NJU6455

B GENERAL DESCRIPTION

PRELIMINARY

BIT MAP LCD DRIVER

The NJU6455 is a bit map LCD driver to display graphics or chara
cters.

It contains 10,400 bit display data RAM, microprocessor interface ¢
ircuits, instruction decoder, 128-segment and totally 33-common (32

out of 33-driver can use as both of common and segment) drivers.

The bit image display data is transferred to the display data RAM
by serial or 8-bit parallel mode.

33 x 128 dot graphics or 8-character 2-line by 16 x 16 dot charact @
er with icon are displayed by NJU6455 itself.

Also, the NJUB455 can extend its display capacity to 33 x 288 dots
of graphics or character display by connecting one more NJU6455.

The wide operating voltage like as 2.4 to 5.5V and low operating c
urrent are useful to apply small sized battery operated items.

NJUB455C

B FEATURES

Direct Correspondence between Display Data RAM and LCD Pixel

Display Data RAM - 10,400 bits

160 LCD Drivers - 33 common(32 out of 33 can assign as segment driver) or 128-segment
Number of Common Driver can select by the Instruction

Direct Interface with both of 68 and 80 type MPU

Serial Interface

Extension Function (can combine with one more NJU6455)

Programmable Duty Ratio ; 1/32 or 1/33 Duty

Useful Instruction Set

H PACKAGE OUTLINE

Display Data Read/Wiite, Display ONJOFF Cont, Inverse Display, Page Address Set, Display Starting
Line Set, Column Address Set, Status Read, All On/Off, Icon Display, Read Modify Write, Common

Driver order Assignment and Power Saving.

@ Power Supply Circuits for LCD Incorporated
Step up Circuits, Regulator, Voltage Follower x 4
@ Electrical Variable Resistance
® Low Power Consumption
® Incorporated CR Oscillator
@ Operating Voltage - 2.4V ~ 5.5V
@® LCD Driving Voltage — 6.0V ~ 13.5V
@ Package Outline -~ Chip / Bumped Chip / TCP
@ C-MOS Technology
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NJU6455

B PAD LOCATION
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Chip Center X=0um, Y=0um

Chip Size X=7.77mm, Y=5.09mm
Chip Thickness 400um * 30um
Pad Size 40um x 100um

Bump Height  25um TYP.
Bump Material Au

New Japan Radio Co. L. 5-795



NJUG6455

M PAD COORDINATES

Chip Size 7.33mm x 5.09mm(Chip Center X=0um,Y=0um)

<

PAD Na_ | Terminal [ X=( 4 m) | Y=( . m) PAD No_{ Terminal | X=( 1t m) Y=( 1 m) PAD Na | Terminal | X=( . m) | Y=( & m)
1 | Vs 3335 2327 51 |0, 3444 1517 101 O.c | 2506 | 2324
2 |v. 3196 2327 52 |0, 3444 1437 102 | O.. | 2426 | 2324
3 |V, 3057 2327 535 |0, 3444 1357 103 | O.o | 2346 | 2324
4 V. 2918 2327 54 |0, 3444 1277 104 | O, | 2266 | 2324
5 |V, 2778 2327 55 |0, 3444 1197 105 | O., | -2186 | -2324
6 | Voo 2639 2327 56 |0, 3444 1117 106 | Os. | 2106 | 2324
7 | wms 2500 2327 57 |0, 3444 1037 107 | Os. | 2026 | 2324
8 | RsST 2361 2327 58 |0, 3444 957 108 | Oss | -1946 | 2324
9 |sCL 2222 2327 59 |0, 3444 877 109 | O.. | -1866 | 2324
THE 2082 2327 60 | 0., | -3444 797 110 | Os. | 1786 | -2324
1| PIS 1943 2327 61 | O.. | -3444 717 11 Oss | 1706 | -2324
12 |cs, 1804 2327 62 | 0.. | -3444 637 112 | O., | 1626 | 2324
13| cs, 1665 2327 63 | 0., | -3444 557 113 | O.o | 1546 | 2324
14| c86 1526 2327 64 | 0., | -3444 477 114 | 0., | 1466 | 2324
15 | AD 1386 2327 65 | 0.5 | -3444 397 115 | O.. | 1386 | 2324
6 | WR 1247 2327 66 | NC 3444 317 116 | O., | 1306 | -2324
17 | RD 1108 2327 67 | NC 3444 237 117 | O.. | 1226 | 2324
18 | Vs 969 2327 68 | 0., | -3444 157 118 | O.s | 1146 | 2324
19 | D, 830 2327 69 | 0., | -3444 77 119 | O., | -1066 | -2324
20 |D, 690 2327 70 | 0., | -3444 3 120 O.. | 986 | 2324
21 |D. 551 2327 71 |O.s | -3444 83 121 O.: | -906 | 2324
22 |D, 412 2327 72 | 0., | -3444 163 122 O | 826 | 2324

23 |D. 273 2327 73 | 0., | -3444 243 123 O:0 | -746 | -2324
24 | D 134 2327 74 | 0., | -3444 323 124 0., | 666 | 2324
25 | D, 6 2327 75 | 0., | -3444 403 125 O.. | -586 | 2324
26 |D- 145 2327 76 | O.. | -3444 483 126 0., | 506 | 2324
27 | DYO 284 2327 77 | 0.s | -3444 563 127 O.. | -426 | 2324
28 | cLo 423 2327 78 | O.. | -3444 643 128 O.s | 346 | 2324
29 |FR 563 2327 79 | 0., | -3444 723 129 0., | -266 | 2324
30 |cL 702 2327 80 | O.. | -3444 803 130 O.. | -186 | 2324
31 |osC. | -84 2327 81 | 0.0 | -3444 883 131 O | 106 | -2324
32 |0SC, | -980 2327 82 | O., | -3444 963 132 0 s 26 | -2324
3 [T, 1119 2327 83 | O.. | -3444 1043 133 0 1o 54 | 2324
4 T, ~1259 2327 84 | NC 3444 1123 134 0., 134 | -2324
35 | Vss | 1398 2327 85 | O0.. | -3444 1203 135 0., 214 | 2324
36 |C1° | 1537 2327 86 | O.. | -3444 1283 136 0., 294 | 2324
37 |c1- | 1676 2327 87 | 0.. | -3444 1363 137 0.. 374 | 2324
38 |c2' | -1815 2327 88 | 0.5 | -3444 1443 138 0.5 454 | 2324
39 |C2- | 1955 2327 89 | 0., | -3444 1523 139 0 .s 534 | -2324
40 | Vour | -2004 2327 90 | 0., | -3444 1603 140 0 .r 614 | -2324
4 |V, 2233 2327 91 | Oss | -3444 1683 141 0.t 694 | 2324
42 |WR 2372 2327 92 | 0., | -3444 1763 142 0.s 774 | 2324
43 |NC 2511 2327 93 | 0., | -3146 2324 143 0,0 854 | -2324
44 | Vo, | -2651 2327 94 |O0.. | -3066 2324 144 0., 934 | 2324
5 |V, 2790 2327 95 |0.. | -2986 2324 145 O.: | 1014 | 2324
46 |V, 2929 2327 9% |O.. | -2906 2324 146 O.s | 1094 | 2324
47 |V, ~3068 2327 97 |0.. | -2826 2324 147 Ov. | 1174 | 2324
48 | V. -3207 2327 98 | 0., | -2746 2324 148 Os: | 1254 | 2324
49 |V, 3347 2327 99 | 0., | -2666 2324 149 O.s | 1334 | 2324
50 |0, 3444 1597 100 | O.. | -2586 2324 150 O.. | 1414 | 2324

5-796 New Japan Radio Co. Lt




7 |
NJU6455

PAD No. Terminal X=( 1 m) Y=( 44 m) PAD Na. Terminal X=( Lt m) Y=( 14 m)
151 Qs 1494 -2324 185 013, 3444 -803
152 O 1574 -2324 186 O 132 3444 -723
153 0100 1654 -2324 187 0.2 3444 -643
154 (ONTH! 1734 -2324 188 0114 3444 -563
155 O.o: 1814 -2324 189 O.ss 3444 -483
156 O 103 1894 -2324 190 O13s 3444 -403
157 0104 1974 -2324 191 Q37 3444 -323
158 O 105 2054 -2324 192 O3 3444 -243
159 O 10s 2134 -2324 193 0135 3444 -163
160 Q107 2214 -2324 194 Oi40 3444 -83
161 0O 100 2294 -2324 195 Oi:4s 3444 -3
162 O 109 2374 -2324 196 O 142 3444 77
163 Oiio 2454 -2324 197 043 3444 157
164 O 2534 -2324 198 NC 3444 237
165 Oz 2614 -2324 1998 NC 3444 317
166 Oi1s 2694 -2324 200 044 3444 397
167 0114 2774 -2324 201 O .45 3444 477
168 O.ss 2854 -2324 202 O 1456 3444 557
169 O 2934 -2324 203 O 147 3444 637
170 O 117 3014 -2324 204 O 145 3444 717
171 Oi1s 3094 -2324 205 O 149 3444 797
172 Qi1 3174 -2324 206 O 150 3444 877
173 Q120 3444 -1763 207 0.5 3444 957
174 Q.2 3444 -1683 208 O 152 3444 1037
175 O 122 3444 -1603 209 O 153 3444 1117
176 0125 3444 -1523 210 O 54 3444 1197
177 Oi24 3444 -1443 211 Oss 3444 1277
178 O 125 3444 -1363 212 [ORTY) 3444 1357
179 Oz 3444 -1283 213 057 3444 1437
180 O 127 3444 -1203 214 055 3444 1517
181 NC 3444 -1123 215 Q.59 3444 1597
182 O 125 3444 -1043 216 NC 3444 1677
183 O .12 3444 -963 217 NC 3444 1757
184 O30 3444 -883 218 COMI 3444 1837
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Hl BLOCK DIAGRAM
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NJUG6455

Hl TERMINAL DESCRIPTION

No. Symbol 1o Function
6,44 Voo power | Power Supply:VDD=5V. Less than 4.5V should be use when voltage tripler
using.
18,35 Vs Power | GND VSS=0V
5,45 V, power | LCD Driving Voltage Supplying Terminal.  If internal voltage tripler does not
446 V. use, supply each level from outside maintained following relation.
3,47 Vs VooZ2 ViZ V.2 V2V.2 V.
2,48 V. When M/S="H" and internal power supply are on, internal circuits generated
1,49,41 Vs and supply following LCD bias voltage to V 1 ~ V . terminals.
Term. V. V: Vs V.
VOI. | Vs +57/67Vico | Vs +4767V ico | vs+26vLCD [V 5+/87VLCD
(VLCD=VDD'V5)
36 c1” (o] Step up capacitor connecting terminals.
37 (o3 I In case of tripler operation, connect the capacitor between C1 * and C1
38 cz2* €2* and C27..
39 c2- In case of doubler operation, connect the capacitor between C2 * and C2 ~,
connect C2* to C1*, and C1~ should be open.
40 Voaour (o] Step up voltage output terminal. Connect the capacitor between this terminal
and V ss .
42 VR | Voltage adjust terminal. V s level is adjusted by external bleeder resistance al
connect between V oo and V5 terminal.
3433 T.,T: t LCD bias voltage control terminals. X Don't Care
T . T Step up cir. Voltage Adj. V/F Cir.
L x Available Available Available
H L Not Avail. Available Available
H H Not Avail. Not Avail. Available
19~26 |Do |/O | Tri-state bilateral Data 1/O terminal when 8-bit parallel operation.
15 AOD | Connect to the Address bus of MPU. The data on the Do to D is distinguished
Display data or Instruction by this signal.
A0 H L
Dist. Display Data Instruction
8 RES [ Reset terminal. When the RES signal goes to "L", the initialization is
performed. Reset operation is executing during "L" state of RES.
12 cs. Chip select terminal. Data |/O is available by following setting.
13 CS. —
Terminal | CS CS.
State L "
17 RD I | <When interface with 80 type MPU>
(E) RD signal of 80 type MPU input terminal. Active"L".
During this signal "L", the data bus becomes as output terminal.
<When interface with 68 type MPU>
Enable clock of 68 type MPU input terminal. Active "H".

New Japan Radio Co. L8, 5-799

<

a




J‘
NJUB455

No. Symbol 110 Function
16 WR | | <When interface with 80 type MPU>
(R'W) Connect the 80 type MPU WR signal. Active "L".

The data on the data bus input synchronizing the rise edge of this signal.
<When interface with 68 type MPU>
Read/write control signal of 68 type MPU input terminal.

R/W H L
State Read Write
14 Cc86 ! Select the MPU interface type.
C86 H L
status | 68 Type | 80 Type
10 ] | Serial data input terminal when serial data interface.
9 SCL | Serial data clock signal input terminal when serial data interface.

Sl data input at the rise edge of SCL in successively. It convert to
the parallel data at the 8th SCL clock rise edge.

1" P/S | Serial or parallel interface select terminal.
P/S Chip Select Data/Command Data ReadMWrite | Serial CLK
"H" CS. ,CS:. Ao Do~D- RD. WR —
"L" CS. CS. Ao Sl Write only SCL

*RAM data and status read operation is impossible when
select the serial interface.
- When select the parallel interface (P/S="H"), Sl and SCL must be
fixed "H" or "L". . .
* When select the serial interface (P/S="L"), RD and WR must be fix
"H" or "L", and D o~ D ; becomes to the high impedance state.

7 M/s | Select the Master or Slave operation.
M/S H L
State Master Slave

The function of oscillator, internal power supply, FR, OSC : and OSC .
change by the M/S setting.

Status 0OsC PowerS | FR | OSC. | 0SC.

Master | Available | Available | Out In Out
Slave | Not Avail | Not Avail | In NC In
32 0OSC | Oscillator Resistance connecting terminals.
Ky OSsC - /0 | - In case of Master mode operation

Oscillation resistance Rf connecting between OSC . and OSC -.
OSC - is output terminal of internal oscillator.
* In case of slave mode operation.
OSC . is a input terminal of the oscillation signal.
OSC , must be open.
*Fix the CL terminal to V ss level when use internal osciflator for
display clock.
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NJU6455

No. Symbol 110 Function
30 CL | Display clock input terminal.
This signal latch the display data. The line counter increment at the
rise edge and the LCD waveform renew at the fall edge.
*When the display clock input from outside, fix the OSC » terminal
to Voo and the OSC . terminalto V ss. then reset by RES signal.
28 CLO O ] Display clock output terminal.
Display clock output only in Master mode.
In case of slave mode, this terminal put on high impedance state.
29 FR /0 | Alternate signal for LCD input/output terminal.  If the two NJU6455
using as a master and slave, connect both FR terminal each other.
M/S H L
FR Output Input
27 DYO (o] Common timing synchronization signal output terminal.
Connect to DIO terminal each other.
50 Oo O | LCD drive output terminals.
~ ~ - Both as a Common and Segment output terminals
10, to 031,0123 to O 1ss
65 O s * Segment exclusive output terminals :0az2 to O 24
*Common or Segment in Common and Segment output terminals is set
68 O by the instruction.
~ ~ * Segment output terminal
83 0O s Segment driving output terminals. The following output voltage is
selected by combination of FR and data in the RAM.
85 0 s:
- - RAM Output Voltage
180 0., Data FR Normal Reverse
H H V DD V 2
L Vs Vs
"12 O; e L H V. Voo
197 O 145 L LE LA
* Common Output Terminal
200 O 14s Common driving output terminals. The following output voltage is
~ ~ selected by combination of FR and common scanning data.
21 5 0 169
Scan data FR | Output Voltage
H Vs
H
L V DD
H V.
L L V.
210 COMI O | Icon common exclusive output terminal.

Icon common exclusive output when Icon Display instruction execution.

Icon Display ON
State COM s>

Icon Display OFF
Vi:orV.

(Terminals 43, 66, 67, 84, 181, 198, 199, 216, 217 are NC)

New Japan Radio Co. Ltd.
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M Functional Description

(1) Description for each blocks

(1-1) Busy Flag (BF)
When the internal circuits are in the operation mode, the busy flag(BF) is "1", and any instruction except
the status read are inhibited.
The busy flag output from D » terminal when status read instruction is executed.

If enough cycle time over than t cv. is kept, no need to check the busy flag and it realized high performanc
e for the MPU.

(1-2) Display Start Line Register
The Display Start Line Register is a pointer register which indicate the address in the Display Data RAM corr
esponded with COM » (normally it display the top line in the LCD Panel). This register can use for scroll th
e screen, change the display page and so on. The Display Start Line Set instruction set the display start ad
dress of the Display Data RAM represented in 6-bit to this register. When Icon Display Instruction is execut
ed, the icon display RAM address set automatically as a last display line as shown in Fig. 1. During lcen Di
splay Instruction do not executed, the icon dispiay RAM address do not selected.

(1-3) Line Counter
The Display Start Address stored in the Display Start Line Register is set to the Line Counter when the FR s
ignal changing. The Line Counter count up by synchronizing common signal cycie and generate the line ad
dress which addressing the read out line of Display Data RAM.

(1-4) Column Address Counter
The column address counter is 8-bit presettable counter which addressing the column address as shown in

Fig. 1. This counter increments (+1) up to (A0) « when the Display Data Read/Write instruction is executed.
The count up is stop at (A0) », do not count up non existing address of over than (AQ) » by the count toc

k function. This count lock is released by new column address set.

Furthermore, this counter is independent with the Page Register.

By the Address Inverse Instruction, the column address decoder inverse the column address of Display Data

RAM comrespondence to the Segment Driver.

(1-5) Page Register
This register gives page address of Display Data RAM as shown Fig. 1. When the MPU access the data b
y changing the page, the page address set instruction is required. Page address "8"(D3="H" and D2=D1=D
0="L"} is lcon exclusive RAM area, the data only for the DO is valid.

(1-6) Display Data RAM
Display Data RAM consists of 10,400 bits stores the bit image display data (each bit correspond to the each
pixel so called bit map method). The each bit in the Display Data RAM correspond to the each dot of the

LCD panel and control the display by following bit data.

When Normal Display : On="1" , Off="0"

When Inverse Display : On="0" , Off="1"
The Display Data RAM output 160-bit parallel data addressed by the line counter, and these data ares set in
to the Display Data Latch.
This RAM and MPU are operating independently, therefore, there is no influence by the unsynchronize rewrit
ing.
The relation between column address and segment output can inverse by the Address Inverse Instruction A
DC as shown in Fig. 1.

5-802 New Japan Radio Co. Lt
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Correspondence with Display Data RAM and Address

(For example the Display start line is 26th)
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(1-7) Common and Segment Driver Assignment
NJUE455 incorporates 160 LCD driver and 1 Icon exclusive LCD driver. For easy assembly, 64 LCD driver ca
n assign as both of Common and Segment driver and 96 LCD drivers are fixed as a segment driver.
Can assign as both of Common and Segment Driver  — Oo t00s: and O 120 to0 O 15s
Assign only to Segment Driver - Os: 100125
When the Output Assignment Register Set instruction which select one assignment from case 1 to case 4, is e
xecuted, each LCD driver is fixed its function automatically as shown below table 1;

Table 1
ADC L]0 —» —> 159
(Do) [H |159 « Column Address < 0
Display Data RAM
Case Status Register LCD Driver Assignment
Ds |D:|Di|Do[0c Ois +0i6 Os::0az 0127 V0128 143+ 144 Q15
1 0 | %]1 1 COM;:, <« COM, SEG 1:4
1 * |1 1 COMs —> COM;; SEG 1:s
2 0 ]l*x]11]0 SEG 1:3s COMo¢ —> COMa,
1 |1 ]O SEG 125 COM s, <« CCMo
3 0 | *%]0 |1 Jcomis<o SEG 1:s COM 15—>3
1 X]0 |1 |comis—>3, SEG ::s COM 1 5< o
4 1% ]0 |0 SEG 150

(* : Don’t Care)

Though the MCU can access to whole column address space of the Display RAM, but the column address are
a which assign as the Common Driver can not to use for the data dispiay area, or, display(segment) data store
d address must be control by the MCU software. lcon display is regardiess with this function, therefore icon D
isplay Instruction must be executed when lcon display needed. In this time, the Icon display Driver COM | is fi
xed to COM s regardless the other Common Driver assignment. Case1 through Case4 is selected by setting
the lower two bits of Do and D . , and the Common Driver scanning order is also set by "1", or "0" written int
o D s in same time.
Master/Slave operation and LCD Driver assignment function are independent completely, therefor in the multi-c
hip application the Common driving function can assign either one of Master or Slave chip.

(1-8) Reset Circuits
The NJU6455 performs following initialization when the RST input is put on the "L" level.

Initialization

Display Off

Normal Display(Non-inverse display)

Icon Display Reset

ADC Select : Normal (ADC Instruction D0="1")

Read Modify Write Mode Off

Internal Power supply(Step up) circuits Off

Clear the serial interface register

Set the 1st line to the Display Start Register

Set the address (00) » to the Column Address Counter

Set the page "0" to the Page Address Register

Select the Case 4 of the LCD Driver Assignment

@@ Set the EVR register to (00) »

The RES terminal connect to the Reset terminal of MPU to reset at same time as shown in "MPU Interface Ex

ample”. The reset signal require over than 10us RES="L" level input as shown in "Electrical Characteristics".
After 1us from the rise edge of RES signal, the normal operation is starting.

SISISCICISIIG ISR XS
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In case of the internal power supply(Step up) circuits do not use, the RES terminal must be "L" when external
power supply turn on. RES="L" input reset internal register and set above default, but oscillation circuits and
output terminals like as 0SC2, FR, CLO, DYO, and DO through D7 are no influence.

No initialization by RES when power turns on, will make Hung up condition, therefore please initialize by the R
ES when power turns on. By the reset Instruction performs only ® through @ mentioned in above.

The noise into the RES terminal should be cared when of the application design to avoid the er
ror function.

(1-9) LCD Diriving

(a) LCD Driving Circuits
NJU6455 incorporate 160 LCD Drivers like as 96 Segment exclusive drivers, 64 both of Common and Segmen
t drivers and 1 lcon exclusive driver. Both of Common and Segment drivers incorporate the shift register whic
h scan the common display signal. The combination among the Display data, COM scan signal and FR signal
define the LCD driving output voltage. The output wave form is mentioned in the Fig. 7.

(b) Display Data Latch Circuits
Display Data Latch stores 160-bit of one line display data for each common cycle which read out from the Di
splay Data RAM temporary and transfer this data to the LCD Driver. The Display On/Off and Static Drive On/
Off controls the latched data only, therefore, the data in the Display Data RAM is no change and keep on rem
aining.

(c) Line Counter and Latch signal of Latch Circuits
The clock for Line Counter and latch signal for the Latch circuits are generated from display clock(CL). The li
ne address is renewed by synchronizing with display clock and 160 bits display data are latched into display la
tch circuits synchronizing with display clock then output to the LCD driving circuits. The display data transfer t
o the LCD driving circuits is executed independently with RAM access by the MPU.

(d) Display Timing Generator
This Generator generates the timing signal for the display system by combination of the master clock and Dri
ving Signal FR. The Frame Signal FR has a function to generate the 2 frame alternative driving method wave
form for the LCD panel, and synchronizing the line counter and common timing generator to the master LSI. T
herefore, the FR signal must be 50% duty ratio clock signal which synchronized with the frame signal. When
NJU6455 use as a slave, the FR terminal change to the input terminal.

(e) Common Timing Generation
The common timing and Common synchronizing signal{DYO) is generated by display clock. And the divided si
gnal of oscillation signal is output from CLO terminal. The DYO output "H" pulse just one display clock before
to the synchronized signal (FR) changing(refer to Fig.2). The DYO outputs regardiess the Master or Slave.
When the Slave selection, the duty setting must be adjust to the Master. In case of the Multi-chip application,
the FR signal must supply from Master chip. The status of FR, CLO, and DYO are as follows;

Table 2
Ope. Mode FR CLO DYO
Master Output | CL Out [ Output
Slave Input HZ Output
* HZ indicate High impedance state.

New Japan Radlio Co. L. 5-805
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* Waveform of Display Timing

31 32 1.2 3 4 5 6 27 _28 29 30 31 32 1 2 3 4 5
c. JupgyuUuunyoor MUy uiurggon

(f) Oscillation Circuits

The Oscillation Circuits which required external oscillating resistance Rf, is a low power CR oscillator and it is

used for display timing signal source, the clock for step up circuits for LCD driving. The oscillation is available
only for the Master operation. When the oscillation signal use for the display clock, connect the CL terminal t

0Vss. In case of the oscillation circuits do not use, connect the OSC: to Voo, OSC . tothe Vss. Th

e oscillation circuits output divided by 8 and output from CLO terminal as a display clock.

{g) Power Supply Circuits

Internal Power Supply Circuits generate the High voltage and Bias voitage which required by the LCD. The p
ower Supply Circuits consist of Step up(Tripler or Doubler) Circuits, Regulation Circuits, and Voltage Follower.
Though the internal Power Supply designed for small size LCD panel, therefore it will not use for the muiti-chi
p or large size LCD panel application. If the contrast is no good in those application, please use external pow
er supply supplied more high current.
The suitable values of the capacitors connecting to the V1 to V5 terminals, the step up circuit and the feedbac
k resistors for V5 operational amplifier depend on the LCD panel. And the power consumption in the LCD pan
el is changeable with the display patam. Therefore a trial with actual module should be practiced.
The operation of internal Power Supply Circuits is controlied by the Internal Power Supply On/Off Instruction.
When the Internal Power Supply Off Instruction is executed, all of the step up circuits, regulation circuits, voita
ge follower circuits are off. In this time, the bias voltage of V1 ,V .,V s, V.4, and Vs for the LCD supply fr
om outside, terminals C1 *, C1~,C2*,C2 " ,and VR are open.  The status of internal power supply can s
electby T» and T . terminal. The external power supply can be used together with some of internal power s
upply function.

Table 3. ( 2% Don't Care)
T1 T2 Step up Voltage Adij. Buffer (V/F) Ext. Pow Supply C1+C1-€2+C2- | VR Term
L X O O O -
H L X ] @) Vour OPEN
H H X X O Vis=Vour OPEN OPEN

When (T 1, T 2 )=(H, L), the terminal for step up circuits of C1 * ,C1 ~C2 * ,C2 ~ are open due to the step up
circuits doesn’t work and supply the LCD driving voltage to the V o+ terminal from outside. And in case of (T
1, T 2 )=(H, H), terminals for step up circuits and VR are open, and supply the LCD driving voltage from outsid

e due to the Step up circuits and Voltage adjust circuits are stop its operation.

5-806
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(2) Instruction

The NJUB455 distinguish the signal on the data bus by combination of A0 and RMW(RD,WR). Normally, the b
usy check is not required as the NJU6455 is operating so first because of the decode of the instruction and
execution are performs only depend on the internal timing which not depend on the external clock. In cas

e of serial interface, the data input from D ; terminal serially.
The Table. 4 shows the instruction codes of the NJU6455.

Table 4. Instruction Code

Code
Instruction AQ0 |RD[WR D ;|Dc|Ds|D+|Ds|D2]D.]|Do Description
(1) Display ON/OFF 0 [1 Jo {1 j0 |1 [0 [1 |1 |1 [0 }JLCD Display ON/OFF
1 J0:OFF 1:ON
(2) Display Start 0 |1 |0 |0 |1 |[Display Start Address Determine the Display Line
Line Set Correspond to the COM ,
(3) Page Address 0 1 |0 |1 |]O |1 |1 |[Page Address |[Setthe page of DD RAM
Set to the Page Add. Register
(4) Column Address Set 0 {1 |o jjo [0 (o |1 High Order Set the Higher order 4 bits
High Order 4bit Column Add. | Column Address to the Reg.
(5) Column Address Set o |1 |o o (0 |0 |0 Lower order Set the Lower order 4 bits
Lower Order 4bit Column Add. | Column Address to the Reg.
(6) Status Read o |0 |1 Status 0 |0 (0 |0 |Read out the inteinal
Status
(7) | Write Display Data 1 (1 |0 Write Data Write the data into the
Display Data RAM
(8) Read Display Data 1 [0 |1 Read Data Read the Data from the
Display Data RAM
9) ADC Select 0o |1 |0 (1 (0 |1 |0 |0 |O |0 |O |Setthe DD RAM vs Segment
1 0:Normal 1:Inverse
(10) | Normal or Inverse 0 i1 |0 |1 (0 |1 |0 |0 |1 |1 |O |inverse the On and Off Display
of On/Off Set 1 _]0:Normal 1:inverse
(11) | Whole Display On 0o |1 |0 (1 (0 |1 |0 |0 |t O ]O |Whole Display Turns On
1 ]0:Normal 1:Whole Disp. On
(12) | lcon Display 0 {1 (0 |1 (0 |1 {0 |1 |O |1 }O }Setthe Duty Ratio
1 ]O:No Icon 1:With Icon
(13) | Read Modify Write 0 |1 |0 [(1 |1 |1 |0 JO |0 |O (O lincrementthe Column Add.
Register when writing but
no-change when reading
(14) | End 0 |t {0 (1 |1 |1 |0 |1 |1 |1 |O |Release from the Read
Modify Write Mode
(15) | Reset 0 |1 |0 (1 |1 |1 |0 |0 10 (1 [O Jinitialize the internal
Circuits
(16) | Output Assignment o |1 |0 |1 |t (0 |O Assignment Set the COM and SEG driver
Register Set Data assignment to the Register
(17) | Intemal Power 0 |1 |0 (0 0 [1 |0 |0 |t O |O |O:Int. Power Supply Off
Supply On/Off 1 _11:Int. Power Supply On
(18) | LCD Driving Voltage 0 |1 o j1 |t |1 |0 |1 {1 [0 |1 |SetLCD Driving Voltage
after the internal(external)
Set power supply is furned on
(19) | EVR Register Set 0o |1 |0 |1 jO [0 |O Setting Data Set the V5 output level to
the EVR register
(20) | Power Save 0o (1 |0 {1 10 |1 (0 |1 |1 (1 Set the Power save Mode
{Dual Command) 0 |1 JOo j1 fo j1 {0 jo 1 |0 |1

New Japan Radio Co. Lid.
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(3) Explanation of Instruction Code

(a) Display On/Off
This instruction executes whole display On/Off no relation with the data in the Display Data RAM and internal ¢

onditions.
_ Rw
A0 RD WR D- Do
Lo [1 [ o [+ Jo 1t Jo 1 1t 1 [o |
D 0: Display Off
1: Display On

(b) Display Start Line
This instruction set the line address as shown Fig. 1. The selected line in the Display Data RAM correspo
nd to the COM » which display at the top of LCD panel The display area is set automatically from the selecte
d line to the line which increase the number of duty ratio. Therefore, the smooth scroli for vertical direction
by changing the start line address on by one or page switching are available by this instruction.

__ Rw
A0 RD WR D Do
[0 [T 1 ] o Jo i1 JAsJA.]JAJA:]A. ] A]
As A As A, A, Ao Line Address
o 0o 0 0 o0 0 0
o 6 o0 o0 o0 1 1
o o 0 0 1 0 2
1 1 1 1 1 0 3E
1 1 1 1 1 1 3F

(c) Page Address Set
When MPU access the Display Data RAM, the page address corresponded to the row address must be select
ed. The access in the Display Data RAM is available by setting the page and column address(Refer the Fig.
1.). The display is no influence by changing the page addressed. Page 8 is a lcon display data area which a
vailable only for the D o .

__ RwW
A0 RD WR D, Do
[0 JT1 T o 1t Jo 1 T1 T JTA-JAJA.]A.]
As A, A Ao Page
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
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(d) Column Address
When MPU access the Display Data RAM, page address set(refer(c) in front page) and column address
set are required before the data writing. The column address set performs twice address setting of
higher order 4 bits and lower order 4 bits. VWhen the MPU access the Display Data RAM continuously, the col
umn address increase "1" automatically, therefore, the MPU can access the data only without address setting.
After writing 1page data ,page address setting is required due to page address doesn't increase
automatically.
The increment of the column address is stopped by the address of (A0) » automatically, but the page
address is no change even if the column address increase to (AD) » and stop. In this time the page address i
s no change.

. Rw

A0 RD WR D, Do
HigherOrder {0 [ 1 | 0 [o [0 [0 [1 JA-]As] As] Ad]
towerOrder | 0 [ 1 | 0 [o [o [o Jo [JA:]A.]A.]As]

A;: As As A. A: A: A. A, Column Address

0o o0 0 0 0 o0 0 o0 0

¢ 0o o0 0 0 o 0 1 1

1 0 0 1 1 1 1 1 9F

(e) Status Read
This instruction read out the internal status of "BUSY", "ADC", "ON/OFF" and "RESET".

. Rw
A0 RD WR D- Do
(0 [+ | o TeusrJapc JoN/oFF[RESET [ 0 [0 [ o [ o |

BUSY :BUSY=1 indicate the operating or the Reset cycle.
The instruction can be input after the BUSY status change to "0".

ADC : Indicate the output correspondence of column(segment) address and segment driver.
0 :Counterclockwise Output(Inverse) Column Address 160-n —— Segment Driver n
1 :Clockwise Output {(Normal) Column Address n «—— Segment Driver n
(Note) The data "O=Inverse” and "1=Normal" of ADC is inverted with the ADC select Instruction
of "1=Inverse” and "0=Normal".

ON/OFF : Indicate the whole display On/Off status.
0 : Whole Display "On"
1 : Whole Display "Off"
(Note) The data "0=On" and "1=Off" of Display On/Off status read out is inverted with the
Display On/Off instruction data of "1=On" and "0=0OFf".

RESET : Indicate the initialization period by RST signal or reset instruction.
0: -
1 ! Initialization Period

New Jaoan Radio Co. Ld 5-809
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(f) Write Display Data

This instruction write the 8-bit data on the data bus into the Display Data RAM. The column address increase

"1" automatically when writing, therefore, the MPU can write the 8-bit data into the Display Data RAM without
any address setting after the start address setting.

__ Rw
AO_RD WR D, D,
[o [t [ o [ WRITE DATA |

(g) Read Display Data

This instruction read out the 8-bit data from Display Data RAM which addressed by the column and page addr
ess. The column address increase "1" automatically when reading, therefore, the MPU can read the 8-bit data
from the Display Data RAM without any address setting after the start address setting. One time of dummy r

ead is required after column address set as explain in "(5-5) Access to the Display Data RAM and Intemal Reg
ister". In the serial interface mode, the display data can not be readout.

. Rw
A0 RD WR D, Do
[0 T1 [ o 1 READ DATA |

(h) ADC Select

This instruction set the correspondence of column address in the Display Data RAM and segment driver outp

ut. (See Fig. 1.) By this instruction, the order of segment output can be changed by the software, and no res
triction of the LS| placement against the LCD panel.

__ Rw
A0 RD WR D- Do
[o [+ [ o [v Jo 1 [o Jo Jo Jo b |
D 0: Clockwise Output (Normal)
1:

Counterclockwise Output (Inverse)

(i) Normal or Inverse On/Off Set

This instruction set the normal or inverse turn on and turn off for whole display. The contents of Display Data
RAM is no changed by this instruction execution.

RW

A0 RD _WR D, Do
[0 [t T o Jt o 7 Jo o[t 1 o]
D 0: Normal RAM data "1" comrespond to "On"
1. Inverse RAM data "0" correspond to "On"

(i) Whole Display On

This instruction executes the all pixel terns on regardless the contents of the Display Data RAM. In this time, t

he contents of Display Data RAM is no change and is kept. This instruction takes over precedence over the "
Normal or Inverse On/Off Set Instruction”.

RIW
A0 RD WR D, Do
o 1 J o [+ fo 1 Jo Jo [1 Jo Jbo |

D 0: Normal Display
1: Whole Display turns on

When Whole Display On Instruction is executed in the Display Off status, the internal circuits put on the power
save mode(refer to the (s) Power Save) .
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(k) lcon Display
This instruction set the 1/33 duty for the lcon Display. The COMI terminal operate as COM s» and output the

icon display data stored in D o of Display Data RAM page 8(refer to the Fig. 4). The icon display in the multi
-chip operation of NJU6455, both of master and slave chip must be set this instruction.

_ Rw
A0 _RD _WR D, Do
[o [+ T o 1 Jo [+ Jo 1 Jo Tt [b ]

(1) Read Modify Write
This instruction set the Read Modify Write Mode which performs the column address increment. During the R
ead Modify Mode, the column address increase "1" automatically when the Display Data Write Instruction is e
xecuted, but the address is no change when the Display Data Read Instruction is executed. This status is co
ntinued during End instruction execution. When the End instruction is entered the column address back to the
address where the Read Modify Wiite instruction entering. By this function, the load of MPU for example cyc
lic data writing operation like as cursor blink etc., can be reduced.

__ Rw
A0_RD _WR 0D, Do
Lo ]+ J o [0 [+ 1 JoJo JoTo Jo ]

Note) During the Read Modify Write mode, any instruction except Column Address Set can be executed.

(m) Sequence of inverse display

Set to the Start
Address of Cursor
Display

Start to the
Read Modify Write

Read to the Data

End to the
Read Modify Write

WNew Japan Radio Co.Lid. 5-811
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(n) End
This instruction release the Read Modify Write mode and the column address back to the address where the r
ead modify write mode setting.

_ Rw
A0 RD WR D, Do
o | 0 L1 A T T R O T O T A

l Return

|
camn XN X ot X X o X Xoom Xw X

Address
Read Modify Set End

(o) Reset
This instruction executes the following initialization.

Initialization
(D Set the 1st line in the Display Start Line Register.
@ Set the Address (00) « to the Column Address Counter.
@ Set the page 0 to the Page Register.
@ Set the case 4 of Output Assignment
(® Set (00) » to the EVR Register for the contrast control

In this time, there are no influence to the Display Data RAM.

. RW
A0 RD WR D> Do
0 | 1 0 1 11 |1 o o o |1 |o

The reset signal input to the RES terminal must be required for the initialization when the power terns on. Su
bstitution of Reset Instruction for the reset signal input to the RES terminal is not allowed.

(p) Output Assignment Register
This instruction set the function both of common and segment terminal and its assignment by the A. and A, .
And the bit A s set the Common Driver scanning order as explain in "(1-7) Common and Segment Driver As
signment" of Functional Description.

_ Rw
A0 RD WR D Do
o |1 0 1 |1 |0 |0 | As| A.| A Ao

A s: Setthe Common Driver scanning order

A A, Ao Status Number of COM and SEG For more detail, Please refert
* 0 0 Case4 SEG 160 o the explanation of (1-7)
* 0 1 Case3 “Common and Segment output
* 1 0 Case2 SEG 125 ,COM 52 assignment.

* 1 1 Casel

(*:Don’t Care)

5-812 New Japan Radio Co. LI,
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(q) Internal Power Supply
This instruction set the intemal Power Supply On/Off. Step up circuits, Voltage Regulator and Voltage Followe

r are activated when set the On. To operate the step up circuits, the operation of oscillation circuits is require

.  Rw
A0 RD WR D> Do
0 |1 0 o o 1 |o o |1 {0 |D

D 0: Internal Power Supply Off
1: Intemal Power Supply On
The internal Power Supply must be Off when external power supply using. In case of the multi-chip applicatio
n of the NJU6455, external power supply is recommended due to the heavy LCD capacitive load.
When the NJU6455 set to the slave chip, the Internal Power Supply should be Off,

(LCD Driving Voltage Set
This instruction sets LCD driving voltage V1 ~ V4 and output LCD driving waveform through the COM/SEG termi

nals.

. Rw
A0 RD WR D Do
0o | 1 0 t |1 [t o [ 1 |1 o |1

(s) EVR Register Set
This instruction set the LCD Display contrast which is controlled by the voltage adijtis circuits. When this instr

uction execute, the internal Electrical Variable Resistor(EVR) to change the V5 output voltage generate one vol
tage state from 16 voltage state. The range of V5 output level can be adjusted by the external resistance. F

or more detail, please refer to the "(4)(b) Voltage Adjust Circuits",
R/W 5
A0 RD WR D, Do
0 1 0 1 0 0 0 As | Az | A | Ao
A A A Ao Vico Vico=Vop-Vs

0 o] 0 0 Low
R When EVR don't use, set the

EVR register to (0,0,0,60).

1 1 1 1 High

(t) Power Save(Dual Command)
When both of Display Off and Whole Display On are executed, the internal circuits put on the power save mod
e and the operating current is reduced as same as stand by current.
The intemnal status in the Power Save Mode is as follows;

1) Stop the Oscillation Circuits and Internal Power Supply Circuits operation.

¢ Stop the LCD driving. Segment and Common drivers output V oo level.

(3 Stop the external clock input. Then the terminal OSC . becomes floating status.
@) Keeping the display data and operating mode as before the power save mode.
© Al of LCD driving bias voltage fixed to the Voo level.

*1 Power save mode requires dual-instruction. After the second instruction" whole Display ON", the power
save mode starts.

*2 In the power save release sequence, the Display ON instruction should be performed after the Normal
Display instruction. The power save mode is released after the Normal Display instruction.

*3  Until "LCD driving voltage set’ execution, NJU6455 operating current is higher than usual state and all
COM/SEG terminals output V oo level continuously except the LCD driving waveform,

*4 In case of external bleeder resistors, cut current on these resistors electrically and fix them to V oo or
float them before the power save mode or at the same time. At this time V ou+ terminal should be floated
or connected to the lowest voltage level of the system.

*5 In case of the external power supply, it should be tumed off before the power save mode or at the same
time, and V ou+ terminal should be floated or connected to the lowest voltage of the system.
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(4) Internal Power Supply

(a) Voltage tripler

Three times negative voitage(V .o common) of the voltage V oo -V ss is output from V cu+ terminal when con
necting three capacitor between C1 * and C1 ~, C2* and C2~, Vss and Vour. In case of the voltage
doubler operation, connect the two capacitor between C2* and C2 ~, Vss and Vour, then connect the C1
* and C2* terminals. Step up circuits like as Voltage Tripler or Doubler using a oscillation circuits output as i
ts clock signal, therefore, the oscillation circuits operation is required when step up operation. The voltage rel
ation regarding the step up circuits is shown in below. When voltage tripler operation, the operation voltage V
oo should be less than 4.5V.

V oo =+5V [ Voo =+4 5V |
Vss=* 0V ‘ Vss=* 0V
Vour =5V

Voltage Relation in Doubler Vour =2V ss =-9V

Voltage relation in Tripler

(b) Voltage Adjust Circuits

The step up voltage of V our output from V s through the voltage adjust circuits. The output voltage of V 5 i
s adjusted by changing the Ra and Rb within the range of | Vs | < | Vour | . The output voltage can cal
culated by the following formula.

Vs =V oo {(1+Rb/Ra)'V res =+ ®

Vop

ke 0l @@ Vieo

o

Rb |

Fig. 3
Where, the V res is a constant voltage in the NJU6455 like as V rec = 2.5.
To adjust the output voltage from V . connect the variable resistance among VR, V oo and V s as shown in

Fig. 3. When fine tuning for V s is needed, combine with the fixed resistance of R1, R3 and variable resistan
ce of R2 is recommended as shown in Fig. 3.

0=

R R3

Design example for R1, R2 and R3
* R1+R2+R3=5M Q (Determined by the current lown between V oo -V 5 )
* Variable voltage range by the R2. -2.6 ~ 4.5V (Voo -Vs— 7V ~ 9V)
(Determined by the LCD electrical characteristics)
R1, R2 and R3 are calculated by above conditions and the formula of @ to mentioned below;(reference)
R1=1.388M Q
R2=0.388M Q
R3=3.214M Q
The voltage adjust circuits has a temperature coefficient against the V «cc output. If necessary, please conn
ect the thermistor to the voltage adjust circuits serially.

To avoid the noise trouble, short wiring or sealed wiring is required for VR terminal input due to the VR termina
| is high impedance.
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(c) Contrast Adjustment by using the EVR function

To use EVR function, the LCD driving voltage of V - which controls LCD display contrast can adjust by the ins
truction. The EVR function is executed to set the 4 bits data into the EVR resistor and determine the one out

put voltage status out of 16 prefixed voltage status.

When execute the EVR function, set the T1 and T2 except the "H, H" and execute the internal Power Supply

On instruction.

[ External parts constants setting example when EVR function using / reference ]

Voo

(1) Determine the V = voltage range controlled by EVR.
LCD Driving Voltage Voo -V s 7 ~9%V
The range of V » 2V

(2) Determine the Rb.
Rb = [The range of V s }/l rer ( 16 status | rer= 2.5 u A constant current )
Rb=2v26 u A = 08MQ *Ta=25°C Voo -Vour =9V

(3) Adjust the Ra

V REG
Ra =
([LCD Driving Voltage}-V e )/Rb
25V
Ra = = 0.44M Q

(7V-2.5V)/0.8M Q

(4) Adjust the Ra

Adjust the Ra to good contrast of LCD display after the (D ,D. D, ,D.) of EVR register setto (1, 0, 0, 0)
or (0,1, 1,1). When the EVR using, Ra use a variable resistance and contrast adjustment mentioned in (4) f

or each chip is required due to the | e+ is simple constant current source.

When the EVR function dces not use, the (D - ,D - D+ ,D o) of EVR register set to (0, 0, 0, 0) by the RES sig

nal or the EVR Register Set instruction.
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(d) LCD Driving Voltage Generation Circuits
The LCD driving bias voltage of V. V : V2 V. are generated intemally to divide the V5 voltage by the blee
der resistance. And its supply to the LCD driving circuits after convert the impedance.
As shown in Fig. 4, five capacitor are required for each LCD driving voltage terminal as a voltage stabilizing.
And the value of capacitor C2 determine by combine with the actual LCD panel.

Using the internal Power Supply Using the external Power Supply
Rt

T T

osc1 osc2 M/s osc1 osc2 M/s

Vss cL 3—- Vss cL
Cl+ Ci+

CI%
Cci- ci-

+ c2+ C2+
CIIE

ci

c2- cz-
Vour *3‘——' Vour
R3
V5 VS
NJUB455
r2 NJUB455 R

Jr Voo #-— Voo
H vi Vi

N v2 External vz

c2 e va Voltage V3
W V4 Generato va

1y Vs Vs

Reference set up value
Vico=Vpo—V5=57~9 V

c1 [a.7~10pF
c2 |01 ~0474F
R1 | 1. 38sMme
R2 | 388K®

R3 | 3. 214MQ

Fig. 4

*1 To avoid the malfunction, use a short wiring for the feed back resistance Rf of osgillation circuits.
*2  Short wiring or sealed wiring is required for the VR terminal due to the high impedance of VR terminal.
*3 Following connection of VOUT is required when external power supply using.

When Vss>Vs - Vour=Vs

When Vssé Ve - Vour=Vss
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(5) MPU Interface

(5-1) Interface type selection
NJU6455 can interface by using both of 8 bit bilateral data bus (D - to D . ) or serial interface (Sl). The 8 bit
parallel or serial interface is determined the P/S terminal connected to "H" or "L" level as shown in Table 5. |
n case of the serial interface, status and RAM data read out is impossible.

Table 5
P/S Type cS1 CcS2 AQ RD WR C86 Sl SCL Do~D-
H Parallel cs1 cs2 AD RD WR C86 - - Do~D>
L Serial cS1 CcS2 A0 - - - Sl SCL -

(5-2) Parallel Interface
The NJUB455 can interface both of 68 or 80 type MPU directly by setting the parallel interface (P/S="H") and "
H" or "L" of the C86 terminal as shown in table 6.

Table 6
C86 Type c31 CS2 0 RD WR Do.~D>
H 68 type MPU est cs2 | 0 E RW | Do~D,
L 80 type MPU st csz | o RD WR_| D.~D,

(5-3) Discrimination of Data Bus Signal o
The NJU6455 discriminate the signal on the data bus by the combination of A0, E, R/W, and (RD,WR) signals
as shown in Table 7.

Table 7
Common | 68 type 80 type Function
AD RIW RD WR
1 1 0 1 Read Display Data
1 0 1 0 Wirite Display Data
0 1 0 ] Status Read
0 0 1 0 Write into the Register(instruction)

(5-4) Serial Interface.(P/S="L")
Serial interface circuits consist of 8 bits shift register and 3 bits counter. Sl and SCL input are activated whe
n the chip select terminals set to CS1="L" and CS2="H", and P/S terminal set to "L". The 8 bits shift register
and 3 bits counter are reset to the initial condition in no chip selection period. The data input from Sl terminal
is MSB first like as the order of D » to D o. and the data is entered into the shift register synchronized at the r
ise edge of the serial clock SCL. The data in the shift register converted to parallel data at the 8th serial clock
rise edge input. Discrimination of the display data or instruction for the serial input data is executed by the A
0 input which take into the LSI at the 8th serial clock rise edge, or, A0="H" is display data and A0="L" is instru
ction. The time chart for the serial interface is shown in Fig. 5. To avoid the noise trouble, the short wiring is
required for the SCL input.

cst  \
cs2 _/
sl XDy X Ds X Ds X Da X Da X D X D: X Do XDs X Ds
sct Ll 2l s laf 1s S lef 1z lsJ 1o lwof
A0 . >

Fig. 5
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(5 - 5) Access to the Display Data RAM and Internal Register.
The NJU6455 is operating as one of pipe-line processor by the bus-holder connecting to the internal data bus t
o adjust the operation frequency between MPU and the Display Data RAM or internal Register.
For example, when the MPU read out the data from the Display Data RAM, the data read out in the data read
cycle(dummy read) is held in the bus-holder at once then read out from the bus-holder to the system bus at ne
xt data read cycle. And when write the data into the Display Data RAM, the data is held in the bus-holder at
once then write into the Display Data RAM by next data write cycle.
Therefore high speed data transmission between MPU and NJUG455 is available because of the limitation of a
ccess time of NJU6455 locking from MPU is just determined by the cycle time only which ignored the access ti
me of t acc and tos of Display Data RAM. If the cycle time can not be kept in the MPU operation, NOP oper
ation cycle which equivalent to the waiting operation is usefut.
Please note that the read out data is a address data when the read out execution just after the address setting.

Therefore, one dummy read is required after address setting or write cycle as shown in Fig. 6.

@ Write Operation

MPU  WR L L L] L
DATA N>
Internal

Timing  1/O Buffer X N X N+1 X N+2 X N+3

WR LJ L L LI

@ Read Operation

MPU WR L]
RD L] | L
DATA (N_>

| Address Set | Dummy Read | Data Read | Data Read
N n n+1

Internal

Timing WR l_l
RD L] L]

< L

Column Address X N X N+1 X N+2
1O Buffer X N X n X n+1 X n+2
Fig.6

(5-6) Chip Select -
CS1,CS2 are Chip Select terminals. The Chip Select is executed by the setting of CS1="L" and CS2="H". O
nly the select mode, the interface with MPU is available. In the non select period, the D o~ D are high im
pedance and A0, RD, WR, Sl and SCL input are put on the disable state. If the serial interface is selected in
the non select period, the shift register and counter are reset. The reset input is regardiess with the condition
of CS1 and CS2.

5-818 Wow Janan Radio Co. L
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B ABSOLUTE MAXIMUM RATINGS (Ta=25°C)
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage (1) Voo - 8% = : zg \"
(used Tripler)
Supply Voltage (2) Vs Voo0-135 ~ Voo +0.3 \"
Supply Voltage (3) Vi~V. Vs ~ Vo403 v
Input Voltage Vin -03 ~ Vo403 \
Operating Temperature Topr - 30~ + 80 °c
Storage Temperature Tstg - gg ~ I }ggz?g ; °c

Note 1) If the LSI are used on condition above the absolute maximum ratings, the LSl may be
destroyed. Using the LS! within electrical characteristics is strongly recommended for
normal operation.  Use beyond the electric characteristics conditions will cause mal-
function and poor reliability.

Note 2) All voltage values are specified as Vss =0 V.

Note 3) The relation : Voo 2 V2 V22 Vo2 V42 Vs ;Voo> Vses= Vour must be maintained.

Note 4) Decoupling capacitor should be connected between VDD and VSS due to the stabilized
operation for voltage converter,

B ELECTRICAL CHARACTERISTICS (1) (Voo =5V + 10%, V << =0V, Ta=-20 ~ +75 °C)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT | Note 5
Operating Recommend 45 5.0 55
, Voo v | s
Voltage(1) | Available 24 5.5
Recommend v Voo-13.5 Voo-3.5
Operating Available ° Voo—13. 5 v
VoItage(Z) Available Vi, Ve Vico=Vopo-Vs Voo~0. 6xVico Voo
Available Va, V. Vs Voo—0. 4xV_ co
V e AQ, Do~Ds, 0. TxVoo Voo
1 RDWR,CS .,
Input V ez CS s R Voo=2. 7V 0. 8xVoo Voo
M/S RES, C86 v
Voltage Viier SI,SCL,P/S Vss 0. 3xVoo
2 Terminals
Viice Voo=2. TV Vss 0. 2xVoo
Vouei1 Do~D7,FR | on =-1mA 0. 8xVoo Voo
1 CLO,DYO
Vonciz T'erminals lon=—120uA 0. 8xVoo Voo
Voo=2. TV
Voucz1 | OSC.. low==0. 5mA 0. 8xVoo Voo
Terminal
Voneze | on =-50UA 0. 8xVoo Voo
Output Voo=2. TV v
Voltage Vorers Do~D, FR [lo.=1mA Vss 0. 2xVoop
2 CLODYO
VoiLciz T’ermina|s loc= 120uA Vss 0.2xVon
Voo=2. IV
Vorc21 J OSC 2 loL= 0. 5mA Vss 0. 2xVoo
Terminal
Voiczz l oL '—;250u\;\ Vss 0. 2xVoo

New Japan Radio Co. L4 5-819
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B ELECTRICAL CHARACTERISTICS (2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT | Note
I.. |AOQ.RD #R,TS,,CSe, CL, W/ -1.0 1.0
Input Leakage RES,C86,SI,SCL,P/S,T1,T2
Terminals uA
Current
lio Do~ D, FR Terminals -3.0 3.0 6
Ront Ta=25 °C Lco =13.5V 2.0 3.0
Driver On-resistance kQ 1 7
Ron2 Vico = 8.0V 3.0 45
Stand-by Current looa M/S8=Vee, 0SC.=FR=Voo 0.05 5.0 uA 8
oo Dlsplay f . =4kHz 13 20 9
Vico = 8.0V
loor2 Rf=1M Q 28 45 10
looas Display cL =4kHz 12 18 9
Operating Current Vico = 8.0V uA
loore [ Voo =27V Rf=1M Q 16 25 10
loozs Accessing 350 500 1
fcyc=200kHz
lopz2 Voo=2. IV 170 240 1
Input Terminal C .~ | Ta=25°C_A0, RD, R, CS., CS. 10 pF
CL,M/S,RES,C86,S1,SCL
Capacitance PIST1,T2D . toD »
Rf=1MQ +2% Vop=35. OV 15 18 21
Oscillation Frequency fosc kHz
Ta=25 °C Voo=2. TV 11 16 21
Input Voo Voo -Vss 24 55 v
Voltage | Voo | Voo-Vss. used Tripler 24 45 12
Output Volt. Vour |Vss-V.ico used Tripler -9.0
On R+r1 } Voo =3V,C=47uF 650 1000 Q
-resistance used Tripler
Adjustment Vour | Tripler Circuit "OFF" Voo—13.5 Voo -5.0 \Y 13
range of LCD
Voltage Driving Volt
Tripler Voltage Ve Voltage Adjustment Voo—13.5 Voo -5.0 v 13
I?ollower Circuit "OFF"
fouta Voo =45V,V Leo =8V 58 2.0
Operating
lovr. | COM/SEG Term.Open, 23 1.0 mA| 14
Current No Access
loura | Display check. pattern 21 0.8
Voltage Reg. | Vres | Vobo-V.ou =9V;Ta=25C T7.8.D 25 T.B.D \") 15
Reference | rer Voo -V.u: =9V;Ta=25 °C T.B.D 25 T.B.D uA
Current

Note 5) NJUB455 can operate wide operating range, but it is not guarantee immediate voltage changing
during the accessing of the MPU.
Note 6) Apply to the High-impedance state of D o to D ; and FR terminals.
Note 7) R ow is the resistance values between power supply terminals(V . ,V = V 5,V 4 ) and each output
terminals of common and segment supplied by 0.1V. This is specified within the range of
supply voltage (2).
Note 8,9,10,11,14) Apply to current after "LCD Driving Voitage Set".

5-820 Weso Japan Radio Co. L
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Note 9) Apply to the external display clock operation in no access from the MPU and no use inter-nal power
supply circuits.

Note 10) Apply to the internal CR oscillator operation in no access from the MPU and no use inter-nal power
supply circuits.

Note 11) Apply to the condition of cyclic (tcyc) inverted data input continuously in no use internal power
supply circuits. The operating current during the accessing is proportionate to the access frequency.
In the no accessing period, it is as same as | co1x .

Note 12) Supply voltage (V oo ) range for intemal Voltage Tripler operation.

Note 13) LCD driving voltage V s can be adjusted within the voltage follower operating range.

Note 14) Each operating current of voltage supply circuits block is specified under below table conditions.

Note 15) Apply to the precision of Voltage on each EVR steps.

MEASUREMENT BLOCK DIAGRAM : | our

YouT

T

T2

loure

V5

g

VSS Cit C2- VOUT
I L.,
louts
VoD VR
é NJU .
6455 "
; VSS Cl+ Cl- C2+ C2- vour

Status Operating Condition Extvgﬁé e
SYMBOL 1|12 Internal Voltage Voltage Voltage (Input gppty
Oscillator Tripler Adjustment Follower p‘Yerminal)
louvrs JL [* Validity Validity Validity Validity Unuse
lourz |H {L Validity Invalidity Validity Validity Use(V our) *= Deg;te
lours |H | H Validity Invalidity Invalidity Validity Use (Vour, Vs)

5-821
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B ELECTRICAL CHARACTERISTICS (3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT | Note
Reset time tr RES Terminal 1.0 us 16
Reset "L" Level Pulse t rw 10 us 17

Width

Note 16) Specified from the rising edge of RES to finish the intemnal circuit reset.
Note 17) Specified minimum pulse width of RES signal. Over than t«w "L" input should be required
for correct reset operation.

5-822 New Japan Radio Co. Léd
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M BUS TIMING CHARACTERISTICS

* Read/MVrite operation sequence (80 Type MPU)

3 tcves
A0,CS
Aws —A € Ttane
e 4 N 4
WR RD / tcen XL tecu 72 \
DH&
Tpss h— |
Do~D+ ) e B ¥ - &t
(Write)
tace | tcus
Doe~D+
(Read)
(Y o0 =5.0V * 10%, Ta=-20 ~ 75 °C)
PARAMETER SYMBOL MIN MAX CONDITION {UNIT
Address Hold Time A0, CS,, CS, t ano 10
Address Set Up Time Terminals t awe 10
System Cycle Time - tcvce 180
Control !E,“L" WR, RD ) tceco (W) 25
Pulse Width RD, "L Terminals | tcc. (R) 80
“H" t CCH 70 ns
Data Set Up Time tose 60
Data Hold Time Do~D, tous 10
RD Access Time Terminals | taccs 70 _
Output Disable Time tons 0 30| CL=100pF
£S,, CS., WR,
Rise Time, Fall Time RD, A0, Do~D, to .ty 15
Terminals
(Voo =2.7V ~ 4.5V, Ta=-20 ~ 75°C)
PARAMETER SYMBOL MIN MAX CONDITION JuNIT
Address Hold Time A0, CS., CS: t ano 25
Address Set Up Time Terminals taws 25
System Cycle Time _ tcvea 450
WR,"L" | WR, RD teee (W) 50
g:;; ZO\IM dth RO, “L" Terminals ftce. (R) | 200
"H" tcen 220 ns
Data Set Up Time toss 120
Data Hold Time Do~D, tons 35
RD Access Time Terminals tacce 140 _
Output Disable Time tons 0 35| CL=100pF
£S,, CS,, WR,
Rise Time, Fall Time RD,A0, Do~D; t. t 15
Terminals

Note 18) Rise time(tr) and fall time(tf) of input signal should be less than 15ns.
Note 19) Each timing is specified bas ed on 0.2xV oo and 0.8xV oo .

New Fapan Radio Co. L1, 5-823
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+ Read/Mrite operation sequence (68 Type MPU)

le t cYCce ﬂ
.’ 4 -
E )4 N
t AWwWeE i EwW
N
RAW - e t, - Jet, §<
/
AH@O
N
A0,CS §<
7
L t pse DHS
N
D o~ DB }—
(Write) /]
(€ tacce oHGe
Do~ B~
(Read)
{V bo =5.0V * 10%, Ta=-20 ~ 75 °C)
PARAMETER SYMBOL MIN MAX CONDITION [ UNIT
Address Hold Time A0, CS,, CS., t ane 10
Address Set Up Time R/W t awe 10
System Cycle Time Terminals tcvce 180
Enable Read E Terminal t 100
Pulse Width Write v 25 ns
Data Set Up Time tose 60
Data Hold Time Do~D- tone 20
Access Time Terminals tacce 70
CL=10
Qutput Disable Time toue 0 25 L=100pF
A0, CS,, CS.
Rise Time, Fall Time R/W, E, Do~0D, t.,t, 15
Terminals
(Voo =2.7V ~ 4.5V, Ta=-20 ~ 75 °C)
PARAMETER SYMBOL MIN MAX CONDITION | UNIT
Address Hold Time A0, CS., CS., t ana 25
Address Set Up Time R/W t awe 25
System Cycle Time Terminals tcvce 450
Enable Read E Terminal t 200
Pulse Width Wiite v 50 ns
Data Set Up Time tose 120
Data Hold Time Do~D> tone 40
Access Time Terminals | taccs 140 -
Oulput Disable Time Lons 0 a5 | CLT00PF
A0, CS,, CS.
Rise Time, Fall Time | R/, E, Do~D, t. t 15
Terminals

Note 20) t cvce indicates the E signal cycle during the CS activation period.

Time must be required after CS becomes active.
Note 21) Rise time(tr) and fall time(tf) of input signal should be less than 15ns.
Note 22) Each timing is specified based on 0.2xV oo and 0.8xV oo .

5-824
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d‘

- ReadM\Vrite operation sequence (Serial Interface)

‘l: CBS t C8H
CcsS
BAL t AN
A0
‘l s8cycC
N 4 N
scL \( toiw E t sriw \
1 " + J
Usps Lson
Sl -3 &t - &t
(V oo =5.0V = 10%,Ta=-20 ~ 75 °C )
PARAMETER SYMBOL MIN MAX §CONDITION JUNIT

Serial Clock cycle tseve 500
SCL "H" pulse width SCL Terminal tsnw 150
SCL "L" pulse width tsiw 150
Address Set Up Time A0 Terminal teas 120 ns
Address Hold Time tsan 200
Data Set Up Time . tsos 120

Sl
Data hold Time Terminal tson 50
gy " C_S;. CS. tcss 30
CS-SCL Time Terminals tcsn 400

SCL, AO, CS,,
Rise Time, Fall Time CS., SlI, t. t 15

Terminals
(Voo =27V~ 45V, Ta=-20 ~ 75°C)
PARAMETER SYMBOL MIN MAX | CONDITION JUNIT

Serial Clock cycle tscve 1000
SCL "H" pulse width SCL Terminal t enw 300
SCL "L" pulse width tsuw 300
Address Set Up Time A0 Terminal tsas 250 ns
Address Hold Time tsan 400
Data Set Up Time . tsos 250

S|
Data hold Time Terminal teon | 100
gy . bs—| CS. tcss 60

.S .

CS-SCL Time Terminals t csn 800

SCL, A0, CS.,
Rise Time, Fall Time CS., SI, . t. bt 15

Terminals

Note 23) Rise time(tr) and fall time(tf) of input signal should be less than 15ns.
Note 24) Each timing is specified based on 0.2xV oo and 0.8xV so .

New Japan Radio Co. L.
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* Display control timing characteristics

K
N\
cL \
N X(
r
t wLCL ’l WHCL DFR
4
FR >§
K
DOH DOL
4
DYo /) \
N
< e
t CDH t CcoL
cLO / /
Input Timing (Voo =5.0V *+ 10%, Ta=-20 ~ 75 °C)
PARAMETER SYMBOL | MIN TYP | MAX JCONDITION JUNIT
"L" level Pulse Width twice 35 s
"H" level Pulse Width CL Terminal twreo 35 ¢
Rise Time tr 30
Fall Time tf 30 ns
FR Delay Time FR Terminal torr -1.0 1.0 “S
(V oo =2.7V ~ 4.5V, Ta=-20 ~ 75 °C)
PARAMETER SYMBOL | MIN TYP | MAX JCONDITION JUNIT
"L" level Pulse Width twice 35 s
"H" level Pulse Width CL Terminal twhel 35 o
Rise Time fr 40
Fall Time tf 40 ns
FR Delay Time FR Terminal torr -1.0 1.0 u s
Output Timing (V oo =5.0V £ 10%, Ta=-20 ~ 75 °C)
PARAMETER SYMBOL | MIN TYP | MAX JCONDITION JUNIT
FR Delay Time FR Terminal torr 60 150 CL=50pF
DYO "H" Delay Time ) toon 70 160
0
DYO "L" Delay Time DYO Terminat | " 70| 160 ns
CLO-DYO0 "H" Delay Time . tcou 40 100
CLO-DYO "L" Delay Time | C-0 'erminal [— 20 | 100 | N
(Voo =2.7V ~ 4,5V, Ta=-20 ~ 75 °C)
PARAMETER SYMBOL | MIN TYP | MAX JCONDITION [UNIT
FR Delay Time FR Terminal torn 120 240 CL=50pF
DYO "H’ Delay Time . tbon 140 250
YO T |
DYO "L" Delay Time DYO Terminal |— """ 140 | 250 ns
CL0-DYO "H” Delay Time ) tcon 100 200
cLoT
CLO-DYO "L" Delay Time erminal [— " 100 | 200 | N %

Note 25) The FR Delay Time of input timing is applied to the slave operation.

The FR Delay Time of output timing is applied to the master operation.
Note 26) The CLO "H,L" Delay Time are applied to the master operation only.
Note 27) Each timing is specified based on 0.2xV oo and 0.8xV oo .

5-826
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B LCD DRIVING WAVEFORM
O 1[2]8[4[5] oo o = = = — BIP2[Of 129 )4]5] = o o = = — = pi1jaz
ol1lelsfals] = === === Jobifolilelslals] = === === lsola1

FR e

COMo Vb — b — — — — = — — - - e e e - L
coM Vio— - i L
COM: V. - FF-—-"—--—- - - = — — -~ —4---—-=-=- - - - - - - . - L
COls COMoy, _ L | _______ S - -
I — l -

COMe
COMs Vo — - -~ —-—---=--—-=-=---= - TT T T T T T T T T T
COMs .
CoMr I e il o S -
Vi — —A1l]-----=-=—=—== =« - - 4 —
co v. - +trFrFtr--------- - - - - - -11------——"="="===--1 -
COMs L -1+t------———=—== == 1 -
coMe Vo T FFrF--"""""""~""~"~"~"~=- -+ — - -
COM: Vs T _J ______________________________ -
COoM:
COM:
CoM Voo —
COM: N
Coly z: —} -
CGHZV: _L_
SSSSES Vo ™1 ~
) f2) M a3 N S —
RS 3
L U —
L e A i 7 et d] ET VU -
v -~ [ (G R _
SEGey X _ _ - {( ,

3 27
VA -r-—--—-—-=-=---------=-"1--"-"fr--—-"=—-"="-""-"="-=—"==-=-=-—7 -
I e e e i S
L e O ety —
Vi i | | |

SEG
'V

Vi
Vs

Ve
Vl
Vs
V2
i
COMo-SEGo Vo
Vi —
Vi
-Vs
Vi
=Vs

Vs I e i —

Vi -~~~ s s - -

Vi - - """~~~ "~~~ - - |- -~ - - ===~ === - — -

122l ol et e -

Vi ! !
COM-SEGI Voo — - b - —— - = - - — - = = || - - - - - T ' -
Vi —

Ve - b oo o\ _

L e [ U -

7 L

B s 1 3
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H APPLICATION CIRCUIT

(1)Microprocessor Interface Examples
The NJU6455 can interface both of 80 type and 68 type MPU by the serial format directly.
Therefore minimum wiring for the MPU interface is available. In case of multi-chip application,
these can connect with MPU respectively and select the each chip by the chip select signal.

®80 Type MPU ——
[
Vee AD AD Voo
. C86
AQ~AT7 [} 77'
Torg Decoder 2
MPU NJU6455
bo~07 Do~D7
R D
" o bsl1
GND RES l RES Vss
1 RESET
77
®68 Type MPU —e—
- [
Vee vV
! -' AD AD bd
o c86 j
A0 ~A15 s
VMA Decoder sz
MPU NJU6455
20~D7 po~DbT
E E :I_
R/% R/ P/s
GND RES I RES Vs
RESET
777
Interface ——
[
Vee AD AD Vor
. €86
Al ~A7 (53! j7_
Decoder v
5 or GND
MPU NJUB455
PORTI S|
PORTZ SCL
GND RES I RES Vss
RESET
ke
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WRC

(2)Connection between LCD Drivers
By the multi-chip application, NJU6455 can expand total display capacity. And common exclusive

driver also can connect with the NJU6455

O®NJU6455 — Common Driver

Voo
Common Driver FR FR NJUB455 l/Sj
IO YSCL 0sC1 0sCc2 €L cLo YO
Vss
Rf
ONJUB455-NJUB45S
(Using OSC Circuit)
Voo
u/s NJU64565 R FR NJU6455
(Master) (Stave) s Vss
0sCr  0sC2 CL cLo YO 0s8Cl 0sC2 cL CLo bYo
[ \{
Rfl-'\lwl s8 1\ 55
Voo
us NJUB45S R FR NJUG 456 WSy,
{Master) (Slave) ;‘
0sC1 o0sC2 cL CLo YO __I::-ﬂ_fjff 0sc2 CcL CLo YO
Rf Vss Vss
ONJUB455—-NJUB45S
(External Clock)
Voo
/S NJU6455 NJUB 455
FR FR
(Master) (Slave) I/S;yss
0sCl 0SC2 L CLo Yo ——I::___fjj] 0sC2 cL cLo YD
VDD VSS ¢

Vss

External Clock

New Japan Radio Co. Lid,

5-829
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JRC, NJU64565

(3)LCD Panel Interface Examples

@1 Chip Construction

33x128

@

NJU&6455

COM

(Master)

OQutput Condition:Case?2

®2 Chip Construction

33x288
SEG SEG
NJUB455 NJUB455
coMm (Master) {Slave)
Cutput Condition:Case? Output Condition:Caseid

5-830 Now Jaoan Radio Co. Lid
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B PACKAGE INFORMATION (NJU6455HO01)

50. 00 (outside)
PO, 28 X 170=47. 60

N1y ) o I o A A

22.00
(outside)

1

ODOoooOoo0ooooopao

P0. 8 x 50=40. 00

" 46. 00 (outside)
) UNIT: mm
B SPECIFICATION
Name Material Thickness

Base Film UPILEX 75+ 8um
Adhesive Epoxi type 19+ 4um
Conductor Layer |Electrolysis Copper Foil 35+ 5um
Plating Sn 0.3%+0. tum
Resist Epoxi type 20+ 15um
Sealing Material Epoxi type —
Bump Au(Gold) -
Thickness of TCP 0. 8mm (Max)

New Fapan Radio Co. L. 5-831
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Bl PIN CONFIGURATION (NJU6455H01)

OUTPUT TERMINALS

No. Name | No. Name [ No. Name || No. | Name [ No. Name | No. Name [ No. Name
1 |DUMMY | 26 023 51 Oas 76 073 101 Oss 126 0123 151 | DUMMY
2 | DUMMY g 27 024 52 Oao 7 074 102 Ooo 127 0124 152 | DUMMY
3 0o 28 025 53 0s0 L] 07s 103 0100 128 0125 153 D144
4 0, 29 02z 54 Os1 n 07 104 0101 129 O128 154 0145
5 02 0 027 5 Os2 80 017 105 | 0102 130 0127 155 0146
6 0s 3 O2s 56 Os3 81 01 106 0103 131 0128 156 0147
7 04 2 029 57 Osa 82 () 107 0104 132 0120 157 0148
8 0s 33 030 58 Oss 83 Os0 108 O10s 133 0130 158 0140
9 0s H 031 59 Oss 84 Qg1 108 0106 134 013, 159 0130
10 01 K] 032 60 Os7 85 0s2 110 0107 135 0132 160 0151
H 0s 36 013 61 Oss 86 0s3 m 0108 136 0133 161 0152
12 0s 37 034 62 0s9 87 0ss 112 0108 137 0134 162 0153
13 Cio B 0as 63 0s0 88 Oss 113 Orio 138 013s 163 0154
14 On 39 [1EY 64 Qs 89 Oss 114 0111 139 0135 164 O1ss
15 012 40 039 65 Os2 90 087 115 0112 140 0137 165 O1se
16 013 41 [LET 66 Os3 91 Oss 116 0113 141 0138 166 0157
17 [ 42 03s 67 Oss 92 0s9 117 0114 142 0139 167 Oiss
18 015 43 040 68 Oss 93 Os0 118 0115 143 0140 168 0150
19 [T 4 O 69 Oss 94 051 119 Ouie 144 0141 169 | COMI
20 012 45 042 0 0s1 95 0s2 120 0117 145 0142 170 | DUMMY
21 018 46 Q43 n Qes 96 0e3 121 Oris 146 0143 171 | DUMMY
2 0o 47 044 A Ose g7 Qo4 122 0o 147 | DUMMY
23 020 48 045 n 070 98 Oss 123 0120 148 | DUMMY
24 | 02 04s 74| 0n 99 | 0se | 124} 0:2s || 149 | DUMMY
25 022 50 047 L] 072 100 097 125 0122 150 | DUMMY

INPUT TEMINALS

No. Name |l No. Name [ No. Name || No. Name |i No. Name | No. | Name [ No. Name
1 |DUMMY | 11 S| 21 D, 31 FR 1 C2- 51 | DUMMY
2 Vs 12 P/S 22 D2 32 CL 42 Vour

3 Va 13 CS4 23 D3 33 | 0SC: 43 Vs

4 V3 14 CS: 24 D4 34 0SCq 44 VR

5 V2 15 c86 25 Ds 35 T2 45 Voo

6 Vi 16 A0 26 Ds 36 T 46 Vi

7 Voo 17 WR 27 Dy 37 Vss 47 V2

8 n/s 18 RD 28 DYO 38 c1t 48 Vs

9 RES 19 Vss 29 CcLO 39 c1- 49 \Z}

10 SCL 20 Do 30 | DUMMY || 40 c2* 50 Vs

5-832 New Japan Radio Co. Lid.



