NJU6815

Preliminary

128-common x 80 RGB-Segment, in 4096-Color
STN LCD DRIVER

GENERAL DESCRIPTION

The NJU6815 is a STN LCD driver with 128-common x
80 RGB-segment in 4096-color. It consists of
240(80xRGB)-segment, 128-common drivers, serial and
parallel MPU interface circuits, internal power supply
circuits, gradation palettes and 122,880-bit for graphic
display data RAM.

Each segment driver outputs 16-gradation level out of
32-gradation level of gradation palette.

The display rotate function makes easily rotated display
without original display data change.

Since the NJU6815 provides a low operating voltage of
1.7V and low operating current, it is ideally suited for
battery-powered handheld applications.

FEATURES
4096-color STN LCD driver

m PACKAGE OUTLINE

<

NJU6815CJ

LCD drivers 128-commons, 80 RGB-segments

Display data RAM (DDRAM) 122,880-bit for graphic display

Color display mode 16 gradation level out of 32-gradation level of gradation palette
Black & white display mode 128 x 240 pixels in 16-gradation level or 128 x 240 pixels in B&W

256-color driving mode

8/16bit Parallel interface directly-connective to 68/80 series MPU

Programmable 8- or 16-bit data bus length for display data

3-/4-line Serial interface
Programmable duty and bias ratios

Programmable internal voltage booster (Maximum 6-times)

Programmable contrast control using 128-step EVR

Display Rotate Function / Display Mirror Inverse Function

Various instructions

Display data read/write, Display ON/OFF, Reverse display ON/OFF, All pixels ON/OFF,

column address, row address, N-line inversion, Initial display line, Initial COM line, Read-modify-write,
Gradation mode control, Increment control, Data bus length, Discharge ON/OFF,

Duty cycle ratio, LCD bias ratio, Boost level, EVR control, Power save ON/OFF, etc

Low operating current

Low logic supply voltage 1.7V to 3.3V

LCD driving supply voltage 5.0V to 18.0V
C-MOS technology

Rectangle out look for COG

Package Bumped chip / TCP
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NJU6815
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NJU6815

Notel) The same name PADs are shorted mutually in the LSI.
Note2) The DMY PADs are electrically open.

Alignment mark (1)

: a :
L
Alignment mark a: 25um
coordinates b : 50um
b
Alignment mark coordinates
¥ (-8168, 1138)
> (8168, -1138)
Alignment mark (2)
Alignment mark T

coordinates

¢ :50um
\ c

Alignment mark coordinates
(7982, -1115)

... ...
Alignment mark (3)
Alignment mark
coordinates i X
d : 50um
e:20um
d
Alignment mark coordinates
............................ (-7982, -1115)
- y..
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NJU6815

m  PAD COORDINATES 1
Chip size 16.70mm x 2.64um (Chip center Oum x Oum)

No.| PIN NAME X (um) Y (um) No.| PIN NAME X (um) Y (um) No.| PIN NAME X (um) Y (um)
1 DMYO -7875.00 -1115.00 61 D11 -4263.00 -1115.00 121 V1 -525.00 -1115.00
2 DMY1 -7833.00 -1115.00 62 D12 -4137.00 -1115.00 122 V2 -399.00 -1115.00
3 DMY2 -7791.00 -1115.00 63 D12 -4095.00 -1115.00 123 V2 -357.00 -1115.00
4 VSSA -7749.00 -1115.00 64 D13 -3969.00 -1115.00 124 V2 -315.00 -1115.00
5 VSSA -7707.00 -1115.00 65 D13 -3927.00 -1115.00 125 V2 -273.00 -1115.00
6 DMY3 -7665.00 -1115.00 66 D14 -3801.00 -1115.00 126 V2 -231.00 -1115.00
7 SEL68 -7623.00 -1115.00 67 D14 -3759.00 -1115.00 127 V2 -189.00 -1115.00
8 SEL68 -7581.00 -1115.00 68 D15 -3633.00 -1115.00 128 V2 -147.00 -1115.00
9 DMY4 -7539.00 -1115.00 69 D15 -3591.00 -1115.00 129 V2 -105.00 -1115.00

10 VDDA -7497.00 -1115.00 70 VDD -3465.00 -1115.00 130 V2 -63.00 -1115.00
11 VDDA -7455.00 -1115.00 71 VDD -3423.00 -1115.00 131 DMY17 -21.00 -1115.00
12 DMY5 -7413.00 -1115.00 72 VDD -3381.00 -1115.00 132 V3 21.00 -1115.00
13 P/S -7371.00 -1115.00 73 VDD -3339.00 -1115.00 133 V3 63.00 -1115.00
14 P/S -7329.00 -1115.00 74 VDD -3297.00 -1115.00 134 V3 105.00 -1115.00
15 DMY6 -7287.00 -1115.00 75 VDD -3255.00 -1115.00 135 V3 147.00 -1115.00
16 VSSA -7245.00 -1115.00 76 VDD -3213.00 -1115.00 136 V3 189.00 -1115.00
17 VSSA -7203.00 -1115.00 77 VDD -3171.00 -1115.00 137 V3 231.00 -1115.00
18 DMY7 -7161.00 -1115.00 78 VDD -3129.00 -1115.00 138 V3 273.00 -1115.00
19 RESB -7119.00 -1115.00 79 CL -2961.00 -1115.00 139 V3 315.00 -1115.00
20 RESB -7077.00 -1115.00 80 CL -2919.00 -1115.00 140 V3 357.00 -1115.00
21 DMY8 -7035.00 -1115.00 81 FLM -2793.00 -1115.00 141 V4 483.00 -1115.00
22 CSB -6993.00 -1115.00 82 FLM -2751.00 -1115.00 142 V4 525.00 -1115.00
23 CSB -6951.00 -1115.00 83 FR -2625.00 -1115.00 143 V4 567.00 -1115.00
24 DMY9 -6909.00 -1115.00 84 FR -2583.00 -1115.00 144 V4 609.00 -1115.00
25 RS -6867.00 -1115.00 85 CLK -2457.00 -1115.00 145 V4 651.00 -1115.00
26 RS -6825.00 -1115.00 86 CLK -2415.00 -1115.00 146 V4 693.00 -1115.00
27 DMY10 -6783.00 -1115.00 87 DMY13 -2289.00 -1115.00 147 V4 735.00 -1115.00
28 WRB -6741.00 -1115.00 88 OSC1 -2247.00 -1115.00 148 V4 777.00 -1115.00
29 WRB -6699.00 -1115.00 89 0osc1 -2205.00 -1115.00 149 V4 819.00 -1115.00
30 DMY11 -6657.00 -1115.00 90 DMY14 -2163.00 -1115.00 150 DMY18 861.00 -1115.00
31 RDB -6615.00 -1115.00 91 osc2 -2037.00 -1115.00 151 VREG 903.00 -1115.00
32 RDB -6573.00 -1115.00 92 osc2 -1995.00 -1115.00 152 VREG 945.00 -1115.00
33 DMY12 -6531.00 -1115.00 93 VSS -1869.00 -1115.00 153 VREG 987.00 -1115.00
34 VDDA -6489.00 -1115.00 94 VSS -1827.00 -1115.00 154 VREG 1029.00 -1115.00
35 VDDA -6447.00 -1115.00 95 VSS -1785.00 -1115.00 155 VREG 1071.00 -1115.00
36 DO -6321.00 -1115.00 96 VSS -1743.00 -1115.00 156 VREG 1113.00 -1115.00
37 DO -6279.00 -1115.00 97 VSS -1701.00 -1115.00 157 VREG 1155.00 -1115.00
38 D1 -6153.00 -1115.00 98 VSS -1659.00 -1115.00 158 VREG 1197.00 -1115.00
39 D1 -6111.00 -1115.00 99 VSS -1617.00 -1115.00 159 VREG 1239.00 -1115.00

40 D2 -5985.00 -1115.00 100 VSS -1575.00 -1115.00 160 DMY19 1281.00 -1115.00

41 D2 -5943.00 -1115.00 101 VSS -1533.00 -1115.00 161 VREF 1323.00 -1115.00

42 D3 -5817.00 -1115.00 102 DMY15 -1407.00 -1115.00 162 VREF 1365.00 -1115.00

43 D3 -5775.00 -1115.00 103 VLCD -1281.00 -1115.00 163 VREF 1407.00 -1115.00

44 D4 -5649.00 -1115.00 104 VLCD -1239.00 -1115.00 164 VREF 1449.00 -1115.00

45 D4 -5607.00 -1115.00 105 VLCD -1197.00 -1115.00 165 VREF 1491.00 -1115.00

46 D5 -5481.00 -1115.00 106 VLCD -1155.00 -1115.00 166 VREF 1533.00 -1115.00

47 D5 -5439.00 -1115.00 107 VLCD -1113.00 -1115.00 167 VREF 1575.00 -1115.00

48 D6 -5313.00 -1115.00 108 VLCD -1071.00 -1115.00 168 VREF 1617.00 -1115.00

49 D6 -5271.00 -1115.00 109 VLCD -1029.00 -1115.00 169 VREF 1659.00 -1115.00

50 D7 -5145.00 -1115.00 110 VLCD -987.00 -1115.00 170 DMY20 1701.00 -1115.00
51 D7 -5103.00 -1115.00 111 VLCD -945.00 -1115.00 171 VBA 1743.00 -1115.00
52 VSSA -4977.00 -1115.00 112 DMY16 -903.00 -1115.00 172 VBA 1785.00 -1115.00
53 VSSA -4935.00 -1115.00 113 V1 -861.00 -1115.00 173 VBA 1827.00 -1115.00
54 D8 -4809.00 -1115.00 114 V1 -819.00 -1115.00 174 VBA 1869.00 -1115.00
55 D8 -4767.00 -1115.00 115 V1 -777.00 -1115.00 175 VBA 1911.00 -1115.00
56 D9 -4641.00 -1115.00 116 V1 -735.00 -1115.00 176 VBA 1953.00 -1115.00
57 D9 -4599.00 -1115.00 117 V1 -693.00 -1115.00 177 VBA 1995.00 -1115.00
58 D10 -4473.00 -1115.00 118 V1 -651.00 -1115.00 178 VBA 2037.00 -1115.00
59 D10 -4431.00 -1115.00 119 V1 -609.00 -1115.00 179 VBA 2079.00 -1115.00
60 D11 -4305.00 -1115.00 120 V1 -567.00 -1115.00 180 DMY21 2121.00 -1115.00

New Japan Radio Co. Lid,



NJU6815

m  PAD COORDINATES 2

No.] PIN NAME X (um) Y (um) No.] PIN NAME X (um) Y (um) No.] PIN NAME X (um) Y (um)
181 VSSH 2163.00] _ -1115.00 241 Ce- 5010.00] _ -1115.00 301 C5- 7539.00]  -1115.00
182 VSSH 2205.00] _ -1115.00 242 Co- 5061.00]  -1115.00 302 C5- 7581.00]  -1115.00
183 VSSH 2247.00] _ -1115.00 243 Ce2- 5103.00] _ -1115.00 303 C5- 7623.00] _ -1115.00
184 VSSH 2289.00]  -1115.00 244 Ce- 5145.00]  -1115.00 304 C5- 7665.00]  -1115.00
185 VSSH 2331.00] _ -1115.00 245 Ce- 5187.00] _ -1115.00 305 C5- 7707.00]  -1115.00
186 VSSH 2373.00] _ -1115.00 246 Co- 5229.00] _ -1115.00 306 C5- 7749.00] _ -1115.00
187 VSSH 2415.00] _ -1115.00 247 DMY25 5271.00] _ -1115.00 307 DMY31 7791.00] _ -1115.00
188 VSSH 2457.00] _ -1115.00 243 C3+ 5313.00] _ -1115.00 308 DMY32 7833.00]  -1115.00
189 VSSH 2499.00] _ -1115.00 249 C3+ 5355.00] _ -1115.00 309 DMY33 7875.00]  -1115.00
190 VOUT 2667.00] _ -1115.00 250 Ca+ 5397.00] _ -1115.00 310 DMY34 8145.00] _ -1035.00
191 VOUT 2709.00] _ -1115.00 251 C3+ 5439.00]  -1115.00 311 DMY35 8145.00 -993.00
192 VOUT 2751.00] _ -1115.00 252 Ca+ 5481.00]  -1115.00 312 DMY35 8145.00 -951.00
193 VOUT 2793.00] _ -1115.00 253 Ca+ 5523.00] _ -1115.00 313 DMY35 8145.00 -909.00
194 VOUT 2835.00] _ -1115.00 254 C3+ 5565.00] _ -1115.00 314 DMY36 8145.00 -867.00
195 VOUT 2877.00] _ -1115.00 255 C3+ 5607.00]  -1115.00 315 DMY37 8001.00 1115.00
196 VOUT 2919.00] _ -1115.00 256 Ca+ 5649.00] _ -1115.00 316 DMY38 7959.00 1115.00
197 VOUT 2961.00] _ -1115.00 257 DMY26 5691.00] _ -1115.00 317 DMY39 7917.00 1115.00
198 VOUT 3003.00] _ -1115.00 258 Cs- 5733.00] _ -1115.00 318 DMY40 7875.00 1115.00
199 VEE 3171.00]  -1115.00 259 Cs3- 5775.00] _ -1115.00 319 COMO 7833.00 1115.00
200 VEE 3213.00] _ -1115.00 260 Cs- 5817.00] _ -1115.00 320 COM2 7791.00 1115.00
201 VEE 3255.00] _ -1115.00 261 Cs- 5859.00] _ -1115.00 321 Ccoma 7749.00 1115.00
202 VEE 3297.00] _ -1115.00 262 C3- 5901.00] _ -1115.00 322 COM6 7707.00 1115.00
203 VEE 3339.00] _ -1115.00 263 Cs3- 5943.00]  -1115.00 323 COM8 7665.00 1115.00
204 VEE 3381.00]  -1115.00 264 Cs- 5985.00]  -1115.00 324 COM10 7623.00 1115.00
205 VEE 3423.00]  -1115.00 265 Cs- 6027.00]  -1115.00 325 COM12 7581.00 1115.00
206 VEE 3465.00] _ -1115.00 266 C3- 6069.00] _ -1115.00 326 COM14 7539.00 1115.00
207 VEE 3507.00]  -1115.00 267 DMY27 6111.00]  -1115.00 327 COM16 7497.00 1115.00
208 Ci+ 3633.00] _ -1115.00 268 Ca+ 6153.00] _ -1115.00 328 COM18 7455.00 1115.00
209 Ci+ 3675.00]  -1115.00 269 Ca+ 6195.00]  -1115.00 329 COM20 7413.00 1115.00
210 Ci+ 3717.00] _ -1115.00 270 Ca+ 6237.00] _ -1115.00 330 COM22 7371.00 1115.00
211 Ci+ 3759.00]  -1115.00 271 Ca+ 6279.00]  -1115.00 331 COM24 7329.00 1115.00
212 Ci+ 3801.00]  -1115.00 272 Ca+ 6321.00] _ -1115.00 332 COM26 7287.00 1115.00
213 Cl+ 3843.00] _ -1115.00 273 Ca+ 6363.00] _ -1115.00 333 COM28 7245.00 1115.00
214 Cl+ 3885.00] _ -1115.00 274 Ca+ 6405.00] _ -1115.00 334 COM30 7203.00 1115.00
215 Ci+ 3927.00] _ -1115.00 275 Ca+ 6447.00] _ -1115.00 335 COM32 7161.00 1115.00
216 Ci+ 3969.00]  -1115.00 276 Ca+ 6489.00]  -1115.00 336 COM34 7119.00 1115.00
217 DMY22 4011.00] _ -1115.00 277 DMY28 6531.00] _ -1115.00 337 COM36 7077.00 1115.00
218 Cl1- 4053.00] _ -1115.00 278 Ca- 6573.00] _ -1115.00 338 COM38 7035.00 1115.00
219 Ci- 4095.00] __ -1115.00 279 Ca- 6615.00] _ -1115.00 339 COM40 6993.00 1115.00
220 C1- 4137.00]  -1115.00 280 Ca- 6657.00]  -1115.00 340 COM42 6951.00 1115.00
221 Ci- 4179.00] _ -1115.00 281 Ca- 6699.00]  -1115.00 341 COM44 6909.00 1115.00
222 Ci1- 4221.00] _ -1115.00 282 Ca- 6741.00] _ -1115.00 342 COM46 6867.00 1115.00
223 C1- 4263.00] __ -1115.00 283 Ca- 6783.00] _ -1115.00 343 COM48 6825.00 1115.00
224 C1- 4305.00]  -1115.00 284 Ca- 6825.00]  -1115.00 344 COM50 6783.00 1115.00
225 Ci- 4347.00] _ -1115.00 285 Ca- 6867.00] _ -1115.00 345 COM52 6741.00 1115.00
226 Cl- 4389.00] _ -1115.00 286 Ca- 6909.00] _ -1115.00 346 COM54 6699.00 1115.00
227 DMY23 4431.00]  -1115.00 287 DMY?29 6951.00] _ -1115.00 347 COM56 6657.00 1115.00
228 Co2+ 4473.00] __-1115.00 288 C5+ 6993.00]  -1115.00 348 COM58 6615.00 1115.00
229 Co2+ 4515.00] _ -1115.00 289 Co+ 7035.00] _ -1115.00 349 COM60 6573.00 1115.00
230 Ca+ 4557.00] _ -1115.00 290 Co+ 7077.00] _ -1115.00 350 COM62 6531.00 1115.00
231 Ca+ 4599.00] _ -1115.00 291 Co+ 7119.00] _ -1115.00 351 COM64 6489.00 1115.00
232 Co+ 4641.00]  -1115.00 292 C5+ 7161.00]  -1115.00 352 COM66 6447.00 1115.00
233 Co+ 4683.00] _ -1115.00 293 C5+ 7203.00] _ -1115.00 353 COM68 6405.00 1115.00
234 Co+ 4725.00] _ -1115.00 294 C5+ 7245.00] _ -1115.00 354 COM70 6363.00 1115.00
235 Ca+ 4767.00] __ -1115.00 295 Co+ 7287.00] _ -1115.00 355 COM72 6321.00 1115.00
236 Co+ 4809.00] _ -1115.00 296 C5+ 7329.00]  -1115.00 356 COM74 6279.00 1115.00
237 DMY24 4851.00]  -1115.00 297 DMY30 7371.00] _ -1115.00 357 COM76 6237.00 1115.00
238 C2- 4893.00] _ -1115.00 298 C5- 7413.00] _ -1115.00 358 COM78 6195.00 1115.00
239 C2- 4935.00] _ -1115.00 299 Cb5- 7455.00] _ -1115.00 359 COMS0 6153.00 1115.00
240 C2- 4977.00] _ -1115.00 300 Cb5- 7497.00] _ -1115.00 360 COM82 6111.00 1115.00
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NJU6815

m  PAD COORDINATES 3

No.| PIN NAME X _(um) Y (um) No.| PIN NAME X _(um) Y (um) No.| PIN NAME X (um) Y (um)
361 COM84 6069.00 1115.00 421]  SEGCIL 3549.00 1115.00 481]  SEGC3L 1029.00 1115.00
362 COMB86 6027.00 1115.00 422 SEGAIL2 3507.00 1115.00 482]  SEGA32 987.00 1115.00
363 COMB88 5985.00 1115.00 423 _SEGBI2 3465.00 1115.00 483] SEGB32 945.00 1115.00
364 COM90 5943.00 1115.00 424] _ SEGC12 3423.00 1115.00 484] SEGC32 903.00 1115.00
365 COM92 5901.00 1115.00 425 SEGAL3 3381.00 1115.00 485 _ SEGA33 861.00 1115.00
366 COM94 5859.00 1115.00 426] _ SEGB13 3339.00 1115.00 486] _ SEGB33 819.00 1115.00
367 COM96 5817.00 1115.00 427 SEGCI3 3297.00 1115.00 487  SEGC33 777.00 1115.00
368 COM98 5775.00 1115.00 428] __SEGAl4 3255.00 1115.00 488]  SEGA34 735.00 1115.00
369] __ COM100 5733.00 1115.00 429] _ SEGB14 3213.00 1115.00 489] SEGB34 693.00 1115.00
370 COM102 5691.00 1115.00 430 _ SEGCl4 3171.00 1115.00 490]  SEGC34 651.00 1115.00
371] __COM104 5649.00 1115.00 431] _ SEGAI5 3129.00 1115.00 491]  SEGA35 609.00 1115.00
372 COM106 5607.00 1115.00 432[ SEGBI5 3087.00 1115.00 492  SEGB35 567.00 1115.00
373 ___COM108 5565.00 1115.00 433 SEGCI15 3045.00 1115.00 493 SEGC35 525.00 1115.00
374 ___COMI10 5523.00 1115.00 434] _ SEGAL6 3003.00 1115.00 494  SEGA36 483.00 1115.00
375 COM112 5481.00 1115.00 435 _ SEGBI16 2961.00 1115.00 495 _ SEGB36 441.00 1115.00
376] __Ccom114 5439.00 1115.00 436] _ SEGC16 2919.00 1115.00 496] _ SEGC36 399.00 1115.00
377] __COM116 5397.00 1115.00 437]  SEGALY 2877.00 1115.00 497]  SEGA37 357.00 1115.00
378 ___COM118 5355.00 1115.00 438] __ SEGB17 2835.00 1115.00 498] SEGB37 315.00 1115.00
379] ___COM120 5313.00 1115.00 439] __SEGC1/ 2793.00 1115.00 499]  SEGC37 273.00 1115.00
380 _Com122 5271.00 1115.00 440 SEGAI18 2751.00 1115.00 500  SEGA38 231.00 1115.00
381] _Com124 5229.00 1115.00 441]  SEGBI18 2709.00 1115.00 501]  SEGB38 189.00 1115.00
382 __COMI26 5187.00 1115.00 442 SEGCI18 2667.00 1115.00 502]  SEGC38 147.00 1115.00
383 DMY41 5145.00 1115.00 443 _SEGAL9 2625.00 1115.00 503 SEGA39 105.00 1115.00
384 DMY42 5103.00 1115.00 444] _ SEGB19 2583.00 1115.00 504 SEGB39 63.00 1115.00
385 DMY43 5061.00 1115.00 445 SEGC19 2541.00 1115.00 505  SEGC39 21.00 1115.00
386 SEGAO 5019.00 1115.00 446] _ SEGA20 2499.00 1115.00 506]  SEGA40 -21.00 1115.00
387 SEGBO 4977.00 1115.00 447]  _SEGB20 2457.00 1115.00 507 _ SEGB40 -63.00 1115.00
388 SEGCO 4935.00 1115.00 448] ___SEGC20 2415.00 1115.00 508  SEGC40 -105.00 1115.00
389 SEGAL 4893.00 1115.00 449] _ SEGA21L 2373.00 1115.00 509]  SEGA4L -147.00 1115.00
390 SEGBL1 4851.00 1115.00 450]  SEGB21L 2331.00 1115.00 510  SEGB41 -189.00 1115.00
391 SEGCL 4809.00 1115.00 451]  SEGC21 2289.00 1115.00 511]  SEGCA4L -231.00 1115.00
392 SEGA2 4767.00 1115.00 452]  SEGA22 2247.00 1115.00 512  SEGA42 -273.00 1115.00
393 SEGB2 4725.00 1115.00 453]  SEGB22 2205.00 1115.00 513  SEGB42 -315.00 1115.00
394 SEGC2 4683.00 1115.00 454]  SEGC22 2163.00 1115.00 514 SEGC42 -357.00 1115.00
395 SEGA3 4641.00 1115.00 455  SEGA23 2121.00 1115.00 515  SEGA43 -399.00 1115.00
396 SEGB3 4599.00 1115.00 456] _ SEGB23 2079.00 1115.00 516] _ SEGB43 -441.00 1115.00
397 SEGC3 4557.00 1115.00 457 SEGC23 2037.00 1115.00 517 SEGC43 -483.00 1115.00
398 SEGA4 4515.00 1115.00 458] _ SEGA24 1995.00 1115.00 518]  SEGA44 -525.00 1115.00
399 SEGB4 4473.00 1115.00 459]  SEGB24 1953.00 1115.00 519 SEGB44 -567.00 1115.00
400 SEGC4 4431.00 1115.00 460] _ SEGC24 1911.00 1115.00 520  SEGC44 -609.00 1115.00
401 SEGA5 4389.00 1115.00 461]  SEGA25 1869.00 1115.00 521]  SEGA45 -651.00 1115.00
402 SEGB5 4347.00 1115.00 462]  SEGB25 1827.00 1115.00 522  SEGB45 -693.00 1115.00
403 SEGC5 4305.00 1115.00 463] _ SEGC25 1785.00 1115.00 523 SEGC45 -735.00 1115.00
404 SEGA6 4263.00 1115.00 464] _ SEGA26 1743.00 1115.00 524  SEGA46 777.00 1115.00
405 SEGB6 4221.00 1115.00 465  SEGB26 1701.00 1115.00 525  SEGB46 -819.00 1115.00
406 SEGC6 4179.00 1115.00 466] _ SEGC26 1659.00 1115.00 526]  SEGC46 -861.00 1115.00
407 SEGAY 4137.00 1115.00 467]  SEGA27 1617.00 1115.00 527|  SEGA47 -903.00 1115.00
408 SEGB7 4095.00 1115.00 468] __ SEGB27 1575.00 1115.00 528]  SEGB47 -945.00 1115.00
409 SEGC7 4053.00 1115.00 469] _ SEGC27 1533.00 1115.00 529  SEGC4Y -987.00 1115.00
410 SEGAS 4011.00 1115.00 470 SEGA28 1491.00 1115.00 530] SEGA48| _ -1029.00 1115.00
411 SEGBS 3969.00 1115.00 471]  SEGB28 1449.00 1115.00 531]  SEGB48] _ -1071.00 1115.00
412 SEGC8 3927.00 1115.00 472]  SEGC28 1407.00 1115.00 532] SEGC48|  -1113.00 1115.00
413 SEGA9 3885.00 1115.00 473]___SEGA29 1365.00 1115.00 533 SEGA49]  -1155.00 1115.00
414 SEGB9 3843.00 1115.00 474] _ SEGB29 1323.00 1115.00 534 SEGB49|  -1197.00 1115.00
415 SEGC9 3801.00 1115.00 475 SEGC29 1281.00 1115.00 535]  SEGC49|  -1239.00 1115.00
416] _ SEGAL0 3759.00 1115.00 476] _ SEGA30 1239.00 1115.00 536] SEGA50] _ -1281.00 1115.00
417] _ SEGBI0 3717.00 1115.00 477] _ SEGB30 1197.00 1115.00 537 SEGB50| _ -1323.00 1115.00
418] ___SEGCI0 3675.00 1115.00 478] ___SEGC30 1155.00 1115.00 538]  SEGC50] _ -1365.00 1115.00
419]  SEGAILL 3633.00 1115.00 479] _ SEGAS3L 1113.00 1115.00 539 SEGAS51|  -1407.00 1115.00
420 SEGBIL 3591.00 1115.00 480]  SEGB3L 1071.00 1115.00 540  SEGB51| _ -1449.00 1115.00
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m  PAD COORDINATES 4

No.| PIN NAME X (um) Y (um) No.| PIN NAME X_(um) Y (um) No.] PIN NAME X (um) Y (um)
541 SEGC51] _ -1491.00 1115.00 601]  SEGC71| _ -4011.00 1115.00 661 COM63| __ -6531.00 1115.00
542  SEGA52| _ -1533.00 1115.00 602] SEGA72| _ -4053.00 1115.00 662 COM61| _ -6573.00 1115.00
543 SEGB52| _ -1575.00 1115.00 603 SEGB72| _ -4095.00 1115.00 663 COM59| __ -6615.00 1115.00
544 SEGC52| _ -1617.00 1115.00 604] SEGC72| _ -4137.00 1115.00 664 COM57| __ -6657.00 1115.00
545 SEGA53| _ -1659.00 1115.00 605  SEGA73| _ -4179.00 1115.00 665 COM55| __ -6699.00 1115.00
546]  SEGB53| _ -1701.00 1115.00 606] SEGB73| _ -4221.00 1115.00 666 COM53| _ -6741.00 1115.00
547 SEGC53| _ -1743.00 1115.00 607| _ SEGC73| _ -4263.00 1115.00 667 COM51| _ -6783.00 1115.00
548]  SEGA54] _ -1785.00 1115.00 608]  SEGA74] _ -4305.00 1115.00 668 COM49| _ -6825.00 1115.00
549]  SEGB54| _ -1827.00 1115.00 609] _ SEGB74] _ -4347.00 1115.00 669 COM47| __ -6867.00 1115.00
550] _ SEGC54] _ -1869.00 1115.00 610] _ SEGC74| _ -4389.00 1115.00 670 COM45| _ -6909.00 1115.00
551]  SEGAB5| _ -1911.00 1115.00 611] SEGA75| _ -4431.00 1115.00 671 com43|  -6951.00 1115.00
552]  SEGB55| _ -1953.00 1115.00 612] SEGB75| _ -4473.00 1115.00 672 COM41|  -6993.00 1115.00
553]  SEGC55] _ -1995.00 1115.00 613  SEGC75| _ -4515.00 1115.00 673 COM39| _ -7035.00 1115.00
554]  SEGA56] _ -2037.00 1115.00 614] SEGA76] _ -4557.00 1115.00 674 COM37| __ -7077.00 1115.00
555  SEGB56] _ -2079.00 1115.00 615 SEGB76] _ -4599.00 1115.00 675 COM35| _ -7119.00 1115.00
556]  SEGC56] _ -2121.00 1115.00 616]  SEGC76| _ -4641.00 1115.00 676 com33| _ -7161.00 1115.00
557 SEGA57| _ -2163.00 1115.00 617 SEGA77| _ -4683.00 1115.00 677 COM31[  -7203.00 1115.00
558]  SEGB57| _ -2205.00 1115.00 618] SEGB77| _ -4725.00 1115.00 678 COM29| _ -7245.00 1115.00
559  SEGC57| _ -2247.00 1115.00 619] SEGC77] _ -4767.00 1115.00 679 COM27| _ -7287.00 1115.00
560]  SEGA58| _ -2289.00 1115.00 620] _ SEGA78] _ -4809.00 1115.00 680 COM25| _ -7329.00 1115.00
561]  SEGB58| _ -2331.00 1115.00 621] SEGB78] _ -4851.00 1115.00 681 COM23|  -7371.00 1115.00
562]  SEGC58| _ -2373.00 1115.00 622] _ SEGC78| _ -4893.00 1115.00 682 COM21|  -7413.00 1115.00
563]  SEGAB9| _ -2415.00 1115.00 623 SEGA79] _ -4935.00 1115.00 683 COM19| _ -7455.00 1115.00
564]  SEGB59| _ -2457.00 1115.00 624  SEGB79] _ -4977.00 1115.00 684 COM17|  -7497.00 1115.00
565]  SEGC59] _ -2499.00 1115.00 625 _ SEGC79] _ -5019.00 1115.00 685 COM15|  -7539.00 1115.00
566]  SEGA60| _ -2541.00 1115.00 626 DMY44] __ -5061.00 1115.00 686 com13| _ -7581.00 1115.00
567  SEGB60| _ -2583.00 1115.00 627 DMY45] __ -5103.00 1115.00 687 COM1L| _ -7623.00 1115.00
568]  SEGC60| _ -2625.00 1115.00 628 DMY46] __ -5145.00 1115.00 688 COM9[ _ -7665.00 1115.00
569]  SEGA61| _ -2667.00 1115.00 629 COM127| _ -5187.00 1115.00 689 COM7| ___-7707.00 1115.00
570 SEGB61| _ -2709.00 1115.00 630 COMI125|  -5229.00 1115.00 690 COM5[ __ -7749.00 1115.00
571] SEGC61|  -2751.00 1115.00 631] COMI123[  -5271.00 1115.00 691 coM3[  -7791.00 1115.00
572] SEGA62| _ -2793.00 1115.00 632 _COMI121| _ -5313.00 1115.00 692 COM1|  -7833.00 1115.00
573 SEGB62| _ -2835.00 1115.00 633 COM119] _ -5355.00 1115.00 693 DMY47|  -7875.00 1115.00
574 _SEGC62| _ -2877.00 1115.00 634] _COM117] _ -5397.00 1115.00 694 DMY48|  -7917.00 1115.00
575 SEGA63| _ -2919.00 1115.00 635 __COM115| _ -5439.00 1115.00 695 DMY49]  -7959.00 1115.00
576] __ SEGB63| _ -2961.00 1115.00 636] __COM113| _ -5481.00 1115.00 696 DMY50] __ -8001.00 1115.00
577] _ SEGC63| _ -3003.00 1115.00 637 COM11l] _ -5523.00 1115.00 697 DMY51]  -8145.00 -867.00
578] _ SEGA64] _ -3045.00 1115.00 638 COM109] _ -5565.00 1115.00 698 DMY52]  -8145.00 -909.00
579 SEGB64] _ -3087.00 1115.00 639 COM107| _ -5607.00 1115.00 699 DMY52| _ -8145.00 -951.00
580]  SEGC64] _ -3129.00 1115.00 640 _ COM105| _ -5649.00 1115.00 700 DMY52] __ -8145.00 -993.00
581]  SEGA65| _ -3171.00 1115.00 641 COM103| _ -5691.00 1115.00 701 DMY53] _ -8145.00] _ -1035.00
582]  SEGB65| _ -3213.00 1115.00 642 COM101| _ -5733.00 1115.00
583]  SEGC65|  -3255.00 1115.00 643 COM99| _ -5775.00 1115.00
584]  SEGA66] _ -3297.00 1115.00 644 COM97| _ -5817.00 1115.00
585 SEGB66| _ -3339.00 1115.00 645 COM95| _ -5859.00 1115.00
586]  SEGC66] _ -3381.00 1115.00 646 Ccomo3| __ -5901.00 1115.00
587 SEGA67| _ -3423.00 1115.00 647 COM91| __ -5943.00 1115.00
588]  SEGB67| _ -3465.00 1115.00 648 COM89| __ -5985.00 1115.00
589] _ SEGC67| _ -3507.00 1115.00 649 COM87| __-6027.00 1115.00
500]  SEGA68| _ -3549.00 1115.00 650 COMS5| __ -6069.00 1115.00
501]  SEGB68| _ -3591.00 1115.00 651 COM83| __ -6111.00 1115.00
592]  SEGC68| _ -3633.00 1115.00 652 COMB1] _ -6153.00 1115.00
593 SEGA69| _ -3675.00 1115.00 653 COM79| _ -6195.00 1115.00
504 SEGB69| _ -3717.00 1115.00 654 COM77| __ -6237.00 1115.00
595  SEGC69| _ -3759.00 1115.00 655 COM75] __ -6279.00 1115.00
506]  SEGA70| _ -3801.00 1115.00 656 COM73| __ -6321.00 1115.00
597 SEGB70| _ -3843.00 1115.00 657 COM71| _ -6363.00 1115.00
598]  SEGC70| _ -3885.00 1115.00 658 COM69| __ -6405.00 1115.00
599]  SEGA71| _ -3927.00 1115.00 659 COM67| __ -6447.00 1115.00
600 SEGB71] _ -3969.00 1115.00 660 COM65] ___-6489.00 1115.00
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m POWER SUPPLY CIRCUITS BLOCK DIAGRAM
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NJU6815

m  TERMINAL DESCRIPTION 1

No. Symbol 1/0 Function
70~78 Vop Power | Power supply for logic circuits
93~101 Vss Power | GND for logic circuits
181~189 VssH Power | GND for high voltage circuits
10,11, Vbpa Power | This terminal is internally connected to the Vpp level.
34,35, *This terminal is used to fix the selection terminals to the Vpp
52,53 level.
Note) Do not use this terminal for a main power supply.
4.5, Vssa Power | This terminal is internally connected to the Vg level.
16,17 *This terminal is used to fix the selection terminals to the Vsg
level.
Note) Do not use this terminal for a main GND.
103~111 Vico Power/O | LCD driving voltages
113~121 A *When the internal voltage booster is not used, external LCD
122~130 V, driving voltages (V1 to V4 and V| ¢cp) must be supplied on these
132~140 Vs terminals. The external voltages must be maintained with the
141~149 V, following relation.
Vss<V4<V3<Vo<y<Vicp
*When the internal voltage booster is used, the LCD driving
voltages (V4 to V4 and V| ¢p) are enabled by the “Power control”
instruction. The capacitors between the Vss and these terminals
are necessary.
208~216 Cq+ 0] Capacitor connection terminals for the voltage booster
218~226 Cq-
228~236 Co+ 0] Capacitor connection terminals for the voltage booster
238~246 C,-
248~256 Cst+ 0] Capacitor connection terminals for the voltage booster
258~266 Cs-
268~276 Cyt 0] Capacitor connection terminals for the voltage booster
278~286 Cy-
288~296 Cst+ 0] Capacitor connection terminals for the voltage booster
298~306 Cs-
171~179 Vga O Output of the reference-voltage generator
161~169 VRer | Input of the voltage regulator
199~207 Vee Power Input of the voltage booster
»This terminal is normally connected to the Vpp level.
190~198 Vourt Power/O | Output of the voltage booster
Input for high voltage circuits in using external power supply
151~159 VR&ec (@) QOutput of the voltage regulator
19,20 RESb I Reset
Active “0”
7,8 SEL68 I MPU interface type select
SEL86 H L
Status 68 series 80 series
New Japan Radio Co. Lid,
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m  TERMINAL DESCRIPTION 2

No. Symbol 1/0 Function
36,37 Dy/SCL I/O | Parallel interface:
D5 to Dy : 8-bit bi-directional bus
*In the parallel interface mode (P/S=1"), these terminals connect
38,39 D1/SDA I/O to 8-bit bi-directional MPU bus.

Serial interface:

SDA : serial data

42,43 Ds/SMODE /O | scL : serial clock

SMODE : 3-/4-line serial interface mode selection

SPOL : RS polarity selection (in the 3-line serial interface mode)

44,45 D4/SPOL I/O | «In the 3-/4-line serial interface mode (P/S=“0"), the DO terminal is
assigned to the SCL and the D, terminal to the SDA.
+In the 3-line serial interface mode, the D, terminal is assigned to

40,41 D, 1/0 | the SPOL.

46,47 Ds «Serial data on the SDA is fetched at the rising edge of the SCL

48,49 Ds signal in the order of the D;, Ds...Do, and the fetched data is

50,51 D; converted into 8-bit parallel data at the falling edge of the 8th
SCL signal.

*The SCL signal must be set to “0” after data transmissions or
during non-access.

54,55 Dg /10 8-bit bi-directional bus
56,57 Dg «In the 16-bit data bus mode, these terminals are assigned to the
58,59 D1 upper 8-bit data bus.
60,61 D1 «In the serial interface mode or 8-bit data bus mode of the parallel
62,63 D12 interface, these terminals must be fixed to “1” or “0”.
64,65 Dis
66,67 Dy4
68,69 Dys
22,23 | Chip select
CSb Active “0”
25,26 RS | Resister select

*This signal distinguishes transferred data as an instruction or
display data as follows.

RS H L
Distinct. Instruction Display data
31,32 I 80 series MPU interface (P/S=“1", SEL68="0")

RDD (E) RDDb signal. Active “0”.

68 series MPU interface (P/S="1", SEL68="1")
Enable signal. Active “1”.

28,29 || 80 series MPU interface (P/S="1", SEL68="0")
WRb (RIW) WRb signal. Active “0".

68 series MPU interface (P/S="1", SEL68="1")

R/W signal.
R/W H L
Status Read Write
New Japan Radio Co. Lid,
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m  TERMINAL DESCRIPTION 3

No. Symbol 1/0 Function
13,14 P/S I Parallel / serial interface mode selection
pig | Chip Data/ Data  |Read/MWrite| Serial clock
Select Instruction
H csbh RS Do~D; | RDb, WRb -
L csb RS SDA (D;) | Write only SCL (Do)

«Since the D45 to Ds and D, terminals are in the high impedance in the
serial inter face mode (P/S="0"), they must be fixed to “1” or “0”. The
RDb and WRb terminals also must be “1” or “0”.

79,80 CL (0] This terminal must be opened.

81,82 FLM (@] This terminal must be opened.

83,84 FR 0] This terminal must be opened.

85,86 CLK (0] This terminal must be opened.

88,89 0OSC, I OSC

91,92 0SC, 0] *When the internal oscillator clock is used, OSC, terminal must be

fixed to “1” or “0”, and the OSC, terminal must be opened. When the
oscillation frequency from the internal oscillator is adjusted by an
external resistor between OSC, terminal and OSC.,.

*When an external oscillator is used, external clock is input to the
OSC, terminal or an external resistor is connected between the OSC;
and OSC, terminals.

New Japan Radio Co. Lid,
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m  TERMINAL DESCRIPTION 4

NJU6815

No. Symbol 1/0 Function
386~625 SEGA; ~ SEGA;, O | Segment output
SEGBO ~ SEGB79,
SEGC, ~ SEGCyqg REV Mode Turn-off Turn-on
Normal 0 1
Reverse 1 0
*These terminals output LCD driving waveforms in accordance
with the combination of the FR signal and display data.
In the B/W mode
FR signal
Display data
4P C— P P
Normal display mode i Vo ! Viep ¢+ V3 @ Vss !
Reverse display mode Vieo Vy Vss Vs
319~382, COMg ~ COM ;7 (@] Common output
629~692 *These terminals output LCD driving waveforms in accordance
with the combination of the FR signal and scanning data.
Data FR Output level
H H Vss
L H V4
H L Vicp
L L V,

(Terminal No. 1-3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 87, 90, 102, 112, 131, 150, 160, 170, 180, 217, 227, 237,
247, 257, 267, 277, 287, 297, 307-318, 383-385, 626-628, 693-701 are dummy.)
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m  Functional Description
(1) MPU Interface

(1-1) Selection of parallel / serial interface mode
The P/S terminal is used to select parallel or serial interface mode as shown in the following table. In the
serial interface mode, it is not possible to read out display data from the DDRAM and status from the
internal registers.

Tablel
P/S P/S mode CSb RS RDb WRb SEL68 SDA SCL Data

H Parallel I/F CSb RS RDb WRb SEL68 D;-Dg (D15-Dy)
L Serial I/F CSb RS - - - SDA SCL -

Note 1) “-":Fixto “1” or “0”.

(1-2) Selection of MPU interface type
In the parallel interface mode, the SEL68 terminal is used to select 68- or 80-series MPU interface type
as shown in the following table.

Table2

SEL68 MPU type CSb RS RDb | WRb Data
H 68 series MPU CSb RS E R/W D7-Dg (D45-Do)
L 80 series MPU CSb RS RDb | WRb D7-Dg (D45-Do)

(1-3) Data distinction
In the parallel interface mode, the combination of RS, RDb, and WRb (R/W) signals distinguishes
transferred data between the LSI and MPU as instruction or display data, as shown in the following table.

Table3
RS 68 series 80 series Function
R/W RDb WRb
H H L H Read out instruction data
H L H L Write instruction data
L H L H Read out display data
L L H L Write display data

(1-4) Selection of serial interface mode
In the serial interface mode, the SMODE terminal is used to select the 3- or 4-line serial interface mode
as shown in the following table.

Table4d
SMODE Serial interface mode
H 3-line
L 4-line

New Japan Radio Co. Lid,
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(1-5) 4-line serial interface mode
In the 4-line serial interface mode, when the chip select is active (CSb="0"), the SDA and the SCL are
enabled. When the chip select is not active (CSb="1"), the SDA and the SCL are disabled and the internal
shift register and the counter are being initialized. The 8-bit serial data on the SDA is fetched at the rising
edge of the SCL signal (serial clock) in order of the D;, Ds...Do, and the fetched data is converted into the
8-bit parallel data at the rising edge of the 8th SCL signal.

In the 4-line serial interface mode, the transferred data on the SDA is distinguished as display data or
instruction data in accordance with the condition of the RS signal.

Table5
RS Data distinction
H Instruction data
L Display data

Since the serial interface operation is sensitive to external noises, the SCL should be set to “0” after data
transmissions or during non-access. To release a mal-function caused by the external noises, the chip-
selected status should be released (CSb="1") after each of the 8-bit data transmissions. The following
figure illustrates the interface timing for the 4-line serial interface operation.

csb ~ \ /S

RS X~ VALD X

SDA XD, X_Ds X D5 X_Ds XD XD XD X D X

scL mEpEpEanEaEnEnEE
1 2 3 4 5 6 7 8

Figl 4-line serial interface timing

(1-6) 3-line serial interface mode
In the 3-line serial interface mode, when the chip select is active (CSb="0"), the SDA and SCL are
enabled. When the chip select is not active (CSb="1"), the SDA and SCL are disabled and the internal shift
register and counter are being initialized. 9-bit serial data on the SDA is fetched at the rising edge of the
SCL signal in order of the RS, D, Ds...Dg, and the fetched data is converted into the 9-bit parallel data at
the rising edge of the 9th SCL signal.

In the 3-line serial interface mode, data on the SDA is distinguished as display data or instruction data in
accordance with the condition of the RS bit of the SDA data and the status of the SPOL, as follows.

Table6
SPOL=L SPOL=H
RS Data distinction RS Data distinction
L Display data L Instruction data
H Instruction data H Display data
New Japan Radio Co. Lid,
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Since the serial interface operation is sensitive to external noises, the SCL must be set to “0” after data
transmissions or during non-access. To release a mal-function caused by the external noises, the chip-
selected status should be released (CSb=%1") after each of 9-bit data transmissions. The following figure
illustrates the interface timing of the 3-line serial interface operation.

Csb \ /
SDA X RSX D, X D X D, X D, X D; X D, X D; X D, X
SCL N e D

Fig2 3-line serial interface timing
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(2) Access to the DDRAM

When the CSb signal is "0”, the transferred data from MPU is written into the DDRAM or instruction register
in accordance with the condition of the RS signal.

When the RS signal is “1”, the transferred data is distinguished as display data. After the “column address”
and “row address” instructions are executed, the display data can be written into the DDRAM by the “display
data write” instruction. The display data is written at the rising edge of the WRb signal in the 80 series MPU
mode, or at the falling edge of the E signal in the 68 series MPU mode.

Table6
RS Data
L Display RAM Data
H Internal Command Register

In the sequence of the “display data read” operation, the transferred data from MPU is temporarily held in the
internal bus-holder, then transferred to the internal data-bus. When the “display data read” operation is
executed just after the “column address” and “row address” instructions or “display data write” instruction,
unexpected data on the bus-holder is read out at the 1st execution, then the data of designated DDRAM
address is read out from the 2nd execution. For this reason, a dummy read cycle must be executed to avoid
the unexpected 1st data read.

Display data write operation

WRb |_| |_| |_| |_| |_| |_|
Bus Holder X n X n+1 X nt2 X 3 X 4 X
WRb |_, |_| |_| |_| |_| |

Internal

Display data read operation

WRb | |
el PBoley (TR (T (i ()

Address Set Dummy Data Read Data Read Data Read
n Read nAddress n+1Address n+2 Address

RDb L L L L L

Fig3

Note) In the16-bit data bus mode, instruction data must be 16-bit as well as the display data.
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(3) Access to the instruction register

Each instruction resisters is assigned to each address between 04 and Fy, and the content of the instruction
register can be read out by the combination of the “Instruction resister address” and ”Instruction resister read”.

WRb |_| |_|

DotoD; M m N n
Instruction resister  Instruction resister Instruction resister  Instruction resister
address set contents read address set contents read

RDb |_| |_|

Fig4

(4) 8-/16-bit data bus length for display data (in the parallel interface mode)

The 8- or 16-bit data bus length for display data is determined by the “WLS” of the “Data bus length”
instruction.

In the 16-bit data bus mode, not only the display data but also the instruction data is required to be
transferred by 16-bit data (D45 to Dy). However, for the access to the instruction register, the only lower 8-bit
data (D; to Do) of the 16-bit data is valid. For the access to the DDRAM, all of the 16-bit data (D5 to Dy) is valid.

Table8
WLS Data bus length mode
L 8-bit
H 16-bit

(5) Initial display line register
The initial display line resister specifies the line address, corresponding to the initial COM line, by the “Initial

display line” instruction. The initial COM line signifies the common driver, starting scanning the display data in
the DDRAM, and specified by the “Initial COM line” instruction.

The line address, established in the initial display line resister, is preset into the line counter whenever the
FLM signal becomes “1”. At the rising edge of the CL signal, the line counter is counted-up and addressed 240-
bit display data corresponding to the counted-up line address, is latched into the data latch circuit. At the falling
edge of the CL signal, the latched data outputs to the segment drivers.

New Japan Radio Co. Lid,
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(6) DDRAM mapping
The DDRAM is capable of 960-bit (12-bit x 80-segment) for the column address and 128-bit for the row
address.

In the gradation mode, each pixel for RGB corresponds to successive 3-segment drivers, and each segment
driver has 16-gradation. Therefore, the LSI can drive up to 128x80 pixels in 4096-color display (16-gradation x
16-gradation x 16-gradation).

In 8-bit access mode(C256 mode) for DDRAM, sequential twice accesses to DDRAM complete one pixel
data access. Therefore, it must be accessed with a couple of operation.

® In the 8-bit data bus length mode
column-address

O, 4AF,

Oy | 7bit [Sbit [ | 7bit | 5bit

row-address

7Fy [ 70it [s0MC | [ 7bit | 5bit

column-address
ABS="1’ On 4Fy

On | 4bit [8bit [ | 4bit | 8bit

row-address

7Fy [0t [ 8ot | [bit_| ebit

C256="1 OH 1H 4EH 4FH

Oy | 8bit [8bit [ | 8bit | 8bit

row-address

7Fy |[8pbit Jeoit | [ 8bit [ 8bit

New Japan Radio Co. Lid,
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® |n the 16-bit data bus length mode
column-address

Oy 4F,
On 12bit l | 12bit
row-address
7Fy 12bit f [ 12bit
Fig6

In the B&W mode, only MSB data from each 4-bit display data group in the DDRAM is used. Therefore, 240 x
128 pixels in the B&W and 80 x 128 pixels in the 8-gradation are available.

The range of the column address varies depending on data bus length. The range between 004 and 4Fy is
used in the 8-bit or 16-bit data bus length.

The DDRAM is accessing 8-bit or 16-bit unit addressed by column and row address. In the 8-bit or 16-bit data
bus length mode, over 804 address setting is prohibited.

The increments for the column address and row address are set to the auto-increment mode by
programming the “HV”, “XD” and “YD” registers of the “Increment control” instruction. In this mode, the contents
of the column address and row address counters automatically increment whenever the DDRAM is accessed.

The column address and row address counters, independent of the line counter. They are used to designate
the column and row addresses for the display data transferred from MPU. On the other hand, the line counter is
used to generate the line address, and output display data to the segment drivers, being synchronized with the
display control timing of the FLM and CL signals.

New Japan Radio Co. Lid,
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(7) Window addressing mode

Window area must be designated before RAM access.

In the window addressing mode, the address space of the DDRAM designated by the start and end point is
defined. The start point is determined by the “column address” and “row address” instructions, and the end
point is determined by the “Window end column address “and "Window end row address” instructions. The
setting for the window addressing is listed in the following.

1. “Increment control” instruction set (HV, XD, YD)

2. Set the start point by the “column address” and “row address” instructions

3. Set the end point by the “Window end column address” and “Window end row address” instructions
4. Enable to access to the DDRAM in the window addressing mode

In addition, the read-modify-write operation is available by setting “AIM” register to "L” in the “Increment
control” instruction.

For the window area designation, the address directions of RAM (HV, XD, YD) must be set first, and Column
address and Row of Start point must be set second, Column address and Row of Stop point must be set third,
then RAM should be accessed. Low address must be set first and High address must be set second in all of
addresses. The directions of HV, XD, YD should be check to keep the area in RAM.

And in the window addressing mode, the following start and end point must be maintained to abide a
malfunction.

column address

>
Start point i
8 ) )
o
°©
©
©
2
e : :
______________________________________________________________________ ¢ End point
v Window display area (X, Y)

Whole DDRAM area
Fig7
(8) Reverse display ON/OFF
The “Reverse display ON/OFF” function is used to reverse the display data without changing the contents of
the DDRAM.

Table9
REV Display DDRAM data - Display data
0 0
0 N I
orma 1 y
0 1
1 Reverse 1 0

(9) Address directions of RAM access (Display rotation)

The bellow picture shows display image after set of HV, XD and YD for address directions. The display data
from CPU can be written into RAM with rotation to 90 degrees or 180 degrees or 270 degrees, and also
mirrored.

The address directions of RAM access is set by HV, XD and YD.

* : The segments of Icon are not rotated.

New Japan Radio Co. Lid,
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NO[HVIXOYD Data writing direction Display image Vand address
XS, Y5)
— XosXe
- Ys <Ye
Xe, Ye
(X€e, e
: Xs < Xe
AN NE < I
<>> — Ys > Ye
(XS, Y3)
XS, Y3)
<— I XS > Xe
«——»
3lo]1]o > —
: Ys <Ye
(XE,YT)
[Xe, Yo
: Xs > Xe
4|of1]1 —_
— Vs ve
XS, Ys)
XS, Y3)
Xs < Xe

Ys <Ye

TXe, Ye
[XE, Ye

Xs < Xe
el1l1ol1l | |\ |\ e ‘ |

Ys > Ye
(XS, YS)
(XS, Y3)
Xs > Xe
dalalol | e M
Ys <Ye
(XE, YE)
(XE, YE)
Xs >Xe
slilall | l l | \
Ys > Ye

(XS, YS)
*:The display image shows the display direction when the same data as No.1 are written into RAM for
condition change.
*: The outside address of RAM must not be set for correct operation.
Xs : start address of X, Ys : Start address of Y, Xe : End address of X, Ye : End address of Y

New Japan Radio Co. Lid,
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(10) The relationship among the DDRAM column address

RAM Map 1
olole SEGO SEG1 SEG78 SEG79
Mode W_ M Q Palette A Palette B Palette C Palette A Palette B Palette C Palette A Palette B Palette C Palette A Palette B Palette C
2l2|<]2B[8[5]|R]3]IS]S[S]2]2]=]|2UR[S8H]R]3]S][5[3 22]<]2B[8[5]R]3]IS][SI8[2]2]<]|2B[S]5]R]3]S[S[8
Aol X=00H X=01H X=4EH X=4FH
- p15p14p13p12p10{ D9| D8 D7] D4| D3| D2[ D1|D15D14D19D17D10[ D9| D8] D7 D4 | D3| D2[ D1|  |D1gD14D19D12D19 D9 DB D7| D4| D3| D2| D1]|D1gD14D19P12D1d D9 DB D7| D4| D3| D2 D1
Al X=00H X=01H X=4EH X=4FH
p11p1dpo] 8| o7[ps[ p5[ D4 D3] D2 1] D0 D1 D1 D9] D8] D7[ D6] D5[ D4 D3] D2] D 1] DO| [D11]D1] D9 D8 D7 DE] D5 D4] D3] D2] D1]DO[D11D1] D] D8] D7 DE[ DE| D4] D3] D2] D1] DO
ololo X=00H (Upper) X=00H (Lower) X=01H (Upper) X=01H (Lower) X=4EH (Upper) X=4EH (Lower) X=4FH (Upper) X=4FH (Lower)
- p7|pe|ps|p4|p2[ 1] D0| D7 D4 | D3| D2| D1]|D7| DB D5| D4| D2| D1| DO| D7| D4 [ D3| D2 D1] " [D7|D86|D5]|D4|D2|D1]|DO|D7|D4| D3| D2| D1|D7|D86|D5|D4| D2 D1| DO| D7| D4 ] D3| D2| D1
ol1lo X=00H (Upper) X=00H (Lower) X=01H (Upper) X=01H (Lower) X=4EH (Upper) X=4EH (Lower) X=4FH (Upper) X=4FH (Lower)
D3| p2|p1]| po|b7]D6] D5| 4] D3] D2| D1] DO D3| D2| 1] DO| D7| D6| D5 D4] D3| D2| D1| DO| | D3| D2] D1]DO|D7]|D86| D5 D4 D3| D2| D1] DO| D3| D2] D1] DO| D7] DE| D5| D4 | D3| 2| D 1| DO
RAM Map 2 (256 Color Mode)
olole SEGO SEG1 SEG78 SEG79
Mode M mm 9 Palette A Palette B Palette C Palette A Palette B Palette C Palette A Palette B Palette C Palette A Palette B Palette C
™l N bl B=N Bl N — [=3 Ex3 B\ Bl E=] ™l N - QI MIAN |~ [=3 Ex3 K3 - | o ™l N - Q| M|IAN | — [=3 Ex3 K3 b E=3 K23 Y - [« K23 E3B B E=3 K N b o
HEREEAAHABEREBEREEEEBEHAHABERABERBERAEEAHABERAEHEBERAEEAEHBERBEE
ait 1ol x| X=00H X=01H X=4EH X=4FH
-] -|-1 - [o7]ps|os]p4|p3|p2fpt]pof - | - | - | - [p7]p6|D5| p4f D3| D2 D1] DO -] -1 -] - [p7]ps|os]p4|pa]p2|pt]po] - | - | - | - [p7] 6| D5|D4{ D3] D2[D1] DO
SWAP
T Palette A Palette B Palette C Note1) In the 256-color mode, the vacant LSB bit is filled with "1".
HE [2]=]2]8]3]5[8]3]S]5]3] Note2) The function of 256-color mode is different from that of fixed 8-gradation mode (fixed 256-color mode).
0 SEGAX SEGBx SEGCx Note3) The written data in the DD _N>_<_ in "C256"=0 _m. not o..,.qum_.._c_m with .E.m data in "C256"=1.
p SEGOx SEGBx SEGAX Note4) In the 256-color mode, only 8-bit length mode is available, but 16-bit is not.

access. Therefore, it must be accessed with a couple of operation.
Note6) In 8-bit access mode(non C256 mode) for DDRAM, After address set up display data will be written in an order
from lower to higher.
This order has no relation with address direction of RAM access (Display rotation)

Note5) In 8-bit access mode(C256 mode) for DDRAM, sequential twice accesses to DDRAM complete one pixel data

-23-
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(11) Display data and segment drivers

In the color mode, and 16-bit data bus mode

‘a ‘a °a °a
ca ca ‘a ‘a
0 0 0 0
°q | owoed | 098 °q | owoed | VO3S 2q | owored | °093S 2q | owored | VO3S
{q] {q] €a €a
‘a ‘a el el
rA_w ’a g r4_.H ta g r4_.H °d g r4_.H °d g
6. 6. 6. 6.
v__A 60 apojed g93s v__A 6Q apojed g93s v__A °q apojed g93s v__A °q apojed g93s
o_\n_ ovh_ ND mﬁ_
mJ NFD mJ NFO m.v wﬁ_ m.v mh_
n m_\h_ v 7] mvh_ v 7] mD v 7] mﬁ_ v
© 61 © 6. © 62 © 6.
2| | ng | oweled vo3s 2| | ng | owered 9938 2| | og | oneled vo3s 2| | og | owered 0938
) ) ) )
n_mw siq n_mw siq n_mw nqg n_mw nqg
(7] (] (2] (2]
= [ A 0 = A 0 = A 0 = A 0
N 2N NZ Ng N2 N2 Ng NZ N2 I\ % NZ N N2 NZ NZ
2 2 2 2
g | g | g | g |
c ca o) c ca o) c ‘a o) c ‘a o)
0: 0 0 0
m - anoled 093S m - anoled VO3S m - anoled 093S m - anoled VOER
o) o) o) o)
(@) (@) (@) (&)
el el £€Q £Q
‘q ‘a el el
I I I I
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= onojed VO3S s onoled 093S g onoled VO3S g onoled 0938
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mo mo M|~ m|~—
< < < <
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In the color mode, and 8-bit data bus mode

ABS |SWAP Column address / bit / segment assign
0 0 X=00x(Upper) X=00x(Lower) <> X=4Fn(Upper) X=4Fn(Lower)
S|S|a8|d|8|al8|a|da|s8|ala|l €2 |a|8|d8|a|d|a|ld|a|d|s8|d|a
2 ) L ) ) )
o< Om Qo0 > o< om 0
© © ® © © ©
o o o o o o
g & S 2 & &
0 o o > 3 3 3
7] 7] 7] ) ) )
ABS |SWAP Column address / bit / segment assign
0 1 X=00x(Upper) X=004(Lower) > X=4Fn(Upper) X=4Fn(Lower)
SlS|8|Id|8|alsla|d|s|alal € |a|88|8|8|a|l8|a|8|8|A8|a
2 2 2 2 2 2
o< Om Qo0 > o< S m 0
© © ® © © ©
[oN [oX o o o o
S & £ & b ¢
Q o a > 0] ) )
» 7z » 7 7 7
ABS |SWAP Column address / bit / segment assign
1 0 [X=00n(Upper) X=00n(Lower) <> [X=4Fu(Upper) X=4Fy(Lower)
gldlald|la|ld|d|a|d|d|ala > |8|d|a|ld|a|a|d|a|d|d|ala
2 2 2 2 2 2
o< om Qo0 > o< Sm 0
(] © ® ® ® ©
o [oN Qo Qo Qo [oN
< @ S g & S
o o o > 3 0 o)
7] 7] 7] ) ) )
ABS |SWAP Column address / bit / segment assign
1 1 |X=00x(Upper) X=00n(Lower) <>  |[X=4Fu(Upper) X=4Fy(Lower)
S|dlalsa|d|ga|s|d|lals| €2 |88 alSs|a|8|s|als8|a|als
2 2 2z z L 2
o< om Qo0 > o< TSm 0
(] 3] ® ® ® ©
(o} [e X Qo (o} Qo [e
S & g S & £
Q Q a <> ) ) O}
n »n n 7 7 7
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In the color mode, 8-bit data bus mode, and C256 mode (C256=1)

ABS |SWAP Column address / bit / segment assign
* 0 X=004 &> X=4Fy
N~ © fe} < g N ~ o ~ © 'e} < 2 N ~ o
=) o o a [af [a) a «> =) o o a o [a) o | o
2 2 2 2 2 2
o< om ke «> o< Sm 20
3] @ 3] ® @® @®
[oN o o o [oN [oN
< @ S 2 £ 3
< m Q
Q a o <> ) O 0}
L L w w
[7p] ] (7] %) %) %)
ABS |SWAP Column address / bit / segment assign
* 1 X=004 <> X=4Fy
~ © wn <t e N ~ o ~ © 0 < ¢ N ~ o
[a) o o o o o o a <> =) a o a o [a) ) o
2 2 o 2 o 2
o< Sm 20 > o« om ‘o
(] ®© ®© ® ®© ®
o [oN o [oN o [oN
S & £ 5 3 4
&) m <
O] (O] O] > O O] O}
L L L L i} i}
(7] (7] (7] n %) n
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In the B&W mode, and 16-bit data bus mode
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Column address / bit / segment assign

X=00y
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In the B&W mode, and 8-bit data bus mode

ABS |SWAP Column address / bit / segment assign

0 0 X=00n(Upper) X=00n(Lower <> X=4Fu(Upper) X=4Fy(Lower)
SlS|agald|alSs|a|la|s|a|al €2 |d|a|d|a|d|a|d|da|lald|d|a
£ 5 | S 2 R 5
0 ok 2 « |2 o o
® o ! 0 7 o ! ®

ABS |[SWAP Column address / bit / segment assign

0 1 X=00n(Upper) X=00n(Lower) <> X=4Fy(Upper) X=4Fy(Lower
AlS8|S| g8 als|la|d|s|8|al € |a|8|d|8|8|a|l8a|la|8|A8|a
o 5 | £ § 5| g
o of o > | ol o
) o1 n 7 o 7

ABS |SWAP Column address / bit / segment assign

1 0 |[X=00x(Upper) X=00n(Lower) <> |[X=4Fy(Upper) X=4Fy(Lower)
Sa|a|ls|als|8|a|s|8|als] €2 |8|a|a|8|d|8|S8|a|8|8|als
£ 5 S 2 R 2
o Q! o > |3 ol o
» o ! » 7 o ! 7

ABS |[SWAP Column address / bit / segment assign

1 1 |X=00n(Upper) X=00n(Lower) <>  |[X=4Fu(Upper) X=4Fy(Lower)
Saals|la|ld| s sl d|als] €2 |8da|8|d|s8|S|a|S|A8|als
3 & | g 2 R 2
o o o «> |o D ! )
n 2 n 7 o ®
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Bit assignments between write and read data (in the 16-bit data bus mode)

ABS=0
Write data |D15|D14|D13|D12|D11|i10|DglD3|D7|D6|D5ID4ID3ID2ID1IDol
Read data |D15 | D14 | D13 | D12| * |D10| Do | Dg | Dy | * | * I D4 I D3 I D, I D, I * |
ABS=1
Write data |D15|D14|D13|D12|D11|D10|D9|T|D7|D5|D5|T|D3|D2|D1 |iol
Read data [ 1 =1 = 1 * | Du | Dw| Do | Ds | D | De | Ds | Ds | Ds | Do | D1 | Do |
Examples of write and read data (In the 8 bit bus mode)
ABS=0, C256=0 (Address; Upper bit)
Write data [ Dy | Ds Ds | D, | Ds | D, | Dy | Do |
Read data [ D [ De | Ds | Dy | * | D, | Di | Do |
ABS=0, C256=0 (Address Lower bit)
Write data Dr | De | Ds | Ds | Ds | Do | Di | Do |
Read data [ D | = * T Dy [ Ds [ D, [ Dy [ * ]
ABS=1, C256=0 (Address Upper bit)
Write data D; | De | Ds | Ds | Ds | D, | D1 | Do |
Read data | Ds [ D, | D1 | Do |
ABS=1, C256=0 (Address; Lower bit)
Write data [ D, | De | Ds | Do | D3 | D, | Dy | Dy |
Read data [ D [ De | Ds | Dy | Ds | D, | Dy | Do |
ABS=0, C256=1
Write data [ D [ De | Ds | Dy | Ds | D, | Dy | Do |
Read data [ D [ De | Ds | Dy | Ds | D, | Ds | Do |
*: Invalid Data
New Japan Radio Co. Lid,
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(12) Gradation palette
In the gradation mode, either variable or fixed gradation mode is selected by programming the “PWM”
register of the “Gradation control” instruction.

PWM=0: Variable gradation mode
(Select 16 gradation levels out of 32-gradation level of the gradation palette)

PWM=1: Fixed gradation mode
(Fixed 8-gradation levels)

In these modes, each of the gradation palettes Aj, Bj and Cj can select 16-gradation level out of 32-gradation
level by setting 5-bit data to the “PA” registers in the “Gradation palette j” instructions (j=0 to Fh).

For instance, the gradation palettes Aj correspond to the SEGAI, the Bj to SEGBi and the Cj to SEGCi (j=0 to
15, i=0 to 79)

Correspondence between display data and gradation palettes

Table 10 (Palette Aj, Palette Bj, Palette Cj (j=0 to 15))

(MSB) Display data (LSB) Gradation palette Default palette value
0 0 0 0 Palette 0 00000
0 0 0 1 Palette 1 00011
0 0 1 0 Palette 2 00101
0 0 1 1 Palette 3 00111
0 1 0 0 Palette 4 01001
0 1 0 1 Palette 5 01011
0 1 1 0 Palette 6 01101
0 1 1 1 Palette 7 01111
1 0 0 0 Palette 8 10001
1 0 0 1 Palette 9 10011
1 0 1 0 Palette10 10101
1 0 1 1 Palette11 10111
1 1 0 0 Palette12 11001
1 1 0 1 Palette13 11011
1 1 1 0 Palette14 11101
1 1 1 1 Palette15 11111

Gradation palette table (Variable gradation mode, PWM="0", MON="0")

Table 11 (Palette Aj, Palette Bj, Palette Cj (j=0 to 15))

Palette value Gradation level Gradation palette Palette | Gradation Gradation palette
value level
00000 0 Palette O(default) 10000 16/31
00001 1/31 10001 17/31 Palette O(default)8
00010 2/31 10010 18/31
00011 3/31 Palette 1(default) 10011 19/31 Palette 9(default)
00100 4/31 10100 20/31
00101 5/31 Palette 2(default) 10101 21/31 Palette 10(default)
00110 6/31 10110 22/31
00111 7/31 Palette 3(default) 10111 23/31 Palette 11(default)
01000 8/31 11000 24/31
01001 9/31 Palette 4(default) 11001 25/31 Palette 12(default)
01010 10/31 11010 26/31
01011 11/31 Palette 5(default) 11011 27/31 Palette 13(default)
01100 12/31 11100 28/31
01101 13/31 Palette 6(default) 11101 29/31 Palette 14(default)
01110 14/31 11110 30/31
01111 15/31 Palette 7(default) 11111 31/31 Palette 15(default)
New Japan Radio Co. Lid,
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Gradation palette table (Fixed gradation mode, PWM="1", MON="0")

Table 12 8-gradation segment drivers

(MSB) Display data (LSB) Gr?:Veg:on (MSB) Display data (LSB) Gradation level
* 0/7 0 0 * *

8 8 (1) : 17 0 0 : : o

O O L O N 7

o 57 T B Sl

O O i R O 7

Correspondence between display data and gradation level (B&W mode, MON="1")

Table 13
‘ Gradation
(MSB) Display data (LSB) level
0 * * * 0
1 * * * 1
*:Don’t care
New Japan Radio Co,Ltd.
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(13) Gradation control and display data

(13-1) Gradation mode
In the graduation mode, each pixel for RGB corresponds to successive 3 segment drivers, and each
segment driver provides 16-gradation PWM output by controlling 4 bit display data of the DDRAM.

Accordingly, the LSI can drive up to 128x80 pixels in 4096-color (16-gradation x 16-gradation x 16-
gradation = 4-bit x 4-bit x 4-bit).

In addition, the LSI can transfer the display data for the RGB by 16-bit at once or 8-bit two-times. The
data assignment between gradation palettes and segment drivers varies in accordance with setting for the
“SWAP’ registers of the "Display control (2)" instruction

- SWAP =0

SEGAI SEGBI SEGCi ,
- . (i=0 to 79)
Palette Aj Palette Bj Palette Cj Gradation palette

3 3 3 i=0 to 15
£+ 4 %t 3
0 1 1

1 Display data in DDRAM

Gradation control circuit

*

0 0
MSB LSB M

0 0 1 Display data from MPU
D D¢ Ds Dy D Dy Dy D7 Dy Dz D Dy (Upper bit / Lower bit)

ABS=1 (D3 D, Dy Dy D; Ds Ds Ds Ds D, D; Dy

C256=1 (D; D¢ Ds * Dy Dy Dy * Di Do * )

©
o »

_>
©

- SWAP =1
SEGAI SEGBi SEGCi

Palette Aj Palette Bj Palette Cj Gradation palette

3 3 3 i=0to 15
S
0 0 0

SB

(i=0 to 79)

Gradation control circuit

i
ing
~
Ly
Ly
° >
o
Ly
Ly

Display data in DDRAM

LSB MSB LSB MSB LSB

0 0 0 0 0 0 0 1 1 1 1 1 Display data from MPU
D b Ds D, D, Dy D, D D, D3 D, Dy (Upper bit / Lower bit)
ABS=1 (D D, D; D, D; D¢ Ds Ds, Ds D, D; Dy
C256=1 (D, Dg Ds * D, D; D, * Dy Do * )
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In the 16-bit data bus mode, the data assignments between the gradation palettes and the segment
drivers vary in accordance with setting for the “SWAP” bit of the "Display control (2)" instruction as well as

the assignment in the 8-bit data bus mode.

-SWAP =0

SEGAI

SEGBI

) L}

SEGCi

N
*

(i=0 to 79)

Palette Aj Palette Bj

Palette Cj Gradation palette

f f

j=0to 15

*

Gradation control circuit

0 0 0 0 0 0 0 1 1 1 1 1 Display data in DDRAM
MSB LSB MSB LSB MSB LSB
0 0 0 0 0 0 0 1 1 1 1 1 Display data from MPU
Dy Diy D43 Dy Dy Dg Dg D; Dy Dz Dy Dy
ABS=1 (Dyy Dy Dy Dg D; Ds Ds Dy Ds D, Dy Dg)
_ SWAP =1
SEGAI SEGCi

B -
t t

(i=0 to 79)

*

Palette Aj Palette Bj

Gradation palette

Palette Cj i=0 to 15

$ f

*

Gradation control circuit

*

*

- >
e

£+ 1
1

° >

*
0

1 1 0 0 0 0 0 Display data in DDRAM
LSB MSB LSB MSB LSB MSB
0 0 0 0 0 0 0 1 1 1 1 1 Display data from MPU
Dis Dy Dy Dy Dy Dy Dg D; Dy Ds D, Dy
ABS=1 (Dyy Dy Dy Dg D; Ds Ds Dy D; D, Dy Dg)
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(13-2) B&W mode (MON="1")
In the B&W mode, 3 bits of the MSB data are used in both of the 16-bit and 8-bit data bus modes.

In the 16-bit data bus mode (Similarly 8-bit data bus access)

(i=0 to 79)

Gradation palette
j=0to 15

Gradation control circuit

Display data in DDRAM

Display data in DDRAM

(i=0 to 79)

Gradation palette
j=0to 15

Gradation control circuit

Display data in DDRAM

Display data in DDRAM

Column address; Ny

-SWAP =0

SEGAI SEGBI SEGCi

x x .

Palette Aj Palette Bj Palette Cj

x x x
4% 4 & 4% 4 & 1§ 3
0 0 0 0 0 0 0 1 1 1 1 1
LS S S S S S S S ST S
0 0 0 0 0 0 0 1 1 1 1 1
Dis Dy Diz Dy Dy Dy Dg D7 Dy Dz D Dy
ABs=1 (Dy1 Dy D¢ Dg D; Ds Ds Dy D3 Dz Dy Do

- SWAP =1

SEGAI SEGBiI SEGCi

‘ ) )

Palette Aj Palette Bj Palette Cj

x 5 ;
KAk 4 4 Kt 4 & 44k 4
1 1 1 1 1 0 0 0 0 0 0 0
LSB MSB LSB MSB LSB MSB
0 0 0 0 0 0 0 1 1 1 1 1
Dis Dy D3 Dy Dy Dg Dg Dy Dy Dz Dy Dy
ABs=1 (Dyy Dyg Dy Dg D; Ds Ds Dy D3 Dz Dy Do)
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(14) Display timing generator
The display-timing generator creates the timing pulses such as the CL, the FLM, the FR and the CLK by
dividing the oscillation frequency oscillate an external or internal resister mode. The each of timing pulses is
outputted through the each output terminals by “SON"=1.

(15) LCD line clock (CL)

The LCD line clock (CL) is used as a count-up signal for the line counter and a latch signal for the data latch
circuit. At the rising edge of the CL signal, the line counter is counted-up and the 240-bit display data,
corresponding to this line address, is latched into the data latch circuit. And at the falling edge of the CL signal,
this latched data output on the segment drivers. Read out timing of the display data, from DDRAM to the latch
circuits is completely independent of the access timing to the MPU. For this reason, the MPU can access to the
LSI regardless of an internal operation.

(16) LCD alternate signal (FR) and LCD synchronous signal (FLM)

The FR and FLM signals are created from the CL signal. The FR signal is used to alternate the crystal
polarization on a LCD panel. It is programmed that the FR signal is toggle on every frame in the default setting
or once every N lines in the N-line inversion mode. The FLM signal is used to indicate a start line of a new
display frame. It presets an initial display line address of the line counter when the FLM signal becomes "1”.

(17) Data latch circuit
The data latch circuit is used temporarily store the display data that will output to the segment drivers. The
display data in this circuit is updated in synchronization of the CL signal.
The “All pixels ON/OFF”, “Display ON/OFF” and “Reverse display ON/OFF” instructions change the display
data in this circuit but do not change the display data of the DDRAM.

(18) Common and segment drivers
The LSI includes 240-segment drivers and 128-common drivers. The common drivers generate the LCD
driving waveforms composed of the V| ¢p, V4, V4 and Vss in accordance with the FR signal and scanning data.
The segment drivers generate waveforms composed of the V cp, Vo, V3 and Vss in accordance with the FR
signal and display data.
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LCD Driving waveforms (In the B&W mode, Reverse display OFF, 1/129 duty)

COMg

COM;
CL

SEGo
SEG;
SEG;

FLM

FR

COMo

COM;

SEGo

SEG;

129 1

2 3 45

129 1

23 45

129 1

VA

I

M

VA

VA
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(19) Oscillator

The oscillator generates internal clocks for the display timing and the voltage booster. Since the LSI has internal
capacitor (C) and resistor (R) for the oscillation, external capacitor and resistor are not usually required. However,
in case that an external resistor is used, the resister is connected between the OSC; and OSC, terminals. The
external resistor becomes enabled by setting “1” to the “CKS” register of “Data bus length” instruction. When the
internal oscillator is not used, the external clocks with 50% duty cycle ratio must be input to the OSC, terminal.

In addition, the feed back resister for the oscillation is varied by programming the “Rf’ register of the
“Frequency control” instruction, so that it is possible to optimize the frame frequency for a LCD panel. Setting
examples of the MON (B&W /Gradation) and the PWM (Variable gradation /Fixed gradation) are described, as
follows.

Internal oscillation mode (CKS=0)

Symbol [ MON | PWM | Display mode
FR1 0 Variable gradation mode
FR2 0 1 Fixed gradation mode
FR3 1 * B&W mode *: Don’t care

External resistor oscillation mode(CKS=1)
The internal clocks must be adjusted to the same frequency as the one in using the internal oscillation
mode, and the “MON” and “PWM” registers must be set as well.

External clock input mode(CKS=1)
The external clocks must be adjusted to the same frequency as the one in using the internal oscillation
mode, and the “MON” and “PWM” registers must be set as well.

(20) Power supply circuits
The internal power supply circuits are composed of the voltage booster, the electrical variable resister (EVR),
the voltage regulator, reference voltage generator and the voltage followers.

The condition of the power supply circuits is arranged by programming the “DCON” and “AMPON” registers
on the “Power control” instruction. For this arrangement, some parts of the internal power supply circuits are
activated in using an external power supply, as shown in the following table.

Table 15

Voltage followers
DCON AMPON Voltage booster Voltage regulator External voltage Note
EVR
0 0 Disable Disable VOUT, VLCD, V1, V2, V3, V4 1, 3
1 Disable Enable Vour 2,3
1 1 Enable Enable - -

Note1) The internal power circuits are not used. The external Vgyr is required and the C+, C4-, C,+, C,-, Ca+t,
Cs-, Cyt, Cy-, Cs+, Cs-, Vrer, Vreg and Ve terminals must be open.

Note2) The internal power circuits except the voltage booster are used. The external Voyr is required and the
Cq+, Cq-, Cut, Co, C3t, Cs-, Cyt, Cy-, Cst+, Cs- and Vge terminals must be open. The reference voltage is
required to Vger terminal.

Note3) The relation among the voltages should be maintained as follows.

VOUT = VLCD = V1 = V2 = V3 = V4 = VSS
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(21) Voltage booster

The voltage booster generates maximum 6x voltage of the Vge level. It is programmed so that the boost level
is selected out of 1x, 2x, 3x, 4%, 5x and 6x by the “Boost level select” instruction. The boosted voltage Vour

must not exceed beyond the value of 18.0V, otherwise the voltage stress may cause a permanent damage to
the LSI.

Boosted voltages
VOUT=1 8Vv Y

Vour=9V Y

Vee=3V T Vee=3V T
VSS=0V VSS=0V
3-time boost 6-time boost

Capacitor connections for the voltage Booster

6-time boost 5-time boost
Ci+ + Ci+ +
. |2 C- |2
Co+ + Co+ +
Cs+ Cs+
Cs- Eﬁ Cs- Eﬁ
Cy+ Cy+
C [ 22 C | 22
Cs+ Cs+
Vour + Vout +
Ves [ Ves [ 22

4-time boost 3-time boost 2-time boost

C C C
o [z o [(=2 o [z
Cot Cot+ Cot+

C3+ + C3+ C3+
C | &7 Co- c..
Cyt+ Cyt+ Cyt+
Cs- Cs- Cs-
Cs+ Cs+ Cst
Cs- Cs- Cs-
Vour Vour Vour

Ves |z Vss | 72 Ves |zt
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(22) Reference voltage generator
The reference voltage generator is used to produce the reference voltage (Vga), Which is output from the Vga

terminal and should be input to the Vrgr terminal.

VBA = VEE x 0.9

(23) Voltage regulator
The voltage regulator, composed of the gain control circuit and an operational amplifier, and is used to gain

the reference voltage (Vrer) and to create the regulated voltage (Vres). The Vgres is used as an input voltage to
the EVR circuits, which is programmed by the “VU” register of the “Boost level” instruction.

Vreg = Vrer X N (N: register value for the boost level)

(24) Electrical variable resister (EVR)
The EVR is variable within 128-step, and is used to fine-tune the LCD driving voltage (V cp) by programming
the “DV” register in the “EVR control” instruction, so that it is possible to optimize the contrast level for a LCD

panels.

Vicp = 0.5 X Vgeg + M (Vreg - 0.5 X VReg) / 127  (M: register value for the EVR)

(25) LCD driving voltage generation circuit
LCD driving voltage generation circuit generates the V cp voltage levels as Vi cp, V1, V2, V3 and V4 with
internal E.V.R and the Bleeder resistors. The bias ratio of the LCD driving voltage is selected out of 1/5, 1/6, 1/7,
1/8, 1/9, 1/10, 1/11 and 1/12.

In using the internal power supply, the capacitors CA, must be connected to the V cp, V4, V2, V3 and V,
terminals, and the CA, value must be determined by the evaluation with actual LCD modules.

In using the external power supply, the external LCD driving voltages such as the V,cp, V4, V,, V3 and V,are
supplied and the internal power supply circuits must be set to “OFF” by DCON = AMPON = "0". In this mode,
voltage booster terminals such as C4+, C4-, C+, Co-, C3+, Cs-, Cy+, Cy-, Cs+, Cs-, Veg, Vrer and Vreg must be
opened.

In case that the voltage booster is not used but only some parts of internal power supply circuits (Voltage
followers, Voltage regulator and EVR) are used, the C4+, C4-, Co+, Co-, C3+, Cz-, Cyt+, Cy-, Cs+ and Cs-
terminals must be opened. And, the external power supply is input to the Voyr terminal, and the reference
voltage to the Vger terminal. The capacitor CA; must connect to the Vreg terminal for voltage stabilization.
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Connections of the capacitor for the voltage booster

Using all of the internal power supply circuits

(6-time boost)

Using only external power supply circuits

Voo 4

VLCD

V1 |
External
Power V2
circuit

3

V4_

VDD
VDD
VEE
VBA
iCA—[ Vrer
e ’ —1 Vres
CA;
Vss 7;;_
Vss }
ca £
1 -I—_ C1+
—1Co
CA
1 -I—_ C2+
I Cs
CA
1 -I—_ C3+
ca T19 Nuesis
1 | C4+
—Cs
CA
1 -I—_ C5+
CA T—1 Vour
1
Ves 77
CA_ Vico
2
— v,
CA,
Vs,
CA,
—{ Vs
CA,
V4
Vss CA,
Fig 10
Reference values
CA, 1.0to 4.7uF
CA, 1.0 to 2.2uF
CA; 0.1uF

Note) B grade capacitors are required.
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Vop
Vee

VBA

VREF

VRkec

Cs-
Ci+
Co-
Co+
Cs-
Cs+
Cs-
Cq+
Cs-
Cs+

Vour

VLCD

Vs
V3

\Z

NJUG6815

Fig1l
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Using internal power supply circuits
Without the reference voltage generator(1)

(6-time boost)

Using internal power supply circuit

NJU6815

Without the reference voltage generator(2)

(6-time boost)

VDD VDD
VDD VDD
VEE VEE
§ VBA VBA
T VRrer 3 hi VRer
7;;‘ 1 Vree § 7;;' I Vres
CA3 g CA3
I LY
CA CA
1 T C1+ 1 T C1+
I Cz- I C2'
CA CA
" T Co+ T Co+
I C3- I C3'
CA CA
" T+ " T gy
I Cs I Cs
CAv T |, NJU6BIS CAi |, NJIUBB15
I C5- I C5-
CA CA
" T+ " T g+
CA, 11 Vour CA, I Vour
F Vieo F Viceo
CA2 CAZ
V4 H V4
CA2 CAZ
V. H V,
CA2 CAZ
Vs Vs
CA2 CA2
Vs = Va
Vss CA Vss CA;
Fig 12 Fig 13
Reference value
CA, 1.0 to 4.7uF
CA, 1.0 to 2.2uF
CA; 0.1pF
Note) B grade capacitors are required.
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Using internal power supply circuits
Without the voltage booster

Voo
Vo
Vea
CA
on | [,

I VR&ea

NJUG6815

External
power
circuit

VOUT

Viep

Vi

oLo

Vs

o

Vs

O

\

?T?T?T?T?T

O

VSS

Fig 14

Reference value
CA, 1.0 to 4.7uF
CA, 1.0 to 2.2uF
CA; 0.1pF
Note) B grade capacitors are required.
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(26) Partial display function

The partial display function is used to partially specify some parts of display area on LCD panels. By using this
function, LCD modules can work in lower duty cycle ratio, lower LCD bias ratio, lower boost level and lower LCD
driving voltage. It is usually used to display a time and calendar, and is also used to optimize the LSI condition in
accordance with the display size. It can be programmed to select the duty cycle ratio (1/17, 1/25, 1/33, 1/41, 1/49,
1/57, 1/65, 1/73, 1/81, 1/89, 1/97, 1/105, 1/113, 1/121, 1/129, in DSE=0), the LCD bias ratio, the boost level and

the EVR value by the instructions.

Partial display image

NJRC
LCD DRIVER LCD DRIVER
Low Power and
Low Voltage >
Normal display Partial display

Partial display sequence

Optional status

Display OFF (ON/OFF="0")

Internal Power supply OFF (DCON="0", AMPON="0")

WAIT

Setting for LCD driving voltage-related functions

Internal Power supply ON (DCON="1", AMPON="1")

WAIT

Setting for display-related functions

Display ON (ON/OFF ="1")

Partial display Status

- Boost level
- EVR value
- LCD bias ratio

- Duty cycle ratio
- Initial display line
- Initial COM line
- Other instructions
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(27) Discharge circuit
Discharge circuit is used to discharge the electric charge of the capacitors on the V4 to V4 and V ¢p terminals.
This circuit is activated by setting “0” to the “DIS” register of the “Discharge” instruction or by setting “RESb”
terminal to "0” level. The “Discharge ON/OFF” instruction is usually required just after the internal power supply
is turned off by setting “0” into the “DCON” and “AMPON?” registers, or just after the external power supply is
turned off. During the discharge operation, the internal or external power supply must not be turned on.

(28) Reset circuit
The reset circuit initializes the LSI into the following default status. It is activated by setting the RESb
terminal to “0”. The RESb terminal is usually required to connect to MPU reset terminal in order that the LS| can
be initialized at the same timing of the MPU.

e Default status

1. DDRAM display data :Undefined

2. column address :(00)y4

3. row address :(00)y4

4. |Initial display line ((0)4 (1st line)

5. Display ON/OFF :OFF

6. Reverse display ON/OFF :OFF (normal)

7. Duty cycle ratio :1/129 duty(DSE=0)

8. N-line Inversion ON/OFF :OFF

9. COM scan direction :COMy - COM»7

10. Address direction of RAM :(HV, XD, YD) = (0, 0, 0)

11. Read modify write :OFF (AIM=0)

12. SWAP mode :OFF (normal)

13. EVR value :(0,0,0,0,0,0,0)

14. Internal power supply :OFF

15. Display mode :Gradation display mode

16. LCD bias ratio :1/9 bias

17. Gradation Palette 0 :(0,0,0,0,0)

18. Gradation Palette 1 :(0,0,0,1,1)

19. Gradation Palette 2 :(0,0,1,0,1)

20. Gradation Palette 3 (0,0,1,1,1)

21. Gradation Palette 4 :(0,1,0,0,1)

22. Gradation Palette 5 ((0,1,0,1,1)

23. Gradation Palette 6 :(0,1,1,0,1)

24. Gradation Palette 7 (0,1,1,1,1)

25. Gradation Palette 8 :(1,0,0,0,1)

26. Gradation Palette 9 ((1,0,0,1,1)

27. Gradation Palette 10 :(1,0,1,0,1)

28. Gradation Palette 11 ((1,0,1,1,1)

29. Gradation Palette 12 :(1,1,0,0,1)

30. Gradation Palette 13 ((1,1,0,1,1)

31. Gradation Palette 14 :(1,1,1,0,1)

32. Gradation Palette 15 (1,1,1,1,1)

33. Gradation mode control :Variable gradation mode

34. Data bus length :8-bit data bus length

35. Discharge circuit :(DIS,DIS2)=(0,0)
New Japan Radio Co. Lid,

-44 -



NJU6815

(29) Power supply ON/OFF sequences
The following paragraphs describe power supply ON/OFF sequences, which are to protect the LSI from over
current.

(29-1) Using an external power supply

® Power supply ON sequence
Logic voltage (Vpp) must be always input first, and next the LCD driving voltages (V4 to V4 and V cp)
are turned on. In using the external Voyr, the Vpp must be input first, next the reset operation must be
performed, and finally the Voyr can be input.

® Power supply OFF sequence
Either the reset operation, cutting off the V4 to V4, and V ¢p from the LSI by the RESb terminal or the
“Power control” instruction must be performed first, and next the Vpp is turned off. It is recommended
that a series-resister between 50Q and 100Q is added on the V| ¢p line (or Vour line in using only the
external Voyr voltage) in order to protect the LS| from the over current.

(29-2) Using the internal power supply circuits

® Power supply ON sequence
The Vpp must be input first, next the reset operation must be performed, and finally the V, to V, and
Vicp can be turned on by setting “1” to the “DCON” and “AMPON” registers of the “Power control”
instruction.

® Power supply OFF sequence
Either the reset operation by the RESb terminal or the “Power control” instruction must be
performed first, and next the input voltage for the voltage booster (Vgg) and the Vpp can be turned off.
If the Vee is supplied from different power sources for Vpp, the Vee is turned off first, and next the Vpp
is turned off.
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(30) Referential instruction sequences

(30-1) Initialization in using the internal power supply circuits

Vb, Vee power ON

Wait for power-ON stabilization

RESET Input

WAIT

Setting for LCD driving voltage-related functions - EVR value
- LCD bias ratio
- Power control (DCON="1", AMPON="1")

End of initialization

(30-2) Display data writing

End of Initialization

Setting for display-related functions - Initial display line

- Address direction of RAM (HV, XD, YD)
- Column address / -Row address (Start)
- Column address / -Row address (End)

Display data write

Display ON (ON/OFF ="1")

*. Before display data write / read operation, the address directions should be set first , then Column
address set / Row address set of start point and end are set in order. (Display data write / read for whole
display area or a portion requires the same procedure as above.)

To avoid incorrect data writing into registers by noise and so forth, the written data from registers should
be checked after write operation.
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(30-3) Power OFF

Optional status

Power save or reset operation - All COM/SEG output Vgs level.

Discharge ON

WAIT

VEE: VDD power OFF

New Japan Radio Co. Lid,
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(31) Instruction table

Instruction Table (1)

Code (80 series MPU I/F) Code Functions
Instructions
csb| Rs |RDb[WRB|RE; [RE|REo| D7 [ Ds | Ds [ D4 [ Ds [ D2 [ D | Do
Display data write oo 1 0 [|0/1]0/M1|0M Write Data Write display data to DDRAM
Display data read 0 0 0 1 10/1]0/1]0/M Read Data Read display data from DDRAM
column address ol1[1]oflo]oloffoflo]|o]fo]axs]|axe|ax:|axo |DDRAM column address
(Lower) [On]
column address ol1|[1]ofJoflofloffo]lo| o]l 1]|ax|axe|axs|axs |DDRAM column address
(Upper)  [14]
row address o | 1 1]1]of(olo|loffo]o] 1] o0]Avr3a|Ar2]Avr1 | Avo |DDRAM row address
(Lower) [24]
row address of1]1]o]Jolo]offofo]1]|1]| = |Ave]|Ars|Avs [DDRAM row address
(Upper)  [34]
Initial display line 0 1 1 0 0 0 0 0 1 0 0 | as | taz | a1 | Lao Row addres_s for an initial COM line
(Lower) [44] (Scan start line)
Initial display line . Row address for an initial COM line
(Upper) [54] 0 1 1 ofojojofyfofr1 0l 1 LA6 | LA5 | LA4 (Scan start line)
N-line inversion 0 1 1 0 0 0 0 0 1 1 0 N3 | N2 N1 NO |The number of N-line inversion
(Lower) [64]
N-line inversion 0 1 1 0 0 0 0 0 1 1 1 * N6 | N5 | N4 [The number of N-line inversion
(Upper)  [74]
SHIFT: Common direction
Display control (1) ALL | ON/ |MON: Gradation or B/W display mode
el O LT OO O OO OO [SHFT[MON| on | OFF [ALLON: Al pixels ONIOFF
ON/OFF: Display ON/OFF
. REV: Reverse display ON/OFF
Display control (2) 0 1 1 0 0 0 0 1 oo 1 | REV | NLIN [SWAP[ * [NLIN: N-line inversion ON/OFF,
[9H] SWAP: SWAP mode ON/OFF
AIM: Read-modify-write ON/OFF
Increment control HV: Increment / Decrement direction
[AH] 0 1 1 0 0 0 0 1 0 1 0 AM hv XD YD XD: Column Increment / Decrement set
YD: Row Increment / Decrement set
AMPON: Voltage followers ON/OFF
Power control AMP DC HALT: Power save ON/OFF
Bl O L TP O[O O] [ on |PAT] on [ACt |bcon: Voltage booster ONIOFF
ACL: Reset
Duty cycle ratio (CH] o]J1|l1|lojo]Jo]Joff1]1]| 0] 0]|Dbs3|DbDs2|Dst]|Dso|Sets LCD dutycycle ratio
Boost level oal O LT[t oofofof ] o] |ve|vwr|we|setsboostevl
LCD bias ratio eal Lo o oot o [ee|e |0 |setsLeDbiasrato
RE register
[Ful 0 1 1 0 [0/ ]0/M1 |01 1 1 1 1 |TSTo| RE; | REs | RE, |RE flag set
Note 1) * : Don’t care.
Note 2) [Ny] : Address of instruction register
Note 3) The dual instructions including upper and lower bytes is enabled after either upper or lower

bytes are set into the register. The only “EVR control” instruction is enabled after both of the

upper and lower bytes are set.
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Instruction Table (2)

Code (80 series MPU I/F) Code
Instructions Functions
CSb| RS |RDb|WRb|RE>|RE{|REg|| D7 | De | Ds | Ds | D3 | D2 | D1 | Do
Gradation palette AO/A8 0 1 1 ololo 1 0 0 0 o | Pros/| Pao2/ f Aot/ | PAcDY Sets palette values to gradation
(Lower) [OH] PA83 | PA82 | PAB1 | PABO [halette AO(PS=0)/A8(PS=1)
Gradation palette AO/A8 * « + | Paoas|Sets palette values to gradation
weeey il Ol LT OLO OO0 PABS | palette AO(PS=0)/A8(PS=1)
Gradation palette A1/A9 0 1 1 0 0 0 1 0 0 1 o |PAt3r|Patz fPattfPatos Sets palette values to gradation
(Lower) [24] PA93 | PAS2 | PA9T | PAY0 |pglette A1(PS=0)/A9(PS=1)
Gradation palette A1/A9 0 1 1 ololo 1 0 0 1 1 * * « | Patas|Sets palette values to grﬁdation
(Upper) [3H] PA%4 Ipalette A1(PS=0)/A9(PS=1)
Gradation palette A2/A10 0 1 1 0 0 0 1 0 1 0 o |Pa2sr|Pazz [ Pa21/ f PA20s Sets palette values to gradation
(Lower) [44] PA103|PA102|PA101| PA100 | nglette A2(PS=0)/A10(PS=1)
Gradation palette A2/A10 0 1 1 ololo 1 0 1 0 1 * * « | Pa24s|Sets palette values to gradation
(Upper) [5H] PA1041palette A2(PS=0)/A10(PS=1)
Gradation palette A3/A11 0 1 1 0 0 0 1 0 1 1 o |Passr|Pasz [ a3t f PAso/ Sets palette values to gradation
(Lower) [6H] PA113| PA112 [ PA111 | PAT10 | nalette A3(PS=0)/A11(PS=1)
Gradation palette A3/A11 0 1 1 ololo 1 0 1 1 1 * * « | Pasas|Sets palette values to gradation
(Upper) [7H] PA114]nalette A3(PS=0)/A11(PS=1)
Gradation palette A4/A12 0 1 1 0 0 0 1 1 0 0 0 |Paedr|Pasz [ padi f Pados Sets palette values to gradation
(Lower) [8H] PA123|PA122|PA121| PA120 I nglette A4(PS=0)/A12(PS=1)
Gradation palette A4/A12 0 1 1 ololo 1 1 0 0 1 * * « | Pa4as|Sets palette values to gradation
(Upper) [9x] PA124[palette A4(PS=0)/A12(PS=1)
Gradation palette A5/A13 0 1 1 0 0 0 1 1 0 1 o |PAse | Pasz [ pasi f Paso/ Sets palette values to gradation
(Lower) [An] PA133|PA132|PA131| PA130 I pglette AS(PS=0)/A13(PS=1)
Gradation palette A5/A13 0 1 1 ololo 1 1 0 1 1 * * « | Pasas|Sets palette values to gradation
(Upper) [BH] PA134]|nalette A5(PS=0)/A13(PS=1)
Gradation palette A6/A14 0 1 1 0 0 0 1 1 1 0 o |Presi | Pac2 [ Past/ f PAso/ Sets palette values to gradation
(Lower) [Ch] PA143|PA142|PA141| PA140 | nglette AG(PS=0)/A14(PS=1)
Gradation palette A6/A14 0 1 1 ololo 1 1 1 0 1 * * « | Pasas|Sets palette values to gradation
(Upper) [DH] PA1441palette AG(PS=0)/A14(PS=1)
RE register
(Fu 0| 1 1 0 [0/ |0/ ]0/M| 1 1 1 1 |TSTo| RE; | RE; | RE, |RE flag set
Note 1) * : Don’t care.
Note 2) [Ny ] : Address of Instruction register

Note 3)

The dual instructions including upper and lower bytes is enabled after either upper or lower

bytes are set into the register. The only “EVR control” instruction is enabled after both of the
upper and lower bytes are set.
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Instruction Table (3)

Code (80 series MPU I/F) Code
Instructions Functions

CSb| RS |RDb|WRB|RE2|RE1|REq|f D7 | Ds | Ds | Da | D3 | D2 | Dy | Do

Gradation palette A7/A15 0 1 1 ol o 1 0 0 0 0 o |Pa7al|parar [ pazes| Pazor Sets palette values to gradation
(Lower) [On] PA153|PA152 [ PA151| PA150 |nglette A7(PS=0)/A15(PS=1)

Gradation palette A7/A15 1 * * « |Para/|Sets palette values to gradation
(Upper) [14] PA154 [ palette A7(PS=0)/A15(PS=1)

Gradation palette BO/B8 0 1 1 0 0 1 0 0 0 1 o |PBo3|PBO2 [ PBOY f PBOO/ Sets palette values to gradation
(Lower) [24] PB83 | PB82 | PB81 | PB8O [halette BO(PS=0)/B8(PS=1)

Gradation palette BO/B8 1 N N « |PBo4s|Sets palette values to gradation
(Upper)  [34] PB84 |palette BO(PS=0)/B8(PS=1)

Gradation palette B1/B9 0 1 1 0 0 1 0 0 1 0 o |PBi3/|PB12/[PB11/ fPB10/ Sets palette values to gradation
(Lower) [44] PB93 [ PBO2 | PBO1 | PB9O [halette B1(PS=0)/B9(PS=1)

Gradation palette B1/B9
(Upper)  [54]

Sets palette values to gradation

* * * PB14/
ofrypryoqoftyopop o PBo4 |palette B1(PS=0)/BI(PS=1)

Gradation palette B2/B10
(Lower) [64]

Sets palette values to gradation

PB23/ | PB22/ | PB21/ | PB20/
oj1jp1rjojpop oo 1 0 |paios|paioz|paiot [Paioo palette B2(PS=0)/B10(PS=1)

Gradation palette B2/B10
(Upper)  [74]

Sets palette values to gradation

* * * PB24/
oprpryojofrjopo ]t PB104| palette B2(PS=0)/B10(PS=1)

Gradation palette B3/B11
(Lower) [8H]

Sets palette values to gradation

PB33/ | PB32/ | PB31/ | PB30/
Of 1t (1o po [T O[O0 0] 0 |emmsfesrz|reri|esiio palette B3(PS=0)/B11(PS=1)

Gradation palette B3/B11
(Upper)  [94]

Sets palette values to gradation

* * * PB34/
oprpryojofrjoptyofogt PB114 | palette B3(PS=0)/B11(PS=1)

Gradation palette B4/B12 0 1 1 0 0 1 0 1 0 1 o |PBa3|PBaz [ PB4t fpBAO/ Sets palette values to gradation
(Lower) [AH] PB123|PB122|PB121|PB120| nglette B4(PS=0)/B12(PS=1)

Gradation palette B4/B12
(Upper)  [Bu]

Sets palette values to gradation

* * * PB44/
oprpryopofryoprofrt PB124[palette B4(PS=0)/B12(PS=1)

Gradation palette B5/B13
(Lower) [CH]

Sets palette values to gradation

PB53/ | PB52/ | PB51/ | PBSO/
oj1]p1rjopop 1ot 1 0 | O |peras|reraz|psiat|paiao palette B5(PS=0)/B13(PS=1)

Gradation palette B5/B13
(Upper)  [D]

Sets palette values to gradation

* * * PB54/
oprpryopofryoptyprfot PB134| palette B5(PS=0)/B13(PS=1)

RE register mal O [ 1| o oo forf e | 1| 1 |TsTo| Re. | R | RE [RE flag set
Note 1) * : Don’t care.
Note 2) [Ny] :Address of Instruction register
Note 3) The dual instructions including upper and lower bytes is enabled after either upper or lower

bytes are set into the register. The only “EVR control” instruction is enabled after both of the
upper and lower bytes are set.
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Instruction Table (4)

Code (80 series MPU I/F) Code
Instructions Functions
CSb| RS |RDb|WRb|RE2|RE1|REo|| D7 | De¢ | Ds | Ds | D3 | D2 | D1 | Do
Gradation palette B6/B14 0 1 1 ol ol 1 1 0 0 0 o |PBsar|PBe [ PBet | PBEO/ Sets palette values to gradation
(Lower) [On] PB143| PB142| PB141) PB140 | nglette B6(PS=0)/B14(PS=1)
Gradation palette B6/B14 0 1 1 0 0 1 1 0 0 0 1 * . « | PBea/[|Sets palette values to gradation
(Upper) [1H] PB144 nalette B6(PS=0)/B14(PS=1)
Gradation palette B7/B15 0 1 1 0 0 1 1 0 0 1 o |P8r3|esr2 | Pa74/| PB7O/ Sets palette values to gradation
(Lower) [24] PB153| PB152| PB151) PB150 | nglette B7(PS=0)/B15(PS=1)
Gradation palette B7/B15 | o | | 4y | ol ol 11l o0 o] 4 1 . . . | pe74/|Sets palette values to gradation
(Upper) [3H] PB154 palette B7(PS=0)/B15(PS=1)
Gradation palette C0/C8 0 1 1 0 0 1 1 0 1 0 o |Pcos|rcoz [ pcot | Pcoo Sets palette values to gradation
(Lower) [4H] PC83 | PC82 [ PC81 | PC8O |pglette CO(PS=0)/C8(PS=1)
Gradation palette C0/C8 0 1 1 0 0 1 1 0 1 0 1 * % « | Pcoas|Sets palette values to gradation
(Upper) [5H] PC84 Ipalette CO(PS=0)/C8(PS=1)
Gradation palette C1/C9 0 1 1 0 0 1 1 0 1 1 o |Petsr|pcizfpcifpcio Sets palette values to gradation
(Lower) [64] PC93 | PCY2 [ PCO1 | PC90 |pglette C1(PS=0)/C9(PS=1)
Gradation palette C1/C9 | o | o | 4 | ol ol 111l o 1 1 1 . . « |pcias|Sets palette values to gradation
(Upper) [7H] PC94 Ipalette C1(PS=0)/C9(PS=1)
Gradation palette C2/C10 0 1 1 0 0 1 1 1 0 0 o |Pc23|pcaz f pcat | Pcao Sets palette values to gradation
(Lower) [8H] PC103|PC102[ PC101| PC100 |nglette C2(PS=0)/C10(PS=1)
Gradation palette C2/C10 0 1 1 0 0 1 1 1 0 0 1 * * « | Pc2as|Sets palette values to gradation
(Upper) [9H] PC104palette C2(PS=0)/C10(PS=1)
Gradation palette C3/C11 0 1 1 0 0 1 1 1 0 1 o |Pcss|Pcsz fPcai | Pcao Sets palette values to gradation
(Lower) [AH] PC113| PC112| PC111] PC110 | nglette C3(PS=0)/C11(PS=1)
Gradation palette C3/C11| o [ | 4y | o | o | 1| 1 1 o | 1 1 . . « |pcass |Sets palette values to gradation
(Upper) [BH] PC114 palette C3(PS=0)/C11(PS=1)
Gradation palette C4/C12 0 1 1 0 0 1 1 1 1 0 o |Pcas|Pcaz [ pcat/| Pcaoy Sets palette values to gradation
(Lower) [CH] PC123|PC122|PC121| PC120 | pnglette C4(PS=0)/C12(PS=1)
Gradation palette C4/C12| o [ | 4y | o | o | 1| 1 1 1 0 1 . . « | Pcass |Sets palette values to gradation
(Upper) [Dn] PC124|palette C4(PS=0)/C12(PS=1)
RE register
[Fe] 0 1 1 0 |o/1]o/M|oM| 1 1 1 1 |TSTo| RE; | RE; | RE, |RE flag set
Note 1) * : Don’t care.
Note 2) [Ny ] : Address of Instruction register
Note 3) The dual instructions including upper and lower bytes is enabled after either upper or lower

bytes are set into the register. The only “EVR control” instruction is enabled after both of the
upper and lower bytes are set.
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Instruction Table (5)

Code (80 series MPU I/F) Code
Instructions Functions

CSb| RS |[RDb|WRb|RE2[RE1|REof D7 | Ds | Ds | Da | D3 | D2 | D1 | Do

Gradation palette C5/C13 ol 1 1 0 1 ol o 0 0 0 o |Poss| Pesaifpcsis pcsor Sets palette values to gradation
(Lower) [On] Pc133[ PC132[PC131 |PC130| palette C5(PS=0)/C13(PS=1)

Gradation palette C5/C13 * * « |Pcsas|Sets palette values to gradation
(Upper) [1H] 011 L 01 ofoypo 0 0 L PC134|palette C5(PS=0)/C13(PS=1)

Gradation palette C6/C14 0 1 1 0 1 0 0 0 0 1 o [Pcearp| Pce2[Pcest/ | PCsor Sets palette values to gradation
(Lower) [24] C143 | PC142|PC141 |PC140 [ halette C6(PS=0)/C14(PS=1)

Gradation palette C6/C14 | 4 [ 4 | ol 1 [ o loll o] ol 1 1 « | « | « |pcea|Sets palette values to gradation
pper H palette = =
U 3 PC154|pal C6(PS=0)/C14(PS=1

Gradation palette C7/C15
(Lower) [44]

Sets palette values to gradation

pc73/ | Pc721|PC71/ | PCTO/
oft 1oy 1rfofopof 0 [ O [pciss|pciszlpcist |pciso palette C7(PS=0)/C15(PS=1)

Gradation palette C7/C15
(Upper)  [54]

Sets palette values to gradation

* * * PC74/
ofTfrfoyprjoopofrfoq PC154 | palette C7(PS=0)/C15(PS=1)

Initial COM line (6] 0 1 1 0 1 0 0 0 1 1 0 |sScC3| scz2]|scC1 |SCo |Sets scan-starting common driver
Display control Signal/ .
. . SON : Display clock ON/OFF
Duty Select - 0 1 1 0 1 0 0 0 1 1 1 DSE| SON DSE : Duty-1 ON/OFF
Gradation mode control 0 1 1 0 1 0 0 1 0 0 o lpwm|coss| * + |PWM : variable/Fixed gradation mode
[8H] C256 : 256-Color Mode ON/OFF
ABS : ABS mode ON/OFF
Data bus Iength 0 1 1 0 1 0 0 1 0 0 1 * ABS | CKS | WLS |CKS : Internal/external oscilation
[9H] WLS : Display data Length
EVR control Sets EVR level
ower H ower bit
L A 0 1 1 0 1 0 0 1 0 1 0 |Dbv3|Dv2|Dv1 | DvVO L bi
EVR control . Sets EVR level
(Uppen) [B 0 1 1 0 1 0 0 1 0 1 1 DV6 | DV5 | DV4 (Upper bit)
Frequency control oal L[t lo oot ] t]o] 1] |re|re|rro|Oscilation frequency
Discharge ON/OFF 0 1 1 0 1 0 0 1 1 1 0 . « |ois2| ois Dische_:lrge the electric charge in
[EH] capacitors on V4 to V4 and Vicp
RE register ol 11 ofomfonfonf 1| 1] 1] 1 |rstre|re |re|RET
[Ful 0 2 1 0 ag
Instruction register addre?é . ol 1 1 0 1 ol o 1 1 0 0 Reading address Sets instruction register address
Instruction register read 0 1 0 1 (o fjomfjomy| * * * * Read Data Read out instruction register data
Note 1) * : Don’t care.
Note 2) [Ny ] :Address of Instruction register
Note 3) The dual instructions including upper and lower bytes is enabled after either upper or lower

bytes are set into the register. The only “EVR control” instruction is enabled after both of the
upper and lower bytes are set.

Note 4) CKS=0: Internal oscillation mode (default)
CKS=1: External oscillation mode
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Instruction Table (6)

Code (80 series MPU I/F) Code
Instructions Functions
CSb| RS |RDb|WRb|RE2|RE1|REg|f D7 | D | Ds | Da | D3 | D2 | D1 | Do
Window end
column address 0 1 1 0 1 0 1 0 0 0 0 | EX3 |EX2 | EX1 |EX0 |Sets column address for end point
(Lower) [On]
Window end
column address 0 1 1 0 1 0 1 0 0 0 1 | EX7 | EX6 | EX5 |EX4 [Sets column address for end point
(Upper) [1+]

Window end row address

0 1 1 0 1 0 1 0 0 1 0 | EY3|EY2 | EY1 |EYO |Sets row address for end point
(Lower) [24]

Window end row address

0 1 1 0 1 0 1 0 0 1 1 * | EY6 | EY5 |EY4 |Sets row address for end point
(Upper) [31] P

Initial reverse line

0 1 1 0 1 0 1 0 1 0 0 |LS3|LS2 |LS1 |LS0O [Sets address for reverse line
(Lower) [4H]

Initial reverse line

0 1 1 0 1 0 1 0 1 0 1 * | Ls6 | LS5 | LS4 |Sets address for reverse line
(Upper) [51]

Last reverse line

0 1 1 0 1 0 1 0 1 1 0 | LE3 |LE2 | LE1 | LEO |Sets address for reverse line
(Lower) [6H]

Last reverse line

0 1 1 0 1 0 1 0 1 1 1 * | LE6 | LE5 | LE4 |Sets address for reverse line
(Upper) [7H]

Reverse line display

" * BT : Blink type setting
ON/OFF 0 ! ! 0 1 0 1 1 0 0 0 BT |REV LREV : Reverse line display ON/OFF

[8+]
Gradation palette setting
control 0 1 1 0 1 0 1 1 (0] 0 1 * * * | PS |PS : gradation setting
[9H]
PWM control PWM|PWM |PWM |PWM
[Ad] 0 1 1 0 1 0 1 1 0 1 0 s | A B c |Sets PWM mode
RE register ol 1|1 o fot]ofoaf 1| 1]1]1 f
[Fil TSTo| RE; | RE/ | RE; [RE flag
Note 1) * : Don’t care.
Note 2) [Ny] : Address of Instruction register
Note 3) The dual instructions including upper and lower bytes is enabled after either upper or lower

bytes are set into the register. The only “EVR control” instruction is enabled after both of the
upper and lower bytes are set.
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(32) Instruction descriptions
This chapter provides detail descriptions and instruction registers. Nonexistent instruction codes must not be
set into the LSI.

(32-1) Display data write
The “Display data write” instruction is used to write 8-bit display data into the DDRAM.

CSb | RS [RDb |WRb | RE, | REs | RE, D, De Ds Dy Dj Dy D4 Do
0 0 1 0 0/1 | 0/1 ] 0N Display data

(32-2) Display data read
The “Display data read” instruction is used to read out 8-bit display data from the DDRAM, where the
column address and row address must be specified beforehand by the “column address” and “row
address” instructions. The dummy read is required just after the “column address” and “row address”

instructions.
CSb | RS [ RDb |WRb| RE; | RE; | RE, D, Ds Ds D, D, D, D, Dy
0 0 0 1 0/1 0/1 0/1 Display data

(32-3) Column address
The “column address” instruction is used to specify the column address for the display data’s reading
and writing operations. It requires dual bytes for lower 4-bit and upper 4-bit data. The instruction for the
lower 4-bit data must be executed first, next the instruction for the upper 4-bit.

CSb | RS | RDb |WRb | RE; | REs | REg Dy Dg Ds D, Dj D, D, Dy
0 1 1 0 0 0 0 0 0 0 0 AXs [ AX; | AXy | AXg

CSb | RS | RDb |WRb | RE; | REs | REg Dy Dg Ds D, Dj D, D, Dy
0 1 1 0 0 0 0 0 0 0 1 AX7 | AXs | AXs | AXq4

(32-4) Row address
The “row address” instruction is used to specify the row address for the display data read and write
operations. It requires dual bytes for lower 4-bit and upper 3-bit data. The instruction for the lower 4-bit
data must be executed first, next the instruction for upper 3-bit. The row address is specified in between
00y and 7Fy. The setting for nonexistent row address between 80y and FF is prohibited.

Csb | RS | RDb |WRb | RE, | RE; | RE, D; | Dg | Ds | Dy | Dy | D, | Dy | Dy

o |11 ]ofo]o]o 0 | o | 1] o [As]|AY,]AY|AY,

Ccsb | RS | RDb |WRb | RE; | RE; | REq D; | Ds | Ds | D | Dy | D, | Dy | D

o |11 ]ofo]o]o 0o [ o | 1 [ 1| = |av|Ar]|AY,
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(32-5) Initial display line
The “Initial display line” instruction is used to specify the line address corresponding to the initial COM
line. The initial COM line specified by the “Initial COM line” instruction and indicates the common driver
that starts scanning data.

CSb | RS | RDb [WRb| RE, | RE; | RE, D, | Dg | Ds | Dy | Dy | D, | Dy | Dy
o |1l 1]olofo]o 0 1 1] o] o LA LA |LA [LA
CSb | RS | RDb [WRb| RE, | RE; | RE, D, | De | Ds | Do | Dy | D, | Dy | Dy
0o |1l 1]ojlofo]o 0 | 1] o 1] = [ LA | LA | LA,
LA, | tas | LA, | LA, | A, | LA, | LA, | Lineaddress
0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1
T 127

(32-6) N-line inversion
The “N-line inversion” instruction is used to control the alternate rates of the liquid crystal direction. It is
programmed to select the N value between 2 and 128, and the FR signal toggles once every N lines by
setting “1” into the “NLIN” register of the “Display control (2)” instruction. When the N-line inversion is
disabled by setting “0” into the “NLIN” register, the FR signal toggles by the frame.

csb | RS | RDb [WRb| RE, | RE; | RE, D, | De | Ds | Dy | Ds | D, | Dy | Dg
o |1l 1]olofo]o 0 | 1] 1] o | N3[N2]NI|NO
CSb | RS | RDb [WRb| RE, | RE, | RE, D, | De | Ds | Dy | Ds | D, | Dy | Dy
0o |1l 1]olofo]o o | 1] 1 [ 1]~ ] N6 |N5| N4

Ne | N5 | N4 | N3 | N2 | N1 | NO N value

0 0 0 0 0 0 0 Inhibited

0 0 0 0 0 0 1 2

o | 1+ ] o] o | o] o] o 128
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® N-line Inversion Timing (1/129 duty cycle ratio)

N-line inversion OFF

1stline 3rd line
2nd line

128th line 1st line
129th line

[T LT L

o LITLIL
FLM J

FR X

X

N-line inversion ON

N-line control
< >
1stline 3rd line N line 2nd line
2nd line 1st line
4+ <4 4> 4O

[T L L

o  LILILE]

FR X

(32-7) Display control (1)

The “Display control (1)” instruction is used to control display conditions by setting the “Display ON/OFF”,
“All pixels ON/OFF”, Display mode” and “Common direction” registers.

CSb | RS [ RDb |[WRb| RE, | RE; | REg Dy

D6 D5 D4 D3 D2 D1 DO

0 1 1 0 0 0 0 1

SHIFT | MON | ALLON | ON/OFF

0 0 0

® ON/OFF register

ON/OFF=0

ON/OFF=1 :Display ON

® All ON register

: Display OFF (All COM/SEG output Vss level.)

The “All pixels ON/OFF” register is used to turn on all pixels without changing display data of the
DDRAM. The setting for the “All pixels ON/OFF” register has a priority over the “Reverse display

ON/OFF” register.

ALLON=0
ALLON=1

: Normal
. All pixels turn on.
® MON register

MON=0
MON=1

: Gradation mode
: B&W mode
® SHIFT register

SHIFT=0
SHIFT=1

:COMO - COM127
:COM127 — COMO

-56 -
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(32-8) Display control (2)
The “Display control (2)” instruction is used to control display conditions by setting the “SWAP mode
ON/OFF”, “N-line inversion ON/OFF” and “Reverse display ON/OFF” registers.

CSb | RS [ RDb |WRb| RE, | RE; | REg Dy De Ds Dy D3 D, D, Do
0 1 1 0 0 0 0 1 0 0 1 REV | NLIN [swaAp | =

® SWAP register
The “SWAP” register is used to reverse the arrangement of the display data in the DDRAM.

SWAP=0 : SWAP mode OFF (Normal)
SWAP=1 : SWAP mode ON
SWAP="0" SWAP="1"
Write data D; Dg Ds D4 D3 Dy Dy Dg D; Dg Ds D4 D3 Dy, D4 Dy
RAM data D7 d6 d5 d4 d3 d2 d1 d0 d0 d1 d2 d3 d4 d5 d6 d7
Read data D; Dg Ds D4 D3 D, Dy Dg D; Dg Ds D4 D3 Dy, D4 Dy

® NLIN register
The “NLIN” is used to enable or disable the N-line inversion.

NLIN=0 : N-line inversion OFF (The FR signal toggles by the flame.)
NLIN=1 : N-line inversion ON (The FR signal toggles once every N frames.)

® REV register
The “REV” register is used to enable or disable the reverse display mode that reverses the polarity
of display data without changing display data of the DDRAM.

REV=0 : Reverse display mode OFF
REV=1 : Reverse display mode ON
REV Display DDRAM data - Display data
0 Normal (1) (1)
1 Reverse (1) (1)
New Japan Radio Co. Lid,
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(32-9) Increment control
The “Increment control” instruction is used for the increment mode. In using the auto-increment mode,
DDRAM address automatically increments (+1) whenever the DDRAM is accessed by the “Display data
write” or “Display data read” instruction. Therefore, once “Display data write” or “Display data read”
instruction is established, it is possible to continuously access to the DDRAM without the “column address”
and “row address” instructions. The settings for the “AIM”, “HV”, “XD” and “YD” registers are listed in the
following tables.

CSb | RS | RDb [WRb | RE; | RE; | REg Dy De Ds Dy Ds D, D4 Do
0 1 1 0 0 0 0 1 0 1 0 |AIM | HV | XD | YD

® AIM, HV, XD and YD registers

AIM Increment mode Note
0 Auto-increment for both of the display data read and write operations 1
1 Auto-increment for the display write operation (Read modify write) 2

Note 1) It is effective for usual operations accessing successive addresses.
Note 2) It is effective for the read-modify-write operation.

HV XD YD Increment / Decrement mode / Scanning Direction

0 0 0 Column increment / Row increment / Horizontal direction
0 0 1 Column increment / Row decrement / Horizontal direction
0 1 0 Column decrement / Row increment / Horizontal direction
0 1 1 Column decrement / Row decrement / Horizontal direction
1 0 0 Column increment / Row increment / Vertical direction

1 0 1 Column increment / Row decrement / Vertical direction

1 1 0 Column decrement / Row increment / Vertical direction

1 1 1 Column decrement / Row decrement / Vertical direction

For the window area designation, the address directions of RAM (HV, XD, YD) must be set first, and
Column address and Row of Start point must be set second, Column address and Row of Stop point must
be set third, then RAM should be accessed. Low address must be set first and High address must be set
second in all of addresses. The directions of HV, XD, YD should be check to keep the area in RAM.
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(32-10) Power control

CSb | RS [RDb [WRb| RE; [ REs | RE, D; [ Ds | Ds | Dy | D3 | Dy D4 Do

0 1 1 0 0 0 0 1 0 1 1 |AMPON| HALT | DCON | ACL

® ACL register
The “ACL” register is used to initialize the internal power supply circuits.

ACL=0 : Initialization OFF (Normal)
ACL=1 : Initialization ON

When the data of the “ACL register” is read out by the “Instruction register read” instruction, the
read-out data is “1” during the initialization and “0” after the initialization. This initialization is
performed by using the signal produced by 2 clocks on the OSC;. For this reason, the wait time for 2
clocks of the OSC; is necessary until next instruction.

® DCON register
The “DCON” register is used to enable or disable the voltage booster.

DCON=0 : Voltage booster OFF
DCON=1 : Voltage booster ON

® HALT register
The “HALT” register is used to enable or disable the power save mode. It is possible to reduce
operating current down to stand-by level. The internal status in the power save mode is listed below.

HALT=0 : Power save OFF (Normal)
HALT=1 : Power save ON

Internal status in the power save mode

» The oscillation circuits and internal power supply circuits are halted.
« All segment and common drivers output Vsg level.

* The clock input into the OSC; is inhibited.

* The display data in the DDRAM is maintained.

* The operational modes before the power save mode are maintained.
e The V, to V4 and V ¢p are in the high impedance.

As a power save ON sequence, the “Display OFF” must be executed first, next the “Power save
ON?” instruction, and then all common and segment drivers output the Vss level. And as power save
OFF sequence, the “Power save OFF” instruction is executed first, next the “Display ON” instruction.
If the “Power save OFF” instruction is executed in the display ON status, unexpected pixels may
instantly turn on.

® AMPON register
The “AMPON?” register is used to enable or disable the voltage followers, voltage regulator and EVR.

AMPON=0 : The voltage followers, voltage regulator and the EVR OFF
AMPON=1 : The voltage followers, voltage regulator and the EVR ON
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(32-11)Duty cycle ratio
The “Duty cycle ratio” instruction is used to select LCD duty cycle ratio for the partial display function.
The partial display function specifies some parts of display area on a LCD panel in the condition of lower
duty cycle ratio, lower LCD bias ratio, lower boost level and lower LCD driving voltage. Therefore, it is
possible to optimize the LSI’s conditions with extremely low power consumption.

CSb | RS | RDb |WRb| RE, | RE; | REq D, Ds Ds D, D, D, D; Dy

0 1 1 0 0 0 0 1 1 0 0 DS; | DS, | DS, | DS,
Duty cycle ratio Row wa
DSs | DSz | DS: | DS DSE=0 = DSE=1 displaysy
0 0 0 0 1/129 1/128 128 commons
0 0 0 1 1/121 1/120 120 commons
0 0 1 0 1/113 1112 112 commons
0 0 1 1 1/105 1/104 104 commons
0 1 0 0 1/97 1/96 96 commons
0 1 0 1 1/89 1/88 88 commons
0 1 1 0 1/81 1/80 80 commons
0 1 1 1 1/73 1/72 72 commons
1 0 0 0 1/65 1/64 64 commons
1 0 0 1 1/57 1/56 56 commons
1 0 1 0 1/49 1/48 48 commons
1 0 1 1 1/41 1/40 40 commons
1 1 0 0 1/33 1/32 32 commons
1 1 0 1 1/25 1/24 24 commons
1 1 1 0 117 1/16 16 commons
1 1 1 1 Inhibited

The duty cycle ratio is controlled by the “DS; to DSy” registers of the “Duty cycle ratio” instruction and the “DSE”
register of the “Display Clock / Duty-1” instruction.

DSE="0" : The number of commons + 1 (Duty cycle ratio in the default setting)
DSE="1" : The number of commons (Duty-1)

When the “DSE” is “0”, all common drivers output non-selective levels in period of last common.
And the segment drivers output the same data for the last line as the data for previous line: For
instance they output the same data for the 128" and 129" lines when the duty cycle ratio is set to
1/129. For the setting of the “DSE” register, see (32-17) “Display clock / Duty-1".

(32-12)Boost level
The “Boost level” is used to select the multiple of the voltage booster for the partial display function.

CSb | RS [RDb [WRb| RE, | RE; | REq D, Ds Ds D, D, D, D, Dy
0 1 1 0 0 0 0 1 1 0 1 * VU, | VU; | VU,
VU, | VU, | VU, Boost level
0 0 0 1-time (No boost)
0 0 1 2-time
0 1 0 3-time
0 1 1 4-time
1 0 0 5-time
1 0 1 6-time
1 1 0 Inhibited
1 1 1 Inhibited
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(32-13)LCD bias ratio
The “LCD bias ratio” is used to select the LCD bias ratio for the partial display function.

CSb | RS [RDb [WRb| RE, | RE; | REq D, Ds Ds D, D, D, D, Dy
0 1 1 0 0 0 0 1 1 1 0 * B, B, Bo

B, B Bg LCD bias ratio

0 0 0 1/9

0 0 1 1/8

0 1 0 1/7

0 1 1 1/6

1 0 0 1/5

1 0 1 1/10

1 1 0 1/11

1 1 1 1/12

(32-14)RE flag
The “RE flag” registers are used to determine the contents for the RE registers (RE,, RE; and RE,) and
it is possible to access to the instruction registers.

The data in the “TST,” register must be “0”, and it is used maker tests only.

csb | RS | RDb |WRb | RE; | RE; | RE, D; | Ds | Ds | Ds | Dy | D, | Di | Dy
o [ 1 | 1] o fon]omn|on 1 ] 1] 1| 1 [rsTe|RE | RE, | RE,
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(32-15) Gradation palette A, B and C

Csb | RS | RDb |WRb| RE, | RE; | REg D, | Ds [ Ds | Do | Dy [ D, | Dy | Dy
PAos/ | PAo2/ | PAo1/ | PAoo/
ol 1|1 |[o]o]| o] 0 | 0 [ 0 | 0 |5 | ot | P

Csb | RS | RDb |WRb | RE, | RE; | RE, D, | De | Ds | D, | Dy | D, | Dy | Dy
ol 1|1 ]o]| o] o1 o oo | 1| || |
Csb | RS | RDb |WRb | RE, | RE; | RE, D, | De | Ds | D, | Dy | D, | Dy | Dy
0 1 1 0 0 0 1 0 0 1 0 PA13/ | PA12/ | PAn/ | PA1o/

PAgs | PAgx | PAo PAgo

Csb | RS | RDb |[WRb | RE, | RE, | REq D; | Ds [ Ds [ D, | Dy | D, | Dy | Dy
ol 1|1 |[o]o]| o] o[ o[ v | 1| |
Csb | RS | RDb |[WRb | RE; | RE, | REq D, | Ds [ Ds [ Do | Dy | D, | Dy | Dy
0 1 1 0 0 0 1 0 1 0 0 PA23/ | PA22/ | PA21/ | PA2o/

PA1o3 | PA102 | PA101 | PA1oo

Csb | RS | RDb |WRb | RE; | RE, | REq D; | Ds [ Ds [ D, | Dy | D, | Dy | Dy
ol 1|1 |[o]o]| o] o[t o | 1| |||
Csb | RS | RDb |[WRb | RE; | RE, | REq D; | Ds [ Ds [ D, | Dy | D, | Dy | Dy
0 1 1 0 0 0 1 0 1 1 0 PAss/ | PAs2/ | PAs1/ | PAso/

PA113 | PA112 | PA111 | PAso

csb | RS | RDb |[WRb| RE, | RE, | RE, D, | D¢ | Ds | D, | Ds | D, | D, | D,
ol 1|1 |[o]o]| o] N T T I L I (R (s
csb | RS | RDb |[WRb| RE, | RE, | RE, D, | D¢ | Ds | D, | D | D, | D, | D,
0 1 1 0 0 0 1 1 0 0 0 | P/ | Phal | PR/ | PAxdl

PA123 | PA122 | PA121 | PA12o
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Csb | RS | RDb |WRb | RE, | RE; | RE, D; | Ds | Ds | D, [ Dy | D, | Dy | Dy
ol 1|1 ]o]| o] o1 t oo [ 1| || o
Ccsb | RS | RDb |[WRb | RE; | RE; | RE, D, | Ds | Ds | D, [ Dy | D, | Dy | Dy
0 1 1 0 0 0 1 1 0 1 0 PAss/ | PAs2/ | PAsi/ | PAso/

PA133 | PA132 | PA131 | PA13o

Csb | RS | RDb |[WRb | RE, | RE; | REq D, | De | Ds | D, [ Dy | D, | Dy | Dy
ol 1|1 ]o] o] o |1 (1 TR T T N I i
Csb | RS | RDb |WRb | RE, | RE; | REq D, | De | Ds | Do [ Dy | D, | Dy | Dy
0 1 1 0 0 0 1 1 1 0 0 PAes/ | PAs2/ | PAs1/ | PAso/

PA143 | PA142 | PA141 | PA140

Csb | RS | RDb |WRb | RE, | RE; | REq D | De | Ds | Do [ Dy | D, | Dy | Dy
ol 1|1 ]o] o] o1 (I T L Y I i
Csb | RS | RDb |WRb| RE, | RE; | REq D, | De | Ds | Do [ Dy | D, | Dy | Dy
0 1 1 0 0 1 0 0 0 0 0 PA73/ | PA72/ | PA71/ | PAzo/

PA1s3 | PA1sz | PA1s1 | PAsso

Csb | RS | RDb |WRb | RE, | RE; | REq D, | D¢ | Ds | Do [ Dy | D, | Dy | Dy
ol 1|1 ]o]o]|1|o oo o | 1| || |m
Csb | RS | RDb |WRb | RE, | RE; | REq D, | Dg | Ds | Do [ Dy | D, | Dy | Dy
0 1 1 0 0 1 0 0 0 1 0 PBos/ | PBo2/ | PBo1/ | PBoof

PBss | PBs2 | PBgi | PBgo

Csb | RS | RDb |WRb | RE, | RE; | RE, D, | Dg | Ds | D, [ Dy | D, | Dy | Dy
ol 1|1 ]o]o]|1|o oo | 1] R
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CSb [ RS | RDb |WRb| RE, | REs | REg Dy De Ds Dy D3 D, D4 Do

PB1a/ | PB12/ | PB11/ | PB1o/
ol 1|1 ]oflof|1]o o [ 1o | o |5 | e

Ccsb | RS | RDb |[WRb | RE; | RE; | RE, D, | Ds | Ds | D, [ Dy | D, | Dy | Dy
ol 1|1 ]o]o]|1]o o[ 1 o [ 1| R
Csb | RS | RDb |[WRb | RE, | RE; | REq D, | De | Ds | D, [ Dy | D, | Dy | Dy
0 1 1 0 0 1 0 0 1 1 0 PB23/ | PB22/ | PB21/ | PB2o/

PB1o3 | PB1o2 | PB1o1 | PB1oo

Csb | RS | RDb |WRb | RE, | RE; | REq D, | De | Ds | Do [ Dy | D, | Dy | Dy
ol 1|1 ]o]o]|1|o O I Y A I IR I il
Csb | RS | RDb |WRb | RE, | RE; | REq D | De | Ds | Do [ Dy | D, | Dy | Dy
0 1 1 0 0 1 0 1 0 0 0 PBsa/ | PB32/ | PBa1/ | PBao/

PB113 | PB112 | PB111 | PB11o

Csb | RS | RDb |WRb| RE, | RE; | REq D, | De | Ds | Do [ Dy | D, | Dy | Dy
ol 1|1 ]o]o]|1]o 1o o | 1| || |¥
Csb | RS | RDb |WRb | RE, | RE; | REq D, | D¢ | Ds | Do [ Dy | D, | Dy | Dy
0 1 1 0 0 1 0 1 0 1 0 PBsa/ | PBa2/ | PBai1/ | PBuaof

PB123 | PB122 | PB121 | PB12o

Csb | RS | RDb |WRb | RE, | RE; | REq D, | Dg | Ds | Do [ Dy | D, | Dy | Dy
ol 1|1 ]o]o]|1]o o |1 ||| | R
Csb | RS | RDb |WRb | RE, | RE; | RE, D, | Dg | Ds | D, [ Dy | D, | Dy | Dy
0 1 1 0 0 1 0 1 1 0 0 PBs3/ | PBs2/ | PBsi/ | PBsof

PB133 | PB13z | PB131 | PB13o
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Csb | RS | RDb |WRb | RE, | RE; | RE, D; | Ds | Ds | D, [ Dy | D, | Dy | Dy
ol 1|1 ]o]o]|1]o (N I VA T L I A 5
Ccsb | RS | RDb |[WRb | RE; | RE; | RE, D, | Ds | Ds | D, [ Dy | D, | Dy | Dy
0 1 1 0 0 1 1 0 0 0 0 PBsa/ | PBe2/ | PBe1/ | PBeo/

PB143 | PB142 | PB141 | PB14o

Csb | RS | RDb |[WRb | RE, | RE; | REq D, | De | Ds | D, [ Dy | D, | Dy | Dy
ol 1|1 ]o ] o] 1|1 o oo | 1| ||~ |8
Csb | RS | RDb |WRb | RE, | RE; | REq D, | De | Ds | Do [ Dy | D, | Dy | Dy
0 1 1 0 0 1 1 0 0 1 0 PB7a/ | PB72/ | PB71/ | PBzo/

PB1s3 | PB1sp | PB1s1 | PBuso

Csb | RS | RDb |WRb | RE, | RE; | REq D | De | Ds | Do [ Dy | D, | Dy | Dy
ol 1|1 ]o ] o] 1|1 oo |1 | 1| ||
Csb | RS | RDb |WRb| RE, | RE; | REq D, | De | Ds | Do [ Dy | D, | Dy | Dy
0 1 1 0 0 1 1 0 1 0 0 PCos/ | PCo2/ | PCot/ | PCoo/

PCs3 | PCs2 | PCs1 | PCso

csb | RS | RDb |WRb | RE, | RE; | RE, D, | De | Dy | Dy [ Dy | D, | Dy | Dy
o | 1|1 ]o]|o| 1|1 o[ 1 o [ 1| R
csb | RS | RDb |WRb | RE, | RE; | RE, D, | D | Dy | Dy [ Dy | D, | Dy | Dy
0 1 1 0 0 1 1 0 1 1 o | PCw/ | PCil | PCu/ | PCrof

PCg3z | PCo2 | PCo1 | PCoo

csb | RS | RDb |WRb | RE, | RE; | RE, D, | Dy | Ds | Dy [ Dy | D, | D; | Dy
o | 1|1 ]o]|o | 1|1 o[ 1l R
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CSb [ RS | RDb |WRb| RE, | REs | REg Dy De Ds Dy D3 D, D4 Do

PCas/ | PCaaf | PC24/ | PCoof
0 1 1 0 0 1 1 1 0 0 0 PC1o3 | PC1o2 | PC1o1 | PCioo

csb | RS | RDb |WRb| RE; | RE; | RE, D, | De | Ds | Dy | D; | D, | Dy | Dy
o | 1|1 ]|o ]| o | 1] 1 1t oo | 1| | ] |p
Ccsb | RS | RDb |WRb | RE, | RE; | RE, D, | Dg | Dy | Dy [ Dy | D, | Dy | Dy

PC113 | PCi12 | PCi11 | PCi1o

csb | RS | RDb |WRb | RE, | RE; | RE, D, | Dy | Ds | Dy [ Dy | D, | D; | Dy
o | 1|1 ]o]|o | 1] 1 o ||| | R
csb | RS | RDb |WRb | RE, | RE; | RE, D, | Dy | Ds | Dy [ Dy | D, | Ds | Dy
0 1 1 0 0 1 1 1 1 0 0 PCaal | PCaol | PCas/ | PCaol

PC123 | PC122 | PC121 | PCi20

csb | RS | RDb |WRb | RE, | RE; | RE, D, | Dy | Ds | Dy [ Dy | D, | D; | Dy
o | 1|1 ]o]o | 1] 1 Tl Lo || R
csb | RS | RDb |WRb | RE, | RE; | RE, D, | Dy | Ds | Dy [ Dy | D, | Ds | Dy
0 1 1 0 1 0 0 0 0 0 0 PCsa/ | PCso/ | PCsi/ | PCso/

PCi33 | PC132 | PC131 | PCiso

csb | RS | RDb |WRb | RE, | RE; | RE, D, | Dy | Ds | Dy [ Dy | D, | D; | Dy
o | 1|1 ]o|1|o]o oo o | 1| || |
csb | RS | RDb |WRb | RE, | RE; | RE, D, | Dy | Ds | Dy [ Dy | D, | Ds | Dy
0 1 1 0 1 0 0 0 0 1 0 PCes/ | PCe2/ | PCs1/ | PCoo/

PC143 | PC142 | PC141 | PC140
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Csb | RS | RDb |WRb | RE, | RE; | RE, D; | Ds | Ds | D, [ Dy | D, | Dy | Dy
ol 1| 1]o]|1]ofo oo |t | |||
Ccsb | RS | RDb |[WRb | RE; | RE; | RE, D, | Ds | Ds | D, [ Dy | D, | Dy | Dy
0 1 1 0 1 0 0 0 1 0 0 PCza/ | PCr2/ | PC71/ | PCro/

PCis53 | PC1s2 | PC151 | PCysp

csb | RS | RDb |WRb | RE, | RE; | RE, D, | Dy | Ds | Dy [ Dy | D, | D; | Dy
o | 1|1 ]o|1|o]o o | 1o | 1| |||

Gradation palette Table (Variable gradation mode, PWM="0" and MON="0")
(Palette Aj, Palette Bj, Palette Cj, (j=0 to15))

Palette Value Gradation Note Palette Value Gradation Note
Level Level
00000 0/31 Gradation Palette 0 | 4 5 o ¢ 16/31
Initial Value
0000 1 1/31 1000 1 17/31 Gradation Palette 8
Initial Value
0 00 10O 2/31 10010 18/31
000 1 1 3/31 Gradgt!on Palette 1 100 1 1 19/31 Gradgt!on Palette 9
Initial Value Initial Value
0 01 00O 4/31 101 00 20/31
0010 1 5/31 Gradalnt'ion Palette2 101 0 1 21/31 Gradatlign Palette 10
Initial Value Initial Value
00110 6/31 101 10 22/31
00 1 1 1 7/31 Gradqti_on Palette 3 101 1 1 23/31 Grada;ipn Palette 11
Initial Value Initial Value
01 000 8/31 1710 0 0 24/31
0100 1 9/31 Gradqti_on Palette 4 110 0 1 25/31 Gradat.ic_an Palette 12
Initial Value Initial Value
01010 10/31 171010 26/31
010 1 1 11/31 Gradqti_on Palette 5 110 1 1 27/31 Gradat.ic_an Palette 13
Initial Value Initial Value
01100 12/31 1711 00 28/31
0110 1 13/31 Gradqti_on Palette 6 1110 1 29/31 Gradat.i(_)n Palette 14
Initial Value Initial Value
01110 14/31 111 10 30/31
0111 1 15/31 Gradqti_on Palette 7 111 1 1 31/31 Gradat.i(_)n Palette 15
Initial Value Initial Value
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(32-16) Initial COM line
The “Initial COM line” instruction is used to specify the common driver that starts scanning the display
data. The line address, corresponding to the initial COM line, is specified by the “Initial display line”

instruction.
CSb | RS [RDb [WRb| RE, | RE; | REq D, Ds Ds D, D, D, D, Dy
0 1 1 0 1 0 0 0 1 1 0 SC; | SC, | SC; | SCy
SC3 | SC2 | SC1 | SCO Initial COM line (SHIFT=0) Initial COM line (SHIFT=1)
0 0 0 0 COM, COM ;27
0 0 0 1 COM, COM ;23
0 0 1 0 COM;g COMj49
0 0 1 1 COMyq COM44
0 1 0 0 COM,, COMyg3
0 1 0 1 COM;, COMgs
0 1 1 0 COMyq COMg;
0 1 1 1 COMyg COMyq
1 0 0 0 COMsg COMz4
1 0 0 1 COMg4 COMsg;
1 0 1 0 COMy, COMs5
1 0 1 1 COMgg COMy7
1 1 0 0 COMgg COMj3q
1 1 0 1 COMgg COM3;,
1 1 1 0 COM104 COM23
1 1 1 1 COMy45 COM;5
SHIFT=0: Positive scan direction (for instance, COMy — COM;57)
SHIFT=1: Negative scan direction (for instance, COM,,; - COMy)

(32-17)Display clock / Duty-1
The “Display clock / Duty-1" instruction is used to enable or disable the display clocks (CL, FLM, FR, and
CLK), and to control ON/OFF of the “Duty-1". For more detail about the “Duty-1”, see (32-11) “Duty cycle

ratio”.
CSb [ RS | RDb [WRb| RE, | RE; | RE, D, Dg Ds Dy Dj D, D, Dg
0 1 1 0 1 0 0 0 1 1 1 * * DSE | SON
SON=0: CL, FLM, FR, and CLK outputs level “0”.
SON=1: CL, FLM, FR, and CLK outputs are active.
DSE=0: Duty -1 OFF
DSE=1: Duty -1 ON
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(32-18) Gradation mode control
The “Gradation mode control” is used to select display mode as follows.

CSb [ RS | RDb |WRb| RE, | REs | REg Dy De Ds Dy D3 D, D4 Do
0 1 1 0 1 0 0 1 0 0 0 |PWM]|C256| * *

® PWM register

PWM=0: Variable gradation mode
(Variable 16-gradation levels out of 32-gradation level of the gradation palette)
PWM=1: Fixed gradation mode
(Fixed 8-gradation levels)

® C256 register

C256=0 256-color mode OFF (4,096-color in the default setting)
C256=1 256-color mode ON
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(32-19)Data bus length
The “Data bus length” instruction is used to select the 8- or 16- bit data bus length and determine the
internal or external oscillation. In the 16-bit data bus mode, instruction data must be 16-bit (D45 to D) as
well as display data. However, for the access to the instruction registers, the lower 8-bit data (D; to D) of
the 16-bit data is valid. For the access to the DDRAM, all of the 16-bit data (D45 to Do) is valid.

CSb | RS | RDb [WRb | RE; | RE; | REg Dy D¢ Ds Dy Ds D, D4 Do
0 1 1 0 1 0 0 1 0 0 1 * | ABS | CKS | WLS

® ABS register
ABS=0: ABS mode OFF (normal)
ABS=1: ABS mode ON

® WLS register
WLS=0: 8-bit data bus length
WLS =1: 16-bit data bus length

® CKS register

CKS =0: Internal oscillation
(The OSC, terminal must be fixed “1” or “0”.)
CKS =1: External oscillation

(By the external clock into the OSC, or external resister between the OSC, and
0OSC,. OSC; should be open when clock is inputted from OSC;.)
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(32-20)EVR control

The “EVR control” instruction is used to fine-tune the LCD driving voltage (V.cp) so that it is possible to
optimize the contrast level for a LCD panel.

This instruction must be programmed by upper 3-bit data first, next lower 4-bit data. And it becomes

enabled when the lower 4-bit data is programmed, so that it can prevent unexpected high voltage for the
VLCD from being generated.

CSb | RS | RDb [WRb| RE, | RE; | RE, D; De Ds D, D, D, D, Dg
0 1 1 0 1 0 0 1 0 1 0 | DV; | DV, | DVy | DV,
CSb | RS | RDb [WRb| RE, | RE; | RE, D, De Ds D, Dj D, D, Dg
0 1 1 0 1 0 0 1 0 1 1 * DVe | DVs | DV,
DVe | DVs | DV, | DV; | DV, | DV4 | DVq Vicp
0 0 0 0 0 0 0 Low
0 0 0 0 0 0 1 :
11 ] 1 1 [ 1] 1] High
The formula of the V| cp is shown below.
Viep [V] = 0.5 X Vgeg + M (Vgreg — 0.5 X Vgeg) / 127
Vea = Vee X 0.9 Via : Output voltage of the reference voltage generator
Vrec = Vrer X N VRer : Input voltage of the voltage regulator
Vrec : Output voltage of the voltage regulator
N : Register value for the voltage booster
M : Register value for the EVR
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(32-21)Frequency control
The “Frequency control” instruction is used to control the frame frequency for a LCD panel.

CSb [ RS | RDb |WRb| RE, | REs | REg Dy De Ds Dy D3 D, D4 Do
0 1 1 0 1 0 0 1 1 0 1 * Rf, | Rfy | Rfy

® Rfx register (x=0, 1, 2)
The “Rfx” register is used to determine the feed back resister value for the internal oscillator and it
is possible to adjust the frame frequency for the LCD modules.

Rf2 | Rf1 | RfO Feedback resistor value

0 0 0 Reference value

0 0 1 0.8 x reference value
0 1 0 0.9 x reference value
0 1 1 1.1 x reference value
1 0 0 1.2 x reference value
1 0 1 0.7 x reference value
1 1 0 1.3 x reference value
1 1 1 Inhibited

(32-22)Discharge ON/OFF
Discharge circuit is used to discharge the electric charge of the capacitors on the V, to V4 and the V| ¢p
terminals. The “Discharge ON/OFF” instruction is usually required just after the internal power supply is
turned off by setting “0” into the “DCON” and “AMPON?” registers, or just after the external power supply is
turned off. During the discharge operation, the internal or external power supply must not be turned on.

CSb | RS | RDb [WRb| RE; | RE; | REq D, Dg Ds D, D, D, D, Dy
0 1 1 0 1 0 0 1 1 1 0 * * DIS2 | DIS
DIS=0: Discharge OFF (Capacitors on the V cp, V4, V2, V3 and V,)
DIS=1: Discharge ON (Capacitors on the V cp, V4, Vo, Vz and Vy)
DI1S2=0: Discharge OFF (Resistance between Voyr and Veg)
DI1S2=1: Discharge ON (Resistance between Voyr and Vgg)

Note ) Vour and Vge are internally connected with the resistor (100kQ typical) in the power-ON.
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(32-23) Instruction register address
The “Instruction register address” is used to specify the instruction register address, so that it is possible
to read out the contents of the instruction registers in combination with the “Instruction register read”

instruction.
CSb | RS [RDb [WRb| RE, | RE; | REq D, Ds Ds D, D, D, D, Dy
0 1 1 0 1 0 0 1 1 0 0 RA; | RA; | RA; | RA,

(32-24)Instruction register read
The “Instruction register read” instruction is used to read out the contents of the instruction register in
combination with the “Instruction register address” instruction.

CSb | RS | RDb [WRb| RE; | RE; | REq D, Dg Ds D, Dj D, D, Dy

0 1 0 1 0/1 ] 0/1 | O/ * * * * | Internal register data read

(32-25)Window end column address
The “Window end column address” is used to specify the column address for the window end point. The
lower 4-bit data is required to be programmed first and then the upper 4-bit data can be programmed.

CSb | RS | RDb [WRb | RE; | RE; | REq D, Dg Ds D, D, D, D, Dy
0 1 1 0 1 0 1 0 0 0 0 EX; | EX; | EXq | EXp

CSb | RS | RDb [WRb| RE; | RE; | REq D, Dg Ds D, Ds D, D, Dy
0 1 1 0 1 0 1 0 0 0 1 EX; | EXs | EXs | EXy

(32-26)Window end row address set
The “Window end row address” is used to specify the row address for the window end point. The lower
4-bit data is required to be programmed first and then the upper 4-bit data can be programmed.

csb | RS | RDb |WRb | RE, | RE; | RE, D; | Ds | Ds | Ds | Dy | D, | Ds | Dy

o [ 1| 1 lof 1] o] 0 | o[ 1] 0 |EY,|EY,|EY|EY,

csb | RS | RDb |WRb | RE, | RE; | RE, D; | Ds | Ds | Ds | Dy | D, | Di | Dy

o [ 1+ | 1 lo] 1] 0] 0 | o [ 1] 1] * |EYe|EYs|EYs
New Japan Radio Co. Lid,
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|
(32-27)Initial reverse line

The “Initial reverse line” instruction is used to specify the initial reverse line address for the reverse line
display. Lower 4-bit data must be programmed first, next upper 3-bit data. It is programmed in between

004 and 7Fy and the line address beyond 7F is inhibited. The address relation: LSi < LEi (i=7 to 0) must
be maintained in the reverse line display.

CSb | RS | RDb [WRb | RE; | RE; | REg Dy D¢ Ds Dy Ds D, D4 Do
0 1 1 0 1 0 1 0 1 0 0 LS; | LS, | LSy | LSy
CSb | RS | RDb [WRb | RE; | RE; | REg Dy De Ds Dy Ds D, D4 Do
0 1 1 0 1 0 1 0 1 0 1 * LSe | LSs | LS,

(32-28)Last reverse line

The “Last reverse line” instruction is used to specify the last reverse line address for the reverse line
display. Lower 4-bit must be programmed first, next upper 3-bit data. It is programmed in between 00, and

7F4 and the line address beyond 7Fy is inhibited. The address relation: LSi < LEi (i=7 to 0) must be
maintained in the reverse line display.

CSb | RS | RDb [WRb | RE; | RE; | REg Dy D¢ Ds Dy D3 D, D4 Do
0 1 1 0 1 0 1 0 1 1 0 LE; | LE, | LEs | LEg
CSb | RS | RDb [WRb | RE; | RE; | REg Dy D¢ Ds Dy Ds D, D4 Do
0 1 1 0 1 0 1 0 1 1 1 * LEs | LEs | LEs

(32-29)Reverse line display ON/OFF

The “Reverse line display ON/OFF” is used to enable or disable the reverse line display for the blink
operation and determine the reverse line display mode.

CSb | RS | RDb [WRb | RE; | RE; | REg Dy De Ds Dy D3 D, D4 Do

0 1 1 0 1 0 1 1 0

0 0 * * BT [LREV

® | REV register
The “LREV” register is used to enable or disable the reverse line display.

LREV =0: Reverse line display OFF (Normal)
LREV =1; Reverse line display ON

. New Japan Radio Co.L1d.




® BT register

NJU6815

The “BT” register is used to determine the reverse line display mode in the reverse line display ON
(LREV=1) status.

BT =0:
BT =1:

Normal reverse line display
Blink once every 32 frames

ONENEC
mOO0Om
mOO0O0
ONENRC
ooodom
mOO0Om
ONENEC
oooon

Display examples in the LREV="1" and BT="1"

Blink once every 32 frames

NJRC
LCD DRIVER

Low Power and

Low Voltage

Blink once every 32 frames

NJRC

LCD DRIVER

Low Power and

Low Voltage

New Japan Radio Co. Lid,

EOO0OM
ONENEC]
ONEEN
EOO0OMN
EEEE[]
ONENE[C]
mEOOOM
EEEEN

~ Initial reverse line address

~ Last reverse line address
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(32-30) Gradation Palette setting control

CSb | RS | RDb [WRb | RE; | RE; | REg Dy De Ds
0 1 1 0 1 0 1 1 0 0

D, Ds D, D Do

PS

® PS register
PS=0: Lower 8 Gradation setting
PS=1: Upper 8 Gradation setting

(32-31)PWM control
The “PWM control” is used to determine the PWM type for the segment waveforms, where the type can
be specified for each of the SEGAIi, SEGBi and SEGCi (i=0-127) drivers.

CSb | RS | RDb [WRb| RE, | RE; | RE, D, Dg Ds D,
0 1 1 0 1 0 1 1 0 1 0
® PWMS register

PWMS=0: Type 1
PWMS=1: Type 2

Ds
PWMS

D,
PWMA

D
PWMB

Do
PWMC

® PWMA, B and C registers
The “PWMA, PWMB and PWMC” registers are used to select the type 1-O or type 1-E.

PWMZ=0 (Z=A, B and C): Type 1-O
PWMZ=1 (Z=A, B and C): Type 1-E

PWM typel (PWMS="0")

E Odd line

J

13

. Even line
“HH

CL
“L”

r—-
|

—I
|
|

Type-O

Vs
SEG
Vico

Type-E
V,

|
|
Viep i
|

i !
i

W

H

PWM type2 (PWMS="1")

“H"
CL

oL

Vico
SEG

Vo

1

i
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(33) The relationship between Common drivers and row addresses
Row address assignment of common drivers is programmed by the “ SHIFT ” register of the “ Display
control (1) 7, “ Duty cycle ratio ”, “ Internal display line ” and “ Initial COM line ” instructions.

® When initial display line is “0”
If the “ SHIFT “is “ 0 “ the scan direction is normal. When the “ LA, to LAg ” registers of the
“ Initial display line “instruction is “ 0 “, the “ MY “ corresponding to the initial COM line is “ 0 “ and is
increasing during display.

® When initial display line is not “0”
If the “ SHIFT “is “ 1 “ the scan direction is inversed. When the “ LA, to LAg ” registers of the
“ Initial display line “instruction is not “ 0 “, the “* MY “ corresponding to the initial COM line is this
setting value and is increasing during display.

The following are examples of setting the start-line 0 or 5 at 1/129, 1/128, or 1/17 duty.

New Japan Radio Co. Lid,
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(33-1) Initial display line “0”, 1/129 duty cycle (Common forward scan)
SHIFT="0"(Common forward scan), DS, 2, 1,0="0000", LAs....LAc="00000000"(Initial display line 0)

SC, [ SC, [ sCi | SG 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1M1
COMo 0 124 120 112 104 6 8 0 72 64 6 48 40 2 24 6
COl
Gow ¥
COMs 127
COM; 0
COMs

A
;
A
A

(&)
(&)
(&)
(&)
COM1o
COMy,
COM:,
COM13 v
(&)

COM:s 127
COMis 0
COMy,
COM:s
COM1s
COMzo
COMy:
COMy,
COMzs 127
COMa4 0
COMps
COMzs
COMy,
COMzs
COMze
COMgo
COMs; 127
COMs, 0
COMgs
COM4
COMgs
COMgs
COMy,
COMgs
COMso 127
COMao 0
COMas
COMs
COMaz
COMaa
COMas v
COMus

COMa7 127
COMas 0
COMas
COMso
COMs;
COMs,
COMss
COMsq
COMss 127
COMss 0
COMs;
COMss
COMse
COMso
COMs:
COMe;
COMss 127
COMeq 0
COMes
COMes
COMe;
COMes
COMes
COMzo
COMy; 127
COMy, 0
COMzs
COMz
COMzs
COMze
COM7,

COMzs V
COMys 127
COMso 0
COMs;
COMs,
COMs
COMq
COMs

COMs v
COMg; 127
COMss 0
COMgs
COMgo
COMs;
COM,
COMos

COMgs v
COMss 127

COMs 0 v

COMio3 127
COM04 0

COM1 127
COM12 0

= ¥ Y v v R A
v VvV VvV V¥ | A A A i A

COM127 127 123 119 111 103 95 87 79 71 63 55 47 39 31 23 15
(129" COM period) *1 127 127 127 127 127 127 127 127 127 127 127 127 127 127 127 127

DS: Duty cycle ratio, SC: Initial COM line, LA: Initial display line
*1 : 129" COM period is not selected.
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(33-2) Initial display line “0”, 1/17 duty cycle (Common forward scan)

SHIFT="0"(Common forward scan), DS;, 2, 1,0="1110", LAs....LA,="00000000"(Initial display line 0)

SC; [ SC, [ sC, [ sGo 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 111
COMo 0
COM;
COMz
COMs3
COM4
COMs

5
12
5
o

col
col
col
col
COMi
COMy,
COM
COMis v
col

COMs 15
COM5 0
COM;,
COMs
COMo 15
COMzo
COMy1 i
COM;

COMy; 15
COMas 0
COM;s
COMzs
COM;;
COMzs
COMzo

Cotls A 4
COMs, 15
COMs; 0
COMsy
COMs
COMss
COMss
COMs,

Cotis v
COMso 15
COMyo 0
COMy
COMi
COMiy
COMus
COMis

CoMie ad
COMy 15
COMug 0
COMio
COMsy
COMs;
COMs
COMsy

COMss V¥
COMss 15
COMss 0
COMs;
COMss
COMso
COMeo
COM: v
]

COM; 15
COMes 0
COMes
COMes
COMer
COMes
COMeo

Coths V
COMy, 15
COMy, 0
COMy,
COMy4
COMys
COMys
COMy,

COMys V
COMz, 15
COMo 0
COM;
COMs
COMs;
COMas
COMss

Colle A 4
COMs; 15

COMss v 0
1

COMess 15
COMgs

COMio3 15
COM04

<+

0
: |

COMi1 1 | -
COMnz v .

COMu1o 1

a

T

COM 27 15
(17" _COM period) *1 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

DS: Duty cycle ratio, SC: Initial COM line, LA: Initial display line
*1 : 17" COM period is not selected.
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(33-3) Initial display line “0”, 1/129 duty cycle (Common backward scan)

SHIFT="1"(Common backward scan), DS, >, 1,0="0000", LAs....LA:="00000000"(Initial display line 0)
[ sc. T sci [ sGo 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
127 123 119 11 103 95 87 79 7 63 55 47 39 31 23 15

AT A A TA A A A A TA A A A A TA A A

SC.
COil
COil
COl
COil
COl
COl
COl
COl

COMss 0
COMis 127

CoMzs 0 A_

COM24 127

COMs; 0 A

COMs3, 127

COMag 0 A
COMao 127
COMaq

COMs A
COMas
COMaq
COMss
COMss
COMyz 0
COMas 127
COMag

COMso A
COMsq
COMs,
COMss
COMs4
COMss 0
COMss 127
COMs7

COMss A
COMsg
COMeo
COMe1
COMe
COMe3 0
COMe4 127
COMes

COMes A
COMg7
COMes
COMeg
COMro
COMy1 0
COMy, 127
COMy3

COMz4 A
COMys
COMre
COMy
COMys
COMyzs 0
COMeso 127
COMe4

COMeg> ‘
COMes3
COMess
COMess
COMess
COMgr 0
COMss 127
COMegg

COMgo ‘
COMs
COMs2
COMg3
COMeg4
COMgs 0
COMgs 127
COMgr

COMgg A
COMgg
COMigo
COMio1
COMig2
COMig3 0
COM104 127
COMigs

COMios A
COMior
COMios
COMigg
COMio
COMi11 0
COM12 127
COMus

COM11s ‘
COMus
COMg
COMi7
COMug
COMg
COMi20 127
COM121

COMi22 ‘
COMi2s 0
COM124 127
COMizs A
COMi126

COM127 0 124 120 112 104 96 88 80 72 64 56 48 40 32 24 16
(129" COM period) *1 127 127 127 127 127 127 127 127 127 127 127 127 127 127 127 127

DS: Duty cycle ratio, SC: Initial COM line, LA: Initial display line
*1: 129" COM period is not selected.
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(33-4) Initial display line “5”, 1/129 duty cycle (Common forward scan)
SHIFT="0"(Common forward scan), DS, 2, 1,0="0000", LAs....LA¢="00000101"(Initial display line 5)
SCs | SC, | SC4 | SCo 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 11
[ofe] 1 25 117 109 101 3 5 77 69 1 3 45 7 29 1

COl 26
27
0

o
B
COMz
COMs3
COM,
COMs
s

7

s

o

COl
COl
COl
COl
COM1o
COM14
COMi2
COM3
COM14
COM:s
COMss
COM1z
COM1s 1
COMg
COMzo
COM2q
COM>,
COMz3
COM24
COMzs
COMgzs 1
COMg7
COMzs
COMzg
COMso
COMaq
COMz,
COMs3
COMa4 1
COMss
COMss
COMs7
COMss
COMsg
COMao
COM4q
COMs2 1
COMa3
COMa4
COMss
COMas
COMa4z
COMas
COMag
COMso
COMs1
COMs,
COMs3
COMs4
COMss
COMss
COMs7
COMss
COMsg
COMeso
COMes1
COMes2
COMes
COMes4
COMes
COMes
COMer
COMes
COMeg
COMro
COM7q
COMy2
COMy3
COMy4
COMys

COMeso

Cot A A
COMs, 127
COMs3 0

Nl
N

o| |-

]
N

of |

]
N

of |

IN]
N

o| o

N
N}

o| o

N
N

o e |o

N
]

of d—-|o

]
N

of 4o

«

]
N

oo

COMess
COMesg
COMsgo
COMg1

IN]
N

o|qo

COMss
COMg7
COMess
COMsg

N
N

o|dqo

T

COM04
COM0s
COMios 1
COMo7

COM12 v
COMi2, 127
COMi23 0

COM 24 1

S y v V¥ AR AnTan an Ax B v
o R /2 S 2 a4 ¥

COMiz7 4 0 124 116 108 100 92 84 76 68 60 52 44 38 28 20
(129l COM period) *1 127 127 127 127 127 127 127 127 127 127 127 127 127 127 127 127

DS: Duty cycle ratio, SC: Initial COM line, LA: Initial display line
*1 : 129" COM period is not selected.

N
N

o|dqo
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SE=”1 1!)

itial di ine “0” ty cycle (Common forward scan,_D_ : _

(33-5) Inltlal dlsplay Ilne O : 1}-/|I:T%§ Cctj:»:'ljmx fon}v/ard scag), DS, 2, 1,0="0000", LAs....LA, =”OOOOOO(‘O”(1Ir(1Ji‘t)|gI dlsEEaOyOI;ne 0) ?§1EO—1 = s = — =

X 0100 0101 0110 0111 . .
- L ooﬂoo 0102‘11 0:)2100 0101121 104 6 3 0 72 64 6 48 40 2 2:

COl

COl ? v

gg . 127
A

COMy 0

COMs
3
;
A
3

COl
COl
COl
COl
COM1o
COM14
COMi2 v
COM3

& 127
COM:s 2
COMss

COM1z
COMsg
COMg
COMzo
COM2q
COM>, =
COMz3 2
COM24

COMzs
COMzs
COMg7
COMzs
COMzg
COMso —
COMaq 2
COMz,

COMs3
COMa4
COMss
COMss
COMs7
COMss =
COMsg 2
COMao

COM4q
COMs2
COMa3
COMa4 v
COMss

COMas =
COMa4z 2
COMas

COMag
COMso
COMs1
COMs,
ot A
COMss 2
COMss

COMs7
COMss
COMsg
COMeso
COMes1
COMes2 137
COMes

COMes4

COMes
COMes
COMer
COMes
COMeg v
COMro :
COM7q

COMy2

COMy3
COMy4
COMys
COMys v
COM77 4
COMys :
COMyg

COMeso

COMes1
COMes2
COMess
COMea4 v
COMess v
COMess :
COMes7

COMess

COMess
COMsgo
COMg1
COMs, v
COMss v
COMas

COMess

-y
COMgs

127
: 0
COMi03

COM04

127
. 0
COMin

COM12

o 2 /B, /2 2 . B B A s s 2 A e

15
47 39 31 23

127 123 19 m 103 95 87 79 71 63 55

COM27

DS: Duty cycle ratio, SC: Initial COM line, LA: Initial display line
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m  ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL CONDITION TERMINAL RATING UNIT
Supply Voltage (1) o Vbp -0.3 to +4.0 V
Supply Voltage (2) Vee Vee -0.3 to +4.0 V
Supply Voltage (3) Vour V=0V Vour -0.3 to +20.0 V
Supply Voltage (4) VReG Ta = +25°C VRec -0.3 to +20.0 V
Supply Voltage (5) Vicp Vico -0.3 to +20.0 V
Supply Voltage (6) V1, Vo, V3, V4 V1, Vo, V3, V4 -0.3to Vicp + 0.3 V

Input Voltage \ *1 -0.3 to Vpp + 0.3 V

Storage Temperature Tstg -45 to +125 °C

Note 1) Dgto D45, CSb, RS, RDb, WRb, OSC4, RESb terminals.

B RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL TERMINAL MIN TYP MAX UNIT | NOTE
Vpp1 Voo 1.7 3.3 \Y; *1
Supply Voltage Vb2 2.4 3.3 V *2
VEE VEe 2.4 3.3 \Y; *3
Vicp Vicp 5 18.0 V *4
. Vour Vour 18.0 V
Operating Voltage
P 9 9 VREG VREG Vour X 0.9 V
VREF VREF 2.1 3.3 V *5
Operating o
Temperature Topr -30 85 c

Note1) Applies to the condition when the reference voltage generator is not used.

Note2) Applies to the condition when the reference voltage generator is used.

Note3) Applies to the condition when the voltage booster is used.

Note4) The following relationship among the supply voltages must be maintained.
Vss<V4<V3<V<V4<V cp<Vour

Note5) The relationship: Vrer<Vee must be maintained.

New Japan Radio Co. Lid,
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m DC CHARACTERISTICS 1
Vss = 0V, Vpp = +1.7 to +3.3V, Ta = -30 to +85°C

PARAMETER oo CONDITION MIN TYP MAX | UNIT | NOTE
High level input voltage ViH 0.8 Vbp \ \% *1
Low level input voltage Vi 0 0.2Vpp V *1
High level output voltage | Voui [lon =-0.4mA Vpp - 0.4 V *2
Low level output voltage VoLt [lo. = 0.4mA 0.4 V *2
High level output voltage | Vo2 [lon =-0.1mA Vpp - 0.4 V *3
Low level output voltage Vo2 [lo. = 0.1mA 0.4 \% *3
Input leakage current Il |Vi=VssorVpp -10 10 LA *4
Output leakage current llo |Vi=VssorVop -10 10 LA *5
. . VLCD =10V 1 2
- R = *
Driver ON-resistance ont ||AVon| = 0.5V Vieo = 6V > 7 kQ 6
Stand-by current Ists | CS=Vpp, Ta=25°C |Vop =3V 15 HA 7
Internal oscillation fose1 fy/ = 3v 490 600 710 *8
Frequency fosc2 Ta = 25°C 110 135.5 160 kHz 9
foscs 15.9 19.4 22.9 *10
External oscillation fn_{RI=15kQ 575
Frequency fu | Rf=68kQ 135 kHz 11
fis  |Rf=510kQ 19.6
Voltage converter v N-time booster (N=2 to 6) (N x Veg) v *12
output voltage T |RL = 500kQ (Vour - Vss) x 0.95
Vpp = 3V, 6-time booster
Supply current (1) Ipp1 Whole ON pattern 760 1140
Vbp = 3V, 6-time booster
Supply current (2) Ipp2 Checker pattern 930 1400
Vpp = 3V, 5-time booster
Supply current (3) Iops Whole ON pattern 520 780 s
Vpp = 3V, 5-time booster WA
Supply current (4) Iops Checker pattern 650 980
Vpp = 3V, 4-time booster
Supply current (5) Iops Whole ON pattern 360 540
Vpp = 3V, 4-time booster
Supply current (6) Iops Checker pattern 450 680
Vea Operating voltage Vea |Vee=2.4103.3V (?('%_\Q/)EE) 0.9 Vee (?(2 _\(/)EzE) Y, *14
Vee = 2.4 to 3.3V
Vrec Operating voltage Vree |Vrer = 0.9 X Vee (VXR BF S7N) (Vrer x N) (VXR E,]F 6(3N) \% *15
N-time booster (N=2 to 6) ) )
Vy -100 0 +100
Vs -100 0 +100
Output Voltage Vp12 -30 0 +30 mV *16
V34 -30 0 +30
V24 -30 0 +30
New Japan Radio Co. Lid,
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m CLOCK and FRAME FREQUENCY

. Display duty cycle ratio (1/D)<DSE=0>
PARAMETER |SYMBOL Display mode NOTE
1/128 to 1/81 1/73 to 1/41 1/33 to 1/25 117
16 Gradation mode | fosc/ (62xD) | fosc / (62xDx2) | fosc / (62xDx4) | fosc / (62xDx8)
Internal Simplified
clock fosc 8 grgdation mode fosc/ (14xD) | fosc/ (14xDx2) | fosc / (14xDx4) | fosc / (14xDx8)
B&W mode fosc / (2XD) fosc / (2XDX2) fosc / (2XDX4) fosc / (2XDX8)
FLM
16 Gradation mode fck / (62xD) fck / (62xDx2) | fck / (62xDx4) | fck / (62xDx8)
External Simplified
clock fCK 8 gradation mode fCK / (14XD) fCK / (14XDX2) fCK / (14XDX4) fCK / (14XDX8)
B&W mode fck / (2xD) fck / (2xDx2) fck / (2xDx4) fck / (2xDx8)
New Japan Radio Co. Lid,
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APPLIED TERMINALS and CONDITIONS

Note 1) Dy-D15, CSb, RS, RDb, WRb, P/S, SEL68, RESb
) Do-Dss

) CL, FLM, FR, CLK

Note 4) CSb, RS, SEL68, RDb, WRb, P/S, RESb, OSC;
) Dgo-Dys in the high impedance

Note 6) - SEGAo-SEGA79, SEGBo-SEGB79, SEGCo-SEGC79 and COMo-COM127
- Defines the resistance between the COM/SEG terminals and the power supply terminals (V cp, V1,
V,, V3 and V,) at the condition of 0.5V deference and 1/9 LCD bias ratio.

Note 7) Vpp
- The oscillator is halted, CSb="1" (disabled), No-load on the COM/SEG drivers

Note 8) OSC
- Defines the internal oscillation frequency at (Rf,, Rfy, Rfy)=(0,0,0) in the variable gradation mode.

Note 9) OSC
- Defines the internal oscillation frequency at (Rf,, Rfy, Rfg)=(0,0,0) in the fixed gradation mode.

Note 10) OSC
- Defines the internal oscillation frequency at (Rf,, Rfy, Rfy)=(0,0,0) in the Black & White mode.

Note 11) Vpp=3V, Ta=25°C

Note 12) Vout
- Applies to the condition when the internal voltage booster, the internal oscillator and the internal
power circuits are used.
- Veg=2.4V to 3.3V, EVR= (1,1,1,1,1,1,1), 1/5 to 1/12 LCD bias, 1/129 duty cycle, No-load on
COM/SEG drivers.
- RL=500KQ between the Voyt and the Vss, CA1=CA,=1.0uF, CA3;=0.1uF, DCON="1", AMPON="1"
Note 13) Vbp
- Applies to the condition using the internal oscillator and internal power circuits, no access
between the LSI and MPU.
- EVR= (1,1,1,1,1,1,1), All pixels turned-on or checkerboard display in gradation mode. No-load on
the COM/SEG drivers.
- Vop=Veg, Vrer=0.9Vge, CA1=CA,=1.0uF, CA3=0.1uF, DCON="1", AMPON="1", NLIN="0", 1/129
Duty cycle, Ta=25°C
Note 14) VBA
- Applies to the condition that Vga=Vrer and voltage booster N= 1. DCON="0", Vour=13.5V input.
Note 15) VREG
- Vge=2.4V to 3.3V, Vger=0.9Vgg, Vour=18Y, 1/5 to 1/12 LCD bias ratio, 1/129 duty CyCle,
EVR=(1,1,1,1,1,1,1)
- Checkerboard display, No-load on the COM/SEG drivers, the voltage booster N=2 to 6,
CA{=CA,=1.0uF, CA3;=0.1uF, DCON="0", AMPON="1", NLIN="0"
Note 16) Vicp, V1, Vo, V3, Vy
- Vge=3.0V, Vrer=0.9Vgg, Vour=15V, 1/5 to 1/12 LCD Bias, EVR= (1,1,1,1,1,1,1), Display OFF, No-
load on the COM/SEG drivers, voltage booster N=5, CA;=CA,=1.0uF, CA3;=0.1uF, DCON="0",

AMPON="1"
0 Vico Voo (1)-(2)
N Vose: (3)-(4)
V2 Vpaa: (2)-(4)
3
(3) Ve
(4) Veg
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m  AC CHARACTERISTICS

® Write operation (80-type MPU)

tass taHs
CSb
RS
WRb Al t - |
- WRLWS8 - tWRHWS \
X pa X
toss tRHg
i
DO to D15 \
4
- toves -
(Vpp=2.5 to 3.3V, Ta=-30 to +85°C)
PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns CSb
Address setup time tass 0 ns RS
System cycle time toyes 90 ns
Enable "L” level pulse width twrLws 35 ns WRb
Enable "H” level pulse width twrHWs 35 ns
Data setup time tbss 30 ns
Data hold time tous 5 ns Do to D1s
(Vpp=2.2 to 2.5V, Ta=-30 to +85°C)
PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns CSb
Address setup time tass 0 ns RS
System cycle time toves 160 ns
Enable "L” level pulse width twrLws 70 ns WRb
Enable "H” level pulse width twrHws 70 ns
Data setup time tbss 40 ns
Data hold time tous 5 ns Do to D1s
(Vpp=1.7 to 2.2V, Ta=-30 to +85°C)
PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns CSb
Address setup time tass 0 ns RS
System cycle time toves 180 ns
Enable "L” level pulse width twrLws 80 ns WRb
Enable "H” level pulse width twrHws 80 ns
Data setup time tbss 70 ns
Data hold time tous 10 ns Do to D1s

Note) Each timing is specified based on 20% and 80% of Vpp.
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) Read operation (80-type MPU)

tAsg tAHB
-
CSb - —
RS ><'T _><
RDb twrLrs /L t X
\ - < WRHRS 1
tRDHﬁ |
Do to D15
_— tRDD:S
< teves -
(Vpp=2.5 to 3.3V, Ta=-30 to +85°C)
PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns CSb
Address setup time tass 0 ns RS
System cycle time toves 180 ns
Enable "L” level pulse width twRLRS 80 ns RDb
Enable "H” level pulse width twrHRs 80 ns
Read Data delay time TroDs _ 60 ns
Read Data hold time Trous CL=15pF 0 ns Do to D1s
(Vpp=2.2 to 2.5V, Ta=-30 to +85°C)
PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns CSb
Address setup time tass 0 ns RS
System cycle time toyes 180 ns
Enable "L” level pulse width twRLRs 80 ns RDb
Enable "H” level pulse width tWRHRs 80 ns
Read Data delay time TroD8 _ 60 ns
Read Data hold time Trous CL=15pF 0 ns Do to D1s
(Vpp=1.7 to 2.2V, Ta=-30 to +85°C)
PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns CSb
Address setup time tass 0 ns RS
System cycle time toyes 300 ns
Enable "L’ level pulse width |  twrirs 140 ns RDb
Enable "H” level pulse width twrHRS 140 ns
Read Data delay time troD8 _ 130 ns
Read Data hold time trons CL=15pF 0 ns Do to D1s
Note) Each timing is specified based on 20% and 80% of Vpp.
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® \Write operation (68-type MPU)
tase taHs

CSb ></_ _\><
RS 5 -
R/W \ /

(WRDb)

I teLwe I
E / - tenwe - /
A N_
(RDb)
tpse fpHe
DO to D15
< teves -

(Vpp=2.5 to 3.3V, Ta=-30 to +85°C)

PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns CSb
Address setup time tass 0 ns RS
System cycle time teves 90 ns
Enable ’L” level pulse width |  tewe 35 ns E
Enable "H” level pulse width tenwe 35 ns
Data setup time tbss 40 ns
Data hold time tons 5 ns Do to D1s

(Vpp=2.2 to 2.5V, Ta=-30 to +85°C)

PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHe 0 ns CSb
Address setup time tase 0 ns RS
System cycle time teves 160 ns
Enable "L” level pulse width teLwe 70 ns E
Enable "H” level pulse width tenwe 70 ns
Data setup time tbse 50 ns
Data hold time toue 5 ns Do to Di1s

(Vop=1.7 to 2.2V, Ta=-30 to +85°C)

PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns CSb
Address setup time tass 0 ns RS
System cycle time teyes 180 ns
Enable "L” level pulse width terwe 80 ns E
Enable "H” level pulse width tEnwe 80 ns
Data setup time tbss 70 ns
Data hold time tons 10 ns Do o D1s

Note) Each timing is specified based on 20% and 80% of Vpp.
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® Read operation (68-type MPU)

tase tams
| —— |
CSb = |
o N X
1L AL
R/W
(WRDb)
e N " tELR6 » v
E - tEHR6 -
v ~ v/
(RDDb)
thHﬁ |
Do to Dy5
tRDD6
< tcves -
(Vpp=2.5 to 3.3V, Ta=-30 to +85°C)
PARAMETER SYMBOL CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns cSb
Address setup time tase 0 ns RS
System cycle time toves 180 ns E
Enable "L” level pulse width teLrs 80 ns
Enable "H” level pulse width teHRs 80 ns
Read Data delay time troDs - 70 ns
Read Data hold time troHG CL=15pF 0 ns Do to Dis
(Vpp=2.2 to 2.5V, Ta=-30 to +85°C)
PARAMETER SYMBOL CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns cSb
Address setup time tase 0 ns RS
System cycle time tcves 180 ns E
Enable "L” level pulse width teLrs 80 ns
Enable "H” level pulse width teHRs 80 ns
Read Data delay time troD6 - 70 ns
Read Data hold time troHs CL=15pF 0 ns Do to Dss
(Vpp=1.7 to 2.2V, Ta=-30 to +85°C)
PARAMETER SYMBOL CONDITION MIN. MAX. UNIT TERMINAL
Address hold time taHs 0 ns cSb
Address setup time tase 0 ns RS
System cycle time toves 300 ns E
Enable "L” level pulse width teLrs 140 ns
Enable "H” level pulse width tEHRs 140 ns
Read Data delay time troD6 = 130 ns
Read Data hold time troHS CL=15pF 0 ns DO to D15

Note) Each timing is specified based on 20% and 80% of Vpp.
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® Serial interface

t
t CsH
CSb\F& <—>7I/

RS XXX
tass -t
taHs
SCL N
tpss tons
SDA >< >< o000
(Vpp=2.5 to 3.3V, Ta=-30 to +85°C)
PARAMETER SYMBOL [CONDITION MIN. MAX. UNIT TERMINAL
Serial clock cycle teves 50 ns
SCL "H” level pulse width tshw 20 ns SCL
SCL "L” level pulse width tsiw 20 ns
Address setup time tass 20 ns RS
Address hold time tAHS 20 ns
Data setup time toss 20 ns SDA
Data hold time tbHs 20 ns
CSb — SCL time tcss 20 ns
. CSb
CSb hold time tesw 20 ns
(Vpp=2.2 to 2.5V, Ta=-30 to +85°C)
PARAMETER SYMBOL [CONDITION MIN. MAX. UNIT TERMINAL
Serial clock cycle teves 50 ns
SCL "H” level pulse width tshw 20 ns SCL
SCL "L” level pulse width tsiw 20 ns
Address setup time tass 20 ns RS
Address hold time taHs 20 ns
Data setup time tbss 20 ns SDA
Data hold time tbHs 20 ns
CSb — SCL time tcss 20 ns
. CSb
CSb hold time tesn 20 ns
(Vpp=1.7 to 2.2V, Ta=-30 to +85°C)
PARAMETER SYMBOL [CONDITION MIN. MAX. UNIT TERMINAL
Serial clock cycle teves 80 ns
SCL "H” level pulse width tshw 35 ns SCL
SCL "L” level pulse width tsiw 35 ns
Address setup time tass 35 ns RS
Address hold time tAHS 35 ns
Data setup time tbss 35 ns SDA
Data hold time tbHs 35 ns
CSb — SCL time tcss 35 ns
. CSb
CSb hold time tesw 35 ns

Note) Each timing is specified based on 20% and 80% of Vpp.

New Japan Radio Co. Lid,

-91-



NJU6815

® Display control timing

CLK —\

tocL
i’a
CL -
tDFLM
tDFLM
FLM
trr
|——————
FR
Output timing (Vpp=2.4 to 3.3V, Ta=-30 to +85°C)
PARAMETER SYMBOL |[CONDITION MIN. MAX. UNIT TERMINAL
FLM delay time torLM CL=15pF 0 500 ns FLM
FR delay time ter 0 500 ns FR
CL delay time tocL 0 200 ns CL
Output timing (Vpp=1.7 to 2.4V, Ta=-30 to +85°C)
PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
FLM delay time tbrLMm CL=15pF 0 1000 ns FLM
FR delay time trr 0 1000 ns FR
CL delay time tbeL 0 200 ns CL

Note) Each timing is specified based on 20% and 80% of Vpp.
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Input clock timing

N tekuw
-t
P

¥

0SC, toknw
(VDD=1.7 to 3.3V, Ta=-30 to +850C)
PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT TERMINAL
OSC, “H” level pulse width (1) tekrw1 0.70 1.02 us 0sC,
OSC; “L” level pulse width (1) tekiws 0.70 1.02 Us m
OSC, “H” level pulse width (2) tokhwa 3.13 4.55 us 0SC,
OSC;, “L” level pulse width (2) tokiwe 3.13 4.55 us D
OSC, “H” level pulse width (3) tekrws 21.8 314 us 0SC;
OSC, “L” level pulse width (3) tekiwa 21.8 31.4 Us B

Note) Each timing is specified based on 20% and 80% of Vpp.

Note 1) Applied to the variable gradation mode / MON="0",PWM="0"
Note 2) Applied to the fixed gradation mode / MON="0",PWM="1"

Note 3) Applied to the B&W mode / MON="1"
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® Reset input timing

RESb \[™ fa >

Internal circuit
status During reset End of reset

(Vpp=2.4 to 3.3V, Ta=-30 to +85°C)

PARAMETER SYMBOL | CONDITION MIN. MAX. UNIT Terminal
Reset time tr 1.0 us
RESDb “L” level pulse width trw 10.0 us RESb

(Vpp=1.7 to 2.4V, Ta=-30 to +85°C)

PARAMETER SYMBOL [CONDITION MIN. MAX. UNIT Terminal
Reset time tr 1.5 Us
RESDb “L” level pulse width trw 10.0 us RESb

Note) Each timing is specified based on 20% and 80% of Vpp.
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® Typical characteristic

PARAMETER SYMBOL MIN TYP MAX | UNIT
Basic delay time of gate Ta=+25°C, Vss=0V, Vpp=3.0V 10 ns

® Input output terminal type
(a) Input circuit

Terminals: CSb, RS, RDb, WRb, SEL68,
P/S, RESb
D % ll: [: Input signal
Vss(0V)
(b) Output circuit
Terminals: FLM, CL, FR, CLK

—— Output control signal

—— QOutput signal

%\/DD
©
ﬁss(OV)

(c) Input/Output circuit

Vop Terminals: Do to Dy5

I/0 -
% {>c Input signal
ss(0V) 5

ss(0V)

Input control signal

—— Output control signal

—— Output signal

ss(0V)
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(d) Display output circuit

LCD Vico Vieo
Output control ,ﬁ T /I\—‘

signal 1

5
3

Terminals:

Output control _{ |/_‘r _ T_\|

signal 3

ss(0V) Va/V, ﬁ/ 7\7/T7s;(0V) le/

SEGA( to SEGA7g
SEGB, to SEGBg
SEGC, to SEGCyqg
COMO to COM127

-906 -

ViV,
}_ Output control signal 2

i‘ Output control signal 4

ss(0V)
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m  APPLICATION CIRCUIT EXAMPLES
(1) MPU Connections

80-type MPU interface 1.7V to 3.3V
|
V V
<A pRs °
A1 to A7H D
7 ecoder L
(80-type MPU) [ORG—» csb
D, to D/« /8 p Dj to D,
RD » RDb
WR » \WRb
RES » RESb vV
GND sS
RESET 7i7
68-type MPU interface 17V to 3.3V
|
V V
A pRs
A1 toAss 715' Decoder | plnsp
(68-type MPU) VMA—p
Dy to D7/« /8 1 Dy to Dy
E » RDb(E)
R/W » \WRb(R/W)
RES » RESb
GND Vss
RESET +
777
Serial interface
1.7V to 3.3V
|
V V
A »Rs
A1 to A7H D
(MPU) 7 ecoder | CSb
PORT, » SDA
PORT, p SCL
RES » RESb
GND Vss
RESET +
777
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[CAUTION]

The specifications on this databook are only
given for information , without any guarantee
as regards either mistakes or omissions. The
application circuits in this databook are
described only to show representative usages
of the product and not intended for the
guarantee or permission of any right including
the industrial rights.
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