3907 | -2082
99 SEG42 -1971 | -2082 | 149 SEG92 620 -2082 | 199| dummy 12 | 4029 | -2082
100 SEG43 -1921 | -2082 | 150 SEG93 670 -2082 | 200 dummy B 4217 | -2082
101 SEG44 -1871 | -2082 | 151 SEG9%4 720 -2082 | 201 SEG137 4217 | -1949
102 SEG45 -1821 | -2082 | 152 SEG95 770 -2082 | 202 SEG138 4217 | -1899
103 SEG46 -1771 | -2082 | 153 SEG96 820 -2082 | 203 SEG139 4217 | -1849
104 SEG47 -1721 | -2082 | 154 SEG97 870 -2082 | 204 SEG140 4217 | -1799
105 SEGA48 -1671 | -2082 | 155 SEG98 921 -2082 | 205 SEG141 4217 | -1749
106 SEG49 -1621 | -2082 | 156 SEG99 971 -2082 | 206 SEG142 4217 | -1699
107 SEG50 -1571 | -2082 | 157 SEG100 1021 -2082 | 207 SEG143 4217 | -1649
108 SEG51 -1521 | -2082 | 158 SEG101 1071 -2082 | 208 SEG144 4217 | -1599
109 SEG52 -1471 | -2082 | 159 SEG102 1121 -2082 | 209 SEG145 4217 | -1549
110 SEG53 -1421 | -2082 | 160 SEG103 1171 -2082 | 210 SEG146 4217 | -1499
111 SEG54 -1371 | -2082 | 161 SEG104 1221 -2082 | 211 SEG147 4217 | -1449
112 SEG55 -1321 | -2082 | 162 SEG105 1271 -2082 | 212 SEG148 4217 | -1399
113 SEG56 -1271 | -2082 | 163 SEG106 1321 -2082 | 213 SEG149 4217 | -1349
114 SEG57 -1221 | -2082 | 164 SEG107 1371 -2082 | 214 SEG150 4217 | -1299
115 SEG58 -1171 | -2082 | 165 SEG108 1421 -2082 | 215 SEG151 4217 | -1249
116 SEG59 -1121 | -2082 | 166 SEG109 1471 -2082 | 216 SEG152 4217 | -1199
117 SEG60 -1071 | -2082 | 167 SEG110 1521 -2082 | 217 SEG153 4217 | -1149
118 SEG61 -1021 | -2082 | 168 SEG111 1571 -2082 | 218 SEG154 4217 | -1099
119 SEG62 -971 -2082 | 169 SEG112 1621 -2082 | 219 SEG155 4217 | -1049
120 SEG63 -921 -2082 | 170 SEG113 1671 -2082 | 220 SEG156 4217 -998
121 SEG64 -870 -2082 | 171 SEG114 1721 -2082 | 221 SEG157 4217 -948
122 SEG65 -820 -2082 | 172 SEG115 1771 -2082 | 222 SEG158 4217 -898
123 SEG66 -770 -2082 | 173 SEG116 1821 -2082 | 223 SEG159 4217 -848
124 SEG67 -720 -2082 | 174 SEG117 1871 -2082 | 224 SEG160 4217 -798
125 SEG68 -670 -2082 | 175 SEG118 1921 -2082 | 225 COM51 4217 -721
126 SEG69 -620 -2082 | 176 SEG119 1971 -2082 | 226 COM52 4217 -671
127 SEG70 -570 -2082 | 177 SEG120 2021 -2082 | 227 COM53 4217 -621
128 SEG71 -520 -2082 | 178 SEG121 2071 -2082 | 228 COM54 4217 -571
129 SEG72 -470 -2082 | 179 SEG122 2121 -2082 | 229 COM55 4217 -521
130 SEG73 -420 -2082 | 180 SEG123 2172 -2082 | 230 COM56 4217 -471
131 SEG74 -370 -2082 | 181 SEG124 2222 -2082 | 231 COM57 4217 -421
132 SEG75 -320 -2082 | 182 SEG125 2272 -2082 | 232 COM58 4217 -371
133 SEG76 -270 -2082 | 183 SEG126 2322 -2082 | 233 COM59 4217 -321
134 SEG77 -220 -2082 | 184 SEG127 2372 -2082 | 234 COM60 4217 -271
135 SEG78 -170 -2082 | 185 SEG128 2422 -2082 | 235 COM61 4217 -221
136 SEG79 -120 -2082 | 186 SEG129 2472 -2082 | 236 COM62 4217 -171
137 SEG80 -70 -2082 | 187 SEG130 2522 -2082 | 237 COM63 4217 -121
138 SEGS81 70 -2082 | 188 SEG131 2572 -2082 | 238 COM64 4217 -71
139 SEG82 120 -2082 | 189 SEG132 2622 -2082 | 239 COM65 4217 -21
140 SEG83 170 -2082 | 190 SEG133 2672 -2082 | 240 COM66 4217 29
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No. PAD NAME X Y No. PAD NAME X Y No. PAD NAME X Y
241 COM67 4217 79 284 GREF 2722 2195 309 DBO -1948 2195
242 COM68 4217 129 2642 2195 -2028 2195
243 COMG69 4217 179 285 IREFM 2541 2195 310 DB1 -2131 2195
244 COM70 4217 230 2461 2195 -2211 2195
245 COM71 4217 280 286 IREFP 2360 2195 311 DB2 -2310 2195
246 COM72 4217 330 2280 2195 -2390 2195
247 COM73 4217 380 287 VLCD2 2179 2195 312 DB3 -2494 2195
248 COM74 4217 430 2099 2195 -2574 2195
249 COM75 4217 480 288 VLCD3 2009 2195 313 DB4 -2672 2195
250 COM76 4217 530 1929 2195 -2752 2195
251 COM77 4217 580 289 Vce2 1830 2195 314 DB5 -2856 2195
252 COM78 4217 630 1750 2195 -2936 2195
253 COM79 4217 680 290 GND3 1647 2195 315 DB6 -3034 2195
254 COMB80 4217 730 1567 2195 -3114 2195
255 COM81 4217 780 291 GND4 1494 2195 316 DB7 -3218 2195
256 COM82 4217 830 1414 2195 -3298 2195
257 COM83 4217 880 292 Vce3 1316 2195 317 Ve -3398 2195
258 COM84 4217 930 1236 2195 -3478 2195
259 COM85 4217 980 293 0OSC1 947 2195 318 GND6 -3581 2195
260 COMB86 4217 1030 867 2195 -3661 2195
261 COM87 4217 1080 294 0SsC2 766 2195 319 Vccb -3739 2195
262 COM88 4217 1130 686 2195 -3819 2195
263 COM89 4217 1180 295 0OSsC 585 2195 320 VLCD4 -3910 2195
264 COM90 4217 1230 505 2195 -3990 2195
265 COM91 4217 1280 296 CO 404 2195 321 GND7 -4091 2195
266 COM92 4217 1330 324 2195 322 GND8 -4217 2195
267 COM93 4217 1380 297 DCON 223 2195
268 COM94 4217 1430 143 2195
269 COM95 4217 1481 298 CL1 41 2195
270 COM96 4217 1531 -39 2195
271 COM97 4217 1581 299 FLM -140 2195
272 COM98 4217 1631 -220 2195
273 COM99 4217 1681 300 M -321 2195
274 COM100 4217 1731 -401 2195
275 GND1 4217 2195 301 M/S -502 2195
276 GND2 4091 2195 -582 2195
277 VLCD1 3992 2195 302 RES -683 2195

3912 2195 -763 2195
278 Vceel 3809 2195 303 CS -864 2195

3729 2195 -944 2195
279 V50 3628 2195 304 RS -1045 | 2195

3548 2195 -1125 | 2195
280 V40 3447 2195 305 WR -1226 | 2195

3367 2195 -1306 | 2195
281 V30 3266 2195 306 RD -1407 | 2195

3186 2195 -1487 | 2195
282 V20 3084 2195 307 Vccd -1587 | 2195

3004 2195 -1667 | 2195
283 V10 2903 2195 308 GND5 -1770 | 2195

2823 2195 -1850 | 2195

HITACHI

5



Rev. 1.5E '99.09.2C

HD66421—

Pin Description

Number

Pin Name of Pins 1/0 Connected to Description

Vccl-6, GND1-6 12 - __Power supply Vcc: +2.2V to +5.5V, GND: 0V

VLCD1-4 4 - _Power supply Power supply to LCD driving circuit

V10, V20, 5 - Capacitors or Several levels of power to the LCD driving outputs.

V30,V40, external power Capacitors must be connected. If internal power circuit

V50 supply is not used, supply external power supply.

0OsC 1 I, Oscillator Must be connected to external resister when using

0SC1,08C2 2 I/O resister or R-C oscillation. When using an external clock, it must

external clock be input to the OSC terminal.

CcoO 1 O OSC of Slave

HDB6421 Clock output. The master LSI outputs clock to slave LSI.

DCON 1 O External DC/DC  Controls on/off switch of external DC/DC convertor

convertor

CL1 1 I/O CL1 of HD66421 Line clock. The master LSI outputs signal to the slave

or open LSI.

FLM 1 /0 FLM of HD66421 Frame signal. The master LSI outputs signal to the slave

or open LS.

M 1 /O M of HD66421 Converts LCD driving outputs to AC. The master LSI

or open outputs signal to the slave LSI.

M/S 1 | Vccor GND Specifies master/slave mode.

RES 1 | - Reset the LSl internally when drive low.

[ 1 | MPU Select the LSI, specifically internal registers (index and
data registers) when driven low.

RS 1 I MPU Select one of the internal registers; select the index
register when driven low and data registers when
driven low.

WR 1 | MPU Inputs write strobe; allows a write access when driven
low.

RD 1 | MPU Inputs read strobe; allows a read access when driven
low.

DB7 to DBO 8 /0 MPU 8-bits three-state bidirectional data bus; transfer data
between the HD66420 and MPU through this bus.

SEG1to 160 O LCD Output column drive signals

SEG160

COML1 to 100 O LCD Output row drive signals

COM100

IREFP 1 - VCC Power supply for internal operation amplifier

IREFM 1 - External resistor  Bias current for internal operational amplifier

GREF 1 - GND Power supply for internal operation amplifier
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Block Diagram
com1 COM50 SEG1 SEG160COM51 COM100
| Row Driver A Column Driver -| Row Driver
Level Shifter Level Shifter Level Shifter
’ 160 Q
— Comparator
Attribute - p .
Grey scale selector
— 320 T Row
Data Latch2 Decoder Counter
— 320 T
Data Latchl B Display Line
1 320 T _ Counter
3
320 x 80bit 3
Display memory 8
>_
X Decaoder Grey scale
-] Data Buffer palette
» X Address Counter | Grey
»( Y Address Counter |—®{ MPX scale
pattern
— Blink Registers | Generator

—>| Start Line Register

—>| Blink Start Line Reqister |

—{ Blink End Line Register |
—>| Control Register |
—| Contrast Control Register |— foooeeeenn A

! TiMing
¢ Generator
| 4
MPU Interface LCD driver power supply, I/O control Oscillator
Contrast control

PETTEY fhidd | diig b T

DB7 WR cS V10 V30 V50 FLM M CL1 DCON OSC 0SC2
DBO RS ®p  MS V20 vao  VLCD RES Do sct o
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System Description while the other plane is being written. The
HD66421 can reduce power dissipation withou
The HD66421 can display a maximum of 160atfecting display because data is retained in th
100 dots (ten 16x16-dot characters x 6 linedyplay RAM even during standby modes. Ar
four-level gray scale or four colour LCD panel.CD system can be configured simply by
Four levels of gray scale can be selected frattaching external power supply, capacitors an
32-levels, so the appropriate 4-level gray scale ¢asistors (figure 1) since the HD66421
be displayed. And Monochrome display can beorporates power circuits.
selected from two planes. One plane is displayed

LCD panel

COM1 tg
COM50

-

COM51 to
COM100

—®Cs

g 58 DC/DC
MPU " RD HD66421 VLCD <_Convertor
- »1WR

~—*—®] DB7 to DBO

Figure 1 System Block Diagram
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Internal Registers

The HD66421 has one index register and 18 data> TBY bit _ o
registers, all of which can be accesse®IBY =I:Internal operation and oscillation halt;
asynchronously with the internal clock. All the display off

registers except the display memory acces3!BY =0: Normal operation

register are write-only. Accessing unused bits or

addresses affects nothing; unused bits should B¥/R bit _ _
set to 0 when written to. PWR = [: Output high level from DCON terminal

PWR = 0: Output low level from DCON terminal
Index Register (IR): The index register This bit controls the external power supply fc
(figure 2) selects one of 18 data registers. TH&D driving outputs.
index register itself is selected when both the _
TS and RS signals are low. Data bits 7 to AMP bit

are unused; they should be set to 0 whefAMP =1: 0P amp enable
written to. AMP = 0: OP amp disable

Control Register 1 (R0): Control register 1 REV bit _
(figure 3) controls general operations of theREV = 1: Reverse display
HD66421. Each bit has its own function asREV =0: Normal display
described below.

HOLT bit
RMW bit HOLT =1 : Internal operation stops
RMW = |: Read-modify-write mode HOLT = O: Internal operation starts
Address is incremented only after _
write access ADC bit _ N
RMW = 0: Address is incremented after both ~ ADC =1: Data in X address H'0 is output from
write and read accesses SEG160; row signals depend on duty.
ADC = 0: Data in X address H'O is output from
DISP bit SEG1,; row signals are scanned from
DISP = 1: Display on COML.
DISP = 0: Display off (all LCD driver output
pins output VLCD level)
Data bit 7 6 5 4 3 2 1 0
Set value 0 0 0 Register number

Figure 2 Index Register (IR)

Data bit 7 6 5 4 3 2 1 0

Set value RMW |DISP | STBY | PWR | AMP | REV [HOLT| ADC

Figure 3 Control Register 1 (RO)
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Control Register 2 (R1): Control register 2The blink counter is reset when the BLK bit is se
(figure 4) controls general operations of the 0. It starts counting and at the same tim
HD66421. Each bit has its own function astiates blinking when the BLK bit is set to I.
described below.

X Address Register (R2):The X address register
BIS1, BISO bits (figure 5) designates the X address of the displa
BIS1, 0= (1, 1): 1/8 LCD drive levels bias ratio RAM to be accessed by the MPU. The set valu
BIS1, 0 = (1, 0): 1/9 LCD drive levels bias ratio must range from H'00 to H'27 in the case of 8-bi
BIS1, 0 = (0, 1): 1/10 LCD drive levels bias ratioa word or range from H'00 to H'35 in the case o
BIS1, 0 = (0, 0): 1/11 LCD drive levels bias ratio6-bit a word; setting a greater value is ignored

The set address is automatically incremented ea

WLS bit time the display RAM is accessed; it is not
WLS = I: A word length is 6-bits necessary to update the address each time. D:
WLS = 0: A word length is 8-bits bits 7 and 6 are unused; they should be set to
when written to. When you use monochrome
GRAY bit display, the set value must range the even numb
GRAY =1: 4-levels of gray scale are fixed from H'00 to H'26 in the case of 8-bit a word or
GRAY = 0: 4-levels of gray scale are selected range from H'00 to H'34 in the case of 6-bit &
from 32-levels word.
DTY1,DTYO bits Y Address Register (R3):The Y address register
DTY1, 0= (1, 1): 1/8 display duty cycle; partial (figure 6) designates the Y address of the displa
display mode RAM to be accessed by the MPU. The set valu
DTY1, 0 = (1, 0): 1/64 display duty cycle must range from H'00 to H'40; setting a greate
DTY1, 0= (0, 1): 1/80 display duty cycle value is ignored. The set address is automatical
DTY1, 0 = (0, 0): 1/100 display duty cycle incremented each time the display RAM is
accessed; it is not necessary to update the addre
INC bit each time. Data bit 7 is unused; it should be set 1

I NC = I: X address is incremented for each accefsvhen written to.
INC = 0: Y address is incremented for each access

BLK bit
BLK = 1: Blink function is used
BLK = 0: Blink function is not used

Data bit 7 6 5 4 3 2 1 0

Set value BIS1 | BISO | WLS |GRAY| DTY1|DTYO | INC | BLK

Figure 4 Control Register 2 (R1)

Data bit 7 6 5 4 3 2 1 0

Set value 0 0 XA5 | XA4 [ XA3 | XA2 | XAl | XAO

Figure 5 X address Register (R2)

Data bit 7 6 5 4 3 2 1 0

Set value 0 YA6 | YAS | YA4 | YA3 | YA2 | YAl | YAO

Figure 6 Y address Register (R3)
HITACHI
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Display Memory Access Register (R4):The Blink Start Raster Register (R6): The blink start
display memory access register (figure 7) is usedéster register (figure 9) designates the top ras
access the display RAM. If this register i& the area to be blinked. The set value must
write-accessed, data is directly written to thane less than the actual top raster and less than
display RAM. If this register is read-accessed, dataty ratio. If the value is set outside these range
is first latched to the reading buffer from theperations may not be correct. Data bits 7
display RAM and sent out to the data bus on thaused; they should be set to 0 when written to.
next read; therefore, a dummy read access is
necessary after setting the display RAM address Blink End Raster Register (R7): The blink end
register (figure 10) designates the bottom raster
Display Start Raster Register (R5):The display the area to be blinked. The area to be blinked
start raster register (figure 8) designates the rastesignated by the blink registers, blink start rast
to be displayed at the top of the LCD paneakgister, and blink end raster register. The s
Varying the set value scrolls the display verticallyvalue must be one less than the actual bottc
The set value must be one less than the actualragter and less than the duty ratio. It must also be
raster and less than the duty ratio. If the value is gegater than the value set in the blink start rast
outside these ranges, data may not be displayegister. If an inappropriate value is set, operatio
correctly. Data bits 7 is unused; they should be sedy not be correct. Data bits 7 is unused; the

to O when written to. should be set to 0 when written to.
Data bit 7 6 5 4 3 2 1 0
Set value D7 D6 D5 D4 D3 D2 D1 DO

Figure 7 Display Memory Access Register (R4)

Data bit 7 6 5 4 3 2 1 0

Set value 0 ST6 | STS | ST4 | ST3 | ST2 | ST1 | STO

Figure 8 Display Start Raster register (R5)

Data bit 7 6 5 4 3 2 1 0

Set value 0 BSL6 | BSL5| BSL4| BSL3| BSL2 | BSL1| BSLO

Figure 9 Blink Start Raster register (R6)

Data bit 7 6 5 4 3 2 1 0

Set value 0 BEL6 | BEL5| BEL4| BEL3| BEL2 | BEL1| BELO

Figure 10 Blink End Raster register (R7)
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Blink Registers (R8 to R10): The blink bit Bit 4 is clock-enable bit. This bit sets to 1, the

registers (figure 11) designate the 8-bit groupssignal CO,CL1,FLM and M stop in master mode

be blinked. Setting a bit to 1 blinks the correspondihey are high-Z. Data bits 7 and 5 are unuse

ing 8-bit group. Any number of groups can libey should be set to O when written to.

blinked; setting all the bits to 1 will blink the entire

LCD panel. These bits are valid only when tligray Scale Palette Registers (R12 to R15}he

BLK bit of control register 2 is 1. R10's data bitsgtay scale palette registers (figure 13) designate

to 4 are unused; they should be set to O whbe grayscale level or colour. Use these registe

written to. to enable an optimal grayscale or colour displa
If GRAY bit is 1, these registers are inactive. Dat

Partial Display Block Register (R11):The Partial bits 7 to 5 are unused; they should be set to

display block register (figure 12) designates thdnen written to.

block of partial display. It use from bit 3 to bit O.

Data bit 7 6 5 4 3 2 1 0

R8 Set value BKO | BK1 | BK2 | BK3 | BK4 | BKS | BK6 | BK7

R9 Set value BK8 | BK9 | BK10 | BK11 | BK12 | BK13 | BK14 | BK15

R10 Set value 0 0 0 0 BK16 | BK17 | BK18 | BK19

Figure 11 Blink Registers (R8, R9, R10)

Data bit 7 6 5 4 3 2 1 0

Set value 0 0 0 CLE | PB3 | PB2 | PB1 | PBO

Figure 12 Partial Display Start Raster Register (R11)

Table 1 Partial Display Blocks

Set value | Row no. Set value | Row no.
H'00 COM1 to COMS8 H'06 COM100 to COM93
H'01 COM9 to COM16 H'07 COM92 to COMS85

H'02 COM17 to COM24 H'08 COM84 to COM77
H'03 COM25 to COM32 H'09 COM76 to COM69 (ADC="0". If"1",
H'04 COM33 to COM40 H'0A COMG68 to COM61 reverse direction)
H'05 COMA41 to COM48 H'0B COMG60 to COM53

Data bit 7 6 5 4 3 2 1 0
R12 | Setvalue 0 0 0 |GP14 |GP13 [GP12 [GP11 |GP10
R13 | Setvalue 0 0 0 |GP24 |GP23 [GP22 |GP21 |GP20
R14 | Setvalue 0 0 0 |GP34 |GP33 [GP32 [GP31 |GP30
R15 Set value 0 0 0 |GP44 [GP43 |GP42 |GP41 [GP40

Figure 13 Grayscale Palette Registers (R12 to R15)
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Contrast Control and LCD Alternative Drive The LCD alternative drive cycle register
Cycle Register (R16): The contrast control designates the number of lines that LCD driv
register (figure 14) designates the contrast level@itputs are alternated.

LCD display. These bits change the voltage whighata bits 7 is unused; they should be set to
is supplied to LCD drivers. when written to.

Table 2 Grayscale Levels

GP14 GP13 GP12 GP11 GP10 GP14 GP13 GP12 GP11 GP10
GP24 GP23 GP22 GP21 GP20 GP24 GP23 GP22 GP21 GP20
GP34 GP33 GP32 GP31 GP30 Grayscale GP34 GP33 GP32 GP31 GP30 Grayscale
GP44 GP43 GP42 GP41 GP40 Level GP44 GP43 GP42 GP41 GP40 Level
0 0 0 0 0 0 1 0 0 0 0 16/31
0 0 0 0 1 1/31 1 0 0 0 1 17/31
0 0 0 1 0 2/31 1 0 0 1 0 18/31
0 0 0 1 1 3/31 1 0 0 1 1 19/31
0 0 1 0 0 4/31 1 0 1 0 0 20/31
0 0 1 0 1 5/31 1 0 1 0 1 21/31
0 0 1 1 0 6/31 1 0 1 1 0 22/31
0 0 1 1 1 7/31 1 0 1 1 1 23/31
0 1 0 0 0 8/31 1 1 0 0 0 24/31
0 1 0 0 1 9/31 1 1 0 0 1 25/31
0 1 0 1 0 10/31 1 1 0 1 0 26/31
0 1 0 1 1 11/31 1 1 0 1 1 27/31
0 1 1 0 0 12/31 1 1 1 0 0 28/31
0 1 1 0 1 13/31 1 1 1 0 1 29/31
0 1 1 1 0 14/31 1 1 1 1 0 30/31
0 1 1 1 1 15/31 1 1 1 1 1 1
Table 3 LCD alternative drive cycle
Alternative
CM1 CMO Cycle
0 0 Frame
0 0 7 lines
0 0 11 lines
0 0 13 lines
Data bit 7 6 5 4 3 2 1 0
Set value 0 CM1 | CMO| CC4] CC3|CC2 | CC1l |CCo

Figure 14 Contrast Control register (R16)

HITACHI

13



Rev. 1.5E '99.09.2C
HD66421—

Figure 15 shows characteristics of the LCD effective value against grayscale. This value is alm
linear at all grayscale range without LCD panel. This linearity will be lost if LCD panel is
connected. In this case, the four appropriate levels must be selected from grayscale No.1 to 31.

T T

2.4 VLCD=15V, Ta=25°C, 1/9 bias

2.3
= .
o LSI(Noload) | ..-*"
E
>
2 T
5 2.2 et T~
D R14(Default) [.-- /(
o / LS| + LCDpanel
@) o
3 et /

" R13(Default) 4
2.1 /

.
4
-
e
L
.
\/

2'00 4 8 12 16 20 24 28 31

Grayscale No.

Figure 15 LCD Effective Value
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Plane Selection Register (R17):The plane
selection register (figure 16) controls gener&SEL bit
operations of the HD66421. Each bit has its owDESL = 1: Plane 1 is displayed
function as described below. DESL = 0: Plane 0 is displayed
MON bit PSEL bit
MON = I: Monochrome display PSEL = 1: Access to plane 1 from CPU
MON = 0: 4-level gray scale display PSEL = 0: Access to plane 0 from CPU

Data bit 7 6 5 4 3 2 1 0

Set value 0 0 0 0 0 | MON | DSEL| PSEL

Figure 16 Plane Selection Register (R17)

Note

When you use the monochrome display, you have to initialize the x-address to even
number before access to display RAM. And you always have to use even number.

HITACHI
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Register List
lZS RS Index Reg. Bits Register Name R/W Data bits
4 3] 2]1]0 7 6 5 4 3 2 1 0
1 - - - - - - -
O[O - -1 -1 -1 -1 IR | Index register W IR4 [IR3 [IR2 [IR1 | IRO
0]1] 0] O Of O a RO] Control register 1 W]RMW| DISP| STBY PWR AMP REV| HOLT AD(
0]1] 0] O Of Of 1 Ri] Controlregister 2 W] BIS1| BISO| WLS|GRAY[DTYYDTY(JINC [BLK
0]1] 0] O O 1] d R2| Xaddress register W XA5 | XA4 [XA3 [XA2 |XA1 [XAO
0]1] 0] O O 1] ¥ R3| VYaddress register W YA6 |YA5 |YA4 [YA3 |[YA2 [YALl [YAO
0]1] 0] O 1 0 d R4] Display RAM access registqR/W]D7 |D6 |D5 |D4 | D3 [ D2 | D1 | DO
O[1] Ol O 1] O A R5] Display start line register W ST6 [ ST5| ST4| ST3| ST2] ST1 STP
0]112[ 0] of 1]/ 1] 0] R6 ] Blink start line register W BSL6| BSLY BSL4 BSL$ BSLP BSL{L BS
0]1] 0] 0] 1] 1] 1) R7 ] Blink end line register W BEL6| BELS BEL4 BELY BELZ2 BEL] BEL'
0] 2[ 0] 2f of 0] 0] R8] Blink register 1 W|BKO [BK1 [BK2 |BK3 | BK4 [BK5 | BK6 BK7|
0] 2[ 0] 1] of 0] 1] R9 | Blink register 2 W ]BKS8 | BK9 | BK10[ BK11 BK12 BK13 BK14 BKll
0]l 1) 0] 1 of 1] g Rid Blink register 3 W BK16| BK17] BK1§ BKlsI
0| 1] o] 1 o 1| 1| R1q Partial display block registe] W cLe |3 | PB2 | PB1| PBJ
Of21] O 1] 1] O QA R1j Gray scale palette 1 (0,0) V] GP14 GP13 GP12 GP11 GHu1O0
Of21] Of 1] 1] O 1 R1j Gray scale palette 2 (0,1) V] GP24 GP23 GP22 GP21 GHRO
0] 1] 0] 1] 1] 1] d R14 Gray scale palette 3 (1,0) V] GP34 GP33 GP32 GP31 GHBO
Of21] Of 1] 1] 1] 1 R1{ Gray scale palette 4 (1,1) V] GP44 GP43 GP42 GP4#1 GHKYO
0]1] 1] 0 Of Of O R14 Contrast control register W CM1] CMO|CC4 | CC3| CC2| CCl CCq
O]l 1[ 1] Of Of 0 J R14 Plane selection register V] MON|DSEL PSEII
O[1] 1 0 O 1] d R1Y4 Reserved -
O[1] 1 0 Of 1] 1 R19 Reserved -
O[1] 1| O 1 0 A R2(Q Reserved -
0]l 12f 1] of 1f 0o 1 R21 Reserved -
0]l12f 1] of 1 1] d R24 Reserved -
0]l 12f 1] of 1f 1] 1 R2d Reserved -
Of21] 1| 1] Of 0 A R24 Reserved -
Of21] 1| 1) Of 0 1 R29 Reserved -
Of21] 1| 1] O 1] d R24 Reserved -
0]l 2| 1] 1f of 1] 1 R2q Reserved -
Of21] 1 1] 1] 0 4 R24 Reserved -
Of21] 1 1] 1] 0 1 R29 Reserved -
Of21] 1( 1] 1] 1] d R3(Q Reserved -
Ol 1| 1] 1f 1 1] 1 R34 Reserved -
HITACHI
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MPU Interface other registers (data registers) cannot. Befc

accessing a data register, its register number n
The HD66421 can interface directly to an MPUe written to the index register. Once written, tl
through an 8-bit data bus The MPU can accaggjister number is held until it is rewritter
the HD66421 internal registers independently ehabling the same register to be consecutiv
internal clock timing. accessed without having to rewrite to the regis

number for each access. An example of a regis
The index register can be directly accessed but theccess sequence is shown in figure 18.

T >~Ics
-
H8/3048 %o »|22 HD66421
WR = WR
D8 - D15 4#» DBO - DB7

Figure 17 8-Bit MPU Interface Examples

A
RS \ / ~__ /
w |\ ./
™ /S
ng to 0( Data>@< Data>@< DataW @( Data>@< Data>@< Data>@

Write data
register

Read data
register

Write index

Write data Write index
register

Read data
register register

register

Figure 18 8-Bit Data Transfer Sequence
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LCD Driver Configuration

Common and segment outputsHD66421 has signals are output from one side and the other h
160-channel segment outputs and 100-chanisebutput from the other side.
common outputs. In any case, the half of common

P/ Dot-matrix Display

160 x 100 |

50-channel E')-cl)-channe|
a) 1/100 duty drive common 160-channel common
outputs segment outputs outputs
COM1 to SEG1 to SEG160 COM51 to
COM50 COM100

HD66421

P/ Dot-matrix Display

160 x 80 |

b) 1/80 duty drive

40-channel A',_(')-Channe|

common 160-channel common

outputs segment outputs outputs
COM1to SEG1 to SEG160 COMS61 to
COM40 COM100

HD66421

P/ Dot-matrix Display

160 x 64 |

c) 1/64 duty drive 32-channel 32-channel
common 160-channel common
outputs segment outputs outputs

COM1to SEG1 to SEG160 COMG69 to
COM32 COM100

HD66421

Figure 19 Common and Segment Outputs
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Column Address Inversion According to LCD control register 1 is 0, and from SEG16(
Driver Layout: The HD66421 can always otherwise. Here. the scan direction of row outpt
display data in address H'O on the top left of aig also inverted according to the situation. a
LCD panel regardless of where it is positionedhown in figure 6. Note that addresses and sc
with respect to the panel. This is because thd#irection are inverted when data is written to th
HD66421 can invert the positional relationshiglisplay RAM, and thus changing the ADC bi
between display RAM addresses and LCD drivexfter data has been written has no effec
output pins by inverting RAM addressesTherefore. hardware control bits such as AD¢
Specifically, the HD66421 outputs data ifmust be set immediately after reset is cancele
address H'0 from SEG1 when the ADC bitin  and must not be set while data is being displayec

coMm1 HD66421
H'OTH'lT
cots0 Gaeacaan G0
LCD panel COM100 LU mma
PRRRPRRRR WP
oU1010101010101
TTT11] 77 T Il
sasngege aaa  cows:
OOOOOOMOEGE Tt OO0
®©o LCD panel COM50
HO [ H1 | *
HD66421 coMm1
a)ADC=0 b) ADC = 1

Figure 20 LCD Driver Layout and RAM addresses : 1/100 Duty cycle

Table 4 Scanning Direction of Common Outputs

DTY1 DTYO ADC COMMON SEGMENT

0 COM1 —> COM50, COM100 —> COM51 H'00 —> SEG1

° ° 1 COM51 —> COM100, COM50 —> COM1 H'00 —> SEG160

0 1 0 COM1 —> COM40, COM100 —> COM61 H'00 —> SEG1
1 COM61 —> COM100, COM40 —> COM1 H'00 —> SEG160
0 COM1 —> COM32, COM100 —> COM69 H'00 —> SEG1

! 0 1 COM69—> COM100, COM32 —> COM1 H'00 —> SEG160
0 8 COM depend on R11 H'00 —> SEG1

! ! 1 8 COM depend on R11 H'00 —> SEG160

HITACHI
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Multi-LSI Operation (4) All LSIs must be set to LCD off in order to

_ _ _ turn off the display.
Using multiple HD66421s provides the means fofs) The standby function of slave LSI must be
extending the number of display dots. Note th&tarted up first, and that of the master LS| mus

following items when using the multi-LSI pe terminated first.
operation. (6) The power supply circuit of slave LSI stop
working, so V1 to V5 levels are supplied from

(1) The master LSI and the slave LSI must bghe master LS. If the internal power supply
determined; the M/S pin of the master LS| mustjrcyit can not drive two LSls, use an external

be set high and the M/S pin of the slave LSI mushower supply circuit.

be set low. _

2) The master LSI supplies the FLM, M, CL1 andrigyre 6 shows the configuration using two
clock signals to the slave LSI via theypge421s and table 2 lists the differences

corresponding pins, which synchronizes the slavgetyween master and slave modes.
LSI with the master LSI.

(3) All control bits of slave LSI must be set with
the same data with that of the master LSI.

COMb51 S—

— o — o — o o
= L O g Q S S
S 2 W HDee421 3 W HDe421 3 S
) (Master) ) (Slave) w 8
e 00 2 e 00 2
rwwO9938928 0 pnunrnakblo SdlxuwS9R8%%3vdnwunrnbn®o =9
oxxrsI8CILoobauezeisSosdolloxxssSS2I8oo0dbez=rzasosTo
é é | ]
|
@
[ Y d
® 9
o
.-. ®
L ]
JENEEWWN :
Ve VLCD N~
MPU

Figure 21 Configuration Using Two HD66421s for 320x100 dtots LCD
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®
[ |
9SS0V XVNNTO000000NQA S
- = ! L
o O3p%3%Cp823S2SsS0utn
&) o >xoxg
o
S 2 3 HD66421 3 o
s s o 5 = =
3 3 8 (Slave) 8 o) o)
H L = Q
LCD 50
""""" 160x2007 """
5 60x200
160 50
— o i o
= 20 g & 8
S 5 4 HD66421 o 2 g
| o)
o (Master) n © o
l LL 80000000 0o “
® W w nerompZ =
| i rx 3352328888588 70
1
l |
i JeE
: ¢
| ®
VLCD  Vcc GND MPU

Figure 22 Configuration Using Two HD66421s for 160x200 dtots LCD

Table 5 Comparison between Master and Slave Modes

ltem Master Mode Slave Mode
Pin M/S Must be set high Must be set low
0OSC Oscillation is active Oscillation is active
CO Output High-Z
FLM, M, CL1 Output signals to slave LSI Input signals from master LSI
Registers RO, R2 to R15,R17 Valid Valid
R1:BIS1, 0 Valid Invalid
R1:other Valid Valid
R16 Valid Invalid
Power supply circuit Valid Stop working. All signals are

supplied from master LSI or
external power circuit
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Display RAM Configuration and Display

The HD66421 incorporates a bit-mapped displayhe ADC bit of control register 1 can control the

RAM. The consecutive two bits control onepositional relationship between X addresses o

pixel of LCD in 4-level gray scale mode, thisthe RAM and LCD driver output (figure 8).

means that one 8-bits data contains data whi@pecifically. the data in address H'O is output

controls four pixels. One bit of memoryfrom SEG1 when the ADC bit in control register

designates one dot of display in thel is 0, and from SEG160 otherwise. Here. date

monochrome display mode. in each 8-bit group is also inverted. Because o
this function, the data in X address H'O can be

It has 320 bits in the X direction and 100 bits iralways displayed on the top left of an LCD panel

the Y direction. The 320 bits are divided into fortywith the MSB at the far left regardless of the LSI

8-bit groups. As shown in figure 7, data written bys positioned with respect to the panel. In this

the MPU is stored horizontally with the MSB atcase, DB7, DB5, DB3 and DB1 are more

the far left and the LSB at the far right. The rangseignificant bit in consecutive two bits.

of X-address is between H'00 and H'27 in 4-level

gray scale mode and between H'00 and H'26 in

monochrome display mode. X-address must be

even number for monochrome display mode.

‘ \ H LCD panel m LCD panel

| | NENRRRER 5
nmaom
SEG1 | SEG3 FEEEELY m
SEG2 | SEG4 SEG160 OOOOOOO O o
PN WODOILO N 8
I HENEEEN :
YO 11[1]1]olof1]0]o YO l1]1]alolol1lolo
v1 [oflolof1l1Tol1]2 v1 lololofa]l1]o]l1]a
DDDDDDDD Display RAM DDDDDDDD Display RAM
BBBBBBBB BBBBBBBB
76543210 76543210
(a) MON = 0, ADC = 0, WLS=0 (b) MON = 1, ADC = 0, WLS=0

Figure 23 Display RAM Data and Display in Gray Scale Mode

HITACHI

22



Rev. 1.5E '99.09.2C

HD66421—
SEG1 LCD drive signal output SEG160 SEG1 LCD drive signal output SEG160

H'OO L[] ITTT]]] - LU HOO (LTI o L
H'01 . H'01 .
(2] (2]
) )
S | | | S | | |
E E
N | | | N | | |
H'62 “-C-zC H'62 “-C-zC
H'63 H'63

] ] i ] Hl2 ]

HO H1 X addresses H27 H27 6 X addresses HO

[] mse [l mse

(@) MON =0, ADC = 0, WLS=0 (b) MON =0, ADC =1, WLS=0
Figure 24 Display RAM Configuration in Gray Scale Mode

SEG1 LCD drive signal output SEG160 SEG1 LCD drive signal output SEG160
HOO [[I[[TI[PIT]] - — — _ L HOO T - L]
H'01 o H'01 o

3 %
() —
5 I I I S I I I
e]
) IS
s I | N I |
H'62 — H'62 —
H'63 H'63
H'0 H'2 H'26 H'26 H24 H'0
X address X address
[ wss [l mss
(&) MON=1,ADC =0 (b) MON=1,ADC =1

Figure 25 Display RAM Configuration in Monochrome Mode
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Word Length When the 6-bits mode is selected, only data o
The HD66421 can handle either 8- or 6-bits as2b2 (©© DBO are used and data on DB7 anc

word. In the display memory, one X address | 6 are discarded. This word length is only
assigned to each word of 8- or 6-bits long in pplied to data to internal RAM. ‘The word
ngth of internal register is always 8-bits

direction.

SEG1 LCD drive signal output SEG160 SEG1 LCD drive signal output SEG160
HOO [T — — _ _ oo e ]
H'01 . Hox( |  _ _ _ _ _

@ | 8hbits B |6 bits
g g
% I I I % I I I I
> I I I > I I I I
H'62 - — _ H'62 - _
H'63 H'63
H'O H'1 H'27 HO H1 H'34 H'35
X addresses X addresses
|:| MSB |:| MSB
(a) Address assignment when one (b) Address assignment when one
word is 8 bits long (MON=0) word is 6 bits long (MON=0)
Figure 26 Display RAM Addresses in Gray Scale Mode

H'O H'35 H'35 H'O
YO f1]ala1]ofofa 1lolo| YO |afafa|olo]a 1]o]o
vi|ofofofafalo] 0]1f1 Y1 [ofo]ol1l1]0 ol1]1

DDDDDD Display RAM D:D D DDDDDD Display RAM D:DD

BBBBBB B:B B BBBBBB BiBB

543210 0:5 4 012345 5:01

(@) WLS=1, ADC =0, MON=0 (b) WLS=1, ADC = 1 MON=0
H'35's bit7,6, and 3 to 0 are disable . H'O's bit7 to 2 are disable.

H'0 H'34 H'34 H'0
YO lalafa]ofo]s olof1folof YO [afa]a]ofof1 olol1]o]o
Y1 |ofofoj1f1if0 il1fofa]1| v1|ofolo]i]i]o 1{1]of1f1

DDDDDD DisplayRAM  D:D DDD DDDDDD DisplayRAM D:D DD D

BBBBBB BiB B BB BBBBBB BIB B BB

543210 0i54 32 012345 5.0 123

(c) WLS=1, ADC =0, MON=1 (d) WLS=1, ADC =1, MON=1
H'34's bit7,6, and 1,0 are disable . H'O's bit7 to 4 are disable.

Figure 27 Display RAM Bits Map at 6-bits Mode
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Monochrome Display Mode This means no flicker during being rewritten.
The address area is mapped to even addre
The HD66421 can control monochrome displayrom H'O to H'26 in monochrome mode anc
This mode is set when MON is set to 1. Two plantis address area is the same for both plane
of display can be selected in this mode using twikhe plane 0 is accessed when PSEL is cleared
bits data for gray scale. One plane can be selec®dnd the plane 1 is selected when PSEL is set
with PSEL bit for access from the MPU and witli. The plane 0 is displayed when DSEL is
DSEL bit for display. Theses two operations areleared to 0 and the plane 1 is displayed whe
independent to each other, thus one plane can8EL is set to 1.
rewritten while the other plane is displayed.

DSEL —

‘IK plane 1

L1 plane 0

PSEL — |

Figure 28 Memory Planes in Monochrome Display Mode

SEG1 LCD drive signal output SEG160
HoO [T — — — LT
H'01 o

?
o I I I
=)
5 | | |
>
I I I
H'62 - — —
H'63
HO H2 H'26

Figure 29 Memory Addresses in Monochrome Display Mode
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Configuration of Display Data Bit

Packed Pixel Method When grey scale display data is manipulated in
bit units, one memory access is sufficient,

For grey scale display and super reflectivevhich enables smooth high-speed data

colour display, multiple bits are needed for ongewriting.

pixel. In the HD66421, two bits are assigned to

one pixel, enabling a four-level grey scaleThe bit data to input to pin DB7, DB5, DB3

display and four colour display. and DB1 become more significant bit and the

One address, eight bits, specifies four pixelshit data to input via pin DB6, DB4, DB2 and

and pixel bits 0 and 1 for gray scale areDBO are less significant bit.

managed as consecutive bits in one byte.

FEER RRE e

flflflfl lflflflf Grey scale/colour palette
HHHH HHHH

fololola]afola]a] lofo]o]o]1]o]si[o] Physical memory
Bt 76 5 43210 760543210

FRC control circuit

4 pixels/address Address:n+1
Address: n

Figure 30 Packed Pixel Method

Gray scale/Colour palette registers that assign desired levels to certain c

the four colors, GRAY = 0, or generate
The HD66421 uses PWM, Pulse Widthdedicated 4-level grayscale , GRAY = 1.
Modulation, technique for gray scale display. AUsing the palette registers to select any 4 ou
period of one line is divided into thirty-one orof 32 levels of applied voltages enables ar
four and HD66421 outputs turn-on levels foloptimal grayscale/colour display. Because of
one period and turn-off levels for rest of thes¢his grayscale technique using 32-levels gray
period. This technique changes gray scale atale needs higher clock rate. If 32-levels gray
monochrome display and colour on supescale is not needed, lower clock rate can b
reflective colour panel. The characteristics ofised. Table 6 shows the relationship betwee
these panel vary with different panel. To allowdisplay data and palette registers and Table
for this, the HD66421 designed to generatand 8 show relationship between value of &
32-levels gray scale levels and provides palettepalette register and grayscale level.

Table 6 Relationship between Display Data and Palette Registers

DB7,5,3,1 DB6,4,2,0 Register Name Default Value
0 0 Grayscale Palettel 0 0 O 0 O
0 1 Grayscale Palette2 0 1 0 1 1
1 0 Grayscale Palette3 1 0 1 1 1
1 1 Grayscale Palette4 1 1 1 1 1
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Table 7 Value of a Palette Register and Grayscale Levels (GRAY= 0)

Value Grayscale Level
0 default R12
1/31
2/31
3/31
4/31
5/31
6/31
7131
8/31
9/31
10/31
11/31 default R13
12/31
13/31
14/31
15/31
16/31
17/31
18/31
19/31
20/31
21/31
22/31
23/31 default R14
24/31
25/31
26/31
27/31
28/31
29/31
30/31
1 default R15

o

Rl |lo]lo]lolo|o]o]lo|lo|o]ollo|lo|o|o o |o
[ [N [N [y y= yy (i /Y 1= (=X (=1 (=2 [=] (=} (=1 = I Y Y Y Y S Y N =l =R =1 =R = =R =X (=
Rl lolololo -]l ]lololole ]|~ ]lr]lolololo |~ ]| ]|~]|o]o]o
= (=X (=3 = = (=1 [=2 =X (=Y [=] (=2 (=9 =Y [=1 [= 0 [=9 (=Y k=1 (=N =¥ =X (=] (=0 = (= [=] =2 =N =N (=2 (=}
rlol~lol~lolr]|ol~]lol- o~ |ol~|lolr|lol~|ol- |ol- o~ |olr|ol- o]~ |o

Table 8 Grayscale Levels (GRAY=1)

DB7,5,3,1 DB6,4,2,0 Grayscale Level
0 0 0
0 1 1/3
1 0 2/3
1 1 1
HITACHI
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Access to Internal Registers and Display RAM

Access to Internal Registers by the MPUThe However, when reading. data is temporarily
internal registers includes the index register anihtched into a internal read buffer and then outpt
data registers. The index register can be accesseskt time, a read is performed in a subsequel
by driving both the CS and RS signals low. Tacycle. This means that a dummy read is necessa
access a data register, first write its registeafter setting X and Y addresses. The memor
number ID to the index register with RS set to Oread sequence is shown in figure 31.
and then access the data register with RS setto 1.
Once written, the register number is held until iX and Y addresses are automatically incremente
is rewritten, enabling the same register to bafter each memory access according to the IN
consecutively accessed without having to rewriteit value in control register 2; therefore, it is not
to the register number for each access. Some datacessary to update the addresses for each acce
registers contain unused bits; they should be sEigure 32 shows two cases of incrementing
to 0. Note that all data registers except the displajisplay RAM address. When the INC bit is 0, the
memory access register can only be written to. Y address will be incremented up to H'7F with
the X address unchanged. However, actuc
Access to Display RAM by the MPU:To access memory is valid only within H'00 to H'4F;
the display RAM, first write the RAM addressaccessing an invalid address is ignored. When tt
desired to the X address register (R2) and the WC bit is 1 , the X address will be incremented
address register (R3). Then read/write the displayp to H'27 or H'35 according to WLS bit with the
memory access register (R4). Memory access by address unchanged. After address H'27 ¢
the MPU is independent of memory readd'35, the X address will be returned to H'0O0;
by the HD66421 and is also asynchronous withccessing more than forty bytes causes rewritin
the HD66421's clock, thus enabling an interfacéo the same address.
independent of HD66421's internal operations.

RS |

WR

RD

X Address Y Address

et oz X X Hos X mp X Hod

Ccl)fig)Ut Undetermin&( Data[n,m] Data[n,m+1D
Dummy
read

Figure 31 Display RAM read sequence
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H'0 H'L --smmmosmmmoeseneoes. H27  H?28 ------seeeceee- H'35
H'0O| =i
H'01
: Valid area Valid area (WLS= 1)
H'63 | |
E Invalid area Invalid area
H'7F |
WLS=0
-l | =
- WLS=1 -
(@ INC=0
H'0 H'1 -seeceemcememcucnaenns H27  H28 --e-ceeecenneee H'35
H'00 -
HO1[ WLS=0 > wis=1 |
moz2| A
; |
H'63 | | | |
WLS=0
-t - =
- WLS=1 -
(b) INC =1, MON=0
H'0 H'2 oceemmmeaean H26  H'28 --cc-coooone- H'34
H'00 _
H'01 ; WLS=0 — WLS=1 -
Ho2| A
; |
H'63 | | | |
WLS=0
-t - =
- WLS=1 -

(c) INC =1, MON=1

Figure 32 Display Address Increment
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Read-Modify-Write: X- or Y-address is modified and written to the same address
incremented after reading form or writing data tevithout re-setting the address. Data is
the display RAM at normal mode, RMW=0.temporarily latched into a HD66421's buffer

However, X- or Y-address is not incremente@dnd then output next time a read is performed
after reading data from the display RAM ain a subsequent cycle. This means that the
read-modify-write mode, RMW=1. The datadummy read is necessary after every cycle.
which is read from the display RAM may be This sequence is shown in figure 33.

Set X-address
Set Y-address
<

dummy read

Read Data

_ Address
Write Data incremented
no

Finish Modifying

Figure 33 The Flow Chart for Read-Modify-Write
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Arbitration Control

The HD66421 controls the arbitration betweelVhen draw and display access occur at the se
draw access and display access. The draw acctg¥e, draw access is executed prior to displ
read and write display data of displayaccess. Display access is executed between
memory incorporated in the HD66421. Thelraw access during display access period. If
display access outputs display data to the liquigeriod of one draw access is longer than that
crystal panel. The draw access has the priorigisplay access, display access will not |
over display access, so continuous access éxecuted properly. If this condition happer
enabled without having the system to wait. Fdirequently, flicker will be seen on the displa
arbitration control, draw access is recognized die low level width of WR and RD must be le:
valid whenCS and WR/RD are low. than the period of display access - 450ns.

< > << > << >

Draw access Display access Draw access
period

Figure 34 Definition of Draw Access

Display Access Signal |
(Internal signal) @~ —————————— """ S

we LD L L L LWL
- I

Memory Access | m N m N\ R“I N \| |

* In the case of fOSC = 180kHz Draw Access Display Access

Figure 35 Memory Access when Display and Draw Access Occur at The Same Time

Display Access Period -—-------------—---- | ,,,,,,,,,,,,,,,,,,,,
(Internal signal) @ — [ Peplay AbLess FEIIDY

_— 1 Display Access Period* - 45005
WR .
cs | ,,,,,,,,,,,,,,,,,,,,
Memory Access Draw Access
* 32-levels gray scale mode : Display access period is 4xtcyc (DnLSiEI?S'g‘ﬁg)ess
4-levels gray scale mode : Display access period is tcyc '

tcyc = 1/fosc or fcp

Figure 36 WR Low Level Width
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Vertical Scroll Function |, data in Y address H'O is displayed on the 100

raster. To display another frame on the 100
The HD66421 can vertically scroll a display byaster, therefore, data in Y address H'0O must
varying the top raster to be displayed. which modified after setting the top raster. Whe
specified by the display start raster register, Réisplay duty is less than 100, for example 1/8
Figure 37 and 38 show vertical scroll examples. Aata of address H'50 is displayed after addre
shown, when the top raster to be displayed is set td4F.

Y-address
H'00
H'01
H'02

Top raster to be
displayed =0
(ST[6:0] =0)

IIIIIIIT
N elolololololele)
T>©O OISO ER®

WRPRO
!
[

IIIT
OO T

Y-address
H'01
i

I
S
I IN]

Top raster to be
displayed = 1
(ST[6:0]1 =1)

IITIIIIT
OO0 OO0 0O
W>© 0o s

IIIT
oo T
SN

Y-address

I
[o)e]
WN

Top raster to be
displayed = 2
(ST[6:0] = 2)

LI

Om>© oo G~

AL 1L

IITTIIIIIIT
T o000 00O 0O

ITTT
SO0 O
POWN
‘ [

|

Figure 37 Vertical Scroll : 1/100Duty Cycle
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Top raster to be
displayed =0
(ST[6:0] =0)

Top raster to be
displayed = 1
(ST[6:0] =1)

Top raster to be
displayed = 2
(ST[6:0] = 2)

Y-address

IIIIIIITIIIT
clclolololololclolels]
TO OO AE® NFRO

I 1m

nmoo
\

IIII
ADhBAD

Y-address

IIT IITIIIIIIIIT
ARDN TTTOOC OO0 O000 OO
T WSO OO TE® NP

LT LTI

Y-address

I
[o)e]
WN

IITTIIIIIT
i elelelololololele)
Ol >© OISO TS

IIIT
aabh b
ROTIMmM

Figure 38 Vertical Scroll : 1/80Duty Cycle
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Partial Display Function

The clock frequency may be 220kHz at norn
The HD66421 can display only a part of a futhode. When a partial display is driven, oscillati
display. The duty ratio of this partial display is 1/8equency will be 18kHz, 1/12.5 of that ¢
and rest of display is scanned with unselectedrmal display mode. Oscillator, OSC-OSC2, w
levels. The position of this partial display can e selected automatically when partial displ
located at any position with using partial displayode is selected. To change clock frequen
position register. To launch this mode, followinfpllow the process which is showed in Figure 43.
processes are needed:
(1) supplied voltage to VLCD must be cut ofiwarning:

PWR bit can be used if external voltage supplienjg CD must be cut off when partial display

controlled with DCON output (R0) mode is launched. Vcc is supplied to LCD
(2) set DTY bits (R1) . driving circuit instead of VLCD. So if VLCD
(3) set display position (R11) and display stgdgnnjied externally during partial display

line(R5)

(4) set contrast level (R16) mode, Vcc short-circuit to VLCD. Vcc must

be over 3V and COM49 to COM52 cannot
be used.

Table 9 Partial Display Block

R11 ADC=0 ADC=1
H'00 COM1 —> COMS8 CcCoM8 — comi
H'01 COM9 —> COM16 COM16 — COM9
H'02 COM17 —> COM24 COM24 — COM17
H'03 COM25 —> COM32 COM32 —> COM25
H'04 COM33 —> COM40 COM40 — COMS33
H'05 COM41 —> COM48 COM48 — COM41
H'06 COM100—> COM93 COM93 —> COM100
H'07 COM92 —> COMB85 COM85 —> COM92
H'08 COM84 —> COM77 COM77 —> COM84
H'09 COM76 —> COM®69 COM69 —> COM76
H'0A COM68 —> COM®61 COM61 —> COM®68
H'0B COM60 —> COM53 COM53 —> COM60
Y address
H'00 COM1
LCD Panel :
i COM33
DFI;SEII\;W R11=Ho4 |ABCD COM40
|
Startline R5 :—ggmilgchMSO (Not used)
R5+7[ ABCD \
1
|
1
|
H'63 —=—1  COM51,COM52 (Not used)

Figure 39 Partial Display
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Blink Function

The HD66421 can blink a specified area on thhe horizontal position, or the dots to be blinke:
dot-matrix display. Blinking is achieved byin the specified rasters, are specified by the blir
repeatedly turning on and off the specified areaggisters R8, R9 and R10 in an 8-dot group; ea
a frequency of one sixty-fourth the framdlata bit in the blink registers controls its
frequency. For example, when the frameorresponding 8-dots group. The relationshi
frequency is 80 Hz. the area is turned on and &¥¢tween the registers and blink area is shown
every 0.8 seconds. figure 40. Setting the BLK bit to 1 in control
The area to be blinked can be designated fy?gis_ter 2 after setting the above registers sta
specifying vertical and horizontal positions of th8linking the designated area. Note that since tt
area. The vertical position. or the rasters to [Géea to be blinked is designated absolutely wit
blinked, are specified by the blink start rastdespect to the display RAM, it will move along
register (R6) and blink end raster register (R7). With a scrolling display (figure 41).

Blink start I—CD
ine(R6) ~— | T 1T T T I T O I O TT T T T T T T T T
_ I e e e e e e e
Blinkend |+ 0 0 0 e
line (R7) e e e
I e L
| | | | | | | | | | | | | | | | | | |
0w MmN n N nnnnnnononnnnn oo
m MM MOMMMMMMMMMIMMMIMIMIMIM M M@ M
O O 606 060 0000606 0000600606060 O
P O B N W b b O O N O 0O © B B P P P PR
o b Y@@ O N e o e BN XSS
o N WA A NS N B o e @R N
E N © © o AN O ® O O B B PP e
| / / / v e e /// -~ A P DN W B~ OO0 O
| /I / / ////////j//////////N///o//ai//m/%//N//o
I I e e
/ L e e e =T
[ofoloJoJoJofaf1]1]1]1]o]ojofof1][olo]0]1]

Blinkregiste's  ppppDDDDDDDDDDDDDDDD Blink area
BBBBBBBBBBBBBBBBBBBB
[76543210]76543210[|3210]

R8 R9 R10
Figure 40 Blink Area Designation by Blink Control Registers
Blink end raster =H'F Blink end raster = H'F

Figure 41 Scrolling Blink Area
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Power Down Modes is active. However, this duty ratio is 1/8 so th

_ ~external power supply for LCD drive will be
The HD66421 has a standby function providinghactive. The oscillator does not halt, thu:
low power-dissipation, which is initiated bydissipating more power than standby mode. Tab
internal register settings. During standby mode |ists the LCD driver output pin status during
aII the HD66421 functlor_ls are Inact_lve and dat§tandby mode. Figure 42 shows the procedure f
in the display RAM and internal registers excephitiating and canceling a standby mode an
the_DISP bit are retained. HOW_eVGI', only ContrCﬂgure 43 shows the procedure for changin
registers can be accessed during standby mogdecillator. Note that these procedure must &

HD66421 has an another power down modetrictly followed to protect data in the display
partial display. In this mode only a part of displayRaAM.

Table 10 Output Pin Status during Power Down modes

Signal Name STBY Status
1 Output VLCD (display off)
COM1-COM100 X -
0 Output common signals (display on)
EGL.SEGL 1 Output VLCD (display off)
SEG1-SEG160 0 Output segment signals (display on)

Set STBY bitto 1 and AMP bitto 0
(control register 1)

[
Standby mode

Clear STBY and PWR bits to 0 and AMP bitto 1
(control register 1)

Wait for oscillation and external
power supply to stabilize

Set DISP bit to 1 (control register 1)

Oscillation halts
OP amp power off

Initiation
External power supply off
Oscillator starts
OP amp power on
Internal operation starts
Cancellation

Approx. 10ms

Display starts

Figure 42 Procedure for Initiation and Canceling a Standby Mode

Set HOLT bit to 1 (control register 1)

Internal operation stops

Set DTY or GRAY bit to 1 (control register 2)

Oscillator 2 starts working

Wait for oscillation to stabilize

Approx. 10ms

Clear HOLT bit to O (control register 1)

Internal operation starts

Figure 43 Procedure for Changing Oscillator
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Power On/Off Procedure _ _ _
strictly followed to prevent incorrect display

Figure 44 shows the procedure for turning tigcause the HD66421 incorporates a powe
power supply on and off. This procedure must bgupply circuit.

Turn on power (power-on reset)
!
Set PWR,AMP bit to 1 (control register 1) Boosting starts
Set CNF, ADC, DTY1, DTYO, INC bits according to Power on
the operating mode (control registerl and 2)
I
Write data to registers and RAM as required
Set DISP bit to 1 (control register 1) v
Clear DISP bit to 0 (control register 1) A
Clear PWR,AMP bit to 0 (control register 1) Boosting halts Power off
Turn off power v

Figure 44 Procedure for Turning Power Supply On/Off
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Oscillator Clock and Frame Frequency

The HD66421 incorporates two sets of R-Ohe HD66421 generates the frame frequency
oscillator for two display modes: OSC-OSCividing the input clock. Clock frequency is
oscillator is used for 32-levels gray scala@etermined with following equation:

display mode and OSC-OSC2 oscillator for

4-levels gray scale and partial display mode. IfOSC = N * (Duty ratio) * (Frame frequency)

the internal oscillator is not used, an appropriate N: 31 for 32-level gray scale display mode
clock signal must be externally input through 3 for 4-level gray scale display mode

the OSC pin. In this case, the OSC1 and OSC2

pins must be left unconnected. OscillatioThe frame frequency is usually 70 to 90 Hz
resister must be placed near LSI, because when the frame frequency is 70 Hz, for example
capacitance exists between OSC and OSGHhe input clock frequency will be 220 kHz for
oscillator may not work properly. Figure 4532-level gray scale display mode, and 18kHz fc
shows oscillator connections. 4-level gray scale.

Changing Oscillator LCD Driving Alternating Cycle

Two oscillators are alternated automaticall\AC voltage needs to be applied to liquid crystal
depending on modes. An external clock must e prevent deterioration due to DC voltage. Thi

input from OSC terminal at any modes. alternated cycle is determined by setting
Alternating cycle register (R16); 7, 11, 13lines o
flame.
oscC oscC
External 0sC OSC
Clock
Rf Rf
HDe6a21| N2 RiL> | HD66421 HD66421 HD66421
(Open) — OSC1 0SC1 0SsC1 (Open) 0SC1
Open) —| OSC2 0sc2
(Open) — 0SC2 0sc2 (Open)

b) 32-levels grayscale mode c)32-levels grayscale mode d)4-levels
a) External clock  with partial display mode ~ without partial display mode  grayscale mode

Figure 45 Oscillator Connections

Table 11 LCD alternative drive cycle

Alternative
CM1 CMO Cycle
0 0 Frame
0 0 7 lines
0 0 11 lines
0 0 13 lines
HITACHI
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Power Supply Circuits Contrast Control: Internal contrast control
_ o circuit can change the output voltage level of
HD66421 has following circuits for power supply/| CD by setting data to contrast control register.

circuit: operational amplifiers, resistive dividersRi6. VLCD adjustable range are showed below;
bias control circuit and contrast control circuit.

LCD driving voltage, VLCD, must be generated 1/8 pias

externally. 0.73 * (VLCD-GND)< VLCD < 0.988 * (VLCD-GND)
* 1/9 bias

LCD Drive Voltage Power Supply Levels:To g2 *(vLCD-GND)< VLCD < 0.993 * (VLCD-GND)
drive the LCD, a 6-level power supply are gxample 1.

necessary. These levels are generated internally @111 bias

supplied from outside. When an internal voltage 0.79 * (vLCD-GND)< VLCD < 0.992 * (VLCD-GND)
levels generator is chosen, external capacitos®artial Display

more than 1uF, are needed to stabilize these level$) 82 * (vcc-GND) VCC < 0.997 * (VCC-GND)

AS the HD66421 incorporates operational (Example 2.)

amplifiers to these levels, this circuit gives better

quality of display with less power consumptiorPartial display function uses 1/4 bias ratio from
This divided ratio is programmable. VCC to GND. 8 levels of contrast can be selecte
Bias current of internal operational amplifier isvith data bit 2 to O of R16. The other bits, bit 3 tc
determined with a resister which is insertedl, are ignored.

between IREFM and GND. This resister value is

between 1M and 5M). Larger resister value

make less power consumption at internal

operational amplifier. However, too large value

loose operational margin of amplifiers.

Keep following relationship among voltage levels;

Vcc =2 IREFMP > IREFM> GND

VLCD > Vcc > GREFR= GND

VLCD =2V102=V20=V30=V40=V50= GRER GND
VLCD-Vcc = 1.0V

IREFP-IREFM> 1.0V

Vce-GREF= 1.0V

Example.1 LCD bias Ieyel _ Example 2. LCD bias level
1/80 duty Display(1/9 bias, VLCD=12V,GND=0V) Partial Display(1/4 bias,VCC=5V,GND=0V)
12 VLCD 5 vceC
11 V10
10 V20 4 V10
9
8 V20, V30
Q
g 6 S V40
= s
S 5 =
> vio S 2 —
4 / _~V50
| — V40 — /
3 —
V50 1 —
2
0 7 F 17 1F 0 4 7
Contrast (R16) (maximum) Contrast (R16) (maximum)

39



Rev. 1.5E '99.09.2C

HD66421—

LCD drive levels bias ratio: LCD driving levels External Power Supply Circuit: When the
bias ratio can be selected from 1/8, 1/9, 1/10internal operational amplifier cannot fully drive
1/11. the LCD panel used, V10 to V50 voltages can be
supplied from external power supply circuit.
Power Supply: The HD66421 needs the extern&élere, the AMP bit must be cleared to O to turn off
power supply for LCD driving circuit. If thisthe internal power supply circuit. In this case,
power circuit has on/off control, the HD6642IREFP is connected to Vcc, GREF to GND and
controls the external power supply circuit BNREFM is left open.
setting PWR bit.

External voltage
Leb VLCD booster
¢ £]
vee _g Operational 1
IREFP amplifier OFF Vout
r Rl%
Vi - 1 C1 on/off
1GND []&I I_.
R4 r Rl%
V2 < - ° C1
| [ V20
1IREFM Eﬂ‘l I—'
Resister for Bias
bias current R3 control
. IV3 —< - ) C1
of op_e_ratlonal J] V30
amplifier { 4| I—C
r Rl%
Iv4 < I'l_ 3 c1
[-v40 |
|
' R1
IV5 < - > C1
1 V50 ]
Ll I
% Contrast R2
777 control
resistive divider for ~ CIrcuit [ GREF
partial display mode
DCON
HD66421 m
R1=R
R2 =0.094R to 3R
R3=4Rt0 7R

R4 = 1MQ to 5MQ
C1 = 1pF to 3.3uF (B type)

Figure 46 Power Supply Circuit
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Reset Initial Setting of Pins:

- S Bus interface pins
The low RES signal initializes the HD66421pyring reset, the bus interface pins do not accep!
clearing all the bits in the internal registers. Duringgnals to access internal registers; data i
reset. the internal registers cannot be accessed. yndefined when read.

The electrical characteristics of low level width afCD driver output pins

RES must be kept to make sure the operation®iring reset. all the LCD driver output pins

HD66421. (SEG1 to SEGI61, COM1 to COM100) output
Vcc-level voltage, regardless of data value in the

Initial Setting of Internal Registers: All the display RAM, turning off the LCD. Here, the

internal register bits are cleared to 0. Details as@itput voltage is not alternated. Note that the

listed below. same voltage (VLCD) is applied to both column
_ and row output pins to prevent liquid crystals

- Normal operation from degrading.

- Oscillator is active; OSC-OSCL1 is used

- Display is off

- Y address of display RAM is incremented

- 1/100 duty cycle

- X and Y addresses are 0

- Data in address H'0 is output from the SEGI pin
- Blink function is inactive

- Operational amplifier is disabled
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Example of external circuit
The example of external circuit of HD66421 is
showed in Figure 47. This circuit is just the
example and not guaranteed to work at any
condition. Please examine these circuit before
you use.
50 LCD
160 x 100
160 S0
R1: 4MQ
R2: 180kQ
R3: 2MQ
o —
= L O @ v = C1,C7:0.1u
@) = uw - = d .
O O »n HD66421 8 ®) % C2-C6: 1.0p (B type)
© n © O
B EE8,0000000308 20 g
o w 8 @ ~ ¥ S
sEPS8595232288ueEpERES 333
R R I D70
RD
WR MPU
AO
CSO
@ ] ® RES
e i |
Colc3[c4[cs [ce [c7 DC/DC
converter
Vcc

Figure 47 Example of external circuit
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Absolute Maximum Ratings

Item Symbol Ratings Unit Notes
Power supply Logic circuit Vcce -0.3to +7.0 \ 1
voltage LCD drive circuit VLCD -0.3to +17.5 \

Input voltage 1 VTl -0.3 to Vcc+0.3 V 1,2
Input voltage 2 VT2 -0.3to VLCD+0.3 \Y 1,3
Operating temperature Topr -40 to +85 °C

Storage temperature Tstg -55t0 +110 °C

Notes: 1 .Measured relative to GND - S
2 Applies to pins M/S, OSC, OSC1, OSC2, DB7 to DBO, RD, WR, CS, RS, RES, CL1, M, FLM
3 Applies to pins V10, V20, V30, V40 and V50
4 If the LSl is used beyond its absolute maximum rating, it may be permanently damaged.
It should always be used within the limits of its electrical characteristics to prevent malfunction
or unreliability.
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Electrical Characteristics

DC Characteristics (Vcc=2.2 to 5.5V, GND=0V, VLCD=6 to 17V, Ta=-40 to +85°C Note 9)

Applicable Measurement

Iltem Symbol Pins min. Typ Max Unit Condition Notes

O leakage oL 1 - 1 A Vin=VcctoGND 1
current L

V-pins leakage VL -10 - 10 A Vin=GND to VLCD 2
current

Driver on SEG1 to SEG160 lon = 100pA

resistance Ron  com1 to coM100 20 kQ i cp=ev 3
Input high VIH1 0.8xVee - Vee Vv 1
voltage

Input low VILL 0 - 02xVee V 1
voltage

Output high VOH  DB7 to DBO 0.8xVee - Vee V. loH=-50pA 4
voltage

Output low VOL  DB7 to DBO 0 . 02xVee V. loL=50pA 4
voltage

Current —

consumption Icc Ve - 60 100 pA Vee = 3.0V 5,6
during display Rf = 180kQ

Current

consumption Istb Vee - 1 5 HA 5,7
during standby

Current

consumption in  llcd VLCD - 50 70 HA 5,8

LCD drive part

Notes:1
2
3

Applies to pins: M/S, CS, RS, WR, RD, RES, OSC, DB7 to DBO, CL1, M and FLM

Applies to pins: VOO, V10, V20, V30, V40 and V50

Indicates the resistance between one pin from SEG1 to SEG160,COM1 to COM100 from V10 to V50
V10 and V20 should be near VLCD level, and V30 to V50 should be near GND level. All voltage
must be within AV.AV is the range within which Ron is stable. V1 to V4 levels should keep following
condition:VLCD=V10=V20=V30=V40=V50=GND

Applies to pins: DB7-DBO, CO, CL1, M and FLM

Input and output current are excluded. When a CMOS input is floating, excess current flows from power
supply to the input circuit. To avoid this, ViH and ViL must be held to Vcc and GND levels, respectively.
The current which flows at resistive divider and LCD are excluded.

Where the unmolded side of LSI is exposed to light , excess current flows. Use under sealed condition.
Specified under following conditions:

Internal oscillator is used; Rf = 180kQ

32-levels gray scale mode; GRAY =0

CO,CL1,FLM,M stop; CLE=1

Vcc = 3.0V

Checker board is displayed

No access fro CPU

Measured during stand-by mode.

Vcc = 3.0V

Specified under following conditions:

Internal power supply circuit is used.

Resister value is 5MQ which is connected between IREFM and GND

Vce = 3.0V, VLCD =15V, IREFP = Vcc, GREF = GND

All electrical characteristic are guaranteed at +85°C for die products.
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Input Terminal

Pins: g, Rs,m,ﬁl
RES, M/S

:

Output Terminal
Pins: CO

<

I/O Terminal Pins: DB7 to DBO, FLM, M, CL1

Input Enable
o—

i
5

Figure 48 Terminal Configuration
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HD66421—

AC Characteristics (Vcc = 2.2 to 5.5V, GND = 0V, Ta = -40 to +85°Clote 1)

Clock Characteristics

Iltem Symbol Min Typ Max Unit Notes
Oscillation frequency fOSC 160 220 280 kHz Rf=180kQ, Vcc = 3.0V
External clock frequency fcp 50 — 400 KkHz
External clock duty cycle Duty 45 50 55 %
External clock fall time tr — — 0.2 us
External clock rise time tf — — 0.2 Us
Reset Timing
Iltem Symbol Min Typ Max Unit  Notes
RES low-level width tRES 1 — — ms
tr
OSsC
tL
tf
Duty = tH
U = i
tRES
RES
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MPU Interface

ltem Symbol Min Typ Max Unit  Notes
RD low-level width tWRDL 250 — T - 450 ns Vce =2.2Vto 3.0V, 2
190 ~ T - 450 ns Vcc=3.0Vto 5.5V, 2
RD high-level width tWRDH 450 - - ns
WR low-level width TWWRL 250 — T - 450 ns Vce =2.2Vto 3.0V, 2
190 ~ T - 450 ns Vcc=3.0Vto 5.5V, 2
WR high-level width tWWRH 450 - - ns
Address setup time tAS 20 — — ns
Address hold time tAH 20 — — ns
Data delay time tDDR — — 180 ns Vcc = 2.2V to 3.0V
— — 150 ns Vcc = 3.0V to 5.5V
Data output hold time tDHR 20 - — ns
Data setup time tDsw 150 - - NS vVcc=2.2Vto 3.0V
100 — — ns Vcc = 3.0V to 5.5V
Data hold time tDHW 10 — — ns

Note 1 All electrical characteristic are guaranteed at +85°C for die products.

Note 2 T=4xtCYC 32-levels gray scale mode

T=tCYC

tCYC=1/fOSCr1/fCP

4-levels gray scale more and partial display mode

=

/1 tan

| twwrH k tWwwRL ol
S
AS

< twRDL {wRDH

RD St i

WR {as f

taH,
RS,CS
—
DB7- {DDR toHR
DBO

Figure 50 MPU Interface

Notes. The following load circuit is connected for specification.
VOH and VOL of the timing specification is 1/2 Vcc level.

Output terminal Q

77777
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HD66421 —
<<Reference Data>>

Note: All data are measured at +25°C with typical sample.

1. Frequency of oscillator with an external resistor

1.1. 32-levels gray scale mode using OSC-OSC1 oscillator

400 :
N ' —

§ 350 : Rf=120 [kQ]
% 300 f Rf=150 [kQ]
2 200 ; Rf=240[kQ)]
5 150 5 Rf=300[kQ)]
S 100 ; Rf=470[kQ]
o :

50 ;

020 25 30 35 40 45 50 55

Vee [V]
Figure A. OSC-OSC1 Oscillator

1.2. 4-levels gray scale and partial display mode, using OSC-OSC2 oscillator

0

90 : Rf=1.0 [MQ]
T 80 f |
X :
— 70 :
8 :
= 60 : Rf=1.5 [MQ]
(&)
g 0 :  Rf=2.0 [MQ
B 40 | Rf=2.0 [MQ]
> :
g 30 : 'Rf=3.0 [MQ]
2 20 ’ ‘
5 : Rf=5.0 [MQ]
T 10 : |

20 25 30 35 40 45 50 55

Figure B. OSC-OSC2 Oscillator
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2. Power Consumption
Conditions: Rf=180R, OPamp on, 1/100Duty, displaying checker pattern, no load
2.1 32-levels gray scale mode, Vcc vs Icc

200

160

120

80

Icc[uA]

40

Figure C. Icc (VLCD=15V)

2.2 32-levels gray scale mode, VLCD vs. ILCD
60

50

ILCD[uA]
w N
o o

N
o

=
o

o

VLCD[V]

Figure D. ILCD (VCC=3V)
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2.3 Power consumption during MPU access

MPU(H8/536S) wrote checker pattern to HD66421, and alternately write 0 and 1 to same addr
RAM continuously.

1000

MPU 16 [MHz]
800

600
MPU 6 [MHz]

Icc[uA]

400| ===

200
ONLY DISPLAY

3.0 35 4.0 4.5 5.0 55
VceclV]

Figure E. Icc (VLCD=15, MPU accessing)

2.4 4-levels gray scale and partial display mode, Vcc vs. Icc

160

120

80

Icc[uA]

40

2.0 25 3.0 3.5 4.0 4.5 5.0 55
VceclV]

Figure F. Partial Display Mode Icc
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When using this document, keep the following in mind:

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

2. All right reserved: No one is permitted to reproduce or duplicated, in any form, the whole or part of this
document without Hitachi's permission.

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

4. Circuitry and other examples described herein are meant merely to indicate the characteristics and
performance of Hitachi's semiconductor products. Hitachi assumes no responsibility for any intellectual
property claims or other problems that may result from applications based on the examples described
herein.

5. Nolicenseisgranted by implication or otherwise under any patents or other rights of any third party of
Hitachi, Ltd.

6. MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi's sales company. Such
use includes, but isnot limited to usein life support systems. Buyers of Hitachi's products are requested to
notify the relevant Hitachi sales offices when planning to use the productsin MEDICAL
APPLICATIONS.




