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65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD KS0040

INTRODUCTION

The KS0040 is an LCD driver and controller LSI for liquid crystal dot matrix character display systems.

It can display 1 to 4 lines of 8 characters in the 16 ~ 16 dots format. It is particularly suitable for displaying Asian
characters such as Korean, Chinese and Japanese. 8~ 16 dot half-size alpha-numeric characters can be displayed
as well. It can also be used for a 64 ~ 128 dot graphic LCD with an internal CGRAM.

A voltage converter (2 to 4 times), voltage regulator, and voltage follower and bias circuit are built-in to the IC.

FEATURES

e Driver outputs
— Common outputs: 64 common + 1 common for icon

— Segment outputs: 128 segment + 4 segment for icon

* Applicable Panel Size

Display Size Duty Contents of Outputs
1line” 8 char. 1/17 1" 8 characters + 16 ~ 4 vertical icons + 128 horizontal icons
2 line ~ 8 char. 1/33 27 8 characters + 32" 4 vertical icons + 128 horizontal icons
3line” 8 char. 1/49 3’ 8 characters + 48 * 4 vertical icons + 128 horizontal icons
4 line ~ 8 char. 1/65 3’ 8 characters + 48 * 4 vertical icons + 128 horizontal icons

e Internal memory
— Full-size character generator ROM (FCGROM): 2,097,152 bits (8,192 characters ~ 16~ 16 dot)
— Half-size character generator ROM (HCGROM): 16,384 bits (128 characters © 8~ 16 dot)
— Character generator RAM (CGRAM): 8,192 bits (32 characters © 16 ~ 16 dot)
— Display data RAM (DDRAM): 1,024 bits (64 characters = 2 byte)
— lcon RAM (ICONRAM): 384 bits (128 horizontal icons + 64 ~ 4 vertical icons)

* MPU interface
— 8-bit/4-bit parallel interface mode: 68-series, 80-series selectable

— Serial interface mode: 4-pin clock synchronous serial interface

* Function set
— Various instruction sets: Vertical / horizontal dot-by-dot display shift, B / W inversion, power control ... etc.
— COM / SEG bidirectional
— H/W Reset

e Built-in analog circuit
— Programmable oscillator circuit
— Electrical volume for contrast control (64 stages)
— Voltage converter (2 to 4 times) / voltage regulator / voltage follower & bias circuit
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* Low power operation
— Sleep mode (5nmA)
— Normal mode (TBD)

* Operating voltage range
— Supply voltage (VDD): 2.4V to 5.5V
— LCD driving voltage (VLCD = V0 - VSS): 13.0V

» Package type
— Bumped chip/ TCP
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PAD CONFIGURATION
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Figure 2. Pad Configuration
Size
ltem Pad No. Unit
X Y

Chip size - 12160 3860
Pad pitch 1to 117 90

118 to 335 70
Bumped pad size 1to 117 56 114

nm

118to 154 108 50

155 to 298 50 108

229 to 335 108 50
Bumped pad height All pads 17 (Typ)
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PAD LOCATION

Table 1. Pad Location

[unit: nm]
Pad Pad Coordinate Pad Pad Coordinate Pad Pad Coordinate
No Name X Y No Name X Y No Name X Y
1 DUMMY | -5220 -1806 46 Voo -1170 -1806 91 VO 2880 -1806
2 DUMMY | -5130 -1806 47 Voo -1080 -1806 92 VO 2970 -1806
3 Vss -5040 -1806 48 Voo -990 -1806 93 VO 3060 -1806
4 TESTL | -4950 -1806 49 Voo -900 -1806 94 VO 3150 -1806
5 Voo -4860 -1806 50 Voo -810 -1806 95 DUMMY | 3240 -1806
6 DUMMY | -4770 -1806 51 Voo 720 -1806 96 Vi 3330 -1806
7 Vss -4680 -1806 52 Voo 630 -1806 97 Vi 3420 -1806
8 REF -4590 -1806 53 Voo -540 -1806 08 V2 3510 -1806
9 Voo -4500 -1806 54 DUMMY | -450 -1806 99 V2 3600 -1806
10 MI -4410 -1806 55 VOUT -360 -1806 100 v3 3690 -1806
11 Vss -4320 -1806 56 VOUT 270 -1806 101 v3 3780 -1806
12 IF 4230 -1806 57 VOUT -180 -1806 102 V4 3870 -1806
13 Voo -4140 -1806 58 VOUT 90 -1806 103 V4 3960 -1806
14 PS -4050 -1806 59 DUMMY 0 -1806 104 DUMMY | 4050 -1806
15 Vss -3960 -1806 60 CAP3+ 90 -1806 105 Vss 4140 -1806
16 CSB -3870 -1806 61 CAP3+ 180 -1806 106 TEST3 4230 -1806
17 Voo -3780 -1806 62 CAP3+ 270 -1806 107 Vop 4320 -1806
18 RESET | -3690 -1806 63 CAP3+ 360 -1806 108 Tmps1 | 4410 -1806
19 RS -3600 -1806 64 CAP3- 450 -1806 109 Ves 4500 -1806
20 RW_WR | -3510 -1806 65 CAP3- 540 -1806 110 TMPso | 4590 -1806
21 E_RD -3420 -1806 66 CAP3- 630 -1806 111 Vop 4680 -1806
22 DB7 -3330 -1806 67 CAP3- 720 -1806 112 TEST? 4770 -1806
23 DB6 -3240 -1806 68 CAP1+ 810 -1806 113 v 4860 -1806
24 DB5 -3150 -1806 69 CAP1+ 900 -1806 114 CSKS 4950 -1806
25 DB4 -3060 -1806 70 CAP1+ 990 -1806 115 v 5040 -1806
26 DB3 2970 -1806 71 CAP1+ 1080 -1806 116 Dunai/w 5130 -1806
27 DB2 -2880 -1806 72 CAP1- 1170 -1806 117 buMMy | 5220 -1806
28 DB1 2790 -1806 73 CAP1- 1260 -1806 118 5920 -1326
DUMMY
29 DBO 2700 -1806 74 CAP1- 1350 -1806 119 5920 -1256
coMIL
30 DUMMY | -2610 -1806 75 CAP1- 1440 -1806 120 ComL 5920 -1186
31 DUMMY | -2520 -1806 76 CAP2+ 1530 -1806 121 CoM2 5920 -1116
32 DUMMY | -2430 -1806 77 CAP2+ 1620 -1806 122 COM3 5920 -1046
33 Vss 2340 -1806 78 CAP2+ 1710 -1806 123 coma 5920 976
34 Vss 2250 -1806 79 CAP2+ 1800 -1806 124 COMS 5920 -906
35 Vss 2160 -1806 80 CAP2- 1890 -1806 125 COME 5920 -836
36 Vss 2070 -1806 81 CAP2- 1980 -1806 126 COM7 5920 766
37 Vss -1980 -1806 82 CAP2- 2070 -1806 127 COMS 5920 696
38 Vss -1890 -1806 83 CAP2- 2160 -1806 128 comis | 5920 626
39 Vss -1800 -1806 84 DUMMY | 2250 -1806 129 comis | 5920 556
40 Vss -1710 -1806 85 DUMMY | 2340 -1806 130 comig | 5920 -486
41 Vss -1620 -1806 86 VR 2430 -1806 131 comzo | 5920 -416
42 Vss -1530 -1806 87 VR 2520 -1806 132 comz1 | 5920 -346
43 DUMMY | -1440 -1806 88 VR 2610 -1806 133 comaa | 5920 276
44 Voo -1350 -1806 89 VR 2700 -1806 134 comas | 5920 206
45 Voo -1260 -1806 90 DUMMY | 2790 -1806 135 comaa | 5920 -136
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Table 1. Pad Location (Continued)
[unit: nm]

Pad Pad Coordinate Pad Pad Coordinate Pad Pad Coordinate

No Name X Y No Name X Y No Name X Y

136 COM33 5920 -66 186 SEG24 2835 1770 236 SEG74 -665 1770
137 COM34 5920 4 187 SEG25 2765 1770 237 SEG75 -735 1770
138 COM35 5920 74 188 SEG26 2695 1770 238 SEGT76 -805 1770
139 COM36 5920 144 189 SEG27 2625 1770 239 SEG77 -875 1770
140 COM37 5920 214 190 SEG28 2555 1770 240 SEGT78 -945 1770
141 COM38 5920 284 191 SEG29 2485 1770 241 SEGT79 -1015 1770
142 COM39 5920 354 192 SEG30 2415 1770 242 SEG80 -1085 1770
143 COM40 5920 424 193 SEG31 2345 1770 243 SEG81 -1155 1770
144 COM49 5920 494 194 SEG32 2275 1770 244 SEGS82 -1225 1770
145 COMS50 5920 564 195 SEG33 2205 1770 245 SEGS83 -1295 1770
146 COMS51 5920 634 196 SEG34 2135 1770 246 SEG84 -1365 1770
147 COM52 5920 704 197 SEG35 2065 1770 247 SEG85 -1435 1770
148 COMS53 5920 774 198 SEG36 1995 1770 248 SEG86 -1505 1770
149 COM54 5920 844 199 SEG37 1925 1770 249 SEG87 -1575 1770
150 COMS5 5920 914 200 SEG38 1855 1770 250 SEGS8 -1645 1770
151 COM56 5920 984 201 SEG39 1785 1770 251 SEG89 -1715 1770
152 SEGI1 5920 1054 202 SEG40 1715 1770 252 SEG90 -1785 1770
153 SEGI2 5920 1124 203 SEG41 1645 1770 253 SEG91 -1855 1770
154 DUMMY | 5920 1194 204 SEGA42 1575 1770 254 SEG92 -1925 1770
155 DUMMY | 5005 1770 205 SEGA43 1505 1770 255 SEG93 -1995 1770
156 DUMMY | 4935 1770 206 SEG44 1435 1770 256 SEG94 -2065 1770
157 DUMMY | 4865 1770 207 SEG45 1365 1770 257 SEG95 -2135 1770
158 DUMMY | 4795 1770 208 SEG46 1295 1770 258 SEG96 -2205 1770
159 DUMMY | 4725 1770 209 SEGA47 1225 1770 259 SEG97 -2275 1770
160 DUMMY | 4655 1770 210 SEG48 1155 1770 260 SEG98 -2345 1770
161 DUMMY | 4585 1770 211 SEG49 1085 1770 261 SEG99 -2415 1770
162 DUMMY | 4515 1770 212 SEG50 1015 1770 262 SEG100 | -2485 1770
163 SEG1 4445 1770 213 SEG51 945 1770 263 SEG101 | -2555 1770
164 SEG2 4375 1770 214 SEG52 875 1770 264 SEG102 | -2625 1770
165 SEG3 4305 1770 215 SEG53 805 1770 265 SEG103 | -2695 1770
166 SEG4 4235 1770 216 SEG54 735 1770 266 SEG104 | -2765 1770
167 SEG5 4165 1770 217 SEG55 665 1770 267 SEG105 | -2835 1770
168 SEG6 4095 1770 218 SEG56 595 1770 268 SEG106 | -2905 1770
169 SEG7 4025 1770 219 SEGS57 525 1770 269 SEG107 | -2975 1770
170 SEGS8 3955 1770 220 SEGS58 455 1770 270 SEG108 | -3045 1770
171 SEG9 3885 1770 221 SEG59 385 1770 271 SEG109 | -3115 1770
172 SEG10 3815 1770 222 SEG60 315 1770 272 SEG110 | -3185 1770
173 SEG11 3745 1770 223 SEG61 245 1770 273 SEG111 | -3255 1770
174 SEG12 3675 1770 224 SEG62 175 1770 274 SEG112 | -3325 1770
175 SEG13 3605 1770 225 SEG63 105 1770 275 SEG113 | -3395 1770
176 SEG14 3535 1770 226 SEG64 35 1770 276 SEG114 | -3465 1770
177 SEG15 3465 1770 227 SEG65 -35 1770 277 SEG115 | -3535 1770
178 SEG16 3395 1770 228 SEG66 -105 1770 278 SEG116 | -3605 1770
179 SEG17 3325 1770 229 SEG67 -175 1770 279 SEG117 | -3675 1770
180 SEG18 3255 1770 230 SEG68 -245 1770 280 SEG118 | -3745 1770
181 SEG19 3185 1770 231 SEG69 -315 1770 281 SEG119 | -3815 1770
182 SEG20 3115 1770 232 SEG70 -385 1770 282 SEG120 | -3885 1770
183 SEG21 3045 1770 233 SEGT71 -455 1770 283 SEG121 | -3955 1770
184 SEG22 2975 1770 234 SEGT72 -525 1770 284 SEG122 | -4025 1770
185 SEG23 2905 1770 235 SEG73 -595 1770 285 SEG123 | -4095 1770
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65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD KS0040
Table 1. Pad Location (Continued)
[unit: nm]

Pad Pad Coordinate Pad Pad Coordinate Pad Pad Coordinate
No Name X Y No Name X Y No Name X Y
286 SEG124 | -4165 1770 303 COM64 | -5920 914 320 COM31 | -5920 -276
287 SEG125 | -4235 1770 304 COMS63 | -5920 844 321 COM30 | -5920 -346
288 SEG126 | -4305 1770 305 COM62 | -5920 774 322 COM29 | -5920 -416
289 SEG127 | -4375 1770 306 COMS61 | -5920 704 323 COM28 | -5920 -486
290 SEG128 | -4445 1770 307 COM60 | -5920 634 324 COM27 | -5920 -556
291 DUMMY | -4515 1770 308 COM59 | -5920 564 325 COM26 | -5920 -626
292 DUMMY | -4585 1770 309 COMS8 | -5920 494 326 COM25 | -5920 -696
293 DUMMY | -4655 1770 310 COM57 | -5920 424 327 COM16 | -5920 -766
294 DUMMY | -4725 1770 311 COM48 | -5920 354 328 COM15 | -5920 -836
295 DUMMY | -4795 1770 312 COM47 | -5920 284 329 COM14 | -5920 -906
296 DUMMY | -4865 1770 313 COM46 | -5920 214 330 COM13 | -5920 -976
297 DUMMY | -4935 1770 314 COM45 | -5920 144 331 COM12 | -5920 -1046
298 DUMMY | -5005 1770 315 COM44 5920 74 332 COM11 | -5920 -1116
299 DUMMY | -5920 1194 316 COM43 | -5920 4 333 COM10 | -5920 -1186
300 SEGI3 -5920 1124 317 COM42 | -5920 -66 334 COM9 -5920 -1256
301 SEGI4 -5920 1054 318 COM41 | -5920 -136 335 DUMMY | -5920 -1326
302 COMI2 -5920 984 319 COM32 | -5920 -206
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PIN DESCRIPTIONS

Table 2. Pin Description

Name /0 Description
Power Supply
VDD Power | Power supply
Connect to MPU power supply pin.
Vss 0V (GND)
VO I/O Bias voltage level for LCD driving.
V1 Voltages have the following relationship:
x; VO3 V13 V23 V33 V43 Vss
V4 When the on-chip power circuit is active, these voltages are generated according to the
state of LCD bias, as shown in the table below.
LCD Bias V1 V2 V3 V4
1/9 Bias (8/9) VO (7/9) VO (2/9) VO (1/9) VO
1/8 Bias (7/8) VO (6/8) VO (2/8) VO (1/8) VO
1/7 Bias (6/7) VO (5/7) VO (2/7) VO (1/7) VO
1/5 Bias (4/5) VO (3/5) VO (2/5) VO (1/5) VO
LCD Driver Supply
CAP1+ @) Capacitorl+ connect for the internal voltage converter
CAP1- Capacitorl- connect for the internal voltage converter
CAP2+ Capacitor2+ connect for the internal voltage converter
CAP2- Capacitor2- connect for the internal voltage converter
CAP3+ Capacitor3+ connect for the internal voltage converter
CAP3- Capacitor3- connect for the internal voltage converter
VOUT /0 Voltage Converter output
VR I V0 voltage adjustment pin which is valid only when using external resistors
REF I Select the reference voltage of the internal voltage regulator.
REF = “High”: The reference voltage of the internal voltage regulator is the voltage of
\F:IIDEIID:. =“Low”: The reference voltage of the internal voltage regulator is the internal
VRer(2.0V).
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KS0040

Table 2. Pin Description (Continued)

Name

I/O

Description

System Control

CK I External clock input. It must be fixed to either “High” or “Low” when the internal oscillation
circuit is used.
In the external clock mode, CK is used as the clock input and the OSC bit should be off.
TMPS1 I Select temperature coefficient of the reference voltage.
TMPSO —
TMPS1 TMPSO Temperature Coefficient
0 0 - 0.0%/°C
0 1 - 0.1%/°C
1 0 - 0.2%/°C
1 1 - 0.3%/°C
Mi I Select the kinds of the MPU to interface.
When MI = “High”: 6800-series MPU interface mode
When MI = “Low”: 8080-series MPU interface
IF I Select the interface bit length when parallel interfacing (PS = “High”).
When IF = “High”: 8-bit interface mode
When IF = “Low”: 4-bit interface mode
PS I Select Interface mode with the MPU.

When PS = “High”: Parallel interface mode.
When PS = “Low”: Serial interface mode.

MPU Interface

RESET I Hardware reset input.
Initialization is performed by edge sensing (rising or falling) of the RESET signal.
CSB I Used as chip selection input.
When CSB = “High”, not selected.
When CSB = “Low”, selected.
RS I Used as register selection input.
When RS = “High”, Data register.
When RS = “Low”, Instruction register.
RW_WR I When MI = “High” (6800-series MPU interfacing), used as read (RW_WR = “High”) /
write (RW_WR = “Low”) selection input (R/W). L
When MI = “Low” (8080-series MPU interfacing), used as write enable input (WR).
E_RD I When MI = “High” (6800-series MPU interfacing), used as read / write enable input (E).
When MI = “Low” (8080-series MPU interfacing), used as read enable input (RD).
DBO to I/O When in 8-bit interface mode, DBO to DB7 are used as bidirectional data bus pin.
DB7 When in 4-bit interface mode, only DB4 to DB7 are used as data input pin and DBO to

DB3 are not used.
When in serial mode, DB6 (SCL) is used as a serial clock input pin, DB7 (Sl) is used as a
serial data input pin and the others are not used.
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Table 2. Pin Description (Continued)

Name /0 Description

LCD Driver Output

COM1 to @) Common signal output for character display

COM64

COMI1, @) Common signal output for horizontal icon display.

COMI2 Each signal is the same, but the name is different.

SEG1 to @) Segment signal output for character display

SEG128

SEGI1 to @) Segment signal output for vertical icon display

SEGIl4

Test Pin

TEST1 I Test pin.

TEST2 Connect these to “low”.

TEST3

10
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FUNCTION DESCRIPTION

SYSTEM INTERFACE

KS0040 has two different MPU interface types: bus mode (8-bit/4-bit length) and serial mode.
Whether to use Serial or bus mode is decided by the PS pin.

Table 3. Various Kinds of MPU Interface

PS MI IF CSB RS | RW WR | E RD |DBOto3|DB4to5 | DB6 | DB7

6800-series | 8-bits (H) | CSB RS RIW E DBOto3 |DB4to5 |DB6 |DB7

Bus | (H) 4-bits (L) |CSB RS (L) E «+(1) |DB4to5 |DB6 |DB7

mode - S

(H) 8080-series | 8-bits (H) |CSB RS |[WR RD DBOto3 |DB4to5 |DB6 |DB7
(L) 4-bits (L) |CSB RS |[WR (H)/(L) * DB4to5 |DB6 |DB7

Serial

mode | (H)/(L) @ (H)/(L) CSB RS (H)/(L) (H)/(L) * * SCL |SI

(L)

NOTES:

1. Dont care (high, low or open)
2. Fixed high (VDD) or low (VSS)

PS
H | Parallel interface mode
Serial interface mode
Ml
H | 6800-Series MPU interface
8080-Series MPU interface mode
IF
H | 8-Bit interface mode
4-Bit interface mode
CSB

H | Chip not selected

Chip selected

11
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RS
H | Data register select
Instruction register select
RW_WR
MI=H 6800-series read/write select
MI=L 8080-series “High” write enable
E_RD
MI=H | 6800-series active “Low” enable
MI=L | 8080-series “Low” read enable
SCL(DB6)
PS=L | Serial clock input
SI(DB7)
PS=L | Serial data input

12
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Interface with MPU in Parallel Bus Mode (PS = “High”)

In parallel interface mode, whether to use the 6800-series or 8080-series MPU is decided by the Ml pin, and the
interface bit length (8-bit / 4-bit) is selected by the IF pin.

During write operation, the 16-bit data register (DR) and 8-bit instruction register (IR) are used.

The data register (DR) is used as a temporary storage place for data from MPU, being written into DDRAM /
CGRAM / ICONRAM. The target RAM is selected by RAM select instruction.

The Instruction register (IR) is used only to store instruction code transferred from MPU.

To select either DR or IR, use the RS input pin in parallel mode or serial mode.

CSB —\4— 8-Bit Bus Mode (IF = ‘High”) %‘ 4-Bit Bus Mode (IF = “Low)——*
. ; ; . T .
IF ; : \ .
: - | :
s . \ /
RW WR __ 5 / | \! |
I

ERD /NN L N
DB7~DB0 ////E///X D7~D0;X D7-00 (XX X/ ; O1/////////X D7~D4 X D3~D0 ; X D7~-D4 X D3~D0

flnstructioné Data éDummyi Data ! Instruction Data
© Write Write : Read : Read Write ; Write

Figure 3. Timing Diagram of 6800-series Bus Mode Data Transfer (Ml = “High™)

CSB —\4— 8-Bit Bus Mode (IF = ‘High”) %‘ 4-Bit Bus Mode (IF = “Low)——*
IF ; : \ :
RS ./ N\ /
RWWR L/ ; T L\ LS
: : : : | :
E_RD | ; B A WA |
DB7~DB0 ZZHI/X D7-D0: Y__D7-00_YN//Z %llllllll) D7~D4 X D3~D0 : X D7~D4 X D3~DO
Instruction Data Dummy Data ! Instruction Data
. Write i Write : Read | Read : Write Write

Figure 4. Timing Diagram of 8080-series Bus Mode Data Transfer (Ml =“Low")
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Interface With MPU in Serial Bus Mode (PS =*“Low")

When PS input pin is “Low”, clock synchronized serial interface mode is selected.

At this time, the following four ports are used: SCL (DB6, synchronizing transfer clock input), SI (DB7, serial data

input), RS (register selection input), and CSB (chip selection input).

By setting CSB to “Low”, KS0040 can receive SCL input. If CSB is set to “High”, KS0040 initializes the interface

circuit (8-bit shift register and 3-bit counter).

Serial data is input in the order of “D7, D6, D5, D4, D3, D2, D1, DO” from the serial data input pin (SI = DB7) at the
rising edge of the serial clock (SCL = DB6).

At the rising edge of the 8th serial clock, the serial data (D7- D0O) is converted into 8-bit bus data. The RS input of

the DR/IR selection is latched at the rising edge of the 8th serial clock (SCL).

csB\
sioB7) [N o7 X os X o5 N\ o4 X o3 X o2 o2 X oo X o7 X o6 N o5 ) o4 N b3 X

SCL(DBS6)

RS

Figure 5. Timing Diagram of Serial Data Transfer
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RAM MAP

Internal RAM has a total of 1,200 bytes, consisting of the following components: DDRAM (128 bytes), ICONRAM

(48 bytes) and CGRAM (1,024 bytes).

Table 4. RAM Map

R3 R2 R1 RO |Address (Hex) RAM Data Usage (D7 to DO) RAM Sizes

0O 0 0 O 00 - OF DDRAM (1st Line) — 128 bytes
10 - 1F DDRAM (2st Line) EXT =0
20 - 2F DDRAM (3rd Line)
30- 3F DDRAM (4th Line)
40 - 4F | DDRAM (5th Line) EXT=1
50 - 5F DDRAM (6th Line)
60 - 6F DDRAM (7th Line)
70- 7F DDRAM (8th Line) _

0O 0 o0 1 00 - OF ICONRAM Upper 128 Icons (C1 to C128) 48 bytes
10- 1F ICONRAM Lower 128 Icons (C129 to C252)
20- 2F ICONRAM COMS Data (S1 to S128)

1 0 0 O 00 - 1F CGRAM 1st 16 ~ 16 pattern 128 bytes
20 - 3F CGRAM 2nd 16 ~ 16 pattern (page 0)
40 - 5F CGRAM 3rd 16 ~ 16 pattern
60 - 7F CGRAM 4th 16 ~ 16 pattern

1 0 0 1 00 - 1F CGRAM 5th 16 ~ 16 pattern 128 bytes
20 - 3F CGRAM 6th 16 ~ 16 pattern (page 1)
40 - 5F CGRAM 7th 16 © 16 pattern
60 - 7F CGRAM 8th 16~ 16 pattern

1 0 1 O 00 - 1F CGRAM 9th 16 ~ 16 pattern 128 bytes
20 - 3F CGRAM 10th 16 ~ 16 pattern (page 2)
40 - 5F CGRAM 11th 16 ~ 16 pattern
60 - 7F CGRAM 12th 16 ~ 16 pattern

1 0 1 1 00 - 1F CGRAM 13th 16 ~ 16 pattern 128 bytes
20 - 3F CGRAM 14th 16 ~ 16 pattern (page 3)
40 - 5F CGRAM 15th 16 ~ 16 pattern
60 - 7F CGRAM 16th 16 ~ 16 pattern

1 1 0 O 00 - 1F CGRAM 17th 16 ~ 16 pattern 128 bytes
20 - 3F CGRAM 18th 16 ~ 16 pattern (page 4)
40 - 5F CGRAM 19th 16 ~ 16 pattern
60 - 7F CGRAM 20th 16 ~ 16 pattern

1 1 0 1 00 - 1F CGRAM 21th 16 ~ 16 pattern 128 bytes
20 - 3F CGRAM 22th 16 ~ 16 pattern (page 5)
40 - 5F CGRAM 23th 16 ~ 16 pattern
60 - 7F CGRAM 24th 16 ~ 16 pattern

ELECTRONICS

15



Preliminary

KS0040 65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

Table 4. RAM Map (Continued)

R3 R2 R1 RO |Address (Hex) RAM Data Usage (D7 to DO) RAM Sizes
1 1 1 0 00 - 1F CGRAM 25th 16 x 16 pattern 128 bytes
20 - 3F CGRAM 26th 16 x 16 pattern (page 6)

40 - 5F CGRAM 27th 16 x 16 pattern
60 - 7F CGRAM 28th 16 x 16 pattern

1 1 1 1 00 - 1F CGRAM 29th 16 * 16 pattern 128 bytes
20 - 3F CGRAM 30th 16 © 16 pattern (page 7)

40 - 5F CGRAM 31th 16 ~ 16 pattern
60 - 7F CGRAM 32th 16 © 16 pattern

NOTE: R3to RO: RAM/System select register

16
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65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD KS0040

Display Data RAM (DDRAM)

DDRAM stores 16-bit character code in FCGROM/CGRAM and 8-bit character code in HCGROM. Its maximum
capacity is 128-bytes (64-words: 64 characters of a full-size font or 128 characters of a half-size font). The
displayable area is 64 bytes and the other is extended data area. To display extended DDRAM data, set the EXT
bit “high” in system register set instruction.

DDRAM address is set by the address counter (AC) as a hexadecimal number.

MSB LSB
AC6 AC5 AC4 AC3 AC2 AC1 ACO

The relations of DDRAM address and display position

When DDRAM is set to normal mode (EXT = Low)

1st 2nd 3rd 4th 5th 6th 7th 8th
e 00 |01]02|03|04|05|06|07|08|09]|0A|0B]|o0C]|OD]|OE]OF
COM17 -
o 10112121314 |15|16 |17 | 18|19 |1A|1B|1Cc | 1D | 1E | 1F
COM33 -
comes 202122 | 23| 24|25 26|27 |28|29|2a|2B|2c|2D|2E] 2F
COM49 -
o 30 |31[32|33|34|35|36|37|38|39|3A|38|3C|3D|3E]|3F
(a) Display shift is not performed

1st 2nd 3rd 4th 5th 6th 7th 8th
COM1 -
o 101112 |13 14|15 |16 |17 |18 |19 |1A | 1B |1Cc|1D | 1E | 1F
COM17 -
o 20212223 |24 |25 26|27 |28 |29 |2a|2B|2c|2p]| 2E|2F
ggmg -~ |30 |31[32|33|34|35|36|37|3|39|3A|3B|3C|3D]|3E|3F
COM49 -
ot 00 |01]02|03|04|05|06|07|08|09|0A|0OB|OC|OD]|OE]|OF

(b) Display shift up is performed

1st 2nd 3rd 4th 5th 6th 7th 8th
Cowie |30 |31]32(33|34|35|36|37|38|39|3A[3B|3C|3D|3E|3F
ggmg ~ |o0|o01|02|03|04|05|06|07|08|09]|0A|OB|OC]|oOD]|OE]|OF
COM33 -
comes 10111213 |14 |15 |16 |17 |18 |19 | 1A | 1B |1C |1D | 1E | 1F
COMA9— | 54 | 21 | 22 |23 |24 | 25|26 |27 |28 |20 |2Aa|2B|2Cc|2D|2E | 2F
COMb64

(c) Display shift down is performed

17
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65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

When DDRAM is set to extended mode (EXT = High)

COM1 -
COM16

COM17 —
CoMm32
COM33 —
com4s
COM49 —
COMé64

COM1 -
COM16
COM17 —
COM32
COM33 -
COMm48
COM49 —
COM64

COM1 -
COM16
COM17 —
COM32
COM33 -
COoMm48
COM49 —
COM64

1st 2nd 3rd 4th 5th 6th 7th 8th
00 | 01 |02 | 03|04 | 05|06 |07 |08|09 |0A|O0OB|OC]|OD| OE/|OF
10 |11 |12 | 13 |14 | 15| 16 | 17 | 18 | 19 | 1A | 1B | 1C | 1D | 1E | 1F
20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 2A | 2B | 2C | 2D | 2E | 2F
30 | 31|32 (33|34 |3 |36 |37 |3 |39 |3A|3|3C|3D|3E|3F
40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4AA | 4B | 4C | 4D | 4E | 4F
50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 5A | 5B | 5C | 5D | 5E | 5F
60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 6A | 6B | 6C | 6D | 6E | 6F
70 | 71| 72 | 73|74 | 75|76 | 77|78 |79 |7A| 7B |7C | 7D | 7E | 7F

(a) Display shift is not performed

1st 2nd 3rd 4th 5th 6th 7th 8th
10 | 11|12 | 13| 14 |15 | 16 | 17 | 18 | 19 | 1A | 1B | 1C | 1D | 1E | 1F
20 | 21 | 22 | 23 | 24 | 25| 26 | 27 | 28 | 29 | 2A | 2B | 2C | 2D | 2E | 2F
30 | 31|32 (33|34 |3 |36 |37 (3|39 |3A|3|3C|3D|3E| 3F
40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4AA | 4B | 4C | 4D | 4E | 4F
50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 5A | 5B | 5C | 5D | 5E | 5F
60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 6A | 6B | 6C | 6D | 6E | 6F
70 | 71| 72 | 73 | 74|75 |76 | 77|78 |79 |7A|7B|7C | 7D | 7E | 7F
00 | 01 |02 | 03|04 |05|06 |07 |08|09|0A|O0OB|OC]|OD|OE/|OF

(b) Display shift up is performed

1st 2nd 3rd 4th 5th 6th 7th 8th
70 | 71| 72 | 73 |74 | 75|76 |77 |78 |79 | 7TA | 7B | 7C | 7D | 7TE | 7TF
00 | 01 |02 |03 |04 |05|06 |07 |08 |09 )|0A|0B|OC]|OD|OE/|DOF
10 |11 |12 (13 |14 | 15| 16 | 17 | 18 | 19 | 1A | 1B | 1C | 1D | 1E | 1F
20 | 21 | 22 | 23 | 24 | 25| 26 | 27 | 28 | 29 | 2A | 2B | 2C | 2D | 2E | 2F
30 |31 |32 |33 |34 |3 |36 |37|3|39|3A |3 |3C|3D| 3| 3F
40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | AC | 4D | 4E | 4F
50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 5A | 5B | 5C | 5D | 5E | 5F
60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 6A | 6B | 6C | 6D | 6E | 6F

(c) Display shift down is performed
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KS0040

65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

Character Generator RAM (CGRAM)

CGRAM is used for user defined character patterns. It can generate 32 full-size fonts (16 x 16 bits) including the

cursor position. The CGRAM capacity is large enough to support bitmap graphics 128~ 64 dot.

To use the character pattern in CGRAM, write the character code into DDRAM as shown in Table 5.

Table 5. Relationship Between Character Code(DDRAM) and Character Pattern(CGRAM)

Pattern

Patternl

Pattern32

CGRAM DATA

1)

(AO

gubooboooodggbgon
guboobouoodomtgon
gumgopobgoummegog
Hl } JERNRNQNE IENINENINE IEREIN
N} JERNAEY | JEINANIE) JEREQN
omgooomegogomgon
HiE} NANRERE] REANANINE IEANIN
dimipooomboooomogg

(obboguguogogooon
obbguguodooomeon
JHERNINANENANAEY JERNIER |} REON
=g B J B R UNE } INONINREY RERN
- ARURUROOROROONROO
URURUOERCOOROROOROO
-(URURURCOOROROORDOO
gin] _juj] juj jujn) juj jujm] QEiN

CGRAM DATA

(AO

omgooomeoooomoggy -
gumpoooumgooomgony -
umdoooebooomoggy -
gumgopoomgooomgod -
gumbuoomegfgooomgon -
omgobomeoooomogdy -
gumguoooogoooumegod -
Joodobogoooomodd) -

guy aujl EER R A R R RN B} JEHON
g/uj RE} RE) RNENY IE) [ERE} RERN
CRURDOROJOR0OROORO0
guj RE} RER JNENY [N} [EQE} RERN
g=l B § B § QNENYE IEN JEENE RERN
hoddbimeeRogomgng
J EiEREIEENANANENY | QNINENE RERN
Loddooddddeggom

CGRAM ADDRESS

O 1 O+ O 1 O 4 0O 1 O « O « O -

1
1

O H O 1 O +d O +H O +d 0O «+d O « O -

1
1

R RRR|IAAAAAADDTUDTDTDTDTDTD|DDTDD D D D D| Number

3 2106 54 3 2 1|76 5 432107 6543210

1 0 0 0|0 0 O 0O
1 0 0 0|0 0 O 0 O
1 0 0 0|0 0 O O 1
1 0 0 0|0 0 O 0 1
1 0 0 0|0 0 0 1 O
1 0 0 0|0 0 0 1 O
1 0 0 0|0 0 O 1 1

1 0 0 0|0 0 O 1 1
1 00 0|0 0 1 0 O
1 00 0|0 0 1 0 O
1 00 0|0 0 1 0 1
1 0 0 0|0 0 1 0 1
1 0 0 0|0 0 1 1 O
1 00 0|0 0 1 1 O
1 00 0|0 0 1 1

1 00 0|0 0 1 1

11111 1 0 0 O
11111 1 0 0 O
111 11 1 0 0 1
11111 1 0 0 1
11111 1 0 1 0
11111 1 0 1 0
11111 1 0 11
11111 1 0 11
11111 1 1 0O
11111 1 1 0O
111 11 1 1 0 1
111 11 1 1 0 1
11111 1 1 10
11111 1 1 10
111 1|1 1 11

111 1|1 1 11

Character

Code
(DDRAM DATA)

0000h

001Fh

19
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Patternl

Pattern2

65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

Table 6. Example for Bitmap Graphic by CGRAM

Preliminary
KS0040

9]
E
z
coJONNERERERRRERNO0|00O00O0O0O0O0O0OOOOOOO
c-«JCNRENREENEENENE 0 |U0000000O00O0OOOOOO
m)DZDDII-II----DDDDDDDDDDDDDDDDI-
MJD3DD--IIIIIIIIIDIDDDDDDDDDDDDDIDD
MND4DDIIII-II-I--D-DDDDDDDIIIIIIIDD
S e 00NN IIINEEEEENOE 000N ENNEENNENR]]
co NN ENEEEEEEEROR 00NN EEERERER(I
o~OC0OANIIREEEEREERC 0000 NN EEERERENR([]
co000NMEEEEEEEERCO00|UOUNENEEEEREREROIOD
o< 000NN EEEEEEEERO0|U0UNEENREREROOOO
m)DZDDDDII--I-II-DDDIIII-II-I-DDD-
ChPe0000NNNNNENENNENE OONNENENERO0000N
MND4DDDDDIIIIIIIIIDDDDI-IIIIIIIDDDDI
S w0000 ONEEREEEROC0OCNNEEEEEEREROIO0ON
co000000000OUOOOMOO|UUMEEEEEEREROOIOO
o~0000000000000C0 A |0 NN EEEEEEERER(0
LCAHAO 4101010101010 101010101010 1040 d0O0d
CTNOO A 100 A 100 A 10011400 1A 1100 A 100 A 10O A
%A300001111000011110000111100001111
Y Ktpooo0o0o0oodddddddd 00000000 dddooddd
m CNODO0OO0OO0D0D0D00D0D00D00D0D00 00O |dHAAAAAAAA A A A — A
AMH Sl oNoNoNoNoNoNolNoNoNoNoNoNoNoNoNoll ocNoNoNoNoNoNeoNoNoNoNoNeoNoNoNoNo]
m el oNeoNeoNeoNoNoNoNoNoNoNoNoNoNoNoNol oleoNoNoNoNoNoNoNoNoNoNoNoNeoNoNe)
MW -l eoNeoNoNoNoNeoNoNoNoNoNoNoNoNoNoNoll ocNoNoNoNoNoNeoNoNoNoNoNeoNoNoNoNo]
s\l oNeoNoNoNoNeoNoloNoNoNoNoNoNoNoNoll ocNoNoNoNoNoNeoNoNoNoNoNoNoNoNoNo]
el T I I I I I I I I I e I I I I I B I I I I I I I I I I I I I B |
<
Me_ADmh S
© A
=}
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Character Display

Figure 6. Example for Bitmap Display with Character

CGRAMO CGRAMI1
CGRAM2Z CGRAM3
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(*)2) (*3) (*4) (*5) (*6) (1)  (*8)

(*1)

0oooooooooom
0ooooooooom

00000000000000
oooooooooooog
ooooooooooo
00000000000
gooooooooag

NONCO0O000ONNO0000000
0000000000000000

|
sl |

111 _Dnn
BB RS Rk ke kkB 833008
oooooo

00000OE000000000000000000000
00000ONR00000000000000000000
000000R00000000000000000000
0oo0ooomO0000000000000000000

O0ONOCO00ORC0000N0000000000
ooo | [afufula} 000000
ODONONCOROROOOO0
EO0ORCRONONDO00000000000000

OOONONORORO
OOONONORORO

googooooogoooom
00oo0o0gaeoog

000000000000
000000000000

Between CGRAM Full Graphic Mode Data Writing and

Relationship

7

igure

F

igh”)

“h

Display Pattern (FG

itten from (*1) to (*1024) by 8-bit length

is wri

de, CGRAM data

IC MO

During CGROM full graph

(*16)

(*32)

(*1024)

(*15)

(*31)

(*1023)

(*1022)

(*8)

(-24)

¢7)

(*23)

(*1015)

(*6)

(*22)

(*1014)

(*5)
(*21)

(*1013)

(*4)

(*20)

(*1012)

(*3)
(*19)

(*1011)

(*2)
(*18)

(*1010)

(1)
(*17)

(*1009)
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KS0040 65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

Segment & Common Icon RAM (ICONRAM)

ICONRAM has segment/common icon pattern data.
COMI1 or COMI2 and SEGI1 to 4 enable the data of ICONRAM to display icons.

Table 7. Relationship Between ICONRAM Address and Display Pattern

ICONRAM Address ICONRAM Bits lcons
A5 Aalas|az2]/Aa1[a0] D7 D6 D5 D4 D3 D2 D1 DO
0 0/0 0 0 0| vi1 | viz | VRL | VR2 | vi3 | vi4 | VR3 | VR4 |Upper128
SEGI Icons
0 0 0 1| Vs [ vie | VRS | VRe | VL7 | Vis | VR7 | VR8 | -0
1 1 1 0| VI57 | VIS8 | VR57 | VR58 | VL59 | VL60 | VR59 | VR60
1 1 1 1| viel | VL62 | VR6L | VR62 | VL63 | Vie4 | VR63 | VRe4
0 1/0 0 0 O] VL65 | VLe6 | VR65 | VR66 | VL67 | VL68 | VR67 | VR68 |Lower 128
0 0 0 1] Vieo | vi70 | VRe9 | VR70 | vi71 | vi72 | VR7L | VR72 |SEC!lcons
Data (*2)
1 1 1 0| VL121 | VL122 | VRI21 | VR122 | VL123 | VL124 | VR123 | VR124
1 1 1 1| VL125 | VL126 | VRI25 | VR126 | VL127 | VL128 | VR127 | VR128
1 0lo 0 0 0] H1 H2 H3 H4 H5 H6 H7 H8 | COMI Icons
0 0 0 1] HoO H10 H11 H12 H13 H14 | H15 Hie | DA (3)

1 1 1 O H113 H114 H115 H116 H117 H118 H119 H120

1 1 1 1 H121 H122 H123 H124 H125 H126 H127 H128

NOTES:
1. VLn: Vertical Left n-th icon, VRn: Vertical Right n-th icon
2.  Hn: Horizontal n-th icon (where n =1 to 128)

22
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Preliminary

KS0040

(*3)

COMIL1 - H1 | H2 | H3 | H4 ~ H127 H128
coMi- [ VL1 VL2 VR1 | VR2
COM2 - | VL3 VL4 VR3 | VR4
COM3 — ~ ~ ~ ~
- (*1)
COM31 —
COM32 — | VL63 | VL64 Character Display Area VR63 | VR64
COM33 - | VL65 | VL66 VR65 | VR66
COM34 — ~ ~ ~ ~
COM62 — (*2)
COM63 — | VL125 | VL126 VR125 | VR126
COM64 — | VL127 | VL128 VR127 | VR128
| | | | | | l | | | |
- N o 0 8 O N © 3
o g B &z 4 5 5 @ 4
0 0 u u o «
Figure 8. Relationship Between Icon Pattern Data and COM/SEG Line
(When DIRC =0, DIRS = 0)
o] N~ (o] n
s ® S S S S N - N =
Q Q 0] 0] 0] QO QO 0] Q Q
7 7 I R B b o 7 7
1 1 1 1 1 1 1§ 1 1 1 1
COM64 —[ VL1 VL2 VR1 VR2
COM63 —| VL3 VL4 VR3 VR4
conﬁsz - ~ ~ ~ ~ 1)
COM34 —
COM33—| VL63 | VL64 _ VR63 | VR64
COM32—[ VL65 | VL66 Character Display Area VR65 | VR66
COM31 — ~ ~ ~ ~
COM3 — (*2)
COM2 — | VL125 | VL126 VR125 | VR126
COM1 — | VL127 | vL128 VR127 | VR128
COMIL — HL [ H2 | H3 | H4 ~ H127 H128

(*3)

Figure 9. Relationship Between Icon Pattern Data and COM/SEG Line

(When DIRC = 1, DIRS = 1)

ELECTRONICS
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(*3)
COMI1 - H1 | H2 | H3 | H4 ~ H127 H128
COM1- [ vL1 | vL2 VR1 VR2
COM2- | VL3 | VL4 VR3 VR4
COM3 — ~ ~ ~ ~
~ (*1)
COM31 —
COM32 - | VL63 | VL64 h Display A VR63 | VR64
COM33 — [ VL65 | VL66 Character Display Area VR65 | VR66
COM34 — ~ ~ ~ ~
COM62 — (*2)
COM63 — | VL125 | VL126 VR125 | VR126
COM®64 — | VL127 | VL128 VR127 | VR128
| | | | | | l | | | |
= ) @ N © 0 N — N o
2 2 ¥ T 3 3 T
0 0 m m m m n n 0 0
(%)) (%)) (%)) (%))
Figure 10. Relationship Between Icon Pattern Data and COM/SEG Line
(When DIRC =0, DIRS =1)
~ o]
= N - N o < S S ® =
Q Q 0] QO QO Q 0] 0] Q Q
7 7 I B B h o 7 7
1 1 1 1 1 1 1§ 1 1 1 1
COM64 —[ VL1 VL2 VR1 VR2
COM63 —| VL3 VL4 VR3 VR4
COM62 — ~ ~ ~ ~
- (*1)
COM34 —
COM33—| VL63 | VL64 ) VR63 | VR64
COM32— [ VL65 | VL66 Character Display Area VR65 | VR66
COM31 — ~ ~ ~ ~
COM3 — (*2)
COM2 — | VL125 | VL126 VR125 | VR126
COM1 - | VL127 | VL128 VR127 | VR128
COMIL— HL | H2 | H3 | H4 ~ H127 | H128

(*3)

Figure 11. Relationship Between Icon Pattern Data and COM/SEG Line

(When DIRC =1, DIRS =0)
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Preliminary

KS0040

CHARACTER GENERATOR ROM FOR A FULL-SIZE FONT (FCGROM)

FCGROM generates 16 ~ 16 character patterns from the character generate code in DDRAM. FCGROM has 8,192

character patterns (16" 16-dot), including the cursor position for Asian language character fonts (like Chinese,
Japanese Kaniji, and Korean). If the data in the cursor position bit are high, they are included in the character

pattern. So, the selected positions are always ON without regard to cursor position.

FCGROM Address FONT Data (D15 ~ DO)
A13 ~ AO FEDCBAO 9876543210
0380(h) ODoOoooOoOoDOo0oDOo0o0COmOOO
ODoOoooDOoOoo0o0OooCOmOOO
OCEEEEEEEO OO EOO0
ODoooooOoOmMO0O0COmOO00
ODoooDooooOomO0CcOmOOO
ODoooDooo0OoOmOCcOmOOO
OooooooOmO0O0O0COmOOO
OO0 ODmMOO0O0C mmm O
ODooOoOoOmOoOO0O0O0COmOOO
ODooOOmO0OoO0Oo0o0OmOOn0
ODOoDOoOmMmMOD0 0000 mOOO
OmmJOCO0D0O00Oo0o0oOmOOn
DooOoooOooooooOmOOn
OoDoooOooo0oOoO0CDmOOO
ODooOoooOooooooOmOOO
OooooOooo0oOoo0ooooOo

CHARACTER GENERATOR ROM FOR A HALF-SIZE FONT (HCGROM)

HCGROM generates 8 © 16 character patterns from the character generate code in DDRAM. HCGROM has 128
character patterns (8~ 16-dot), including the cursor position for half-size fonts (like alphanumeric characters and
symbols). If the data in the cursor position bit are high, they are included in the character pattern. So, the selected

positions are always ON without regard to cursor position.

HCGROM Address

FONT Data (D7 ~ DO)

A6 ~ A0

7 6 5 4 3 2

1

o

41(h)

O

UoERRfdoooooooood
gudoueeRigooooon
gogoomooeRRiogn
EiNINININ] REINRNINRE) § | QEIN
goooomRooeeefooo
gooooeeRooooood

gueeRfoooooooood
gogogooooboooooond

ELECTRONICS
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KSC5601 CODE MAP

KSC5601 Code (Hex)

KS0040

FCGROM Code (Hex)

Font Data

- 0000 — 001F CGRAM Font Area

AlAl - ACFE 0020 — 037F Symbol Character Area

BOA1 — BOFE 0380 — 03DD S TR °p
B1Al - B1FE 03DE - 043B E TR +

B2Al - B2FE 043C — 0499 I 2 p
B3A1 - B3FE 049A — 04F7 B jemmeeeaias 3 p
B4Al — B4FE 04F8 — 0555 T e “ b
B5A1 — B5FE 0556 — 05B3 Hojrmmmmmmmm e - U p
B6A1 — B6FE 05B4 - 0611 fj-mmcmmmm - - b
B7Al - B7FE 0612 — 066F T - b
B8A1 — BSFE 0670 — 06CD R R . b
B9A1 — BOFE 06CE — 072B e 1p
BAA1 — BAFE 072C - 0789 (S TR °p
BBAl — BBFE 078A — O7E7 » jrmmmmmmmmm - - » p
BCA1 - BCFE 07E8 — 0845 Yy jommmmmmmm e % b
BDA1 - BDFE 0846 — 08A3 T % b
BEA1 - BEFE 08A4 — 0901 Y o mm e m - % b
BFAl - BFFE 0902 — 095F A B )
COAl1 - COFE 0960 — 09BD A jooemmee oo Ap
C1A1 - C1FE 09BC — 0A1B A jeeeeimee oo Ap
C2A1 - C2FE 0A1C — 0A7C A joeeeimeea oo Ap
C3Al1 -C3FE 0A7D — 0AD7 A jocemmmeea e Ap
C4Al1 - C4FE 0ADS8 — 0B35 B ojo-ommmmee oo Ap
C5A1 - C5FE 0B36 — 0B93 Bojoeeeoeeeea oo Ap
C6Al1 - C6FE 0B94 - 0BF1 Ej-----mmmmmmmmn EDb
C7A1 -C7FE OBF2 — 0C4F o T Ch
C8A1 - C8FE 0C50 — 0OCAD Ej----mcmmmmom E b
CAA1 - CAFE 0CBO — 0DOD Ej-----ommmoo-- Eb
CBAl - CBFE ODOE - 0D6B S Ep
CCAl1 -CCFE 0D6C - 0DC9 | I 1p
CDA1 - CDFE ODCA — 0E27 I ojocmmmmmee oo Ip
CEAl - CEFE OE28 — OE85 T - Tp
CFAl1 - CFFE OE86 — OEE3 Tj----mmmmmea I p
DOA1 - DOFE OEE4 - OF41 D oo P b
D1A1 - D1FE OF42 — OF9F Nojommmmmm oo N p
D2A1 - D2FE OFAO — OFFD [0 TSR 0p
D3A1 - D3FE OFFE - 105B [0 TSR 0p
D4A1 — D4FE 105C - 10B9 [0 TSR 0p
D5A1 — D5FE 10BA — 1117 0 0p
D6A1 — D6FE 1118 — 1175 [0 TSR Op
D7A1 - D7FE 1176 — 11D3 X frmmmmm e x b
D8A1 - D8FE 11D4 - 1231 /P g b
D9A1 — D9FE 1232 - 128F Ujommmmmmmmme - - Ubp
DAAL - DAFE 1290 - 12FD Ujrmmmmmmmmeeea- Up
DBAl - DBFE 12EE - 134B O jommmmmmmmeaa - Up
DCA1 - DCFE 134C - 13A9 Ujommmmmm e - Up
DDA1 — DDFE 13AA — 1407 (A T Y b
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65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD KS0040

KSC5601 CODE MAP (Continued)

KS0040
KSC5601 Code (Hex) Font Data
FCGROM Code (Hex)
DEAl - DEFE 1408 — 1465 P jo---mmmmmmm- b p
DFA1 - DFFE 1466 — 14C3 T R p
EOA1 - EOFE 14C4 - 1521 A jrccemmmmmmmne ap
E1Al1 - E1FE 1522 - 157F U PR 4p
E2Al1 - E2FE 1580 — 15DD B jo-mmmmmmm ap
E3Al - E3FE 15DE - 163B - R TR ap
E4Al - EAFE 163C — 1699 B jommmmmmmmm ap
E5A1 - E5FE 169A — 16F7 I PR &b
EGALl — EGFE 16F8 — 1755 B jo--mmmmmmmmaan 2 b
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LOW POWER CONSUMPTION MODE

KS0040 has a sleep mode for saving power during standby period.
(Refer to “INITIALIZING & POWER SAVE MODE SETUP”)

Sleep Mode
In sleep mode, the power circuit and oscillation circuit are turned off.
This mode lowers power consumption by reducing current to almost the static current level.
* Liquid crystal display output
— COML1 to COM64, COMI1, 2: Vss level
— SEG1to SEG128, SEGI1, 2, 3, 4: Vss level
» DDRAM, CGRAM, ICONRAM and register-written information is saved.

» Operation mode is retained, the same as it was prior to execution of sleep mode. All internal circuits are
stopped.

* Power circuit and oscillation circuit

— The built-in supply circuit and oscillation circuit are turned off automatically by using the sleep command.

LCD DRIVING CIRCUIT

LCD Driver circuit has 65 common and 132 segment signals for LCD driving.

The data from CGROM / CGRAM / ICONRAM is transferred to a 128-bit segment latch serially in 8-bit units, and
then stored in the 128-bit shift latch. The data from ICONRAM is stored in a 4-bit latch.

When each common line is selected by a 65-bit common register, segment data and segment icon data also output
through a segment driver from the 128-bit segment latch and 4-bit segment icon latch.

KS0040 has common and segment bidirectional functions for use in various panel applications.

(Refer to Table 9. and Table 10.)

Table 8. SEG Data Shift Direction

DIRS SEG Data Shift Direction
Low SEGI1, SEGI2 ,SEG1® ...... ® SEG128, SEGI3, SEGI4
High SEGI4, SEGI3, SEG128® ...... ® SEGI1, SEGI2, SEGI1

Table 9. COM Data Shift Direction

Duty DIRC COM Data Shift Direction

117 Low COM1® ...... ® COM16, COMIL(COMI2)
(1-line mode) High COM16® ...... ® COML, COMIL(COMI2)

1/33 Low COM1® ...... ® COM32, COMIL(COMI2)
(2-line mode) High COM32® ...... ® COML, COMIL(COMI2)

1/49 Low COM1® ...... ® COM48, COMIL(COMI2)
(3-line mode) High COM48® ... ... ® COML, COMIL(COMI2)

1/65 Low COM1® ...... ® COM64, COMIL(COMI2)
(4-line mode) High COM64® ... ... ® COML, COMIL(COMI2)
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DISPLAY SHIFT CONTROL

KS0040 has vertical dot-by-dot or character-by-character shift functions, which are useful when the display panel
size is less than 4 lines and you want to display the hidden-line data, or when the extended DDRAM is set and you
want to display extended DDRAM data.
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Figure 12. Vertical Dot-by-Dot Shift Up (Down) Example
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INSTRUCTION DESCRIPTION

OUTLINE

To overcome the speed difference between the internal clock of KS0040 and the MPU clock, KS0040 performs its
internal operation by storing control information to either IR or DR.
The internal operation is determined according to the signal from MPU, composed of read / write and data bus.
* There are four different types of instructions:
— System register set instructions (power control, contrast value set etc.)
— Internal RAM access instructions (RAM select, RAM address set, data read / write etc.)
— Display control instructions (Vertical shift, double height character etc.)
— Others

The address of internal RAM is automatically increased or decreased by 1.

NOTE: Every instruction takes one cycle execution time, so to execute the next instruction, a minimum of E cycle time (tc) must
be kept.
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Table 10. Instruction Table

Instruction Code

Instruction Description
RS | DB7 ‘ DB6 ‘ DB5 ‘ DB4|DB3 |DB2 | DB1 | DBO
NOP 0 0 (hex) 0 0 0 0 No operation
Set DDRAM address to “00H” from AC and
Return home 0 1 (hex) - - - - return cursor to its original position if shifted.
The contents of DDRAM are not changed
Display (D), character cursor (CC), line
Display control 0 2 (hex) D CC | LC REV | cursor (LC), B/W reverse display (REV) on/
off control
Power save mode | O 3 (hex) - - - SLP | Sleep mode (SLP) on/off control
Contrast Contrast increment (CID=1) or decrement
increment / 0 4 (hex) - - - CID | (CID=0)
decrement
Vertical shift 0 5 (hex) B B cD UD Vertical character (CD=1), dot (CD=0) shift

up (UD=1), down (UD=0)

Double height

Double height character enable (EN) at

character 0 6 (hex) = | EN | DHL | DHO | ooiocted line (DH1, DHO)
0 R3 R2 R1 RO | Selected RAM / Register
0 0 0 O | DDRAM
7 (hex) 0 0 O 1 |ICONRAM
1 0 0 O |CGRAM Page0
RAM select / - - ¢
i R

systen;é;aglster R3 | R2 | R1 0 1 1 1 1 |CGRAM Page7
0 1 0 O |Powercontrol register
0 1 0 1 |Contrastcontrol register
0 1 1 0 |Environmentcontrol register
0 1 1 1 |Function control register

RAM addressset | 0 1 |AC6 |AC5|AC4 | AC3|AC2| AC1 | ACO

DD/CG/ICON RAM address setting.
One of 3 RAMs is selected by the RAM select
instruction.

Write data 1 D7 | D6 | D5 | D4 | D3 | D2 D1 DO

DD/CG/ICON RAM and system register data
write.

Read data 1 D7 | D6 | D5 | b4 | D3 | D2 D1 DO

DD/CG/ICON RAM and system register data
read.

NOTE: “-": don’t care

ELECTRONICS
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Table 11. System Register Values

Register Select Bit Register Value Map
Selected System Register
R3 R2 R1 RO DB7 | DB6 | DB5 | DB4 DB3 DB2 DB1 | DBO
0 1 0 0 | Power control register @ OSC | VC | VR | VF | INTR | RR2 | RR1 | RRO
0 1 0 1 | Contrast control register (2) - - | C5 | C4 C3 c2 Cl | Co
0 | 1 | 1 | O |Environment control register ® - — | DT1 | DTO | DIRC | DIRS |EXT | ID
0|1 1 | 1 | Function control register ) - - - | FG | CM FL1 | B1 | BO
NOTES:

1. OSC: Internal oscillator ON (OSC = 1), OFF (OSC = 0) control bit

VC: Voltage converter ON (VC = 1), OFF (VF = 1) control bit

VR: Voltage regulator ON (VR = 1), OFF (VR = 0) control bit

VF: Voltage follower ON (VF = 1), OFF (VF = 0) control bit

INTR: Use the internal voltage regulating resisters ON (INTR = 1), OFF (INTR = 0) control bit

RR2 to RRO: Internal voltage adjusting resisters set control register bits (Refer to Table 17)
2. C5to CO: Electronic contrast control register bits. (Refer to Figure 21)
3. DT1, DTO: Duty select bits (Refer to Table 15)

DIRC, DIRS: Common data direction (DIRC), Segment data direction (DIRS) select bit

(Refer to Table 9 and Table 10)

EXT: DDRAM extended mode ON (EXT = 1), OFF (EXT = 0) control bit

ID: DDRAM / CGRAM/ICONRAM address Increment (ID = 1), decrement (ID = 0) control bit
4. FG: CGRAM full graphic mode ON (FG = 1), OFF (FG = 0) control bit

CM: Center display mode ON (CM = 1), OFF (CM = 0) control bit

FL1: First line fix mode ON (FL1 = 1), OFF (FL1 = 0) control, during vertical shift

B1, BO: Cursor attribute control bit
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RETURN HOME

RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Set the DDRAM address to “00h” in the address counter. If the display position has shifted,
return it to the original position. When cursor or blinking is displayed on, bring the cursor to
the left edge on first line of the display. The data in DDRAM does not change.

DISPLAY CONTROL

RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 1 0 D CcC LC REV

Display on / off control

H Display is turned on

Display is turned off, but display data remains in DDRAM. (default)

CC | Character cursor on / off control bit

H character cursor is turned on

character cursor disappears in current display. (default)

LC |Line cursor on / off control bit

H line cursor is turned on according to the most significant 2 bits (ADDR][6],
ADDR[5]) of the current DDRAM address (ADDR][6:0])

L line cursor disappears in current display.(default)

REV | Black / white reverse display on/off control bit

H all display areas except the icon area are black/white reversed

L normal display status.(default)
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POWER SAVE MODE

RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 1 1 - - - SLP

Power save mode is used to put KS0040 in sleep mode.

SLP | Sleep mode on / off control bit

H sleep mode is set.(default)

L sleep mode is reset

NOTE: Refer to “LOW POWER CONSUMPTION MODE" and INITIALIZING & POWER SAVE MODE
SETUP”

CONTRAST INCREMENT / DECREMENT

RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 1 0 0 - - - CID

Contrast control register value increment/decrement instruction

CID | Contrast increment /decrement enable bit

H contrast register value increased by 1 until 63

L contrast register value decreased by 1 until 0

VERTICAL SHIFT UP / DOWN (SEE FIGURE 14)

RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 1 0 1 - - CD ub

Vertical dot-by-dot display shift up / down instruction.

CD | Character / Dot shift select bit

H display shift up / down by character is selected. It is the same as 16-times dot shift.

display shift up / down by dot is selected.

UD | Vertical display shift direction select

H display shift up is performed

display shift down is performed
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DOUBLE HEIGHT CHARACTER (SEE FIGURE 15)

RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 1 1 0 - EN DH1 DHO

Double height character instruction.

EN | Double height character mode enable bit
H double height character mode is enabled
double height character mode is disabled.(default)

DH1 | DHO | Double height character line select

L L |1, 2 line become double height

L H |2, 3 line become double height

H L |3, 4 line become double height

H H |1 line to 4 line become double height

ELECTRONICS
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RAM SELECT/SYSTEM REGISTER SET

RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 1 1 R3 R2 R1 RO
RAM select (DDRAM / CGRAM/ICONRAM) or system register set instruction.
R3/R2/R1/R0: RAM or system register select bits
Select bits Data Length / Value Map
Selected RAM or Registers
R3 | R2 | R1 | RO DB7 | DB6 |DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 0 | DDRAM 1-byte (half-size font) 2-byte (full-size font)
0 0 0 1 | ICONRAM 1-byte
1 0 0 0 | CGRAM Page0 2-byte
1 0 0 1 | CGRAM Pagel 2-byte
1 0 1 0 | CGRAM Page2 2-byte
1 0 1 1 | CGRAM Page3 2-byte
1 1 0 0 | CGRAM Page4 2-byte
1 1 0 1 | CGRAM Page5 2-byte
1 1 1 0 | CGRAM Page6 2-byte
1 1 1 1 | CGRAM Page7? 2-byte
0 1 0 0 | Power control register OSC |VC |VR |VF |INTR |RR2 |RR1 |RRO
0 1 0 1 | Contrast control register - - |C5 |C4 |C3 Cc2 Cl1 |Co
0 1 1 0 | Environment control register - - DT1 |DTO |DIRC | DIRS | EXT | ID
0 1 1 1 | Function control register - - - FG |CM FL1 |B1 |BO

NOTE: For writing 2-byte data into RAM, data write instruction must be performed twice.

oscC
VC/VRIVF

INTR

RR2 to RRO
C5to CO
DT1, DTO
DIRC, DIRS

EXT
1D
FG
CM
FL1

B1, BO

Oscillator circuit on (OSC = “high”), off (OSC = “low”: default) control.
Voltage converter / regulator / follower circuit on (VC / VR/VF = “high”),
on (VC/ VR/IVF ="“low”: default) control.

Use the internal voltage regulating resistors on (INTR = “high”), off (INTR = “low”: default)
control bit.
Internal voltage adjusting resistors set control register bits ([0, 0, 0]: default). (Refer to Table 17.)
Electronic contrast control register ([0, O, 0, 0, 0, 0]: default). (Refer to Figure 21.)
Duty select register ([1,1]: default). (Refer to Table 15.)
Common data shift direction (DIRC) and Segment data shift direction (DIRS) flag register
([0, 0]: default). (Refer to Table 9. and Table 10.)
DDRAM extended mode on (EXT = “high”), off (EXT = “low”: default) control.
RAM address Increment (ID = “high”: default), Decrement (ID = “low”) mode set.
CGRAM full graphic mode on / off control register (FG = “low”: default). (Refer to Figure 16.)
Center display mode on / off control register (CM= “low”: default). (Refer to Figure 15.)
First line fix mode, during vertical scroll instruction, on/off control register
(FL1 = “low”: default). (Refer to Figure 14.)
Character/Line cursor attribute select register ([0,0]: default) (Refer to Table 14.)
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RAM ADDRESS SET

WRITE DATA

RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 1 AC6 ACS AC4 AC3 AC2 AC1 ACO

DDRAM / CGRAM / ICONRAM address set instruction.
Each RAM is selected by RAM select instruction.

RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

1 D7 D6 D5 D4 D3 D2 D1 DO

DDRAM / CGRAM/ICONRAM data or system register value write instruction. Each RAM and
system register is selected by RAM select / system register set instruction. After write
operation, the address is increased/decreased by 1 automatically, according to the function
control register set.

When writing a full-size character address to DDRAM, RAM data write instruction must be
written twice, because the FCGROM address is 13-bits long.

READ DATA (8-BIT BUS MODE MPU INTERFACE ONLY) (SEE FIGURE 13)

RS DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
1 D7 D6 D5 D4 D3 D2 D1 DO

DDRAM / CGRAM/ICONRAM data or system register value read instruction.

Each RAM and system register is selected by RAM select / system register set instruction.
If you read RAM data after RAM address set instruction, you can get the correct RAM data
from the second. The first data would be incorrect, because there is no timing margin for
transferring RAM data to the output register.

After write or read operation, the address is increased/decreased by 1 automatically,
according to the function control register set.

When reading a full size character address from DDRAM, RAM data read instruction must be
executed twice, because the FCGROM address is 13-bits long. (Refer to Figure 13.)
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Full-size Character Code (FCGROM / CGRAM Address + Attribute)
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0

Upper character code

Display
attribute code

-size

Full

character
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Half-size Character Code (HCGROM Address)
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]
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Character code
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Figure 13. DDRAM Data (FCGROM / HCGROM / CGRAM Address) Format

Table 12. Display Attributes
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Table 13. Cursor Attributes
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Table 14. The Relationship Between Duty and Environment set
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KS0040 65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD
Y al“ D:I]] B )é) @ 'EXXI Normal Display
— ® Line Cursor(LC) Off
E E%‘E? H'-'ﬂ"-?:' ® First Line Fix Mode(FL1) Off

® Vertical Shift Off

449-900
=8 BEiCT 2
EE REE W24

Yl ) B 25) @ [NV

Normal Display & Line Cursor
® Line Cursor(LC) On (B1,B0=[0, 1])
® First Line Fix Mode(FL1) Off

EEI EI[:][:]E ~ ® Vertical Shift Off
L BECT R
e 2= W24

Yl E(I]] B )§/ @ [INNY Vertical Shifted Display

(in First Line Fix Mode )
® Line Cursor(LC) On (B1,B0=[0, 1))

® First Line Fix Mode(FL1) On

/] -l 0]l ] ical Shift U Dot 6-times
;?xﬁl— EE{—T_H ELE "
s SE8 24

Semimd s Sty T A

.ll' U:I]] B )E) @ (IN\K Vertical Shifted Display

(in First Line Fix Mode )

® Line Cursor(LC) On (B1,B0=[0, 1])
= ® First Line Fix Mode(FL1) On
E% ® Vertical Shift Up by Dot 16-times

:: | .
EI %ii U_l 2 ‘.:'I_ 8;(\:/:rtlcal Shift Up by Character
{[:]331 ) 209-3846

Figure 14. The Examples of Vertical Shift and First Line Fix Mode
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Yal ) (=X /B @ o

L

FRaB BEIZT &8

Yal @) =0 /8 & 0ox
=TT (¥

il

TRanE BEI_T =8

(a) DH1, DHO = [0, 0]

(b) DH1, DHO = [0, 1]

Yal ) (=R /B @ o

=BT
443-3010

R BT g

Yal ) (X /B @ o

=287

(c) DH1, DHO = [1, 0]

0/23(2)10: 15

445400

(d) DH1, DHO =[1, 1]

(e) DH1, DHO = [0, 0] and Center Mode On (CM = 1), when 3-line display

Figure 15. The Examples of Double Height Character Display

EEEEEEEEEEE
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Yal ) (N8 @ x| Tl ) X /& & o

ELECTROMICS === SMERRRRREEEEEE 1717

World Cup Korea

Figure 16. The Examples of Full Graphic Mode Display (FG =1)
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Preliminary

KS0040

INITIALIZING & POWER SAVE MODE SETUP

HARDWARE RESET

When RESET pin = “Active (rising or falling)”, KS0040 can be initialized in the following state.

Return home

Address counter = O0H

Control display ON / OFF instruction

D 0 | Display OFF
CC/LC [0, O] | Character / Line cursor OFF
REV 0 | Reverse display OFF (Normal display)

Power save mode instruction

SLP 1

Sleep mode ON

RAM select instruction

R3-RO

[0,0,0,0]

DDRAM is selected

System register set instruction

OoSC 0 Oscillator OFF
VC, VR, VF [0, 0, 0] Voltage converter / regulator / follower / OFF
INTR 0 Internal voltage regulating register OFF
RR2- RRO [0, 0, 0] Internal voltage adjusting resistors set control register values are set to 000
C5-C0 [0, 0, O, O, Q] | Electronic contrast control register values are set to OOH
DT1, DTO [1, 1] 4-Line display mode
DIRC 0 Normal direction of common outputs
(COM1 to COM64, COMI1 (COMI2))
DIRS 0 Normal direction of segment outputs
(SEGI1, SEGI2, SEG1 to SEG128, SEGI3, SEGI4)
EXT 0 Normal DDRAM mode is selected
ID 1 RAM address increment condition
FG 0 CGRAM full graphic mode OFF
CM 0 Center display mode OFF
FL1 0 First line fix mode OFF
B1, BO [0, O] Underline cursor attribute is selected

NOTE:If initialization is not done by the RESET pin, an unstable condition might result. So, the RESET input pin

must be active first for initialization.

ELECTRONICS
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65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

NOTE:

VDD

RESET

Vpp=2.4V

Internal reset time

tRESETB < trw > g R
Reset Start Time tRESETB 50 ns
Reset Pulse Width trRw 1.0 ms
Reset Time tr 1.0 ns

trw indicates the minimum RESET duration for activate internal reset signal.

tr indicates reset completion time of the internal circuit from the edge of the internal reset signal.
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65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD KS0040

INITIALIZING AND POWER SAVE SETUP

INITIALIZING BY INSTRUCTION

| VDD-VSS power ON

| Power regulation

| Input of reset signal

Command status
HARDWARE RESET
Input status.

Others are undefined.

| Waiting for 10msec or more

|
Command input
(1) Power save set command
SLP = Off (sleep mode off)
(2) System register set command
a. environment register value set
(DT1, DTO, DIRC, DIRS, EXT, ID)
b. function control register value set
(FG, CM, FL1, B1, BO)
c. internal voltage adjusting resistors
set control register set (RR2~RR0)
d. contrast control register value set
(C5~C0)
e. power control register value set
(OSC, VC, VR, VF, INTR: On)
(3) RAM address set Command
(4) Data writing (RAM Clear)
(DDRAM = AOH, CG/ICONRAM = 00H)

| Waiting for 20msec or more

Command input
(5) Display control commands

D: On
|

| End of initialization

| Input of RAM address setup command

| Input of RAM (data) write command

| Display of written data

NOTE: Commands (3) and (4) initialize the RAM.
The non-display area must satisfy the following conditions
(for RAM clear).

DDRAM: Write the AOH data. (Half character flag 1 and
space character code 20H: 1 0100000)

CGRAM: Write the O0H data. (blank data)

ICONRAM: Write the O0H data. (off data)

As the RAM data is unstable during reset signal input (after
power on), blank data must be written.
If not, unexpected display may result.

ELECTRONICS
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SLEEP MODE SET OR RELEASE BY INSTRUCTION

(a) Sleep mode setting

| End of initialization

Command status
INITIALIZING BY INSTRUCTION

input status
Normal operation status

Command input
(1) Display on/off control command
D = Off (Display)
(2) Power save set command
SLP = On (Power save)
*OSC, VC, VR, VF are
automatically off.

Enter the sleep mode

(b) Sleep mode releasing

| End of initialization

Command input
(1) Display save set command
SLP = Off (Sleep mode off)
(2) Power register set command
power control register set)
* OSC, VC, VR, VF On

‘ Waiting for 20 msec or more

(3) Display control command
D =0n

‘ Return to normal operation

NOTE:

Internal voltage regulating resistor control bit (INTR) and
voltage adjusting resistors set control register bits (RR2 to

RRO) are not changed in sleep mode.
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LCD DRIVING POWER SUPPLY CIRCUIT

This power supply circuit generates the voltage to drive the LCD, and it consists of the following: voltage converter,
voltage regulator, and voltage follower. The voltage converter boosts up the logic voltage (VDD) 2, 3, 4 times and
this boosted voltage (VOUT) is delivered to the voltage regulator. Voltage regulator adjusts VO between VOUT and
Vss and this adjusted voltage is sent to the voltage follower.

VLCD voltage (VO) is resistively divided into four voltage levels (V1, V2, V3, V4), and the output impedances are
converted by the voltage follower to increase drive capability.

Power supply circuit is controlled by the power control instruction.

There can be up to eight combination states according to the instruction sets (VC,VR,VF). Table 16. shows useful
combinations which are recommended. The remaining combination states are impractical, and are not
recommended for use.

Table 15. Recommended Power Supply Combination

Voltage Voltage Voltage
VC | VR | VF g g g VOUT VO, VR V1,V2,V3,Vv4
Converter | Regulator | Follower
1 1 1 |Enable Enable Enable Internal voltage | Used for voltage | Internal voltage
output adjustment output
0 1 1 |Disable Enable Enable External voltage | Used for voltage | Internal voltage
input adjustment output
0 0 1 |Disable Disable Enable Open VO: External Internal voltage
voltage input output
VR: open
0 0 0 | Disable Disable Disable Open VO: External External
voltage input voltage
VR: open input

NOTE: Any other combination which is not written in this table is prohibited.
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VOLTAGE CONVERTER

This circuit boosts up the electric potential between VDD and Vss to 2, 3, or 4 times toward the positive side, and
the boosted voltage comes out through the VOUT terminal.

VDD

-I: VDD
“ j— VOUT
CAP3+
—CAP3-
—CAP2+
CAP2-
c1 T CAP1+
T —caP1-

Vss

VOUT=2" VDD

VDD

Vss

NOTE: Recommended Capacitance Value is 1nF

Figure 17. Two Times Boosting
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KS0040

VDD

Cl=

Cl-E

Cl-E

VOUT
CAP3+
CAP3-
CAP2+
CAP2-
CAP1+
CAP1-

VDD

Vss

o

GND

VOUT=3 " VDD

VDD

Vss

NOTE: Recommended Capacitance Value is 1nf

Figure 18. Three Times Boosting

VDD

Cl-[

L]
Cl-E

L]
Cl-E

L]
Cl-E

VOUT

CAP3-

CAP2-

CAP1-

-I: VDD

CAP3+
CAP2+

CAP1+

Vss

or

GND

VOUT=4" VDD

VDD

Vss

NOTE: Recommended capacitance value is 1nF

Figure 19. Four Times Boosting
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KS0040 65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

VOLTAGE REGULATOR

The boosting voltage generated at VOUT is sent to the voltage regulator. The voltage regulator determines the VO
LCD driver voltage by adjusting resistor Ra and Rb within the range of [VO] < |[VOUT]|. This VO is determined by
equation (1), where Ra and Rb are internal or external resistors and VREF is determined by equation (2) as the
voltage source of the IC.

The electric potential of VREF is set to one of 64 levels by setting the 6-bit reference voltage register.

<Equation 1>

_ Rbg -
VO = qu'@g Vey V]

<Equation 2>

\Y; :@_K%__alﬁ'vs [V]

EV e 300 2
Where a = value of 6-bit reference voltage register (0 to 63)

When REF = “high”, Vg = Vpp
REF = “low”, Vg = Vggr (Internal reference voltage) = 2V

Inside Chip

8
GND

Figure 20. Voltage Regulator Circuit
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When Using Internal Resistors, Ra and Rb (INTR =*“high”)

When INTR bit is set to “high”, built-in regulator resistor Ra is connected between VR and Vgg, and Rb is
connected between VO and VR. VO voltage is determined by changing the ratio of Rb/Ra and reference voltage
VRreg- The ratio of Rb / Ra is set to one of 8 ratios by selecting the regulator resistor with the 3-bit instruction
register (RR2, RR1 and RRO).

13 ___:___'___T___:___'___T___:___l____ RRZRR]_RRO
12 b0 o LMLl _L__.
11 | | | [ [ [ [ [ 1 1 1]
H ) O I R I A
o S L [ R (U 1 1 0]
| | | | | | | |
9 T L [1 0 1
] e R S W et St et S S,
L8 S e B et B [0 1 1]
6f---1-—-—-rFr-—t--—=—-——F—=—t-—————F - - -
S P ) P S 0 1 0
| | | | | | | | 0 0 1]
4t------r-"T--"-C- - -r--T---—- -~ --
o ' T T N (S [0 0 0]
[ [ [ [ [ [ [ [
2 e Tl s et el el Ml e
1b-—-4-——-F -+ H- - - — ==~ — -
[ [ [ [ [ [ [ [
0 7 15 23 31 39 47 55 63

Electronic Volume Level (a)

Figure 21. VO Voltages According to RR2 to RRO (Ta = 25°C)

Table 16. The Relationship Between Electronic Volume Constant, a, and 6-bit
Voltage Reference Register (C5, C4, C3, C2, C1, C0)

C5 C4 C3 C2 C1 Co a
1 1 1 1 1 1 63
1 1 1 1 1 0 62
0 0 0 0 0 1 1
0 0 0 0 0 0 0
Table 17. The Change Ratio of Vggr and VO
(RR2, RR1, RRO =0, 0, 0], Ta = 25°C)
a

0 1 30 31 32 62 63

VO TBD TBD TBD TBD TBD TBD TBD TBD TBD
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When Using External Resistors, Ra and Rb. (INTR =“low”)

When INTR pin is set to low, it is necessary to connect the external regulator resistor Ra between VR and Vss, and

Rb between VO and VR.

* Example: For the following requirements
— 1. LCD driver voltage, VO = 10V
— 2. 6-bit reference voltage register = (1, 1, 1, 1, 1, 1)
— 3. Maximum current flowing Ra, Rb = 1mA

From equation (1)

RDs -

oy VRer  W¥iYita(4)

Vo =10[V] = @+

From equation (2)

<
|
|
1l

VS = 2V or VDD YaYaYaYa (5)

(Where a = 63
Vs =2V or Vpp)

From requirement (3)

10
Ra + Rb

From equation (4), (5) and (6)
A. When Vg = 2V (REF = “Low")

— Ra=2[MW
— Rb=8[MW
B. When Vg = VDD = 3V (REF = “High”)

— Ra=3[MW
— Rb=7[MW
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LCD BIAS RESISTOR & FOLLOWER

Cl=

VoD,

VDD

CAP1+
CAP1-
CAP2+
CAP2-
CAP3+
CAP3-
VOUT
VR

VO

V1

V2

V3

V4

Vss

GND

a) When use the internal bias circuit
(VC, VR, VF, INTR =[1,1,1,1])

Cl=

R1
R1
R2
R1
R1

7777
GND

(VO

VDD

CAP1+
CAP1-
CAP2+
CAP2-
CAP3+
CAP3-
VOUT

VR

V1
V2
V3
V4
Vss

b) When use the external bias circuit
(VC, VR, VF, INTR =[1,1,0,1])

* Recommended Capacitance value is 1nF

Figure 22. LCD Bias Circuit

Table 18. Duty Select Input & Internal Bias Circuit

DT1 DTO Duty Internal Bias
Low Low 1/17 1/5
Low High 1/33 1/7
High Low 1/49 1/8
High High 1/65 1/9
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USING THE EXTERNAL POWER SUPPLY

VDD VDD
[ R e [ B e
CAP1+ CAP1+
CAP1- CAP1-
CAP2+ CAP2+
CAP2- CAP2-
External CAP3+ External CAP3+
Power CAP3- Power CAP3-
Supply VOUT Supply VOUT
Ra
1 - VR VR
C1) VO FCl—vo
) —vs FCL ——{va
L ——ve FCL e
C ——vs S ——]vs
el ——va al V4
Vss Vss
7777 b ceca

GND
(VC,VR,VF,INTR = [0,1,1,0])

VDD VDD
[ v [ v
CAP1+ CAP1+
CAP1- CAP1-
CAP2+ CAP2+
CAP2- CAP2-
CAP3+ CAP3+
CAPS3- CAPS3-
VOUT VOUT
External
Power VR VR
Supplv VO Vo
L ——v1 External V1
Power
Ll ——ve Supply V2
L ——vs v3
C b——va V4
Vss 771777Vss
7777
GND GND
(VC,VR,VF,INTR =[0,0,1,0]) (VC,VR,VF,INTR =[0,0,0,0])

* Recommended Capacitance value is 1n¥

Figure 23. When External Power Supply is Used
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APPLICATION INFORMATION

MPU INTERFACE METHOD

Parallel interfacing with 8080-series microprocessors

_vee.
VCC VoD VCC
A0 RS ps —
Al~A7 > CSB MI
TORO DECODER ;7|777.
MPU _ KS0040 GND
(8080-series) RD E_RD
WR RW_WR
D0~D7 D0~D7
RESET RESET
GND T Vss
RESETB
777777
GND
Parallel interfacing with 6800-series microprocessors
_vee.
vce VDD _VvcC_
A0 RS PS
AL~A7 CSB MI
VA DECODER
MPU KS0040
(6800 -series)  E E RD
RIW RW_WR
D0~D7 D0~D7
RESET RESET
GND T Vss
RESETB
777777
GND

ELECTRONICS
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Clock Synchronized Serial Interfacing with any Microprocessor

IF |-

_vee.
VCC VDD
PORT4 RS PS
PORT3 CSB
MPU KS0040
PORT1 SCL(DB6) Ml |—
PORTO SI(DB7)
RESET RESET
GND T Vss
RESETB
777777
GND

GND

VCC
or
GND
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LCD PANEL CONNECTION METHOD (1/65 DUTY CONFIGURATION)
Chip Bottom & Lower View (DIRS =0, DIRC =0)
SEGI2  HRRMRMAMRMAMMAMRAMRRRNR RRRRMRRERRERRRRR A
SEGL 2829889882220 — Saaasaslaane 90
SOlY Smhes G555 SRRBRRERY  COM2
= COM64
COM49 ~
COM40 COM57
= COom48
COM33 ~
COM24 BOTTOM VIEW coma1
~ COMm32
com17 -
Ccom8 COM25
~ COM16
Ccom1 ~
COMI1 Ccom9
Figure 24. Chip Bottom & Lower View (DIRS = 0, DIRC = 0)
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Chip Bottom & Upper View (DIRS =1, DIRC = 1)

COM9
COM16

COM25
COM32

Ccom41

COom48

COM57
COM64

COMI2
SEGI4

SEGI3

82193S
12193S
92193S
GZ193S
[ZAREN]
€2193S
[44REN]

BOTTOM VIEW

DOnHOnnVn

mmmmmmm O n w0
OOOOOO m m m m
el QOO
R Sl e e T B e e
POoOwoo~Noum S wN

07193S
693S
893S
193S
993S
§93S
¥93S
€93S
¢93S

COMIL
CoMm1
COM8

Ccom17

COM24
COM33

COM40
COM49

COM56
SEGI1
SEGI2

PARRRAARRARARAARAARIRAAIRRRAIRARAIRAIRIRAIRAAAIRAAIRRRIIRAIIRAIRARIIRANRINIRAINRARIIRAIRIRAIRAARIRRINIRRINRRRINRRIRIRRIRRIRIRNG

Figure 25. Chip Bottom & Upper View (DIRS =1, DIRC = 1)
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Chip Top & Lower View (DIRS =1, DIRC = 0)
RRRAIIIRARRARAIIIAARRARIIIRARIIIRIRRRRRIIIIARRRRIIIAAARIIIIIIARAIIRIAIARIRARIIIAAAIIIIIIIRRRIIIIIRNRRAIIIIAAIIAIIIIAAAIIIIIIRAAIIY
% 4
| 4
| 4 a
1 a a
i 8EGI3 weewewL e e DD A A A A SEGI2 j
L L p— Guaueneaeaaeg SOl
i TOM2 0000000 OOOO OGO HOOHOOHOOOO OO COM56
i TOMB4 RRRRPRRRREEEER N =R ~
i 1 O~NOUOBRWNRFRPROWOWDO~NOO COMAg_
| -~ 1
i £OM57 COM40
; i £OM48 -
| ~ COM33 j
i Lomal TOP VIEW com2e ;
- i £OM32 ~
| - COM17 j
i £OM25 CoOM8j ¢
- i £OM16 ~
| ~ COM1 j
i &OM9 COMIL j
Figure 26. Chip Top & Lower View (DIRS =1, DIRC = 0)
59

ELECTRONICS



Preliminary

KS0040

65COM/132SEG DRIVER & CONTROLLER FOR DOT MATRIX LCD

Chip Top & Upper View (DIRS =0, DIRC =1)

i 80MI1 i
i &0M1 ~

-~ i
i £OM8 COM25
i £OoM17 ~

~ COM32
i £OM24 COM41 j
i LOM33 TOP VIEW

~ COM48 j
i £OM40 i
i &£OM49 ~

~ VOVOVVVOVOOVN®V P

(X XA N} MMMmMmMmMmMmMmmmmmm 1

i LOMS6 MR AMMARROOEES aeeaeeeeeaae  CoM2.
i BEGIl QOO0 OO QG EPELDE RN NN SEGI4 j
i BEGl2 LRI meonbon SoNeoehenae i
i PSRRI DRI P i i il i

PARARAARARRRRARARRIRIRIRARARRRRRRIRIRIRRRRRRIRIRRRRRRIRIRRRRRRIRIRIRIRIRIRIRIRIIIRIRIRIRIRRRRIRIRIRARARRIRIRININIIRIRIRIRRRRRIRY

Figure 27. Chip Top & Upper View (DIRS =0, DIRC =1)
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FRAME FREQUENCY

1/17 DUTY (DT1, DTO = [0, 0])

1-line selection period

VO

V1

COM1 :

V4

Vss

1 Frame ‘ 1 Frame
-t

1-line selection period = 17 clock pulses
One Frame =17 " 17 ~ 40.8ns = 11.8ms (1 clock = 40.8ns at fosc = 24.5kHz)
Frame frequency = 1/11.8ms = 85Hz

1/33 DUTY (DT1, DTO = [0, 1])

1-line selection period

‘;‘2‘34 31{32| 33 1

31

————— ‘30 - ‘30 32‘ 33‘

VO

V1

COML1 :

V4

V
SS 1 Frame 1 Frame

-
-

Y
A
/

1-line selection period = 17 clock pulses
One Frame =17 " 33" 21.0rms = 11.8ms (1 clock = 21.0ns at fosc = 47.6kHz)
Frame frequency = 1/11.8ms = 85Hz
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1/49 DUTY (DT1, DTO =[1, 0]

1-line selection period

o] |2] <= [sfs] | 2] -+ els] s | o] -=- ol

VO

V1

COM1 :

V4

v
SS 1 FRAME ‘ 1 FRAME
-t

1-Line selection period = 17 clock pulses
One Frame =17 " 49~ 14.2ns = 11.8ms (1 clock = 14.2ns at fosc = 68.3kHz)
Frame frequency = 1/11.8ms = 85Hz

1/65 DUTY (DT1, DTO =[1, 1])

1-line selection period

7‘2‘34 64|65 1

_____ ‘62‘63 - ‘62‘63‘64 65

VO

V1

COML1 :

V4

\%
5S 1 FRAME 1 FRAME

-
-

Y
A
/

1-Line selection period = 17clock pulses
One Frame =17 " 65 10.7ns = 11.8ms (1clock = 10.7ms at fosc = 93.7kHz)
Frame frequency = 1/11.8 ms = 85Hz
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Table 19. Duty Select Input & Display Window Size

DT1 DTO Duty Display Window Size
Low Low 1/17 1-line © 8-character
Low High 1/33 2-line © 8-character
High Low 1/49 3-line © 8-character
High High 1/65 4-line © 8-character

ABSOLUTE MAXIMUM RATINGS

Table 20. Absolute Maximum Ratings

Characteristics Symbol Value Unit
Power supply voltage Vbp -03t0+7.0 v
Power supply voltage V0, VOUT - 0.3to+15 Y%
Input voltage VN - 0.3to Vpp +0.3 \Y
Operating temperature Topr - 30to+85 °C
Storage temperature Tste - 55to + 125 °C

NOTES:

1. All the voltage levels are based on Vgg =0V

2. Voltage greater than above may damage the circuit
VOItage level: VOUT 3 VO 3 VSS (VLCD =VO0 - Vss)
Voltage level: VO3 V13 V23 V33 V43 Vgg
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ELECTRICAL CHARACTERISTICS

DC CHARACTERISTICS

Table 21. DC Characteristics
(Vpp =2.4Vto 3.6V, Ta=- 30to + 85°C)

Item Symbol Condition Min. Typ. Max. Unit
Operating voltage Vb - 2.4 - 3.6 \%
Supply current Ibp1 Display operation - - 150 mA
(Vpp =3V, Ta =25°C) V0 = 9V without load
No access from MPU
Ibp2 Sleep operation without load - - 5
oscillator OFF
Ibp3 Access operation from MPU - - 500
fcyc = 200kHz
Input voltage ViH - 0.8Vpp - VDD \Y
V||_ — VSS — 0.2 VDD
Input leakage current ILEAK Vin =0V to Vpp -1 - 1 mA
Ron resistance Rcowm lo =% 50mA - - 5 KW
RSEG IO =+ 50mA - - 10
Frame frequency fer Vpp =3V, Ta=25°C 60 85 110 Hz
External clock fek Display of 1 line mode - 245 - kHz
frequency X )
Display of 2 line mode - 47.6 -
Display of 3 line mode - 68.3 -
Display of 4 line mode - 93.7 -
Voltage converter Vout Ta=25°C, C=1nF 95 99 - %
VDD 2/3/4 times Without load
Voltage regulator reference | Vggr Ta=25°C 1.94 2.0 2.06 \%
voltage
LCD driving voltage Vico Vicp = V0 - Vgg 4.0 - 13.0
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Table 22. DC Characteristics
(Vpp =3.6Vt0 5.5V, Ta=- 30to + 85°C)
ltem Symbol Condition Min. Typ. Max. Unit
Operating voltage Vpb - 3.6 - 55 \%
Supply current Ibb1 Display operation - - 250 mA
(Vpp =5V, Ta=25°C) VO = 9V without load
No access from MPU
Ibp2 Sleep operation without load - - 10
oscillator OFF
Ibp3 Access operation from MPU - - 1000
fcyc = 200kHz
Input voltage ViH - 0.8Vpp - VDD \Y,
V||_ — VSS — 0.2VDD
Input leakage current lLEAK ViNn=0Vto Vpp -1 - 1 m
Ron resistance Rcowm lo =% 50mA - - 5 KW
RSEG IO =% SOFTA - - 10
Frame frequency fer Vpp =3V, Ta=25°C 60 85 110 Hz
External clock fok Display of 1 line mode - 24.5 - kHz
frequency - X
Display of 2 line mode - 47.6 -
Display of 3 line mode - 68.3 -
Display of 4 line mode - 93.7 -
(NOTE) Vo|tage converter VOUT Ta=25°C,C=1nfF 95 99 - %
VDD 2/3 times Without load
Voltage regulator reference | Vggr Ta=25°C 1.94 2.0 2.06 \%
voltage
LCD driving voltage Vico Vicp = VO - Vgg 4.0 - 13.0

NOTE: When power supply (Vpp) range is 3.6V to 5.5V, 4 times boosting is not allowed.
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AC CHARACTERISTICS

Parallel Interface Mode

6800-series MPU interface & write instruction

(Vpp =2.4Vto 3.6V, Ta=- 30to + 85°C)

Mode Characteristic Symbol Min. Typ. Max. Unit
E cycle time tc 650 - -
Pulse rise / fall time trs tF - - 25
E pulse width high twH 450 - _
Write bus mode | E pulse width low twi 150 - -
(6800-series _ ns
MPU interface) | RS and CSB setup time tsu1 60 - -
RS and CSB hold time tH1 30 - -
DB setup time tsuo 100 - -
DB hold time ty2 50 - -
(Vpp =3.6Vto 5.5V, Ta=- 30to + 85°C)
Mode Characteristic Symbol Min. Typ. Max. Unit
E cycle time tc 350 - -
Pulse rise / fall time tr, tp _ _ 25
E pulse width high twH 250 - -
Write bus mode | E pulse width low twiL 100 _ _
(6800-series _ ns
MPU interface) | RS and CSB setup time tsu1 40 - -
RS and CSB hold time ta 10 - -
DB setup time tsu2 40 _ _
DB hold time tho 10 _ _
s L
RS,CSB X )
\u 7
tsus thr
RW_WR \ 1
tWH > tWL
Ir X
E_RD ), \ V/
tR > tsue th
DB0O~DB7 X
«—— & —

Figure 28. Write Bus Mode Timing (6800-series MPU Interface)
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8080-series MPU Interface & Write Instruction

(Vpp = 2.4V t0 3.6V, Ta = - 30 to + 85°C)

Mode Characteristic Symbol Min. Typ. Max. Unit
WR cycle time tc 650 - -
Pulse rise / fall time tr, g - - 25
WR pulse width high twH 150 - -
Write bus mode | \wR pulse width low tyL 450 - -
(8080-series ns
MPU interface) | RS and CSB setup time tsu1 60 - -
RS and CSB hold time tha 30 - -
DB setup time tsuz 100 - -
DB hold time tho 50 — _

(Vpp = 3.6V t0 5.5V, Ta = - 30 to + 85°C)

Mode Characteristic Symbol Min. Typ. Max. Unit
WR cycle time te 350 — —
Pulse rise / fall time trs tF — — 25
WR pulse width high twH 100 - -
Write bus mode | WR pulse width low twi 250 _ _
(8080-series - ns
MPU interface) RS and CSB setup time tsu1 40 - -
RS and CSB hold time th1 10 - -
DB setup time tsuz 40 - -
DB hold time tho 10 - -
RS,CSB
i ) o twh AR
tR | tWL
\ £ 3
RW_WR \ \
tF e tsue th
DBO~DB7
«-— & —

Figure 29. Write Bus Mode Timing (8080-series MPU Interface)
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6800-Series MPU Interface & Read Instruction

(Vpp = 2.4V 10 3.6V, Ta = - 30 to + 85°C)

Mode Characteristic Symbol Min. Typ. Max. Unit
E cycle time tc 650 - -
Pulse rise / fall time tr IF - - 25
E pulse width high twH 450 - -
Read bus mode | g pyise width low tyL 150 - -
(6800-series _ ns
MPU interface) | RS and CSB setup time tsu 60 - -
RS and CSB hold time tH 30 - -
DB output delay time [15) 100 - -
DB output hold time tbH 50 - -
(Vpp =3.6Vto 5.5V, Ta=- 30to + 85°C)
Mode Characteristic Symbol Min. Typ. Max. Unit
E cycle time tc 350 - -
Pulse rise / fall time tr IF - - 25
E pulse width high twH 250 - -
Read bus mode | g pyise width low tyL 100 - -
(6800-series _ ns
MPU interface) | RS and CSB setup time tsu 40 - -
RS and CSB hold time th 10 - -
DB output delay time to 40 - -
DB output hold time tbH 10 - -
X X
RS,CSB \ /
PR <y
T \
RW WR \
< twh < twL
=_Eaa
+ \ /
E RD / \ i
tR D
DB0O~DB7
< tc

Figure 30. Read Bus Mode Timing (6800-series MPU Interface)
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8080-Series MPU Interface & Read Instruction
(Vpp = 2.4V t0 3.6V, Ta=- 30to + 85°C)
Mode Characteristic Symbol Min. Typ. Max. Unit

RD cycle time tc 650 - -

Pulse rise / fall time tr IF - - 25

RD pulse width high twH 150 - -
Read bus mode | Rp pulse width low tyL 450 - -
(8080-series . ns
MPU interface) | RS and CSB setup time tsu 60 - -

RS and CSB hold time ty 30 - -

DB output delay time [5) 100 - -

DB output hold time tbH 50 - -
(Vpp =3.6Vt0 5.5V, Ta=- 30to + 85°C)

Mode Characteristic Symbol Min. Typ. Max. Unit

RD cycle time tc 350 - -

Pulse rise / fall time tr IF - - 25

RD pulse width high twH 100 - -
Read bus mode | pp pyise width low twL 250 - -
(8080-series - " ns
MPU interface) RS and CSB setup time su 40 - -

RS and CSB hold time tH 10 - -

DB output delay time [5) 40 - -

DB output hold time tbH 10 - -

RS,CSB
tsy ) twh NEPRER
tr —» twy
N\ s 3
E_RD \

DB0O~DB7

F to

N

—

Figure 31. Read Bus Mode Timing (8080-series MPU Interface)
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Clock Synchronized Serial Mode
(Vpp = 2.4V to 3.6V, Ta=- 30to + 85°C)

Mode Characteristic Symbol Min. Typ. Max. Unit
SCL clock cycle time tc 1000 - -
Pulse rise / fall time tr, tF - - 25
SCL clock width (H/L) tw 300 - -
Clock CSB setup time tsy1 150 - -
zgggrl]:r?tr:eiffz(ie CSB hold time tH1 700 - - ns
mode RS data setup time tsuo 50 - -
RS data hold time tHo 300 - -
Sl data setup time tsus 50 - -
Sl data hold time th3 50 - -

(Vpp = 3.6V 10 5.5V, Ta=- 30 to + 85°C)

Mode Characteristic Symbol Min. Typ. Max. Unit
SCL clock cycle time tc 600 - -
Pulse rise / fall time tr IF - - 25
SCL clock width (H/L) tyy 200 - -
Clock CSB setup time tsuz 100 - -

synchronized

L CSB hold time tH 400 - - ns
serial interface
mode RS data setup time tsuo 40 - -
RS data hold time tHo 200 - -
Sl data setup time tsus 40 - -
Sl data hold time ths 40 - -
tsu1 < fc bl tH1
CSB # Y
R tw I tw

SCL(DB6)\ / 7 N

<« 52 < the >
RS —
SU3 tHsI
sI(DB7)—— | { )

Figure 32. Clock Synchronized Serial Interface Mode Timing Diagram
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