NJUG6 465

PRELIMINARY
12—CHARACTER 4—LINE
DOT MATRIX LCD CONTROLLER DRIVER

B GENERAL DESCRIPTION M PACKAGE OUTLINE
The NJU6465 is a Dot Matrix LCD controller driver for
12-character 4-line with icon display in single chip
It contains voltage converter and regulator, bleeder
resistance, CR oscillator, microprocessor interface
circuits, instruction decoder controller, character : ﬁE;;;;;;;;Ea
generator ROM/RAM, high voltage operation common and
segment drivers.
The voltage converter generates high voltage (about 8V)
from the supply voltage(3V) and it is regulated by the
regulator. The bias level of LCD driving voltage is NJU6465CH
generated of high value of bleeder resistance and the
buffer amplifire convert its impedance. The 16th gray
scale contrast control function is incorporated for its
adjustment. Therefore, simple power supply circuit and
sasy contrast adjustment are available.
The complete CR oscillator is incorporated, therefore
no external components for osciliation circuit are
required
The microprocessor interface circuits which operate by
1MHz, can be selected serial, 4 or 8 bit interface.
The character generator ROM consists of 10,080 bits
stores 252 kinds of character Font. Each 160 bits CG RAM
and lcon display RAM can stores 4 kinds of special
character displayed on the dot matrix display area or
162 kind of lcon on the lcon display area.
The 37-common ( 32 for character, 4 for icon and 1 for
static) and 63-segment ( 60 for character, 2 for icon .
and 1 for static) drivers operated up to 13.5V drives
12-character 4-line with 128 Ilcon and static segment

LCD display.
W FEATURES

@® 12-character 4-line Dot Matrix LCD Controller Driver

® Maximum 128 lcon Display

® Serial, 4 or 8 Bit parallel Direct Interface with Microprocessor

® Display Data RAM - 48 x 8 bits : Maximum 12-character 4-line Display

@ Character Generator ROM - 10,080 bits : 252 Characters for 5 x 7 Dots

@® Character Generator RAM - 32 x 5 bits : 4 Patterns( 5 x 7 Dots )

@® lcon Display RAM - 32 x 5 bits : Maximum 128 lcon -

@® High Voltage LCD Driver : 37-common / 63-segment

® Duty and Bias Ratio : 1/36 duty and 1/7 bias

® Useful Instruction Set : Clear Display, Return Home, Display ON/OFF Cont, Cursor ON/OFF Cont,
Display Blink, Cursor Shift, Character Shift

@ Common and Segment driver Location order Select Function(Mode A/Mode B)

® Power On Initialization / Hardware Reset

@ Voltage Converter and Bleeder Resistance on-chip

® Voltage regulator on-chip

@® Software contrast control

® Oscillation Gircuit on-chip

@® Low Power GConsumption

@® Operating Voltage -— 2.4 to 3.6 V ( Except LCD Driving Voltage )

@® Package Outline ———  Bumped Chip / TCP

@® C-MOS Technology
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B PAD LOCGATION
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DUMMYAT 1

DUMMY A1
DUMMYA2
Cy2v3
DUMMY A4
CV1iV4
DUMMYAG
Chip Size :11.22 X 2.5 mm
Chip Center :X=0Oum, Y=0um
PAD Size No.1~3,14~148
: 50um X 90um
No.4~13 :300um X 90um
Bump Size No.1~3,14~146
: 60um X100um
No.4~13 :310um X100um
Bump Heigt 25umTTYP.
Bump Material : Au
DUMMYAT7
UNIT : um




B PAD COORDINATES
CHIP SIZE 11.22mm x 2.5mm ( CHIP CENTER X=Opm, Y=Oum )

PAD No. |- de"ﬁ” Naﬂge —{ ¥=Cum) | Y=(um) PAD No. dePﬁD "ﬁ!ge = Xe(um) | Y=(um)
T TDUNNYB, | DUWNYB, | 5200 | <1090 5T C0Mae | COMc 3700 | 1090
2 T0sC, | 0sC, Z4980 | 1090 52 | COM.. | COM., 3020|1090
3 [0sc. | 0SC. 4735 | <1090 53 | CONaw | COMao 2940 | 1000
Vs A 4430 | <1090 54 | COMaa | COM.o 2860 | 1090
5 [ Ver Ves 3930 | =1090 55 | COMeo | COMao 2780 | 1090
6 Voour |Veour | 3430 | =100 56 | COMar | COMo, 2700 | 1090
RS G, 7930 | =1090 57 | COMsa | COMa. 2620 | 1090
5 (C G 3439 | 1090 58 | SEaM, | SEaN. 2540 | 1090
S 6. 1939 | <1090 50 [ SEG, | SEGe 2460 | 1090
TR o 1439 | <1090 §0 [ SEG, | SEG.. 2380 | 1090
T TVos Voo T539 | <1090 61 | SEG. | SEG.. 2300 | 1090
7 TR R 439 | <1090 62 | SEG. | SEG.. 2220|1090
13 [Vara [ Vaco 61 | 1090 63 [SEGs | SEGes 2140|1090
14 [TEST [ TEST 509 | <1090 64 | SEG. | SEGes 2060|1080
15[ SEL SEL 738 | <1090 6 | SEG, | SEGe. 1980 | 1090
16 |RESET | RESET 966 | 1090 66 | SEG. | SEGes 1900|1090
7P/ P/S 1195 | <7000 67 | SEG. | SEG.. 1820 | 1090
TS RS 1423 | <1090 68 | SEG.o | SEG., 1780|1090
19 (R R/ 1652 | 1000 69 | SEG,, | SEGeo 1660 | 1090
20 [E/SCL | E/SCL 1880 | 1090 70 | SEG.. | SEGes 1580 | 1090
21 [ DB DB. 2118 | =100 71 [SEGis | SEGes 1500 | 1090
22| DB, DB, 2355 | <1090 77 | SEGr. | SEG., 1430 | 1090 -
23 [ DB. DB. 2502 | <1090 73 | SEGre | SEGee 1340|1090
24| DB: DB. 2629 | 100 74 | SEGrc | SEGe: 1260 | 1090
25 | DB, DB. 3066 | <1090 75 | SEGy, | SEGe. 1180|1090
26 | DB: DB- 3303 | <1090 76 | SEGrs | SEG.s 1160|1090
27 | DB./SI0 | DB./SI0 | 3540 | <1090 77 |SEG,s | SEGes 1020 | 1090
28| DB,/CS | DB,/GS | 3777 | =1090 78 [ SEG.o | SEG., 040 | 1090
50 [DUNNYB. | DUNNYB. | 3977 | =1090 79 SEG., | SEG.o 860 | 1090
30 | DUNNYB, | DUNWYB. | 4177 | =1090 80 | SEG.. | SEGes 780 | 1090
31| DUNNYB. | DUMWYB. | 4377 | =100 81 | SEGes | SEGes 700 | 1090
32 | DUNNYB. | DUNWYB. | 4577 | =1090 82 | SEGs. | SEGe, 620 | 1090
33| DUNNYB. | DUMNYB. | 4777 | 1090 85 | SEG.. | SEGee 540 | 1090
34 [ DUNYB, | DUWWYB, | 4977 | <1090 84 | SEG.. | SEGes 260 | 1090
35 [ DUNWYB. | DUMWYB. | 5177 | <1090 8 | SEGs, | SEGe. 380 1090
3 | DUNNYA,, | DUWWYA,, | 5177 | 1090 86 | SEG.. | SEGe 3001090
37 [ DUNYA,» | DUWRYA:o | 4977 | 1090 87 | SEG.. | SEGe. 230 | 1080
38 | DUNWYA. |DUNWVA. | 4777 | 1090 88 | SEGso | SEGe, 1401090
39 | DUNNYA. |DUMWYA. | 4577 | 1090 89 [ SEG., | SEGeo 50 1090
40 | DUNNYA, | DUWAYA, | 4400 | 1090 90 [ SEG.. | SEG.a | = 20 | 1090
41 [SEeS, | SEGS, 2200 | 1090 o1 | SEG.. | SEG.. | =700 | 1090
22 Gl | COMs 3820 | 1090 97 | SEG.. | SEG., | — 180 | 1090
23 [Colhe | COMa 3740 | 1090 93 | SEG.. | SEG.. | — 260 | 1090
4 Col, | CoMs 3660 | 1090 04 | SEG.. | SEG.. | =340 | 1090
% [COM. | COMa 3580 | 1090 95 | SEG., | SEG.. | — 420 | 1090
% [ COMs | COMs 3500 | 1090 06 | SEGe. | SEG.. | - 500 | 1090
27 [CON. | COMa 3420 | 1090 07 [StGe. | SEG.. | - 580 | 1090
28 [Colh. | COMs 3340 | 1090 08 [ SEG.. | SEG.. | - 660 | 1090
29 [CON. | COM. | 3260 | 1090 99 [ SEG.. | SEG.o | — 740 | 1090
50 [ CONoe | COMas 3180 | 1090 100 | SEG.. | SEG.. | — 820 | 1090
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PAD NAME

PAD No- i i A TMode B | - (#™ | Y=(um
101 | SEG.o | SEG,, = 900 1090
102 | SEG.. | SEG,, ~ 980 1090
103 | SEG.. | SEG,s ~1060 1090
104 | SEG.s | SEG,s =140 1090
105 | SEG,, | SEG,, ~1220 1090
106 | SEG., | SEG, s 1300 1090
107 | SEG.o | SEG:2 ~1380 1090
108 | SEG.o | SEG., ~1460 1090
109 | SEGs, SEG, ~1540 1090
110 | SEGs, | SEGo 1620 1090
111 | SEGss | SEG. ~1700 1090
112 | SEGss | SEG, 1780 1090
113 | SEGes | SEG, ~1860 1090
114 | SEGss | SEG. ~1940 1090
115 | SEG., | SEG, ~2020 1090
116 | SEGss | SEG, 22100 1090
117 | SEG., | SEG, 22180 1090
118 | SEGoo | SEG, - 2260 1090
119 | SEGM, | SEGM, 2340 1090
120 | COM2a | COMys 2420 1090
121 | COMso | COM,, 2500 1090
122 | COM,, | GOM., ~2580 1090
123 COM, , COM; - —-2660 1090
124 | COMso | COMao ~2740 1090
125 | GOM,, | COM,s ~2820 1090
126 | COM,, | GOM; o ~2900 1090
127 | GOM,, | COM,, ~2980 1090
128 | COMs COM, 3060 1090
129 | COM, COM,, 23140 1090
130 | COMs COMs 3220 1090
131 | COMs COM, 3300 1090
132 | COM, COM. 3380 1090
133 | COM, oM, 3460 1090
134 | COM, COM, ~3540 1090
135 | COM, COM, 3620 1090
136 | COMM, | COMM, ~3700 1090
137 | COMMs | GOMM, 23780 1090
138 | COMM, | COMM, 73860 1090
139 | GOMM, COMM, ~3940 1090
140 | GOMS, COMS, Z4045 1090
141 | DUMMYA, | DUNMYA, | -4245 1090
142 | OV,V, | OV,V, ~4445 1090
143 | DUNNYA, | DUMMYA, | -4645 1090
144 | OV.Va | GVaVs ~4845 1090
145 | DUMMYA, | DUMMYA, | -5045 1090
146 | DUMMYA, | DUMMYA, | 5200 1090
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W BLOCK DIAGRAM
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B TERMINAL DESCRIPTION

No. SYMBOL 1/0 FUNCTION
i1, 5 Voo, Vss Power Source Voo 3 #3V,  Vss : OV
4 Vs LCD driving voltage
2 0SC, | System clock input terminal
This terminal should be open, for internal clock operation.
3 0SC- 0 System clock output terminal
This terminal can use for clock frequency monitoring.
Parallel or serial interface selection terminal
17 P/S | “0”: Serial interface
“1”: Parallel interface
Register selection signal input terminal
18 RS | “0”: Instruction register (writing)
Busy flag, address counter (reading)
“1”: Data register (writing / reading)
19 RMW | Read / Write selection signal input termjnal
“0”: Write “1”: Read
E ] Read / Write activation signal input in parallel mode
20 fommmmmmememmm e e e e e e e e e e
SCL | Sift clock input in serial mode
DB+ 1/0 3-state data bus for MSB to transfer the Data between MPU
and NJU6465 in parallel mode
28 DB+ is also used for the Busy Flag reading.
CS | Chip select signal input in serial mode
DBe 1/0 3-state data bus for bit 6 to transfer the Data between MPU
27 and NJU6465 in parallel mode
S10 1/0 ] Serial Data |1/0 in serial mode
i 3-state data bus for bit 4 and 5 to transfer the Data between
25, 26 DB., DBs 1/0 MPU and NJU6465 in parallel mode
In serial mode, these terminals are not used and should be open.
3-state data bus for lower 4 bit to transfer the Data between
21~24 DBo~DBs MPU and NJU6465 in parallel mode
1/0 In serial and 4~bit parallel mode, these terminals are not used
and should be open.
142 CViV. Capacitor terminals for noise reduction of GCOM/SEG output
144 CV.Vs voltage
The capacitor connected between CV:V., CV2Vs and Voo is required
to operate with the LCD panel actually.
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No. SYMBOL 1/0 FUNCTION
42~57 COM; ~COMs 0 LCD common driving signal output terminals
120~135
136~139 | GCOMM. ~GOMM. 0 lcon common driving signal output terminals
140 COMS, 0 Static driving common signal output terminal
When power down mode, Voo or Vss level are output.
59~118 SEG: ~SEGso 0 LCD segment driving signal output terminals
119, 58 SEGM., SEGM- 0 lcon segment driving signal output terminals
41 SEGS 0 Static Driving Segment signal output terminal
When power down mode, Voo or Vss level are output.
7~10 C.*, G~ Step up voltage capacitor connecting terminals _
Cz2*, G2~ In case of tripler operation, connect the capacitor between
C:* and G-, C.* and C=".
In case of doubler operation, connect the capacitor between
C.* and Cz~, connect C." to C:*, and C:~ should be open.
6 Vsour 0 Step up voltage output terminal
13 Vrea 0 Voltage regulator output terminal
Connect the resistor between this terminal and VR Terminal.
12 VR Reference voltage for voltage regulator input terminal
Connect the resistor between this terminal and Voo terminal.
16 RESET | Reset Terminal.
When the “L” level input over than 1.2ms to this terminal,
the system will be reset ( at f...=212KHz ).
Common and Segment driver location order select terminal
15 SEL | “0”: Mode A location ( See the PAD COORDINATES )
“1”: Modg B location ( See the PAD COORDINATES )
14 TEST | Maker Testing Terminal ( Pull down )
This terminal should be connected to VSS or open
29~34 DUMMYB ~
DUMMYB ,
145, DUMMYA-, Dummy terminal :
143, DUMMYA., These terminals are electrically open.
141, DUMMYAe,
DUMMYA , ~
40~37 DUMMYA. o
1 DUMMYB . Dummy terminal
35 DUMMYB= These terminals are electrically open and an alignment
146 DUMMYA . pattern is placed beside each terminals
36 DUMMYA. |
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B FUNCTIONAL DESCRIPTION
(1) Description for each block
(1—1) Register

The NJUG6465 incorporates two 8-bit registers, an Instruction Register (IR) and a Data
Register (DR). The Register (IR) stores instruction codes such as "Glear Display” and “Cursor
Shift” or address data for Display Data RAM(DD RAM), Character Generator RAM(CG RAM) and
Icon Disptay RAM (MK RAM).

The MPU can write the instruction code and address data to the Register (IR). but it cannot
read out from the Register (IR). :

The Register (DR) is a temporary stored register, the data stored in the Register (DR) is
written into the DD RAM, CG RAM or MK RAM and read out from the DD RAM, CG RAM or MK RAM.

The data in the Register (DR) written by the MPU is transferred automatically to the DD RAM,
CG RAM or MK RAM by internal operation.

When the address data for the DD RAM, CG RAM or MK RAM is written into the Register (IR), the
addressed data in the DD RAM, CG RAM or MK RAM is transferred to the Register (DR).

By the MPU read out the data in the Register (DR), the data transmitting process is performed
completely.

After reading the data in the Register (DR) by the MPU, the next address data in the DD RAM,
CG RAM or MK RAM is transferred automatically to the Register (DR) to provide for the next MPU
reading

These two registers are selected by the selection signal RS as shown below.

Table 1. shows register operation controlled by RS and R/W signals.

Table 1. Register Operation

RS }R/W |} Selected Register Operation

0 0 Write

0 1 IR Read busy flag(DB,) and address counter (DB, ~DBs)
1 0 DR Write (Register (DR) to DD RAM, CG RAM or MK RAM)
1 1 Read (DD RAM. CG RAM or MK RAM to Register (DR))

(1—2) Busy Flag (BF)

When the internal circuits are in the operation mode, the busy flag (BF) is “1”, and any
instruction reading is inhibited.

The busy flag (BF) is output at DB, when RS="0" and R/W="1" as shown in Table 1.

The next instruction should be written after the busy flag(BF) goes to “0".

(1 —3) Address Counter (AC)

The address counter (AC) addresses the DD RAM, CG RAM or MK RAM.

When the address setting instruction is written into the Register (IR), the address informa-
tion is transferred from Register (IR) to the Counter (AC). The selection of either the DD RAM,
CG RAM or MK RAM is also determined by this instruction. :

After writing (or reading) the display data to (or from) the DD RAM, CG RAM or MK RAM, the
Counter (AC) increments (or decrements) automatically

The address data in the Counter (AC) is output from DBs~DB, when RS="0" and R/W="1" as shown
in Table 1.

/ New Japan Radio Co, Lt



(1 —4) Display Data RAM (DD RAM)

The display data RAM (DD RAM) consists of 48 x 8 bits stores up to 48—character display data
represented in 8-bit code
The DD RAM address data set in the address counter (AC) is represented in Hexadecimal.

—Higher order bit Lower order bit—*' ( Example) DD RAM address ~ 08 ”
aclace [acs |ac. [acs [ac. |ac, |ac. | [o o Jo |1 Jo o o]
« Hexadecimal —« Hexadecimal — ——— 0 —mme——— 8 ————

*4~tine Display

The relation between DD RAM address and display position on the LCD is shown below.

1 2 3 4 5 6 7 8 9 10 11 12 <« Display
Position

1st Line J00|01|02|03(04|05[06(07{08(09;0A]|O0B

2nd Line 10|11{12{13 14|15 |16 |17 |18 |19 1A | 1B DD RAM Address
(Hexadec imal)

3rd Line |20 (2112223 )|24|25|26|27(2829|2A{2B

4th Line |30}31[32|33)|34{35]36|37(38|39|3A(3B

Note : The 1st, 2nd, 3rd and 4th line address are defined as (00). to (0B)n, (10). to
(1B)w, (20)n to (2B)u, and (30)n to (3B)n. The end of each line address and the
beginning of following line address are not consecutive.

When the display shift is performed, the DD RAM address changes as follows:
( Left Shift Display )

(00) «—}01|02{03{04{05(06|07)|08]|09|0A|O0B]|O00

(10) «— |11 12|13 |14 15|16 (17|18 |19|1A|1B |10

(20) < |21 (22|23 |24 (25)26|27{28)29(2A|2B|20

(30) «— |31 [32]|33]34}35(36{37|38[39(3A;3B]30

( Right Shift Display )

0B|00[01[02(03]04{05]06|07|08]|09|0A| —> (0B)

1B[10}11}12{13 |14 [15|16|17[18}19 [ 1A| —> (1B)

2812021 |22 | 23124 |25|26(27]28[29]2a} —> (2B)

38(30[31[32(33]34|35|36|37|38|39|3A] —> (3B)

Note : The left and right shift performes only in same line, the display data do not
change to other line.

(1 —5) Character Generator ROM (CG RON)

The Character Generator ROM (CG ROM) generates 5 x 7 dots character pattern represented in
8-bit character code.

The storage capacity is up to 252 kinds of 5 x 7 dots character pattern(available address is
(04) , through (FF).).

The correspondence between character code and standard character pattern of NJU6465 is shown
in Table 2-1.

User—defined character patterns (Custom Font) are also available by mask option

New Japan Radio Co. L4,
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CG ROM Character Pattern ( ROM version -02 )

Table 2-1.

Upper 4 bit ( Hexadecimal )

SR I R
| LR i L e P lesd R LD
= TNEEE RN DO R S S S L B HE N R e 2 B I ok
O (R e W RO T s ienias
Mo e [
< - . e | R [ [ e [ [ E
o [} el RN 0 0 T G R LT L fund R
.oo ..... E . . ) RS T LIS I S [ : i
T R I T I I I I B R S
© Lt VEE R e [ fl (BH | BT b e e N N
© b G e LEY e [ [ [T T d bt [B
R R B [t s LA Bb KR D e [l |F
SO A B S B T RO 3 0 O O PP PO P I B
N e s ool = T I S O e = I PO I "
B T e [ P R E R s | b
o 8| 8 2| s/ & g g 8| & g & 3 8 g| ¢t
S| = |N|®m | 0| © ||| O _ < | Mmool al |

( [ewioepexsy ) 11q ¢ 4omO7

o Co. Lt
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(1 —6) Character Generator RAM ( CG RAM )

The character generator RAM ( CG RAM ) can store any kind of character pattern in 5 x 7 dots
written by the user program to display user’s original character pattern. The CG RAM can store
4 kind of character in 5 x 7 dots mode.

To display user’s original character pattern stored in the CG RAM, the address data (00)x -
(03)« should be written to the DD RAM as shown in Table 2-1.

Table 3. show the correspondence among the character pattern, CG RAM address and Data.

Table 3. Correspondence of CG RAM address, DD RAM character code
and CG RAM character pattern( 5 x 7 dots ).

Character Code cG Charactﬁg tor
(DD RAM Data) RAM Address (cs RAHEED)
76543210 /76543 210 43210
e Lowe ? pp— r Lowe ? pp_)— r Lowe ?
ppg;t E1t E1t g1t 8; g1t
1000 ¢
1001 :
1010 H
1011 ' Character Pattern
00000000 (01000 :} 8 ? ' Example(1)
1110 i
________________________________ F I O O O I 000 <Cursor Position
1000 5
1001 :
1010 ,
1011 i Character Pattern
00000001 |O1001 E} 8 ? i Example(2)
1110 |
_______________________________ j_l_l_l__________L_____________ <«Cursor Position
000 !
001 .
000000t1 (01011 5 E
51 00 E
101 '
1110 E
111 '

Notes : 1. Character code bit 0,1 correspond to the CG RAM address bit 3,4(2bits:4 Eatterns).

2. CG RAM address 0 to 2 designate character pattern line position. The 8th Tine is
the cursor position and the display is performed b¥']og1ca1 OR with cursor
Therefore, in case of the cursor display, the 8th Tine should be *0”.
If there 1s "1”_in the 8th line, the bit "1” is always displayed on the cursor
position regardless of cursor existence. )

3. Character pattern row position correspond to the CG RAM data bits 0 to 4 are
shown above. .

4. CG RAM character patterns are selected when character code bits 2 to 7 are all
”0” and these are addressed by character code bits 0 and 1.

5. ”1” for CG RAM data corresponds to display On and "0” to display Off.
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(1—7) lcon Display RAM (MK RAM)

The NJU6465 can display maximum

128 lcons.

The lcon Display can be controlled by writing the Data in MK RAM corresponds to the lcon.

The relation between MK RAM address and lcon Display position is shown below:

coxm

CONH3

CONMy

CONM4

T O )
I I
= O o
I |
“o ©
| |
o o

O—0—0—0

k]

CONy

97

I3
-

CONs

(e}
o]
"
cons o
]
I
|
T

-
o
S

101

...
S
=

CoNy
. 103

-
°
<

t [

i b
GOln 4.1 ! !

127 128

—0--—0 0 O O

SEs2 SE65Y

SEGsy

3E6H1 SE64 SEGH1

Table 4. Correspondence among lcon Position, MK RAM Address and Data
Bits for lcon Display Position

MK RAM Address o Ba D, D. D2 D, D, Dy
0110 0000 [ 60h * * * 1 2 3 4 97 .

y COMM1 Line and
0119 0001 §1h * * * 5 . 6 ! 8 % Both besides of 1st Line
0110 0101 [ 65h * * * 21 22 23 24 | 102 (comt. 3.5, 7)
0110 0110 { 66h * * * * * * * 103 J
0110 0111 | 67h * * * * * * * 104 ‘
0110 1000 | 68h | * * * 25 26 27 28 | 105 ) L

y COMM2 Line and
0110. 1001 6.9h * * * 29 30 31 32 | 106 Both besides of 2nd Line
0110 1101 { 6Dh | * * * 45 46 47 48 [ 110 (CoMa, 11, 13, 15)
0110 1110 [ 6Eh * * * % * * * 11 J
0110 1111 6Fh | * * * * * * * 112
0111 0000 | 70h * * * 49 50 51 52 1113 .

y COMM3 Line and
0111. 0001 7.1h * * * 53 54 55 56 | 114 Both besides of 3rd Line
0111 0101 | 75h * * * 69 70 71 72 ] 118 (COM17. 19, 21. 23)
0111 0110 [ 76h * * * * * * * 119 J
0111 0111 | 77h | * * * * * * * 120
0111 1000 [ 78h * * * 73 14 75 76 {121 .

y COMM4 Line and
0111' 1001 7.9h * * * 77 18 79 80 122 Both besides of 4th Line
0111 1101 | 7Dh * * * 93 94 95 96 | 126 (COM25. 27. 29, 31)
0111 1110 | 7Eh{ * * * * * * * 127 J
0111 1111 | 7Fh * * * * * * * 128

( * ) Don't care
Notes : 1. When the lcon display function using, the system should be initialized by the

software initialization because the MK RAM is not initialized by the power
turning on and hardware reset.

2. The cross—points between SEGM,, SEGM, and some of common COMM, through COMM.,
even common |ikes as COM,, COM....COM;,, are always off because of the correspond—
ing RAM does not exist as shown above.

3. In the table 4, the bits Ds to D, mentioned by * are invalid, therefore both of
0" Sy

or "1” can be written but these are no meaning.
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(1—8) Timing Generator

The timing generator generates a timing signals for the DD RAM, CG RAM and MK RAM and other
internal circuits.

RAM read timing for the display and internal operation timing for MPU access are separately
generated, so that they may not interfere with each other.

Therefore, when the data write to the DD RAM for example, there will be no undesirable
influence, such as flickering, in areas other than the display area.

(1—9) LCD Driver

LCD Driver consist of 37-common driver and 63-segment driver.
The character pattern data are latched to the addressed Segment-register respectively. This
latched data controls display driver to output LCD driving waveform.

(1—10) Cursor Blinking Control Gircuit

This circuits controls cursor On/0ff and the cursor position character blinks

The cursor or blinks appear in the digit residing at the DD RAM address set in the address
counter (AC).

When the address counter is (28)., a cursor position is shown as follows:

ACe ACs AC+ ACs AC, AC, AC
(AC) [ 0 | 1| of 1] o] o] o|

4-Line display

1 2 3 4 5 6 7 8 9 10 11 12 < Display position

1st Line |00 (010203 ;04|05)|06|07 |08 (09|0A|O0B DD RAM address
— (Hexadecimal)

2nd Line | 10 [ 11 (12 {13 [14[15 |16 | 17118 [ 19 1A{ 1B

3rd Line | 20 | 21 | 22123 {2425 (26|27 (28 |29(2A|2B

4th Line | 30 |31 |32}33 3435363738 |39(3A]38B

t Cursor position

Note : The cursor or blinks also appear when the address counter (AC) selects the CG RAM or
the MK RAM. But the displayed cursor and blink are meaningless.
If the AC storing the CG or MK RAM address data, the cursor and blink are displayed
in the meaningless position. .
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(2) Power on Initialization by internal circuits
(2—1) Initialization By Internal Reset Circuits
The NJU6465 is automatically initialized by internal power on initialization circuits when
the power is turned on. In the internal power on initialization, following instructions are exe-
cuted. During the Internal power on initialization, the busy flag BF) is “1”  and this status
is kept 7 ms (fo..=212kHz) after Voo rises to 2. 4V.

Initialization fiow is shown below:

I Function Set DL=1 :8-bit long interface data
l PD=1 :Power down off — Note -
{f the condition of power supply
IContrast control | Setting (00). to the contrast Jrise time described in the Elec-
l control register trical Characteristics is not sa-
- tisfied, the internal Power On
Display On/Off D=0 :Display Off Initialization Circuits will not
Control | =0 :Cursor Off operated and initialization will
T B=0 :Cursor Blink Off not performed. o
In this case the initialization
Entry Mode Set | [/D=1:Increment by 1 by MPU software is required
§=0 :No Shift ,

| Clear Display

(2—2) Initialization By Hardware

The NJU6465 incorporates RESET terminal to initialize the all system. When the “L” level
input over 1.2ms to the RESET terminal, reset sequence is executed. In this time, busy signal
output during 7 ms (f...=212kHz) after RESET terminal goes to "H".

* Timing Chart

: Over 1.2ms

]

External Reset -—————1 I
Signal

Tms

R

-

BUSY S

(3) Instructions

The NJU6465 incorporates two registers, an Instruction Register (IR) and a Data Register (DR)

These two registers store control information temporarily to allow interface between NJU6465
and MPU or peripheral ICs operating different cycles. The operation of NJU6465 is determined by
this control signal from MPU. The control information includes register selection signals (RS),
read/write signals (R/W) and data bus signals (DBo to DB;).

Table 5. shows each instruction and its operating time.

Note : The execution time mentioned in Table 5. based on fcp or fosc=212kHz.
If the oscillation frequency is changed, the execution time is also changed
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Table 4.  Table of Instructions
C 0 D E Execute
INSTRUCT I ONS RS R/W DB~ DBs DBs DB. DB: DB. DB: DBo DESCRIPTION Time
Maker Testing 06 0 0 0 0 0 0 0 0 O All "0 code is using for -
maker testing.
Clear Display 0 0 0 0 0 0 0 0 0 1 Display clear and sets RAM 6.87ms
address (00)x in AC
Return Home 0 0 0 0 0 0 0 0 t = Sets RAM address (00)~ in AC 141us
and returns display being shi-
fted original position. RAM
contents remain unchanged.
Entry Mode Set o 0 0 ¢ 0 0 0 1 I/ S Sets cursor move direction and Ous
specifies shift of display are
performed in data read/write.
|/D=1: Increment, |/D=0:Decremen
S=1:Accompanies display shift
Display On/Off 0 0 0 0 0 0 1t D ¢ B |Sets of display On/Off (D), Ous
Control cursor On/0ff(C) and blink of
cursor position character (B).
Cursor or 0 0 0 0 0 1 S/GR/A * % Moves cursor & shifts display | cursor:
Display Shift without changing RAM contents 141us
$/C=1 : Display shift
$/C=0 : Cursor shift display:
R/L=1 : Shift to the right Ous
R/L=0 : Shift to the left
Function Set 0 0 0 0 1 DL % * % PD |Sets interface data length(DL) | PD=0:0us
and power down mode (PD). PD=1:
200us
Contrast control | 0 0 0 1 * % «— (c —— Sets data to Contrast Control Ous
Register.
Set RAM Address 0 0 1 - Ar —_— Sets RAM address.  After this 141us
instruction, the data is tran-
sferred to/from RAW
Read Busy Flag 0 1 BF «—-— MM = ——— Reads busy flag and AC content Ous
& AC contents BF=1 : Internally operating
BF=0 : Can accept instruction
Write Data to 1 0 «— Write Data (DD RAM) —— Writes data into RAM. 141us
RAM| 1 0 % =% % «—(CGRMM) ——
1 0 % % % «——(MKRM) —
Read Data from 1 1 «— Read Data (DD RAM) —— Reads data from RAM. 141us
RAM]{ t 1 % % x «—(CGRAN) ——
t 1 % % * «—(MNKRAM) ——

Explanation of
Abbreviation

DD RAM :
RAM,

AG : Address counter used for both of DD, CG and MK RAM

Display data RAM, CG RAM : Character generator RAM, MK RAM : icon display
A= : RAM address (both of DD, GG and MK RAM)

* : Don't care
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(3 —1) Description of each instructions
(a) Maker Testing

RS RW DB, DBs DBs DB, DB DB. DB; DBo

3
Code o|o|o]o o |o o|o|o|o|

All "0” code in 4-bit length is using for device testing mode ( only for maker ).
Therefore, please avoid all "0” input or no meaning Enable signal input at data "0”.
(Especially please pay attention the output condition of Enable signal when the power turns
on.)

(b) Clear Display

RS RM DB, DB, DB; DB, DB, DB, DB, DB,
CodeIO |o|oio|o|o[o|o[o|1|

Clear display instruction is executed when the code "1” is written into DBo.
When this instruction is executed, the space code (20). is written into every DD RAM ad—
dress, the DD RAM address (00). is set into the address counter and entry mode is set incre-
ment.

If the cursor or blink are displayed, they are returned to the left end of the 1st line in
the LCD. )

The S8 of entry mode does not change.

Note: The character pattern for character code (20), must be blank code in the user—defined
character pattern(Custom font).

(c) Return Home

RS RMW DB, DB, DB; DB, DB
o_| .

a DB DB, DBy
Code 0 { 0 I 0 0 | 0 | 0 | 0 [ 1 {7* 4] * = Don' t care

Return home instruction is executed when the code "1” is written into DB,. When this
instruction is executed, the DD RAM address (00), is set into the address counter. Display is
returned its original position if shifted, the cursor or blink are returned to the left end
of the 1st line in the LCD if the cursor or blink are on the display.

The DD RAM contents do not change.
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(d) Entry Mode Set

R$ RMW 0B, DB, DB, DB, DB, DB, DB, DB
codero|o|o|0|olo| I1|I/D|SJ

Entry mode set instruction which sets the cursor moving direction and display shift
On/0ff, is executed when the code “1” is written into DB and the codes of (1/D) and (8) are
written into DB, (1/D) and DB, (S), as shown below.

(1/D) sets the address increment or decrement, and the (S) sets the entire display shift
in the DD RAM writing

1/D Funoect i on

1 Address increment: The address of the DD RAM or CG RAM increment ( +1) when
the read/wr ite, and the cursor or blink move to the right.

0 Address decrement: The address of the DD RAM or CG RAM decrement ( —1) when
the read/write, and the cursor or blink move to the left.

S . Funoec t i on

Entire display shift.

The shift direction is determined by 1/D.: shift to the left at 1/D=1 and
1 shift to the right at the 1/D=0. The shift is operated only for the charac—
ter, so that it looks as if the cursor stands still and the display moves
The display does not shift when reading from the DD RAM and writing/reading
into/from CG RAM.

0 The display does not shift.
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(e) Display On/0ff Control

RS RM DB, DB. DBs DB. DB. DB. DB, DBo
Codeololooo o |1 |p [¢c |8

Display On/0ff control instruction which controls the whole display On/0ff, the cursor On/
0ff and the cursor position character blink, is executed when the code “1” is written into
DBs and the codes of (D), (C) and (B) are written into DB2(D), DB.(C) and DBo(B), as shown
be low.

D Funcection

1 Display On.

0 Display Off. In this mode, the display data remains in the DD RAM so that
it is retrieved immediately on the display when the D change to 1.

C Funcection

1 Cursor On.  The cursor is displayed by 5 dots on the 8th line.

0 Cursor Off. Even if the display data write, the |/D etc does not change.
B Funcection

The cursor position character is blinking. Blinking rate is 439ms at
1 fosc=212kHz. . . .
The cursor and the blink can be displayed simultaneous!y

0 The character does not blink
ml | ] s m] § | Inm| HREEEN
HOOOR | I} | HREAN
[ _[mlmim) | mooom AEEEN
mOOOs | |mimim} | EENEN
(1111 AEEER EEEEN
mOooOoOom mOoOOm ERRERN
moOO. mOOOm mEEEN
llﬂ!l oooono HEEEN
Cursor
Character Font 5 x 7 dots Alternating display
(1) Cursor display example (2) Blink display example
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( f) Cursor/Display Shift

RS RMW DB, DB, DBs DB, DB, DB, DB, DBo
Gode |0 | 0 o [o o |1 IS/c|R/|_|* ]* | % = Don't care

The Cursor/Display shift instruction shifts the cursor position or display to the right or
left without writing or reading display data. This function is used to correct or search
the display. The cursor moves to the 2nd line when it passes the 12th digit of the ist line.

Notice that the every ist to 3rd line displays shift at the same time. When the displayed
data are shifted repeatedly, each line moves only horizontally. :

The 2nd and 3rd line display does not shift into the 1st and 2nd line.

The contents of address counter (AC) does not change by operation of the display shift only.

This instruction is executed when the code “1” is written into DB; and the codes of (S/C)
and (R/L) are written into DB5(S/C) and DB:(R/L), as shown below.

S/C R/L F unwoect i on
0 0 Shifts the cursor position to the left ((AG) is decremented by 1)
0 1 Shifts the cursor position to the right ((AC) is incremented by 1)
1 0 Shifts the entire display to the left and the cursor follows it.
1 1 Shifts the entire display to the right and the cursor follows it

(g) Function Set

RS RW DB, DBs DBs DB, DB; DB, DBy DB

Code | © o|o]o 1|DL|*|*|*|PDI*=Don'tcare

Function set instruction which sets the interface data length and powerdown mode, is
executed, when the code “17 is written into DBs and the code of (DL) and (PD) is written
into DB, (DL) and DB, (PD), as shown below. in the serial interface operation, the DL is not
cared.

When the .powerdown mode is set, the display is off automatically (D=0). Afterward, when
the powerdown mode is reset, the display is off continuously. The display is appeared by
the display on (D="1") instruction.

Note
This function set instruction must be performed at the head of the program prior to
all other existing instructions(except Busy flag/Address read). This function set in—
struction can not be executed afterwards unless the interface data length change.

DL F une t i on

1 Set the interface data length of 8-bit (using from DB, to DBo)
in the parallel operation only

0 Set the interface data length of 4-bit (using from DB, to DB.)
in the parallel operation only
The data must be sent or received twice in this mode.

PD Funoction
1 Power down mode off (Normal operation)
0 Power down mode on ( The display goes to off automatically.)

Note: When the Power down mode, it must be not execution except for this instruction
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(h) Contrast Control

RS R/W DB, DBy DBs DBs DB; DB, DB, DB

Gode [0 [0 [0 |1 |*|*lca C.

G [ Co I * = Don't care

Contrast Control instruction which adjusts the contrast of the LCD, is executed when the
code “17 is written into DBs and the codes of Cs to Go are written into DBs to DB, as
shown be low.

The contrast of LCD can be adjusted one of 16 voltage stage by setting this 4-bit register.
See (5-1) to realize “how to adjust the Contrast of LCD".

Set the binary code "0000” when contrast adjustment is unused.

contrast Cs C2 G, Co
| ow 0 0 0 0
high 1 1 1 1

(i) Set RAM Address
RS R/W DB, DBe DBs DB. DB, DB, DB, DB,

Code I 0 | 0 | 1 I As l As As l As A; | A, I Ao I
~—Higher Lower -
order bit order bit
B The RAM address set instruction is executed when the code “17 is written into DB, and

the address is written into DBs to DB, as shown above.

The address data (DBs to DB,) is written into the address counter (AC) by this instruction.
After this instruction execution, the data writing/reading is performed into/from the
addressed RAM. )

The RAM includes DD RAM, CG RAM and MK RAM, and these RAMs are shared by address as shown

be low.
RAM Address
DD RAM 1st Line ¢ from (00)y to (0B)n
DD RAM  2nd Line : from (10)y to (1B)4
DD RAM  3rd Line : from (20)n to (2B)n
DD RAM  4th Line : from (30)y to (3B)4
CG RAM 4 characters : from (40)y to (5F)y
MK RAM 128 icons : from (60)y to (7F)u

( j) Read Busy Flag & AC contents
RS R/W DB, DBs DBs DB. DB, DB, DB{ DB,

Code |0 [ 1 |8 | A | A A | Al

«—Higher order bit Lower order bit—

This instruction reads out the internal status of the NJU6465. When this instruction is
executed, the busy flag (BF) stored in DB, and the address counter (AC) contents stored
in DBs to DB, are read out.

The (BF)="1" indicates that internal operation is in progress. The next instruction is
inhibited when (BF)="1". Check the (BF) status before the next write operation
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(k) Write Data to RAM

Write Data to RAM instruction is executed when the code “1” is written into (RS) and
code 07 is written into (R/W).

By the execution of this instruction, the binary 8-bit data (A, to A;) are written into
the DD RAM, and the binary 5-bit data (A, to A,) are written into the CG or MK RAM. The
selection of RAM is determined by the previous instruction. After this instruction execution
the address increment(+1) or decrement (-1) is performed automatically according to the
entry mode set. And the display shift is also executed according to the previous entry mode
set.

* Write Data to‘DD ﬁAM
RS RMW DB, DBs DBs DB, DBs DB, DB, DB,
Code|1|0|D7]DG 05|D,,|Da\ozln,|n(j

«—Higher order bit Lower order bit—

* Write Data to CG or MK RAM
RS R/W DB, DBs DBs DB, DB, DB, DB, DB,

code [ 1 Jo |+ [« [« Jo.Jo. o [0 [ |
«~—Higher Lower —
order bit order bit

(1) Read Data from RAM

Read Data from RAM instruction is executed when the code “1” is written into (RS) and
(RW).

By the execution of this instruction, the binary 8-bit data (D, to D;) are read out from
the DD RAM, the binary 5-bit data (D, to Do) are read out: from the GG or MK RAM. The
selection of RAM is determined by previous instruction. Before executing this instruction,
RAM address set must be executed, otherwise the read out data are invalidated.

When this instruction is serially executed, the next address data is normally read from
the second read.

The RAM address set instruction is not required if the cursor shift instruction is exe-
cuted just beforehand (only DD RAM reading). The cursor shift instruction has same function
as the DD RAM address set, so that after reading the DD RAM, the address increment or decr-—
ement is executed automatically according to the entry mode.

But display shift does not occur regardless of the entry mode.

Note: The address counter (AC) is automatically incremented or decremented by 1 after write
instruction to either of the DD RAM, CG RAM or DD RAM. Even if the read instruction is
executed after this write instruction, the addressed data can not be read out correctly.
For a correct data read out, either the address set instruction or cursor shift instr—
uction (only with DD RAM) must be implemented just before this instruction or from the
second time read out instruction execution if the read out instruction is executed 2
times consecutively.
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» Read Data from DD RAM
RS R/W DB, DBe DBs DB, DB, DB DB, DBg
Gode [ 1 |1 |0 | Do o, | o |

«—Higher order bit Lower order bit—

Ds D,

D; | D

» Read Data from CG or MK RAM
RS RW DB, DBs DBs; DB, DB; DB. DB, DB

Gode [ 1 [ 1 [ * [ * [ * [oofoa |0 |0 |00
—Higher Lower —
order bit order bit
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(83—2) Initialization using the internal reset circuits

(a) 8-bit operation (Using internal reset circuits).
The Function set, Display On/Off Control and Entry Set Instruction must be executed before
the data input, as shown below.

Initialized.
l Power On ‘l No display appears.
! RS R/W DB, DBs DBs DB, DB, DB, DB, DB,
Set the 8-bit operation
LFunction Set | I ol o] o| o| 1| 1| *| *| *| 1] and Powerdown mode off.
|

Turns on display and cur—
[Disp.On/Off Con?l B’ OI Ol 0' OI 0, 1| 1| 1| (7] sor. Entire display is in
space mode set by the

! initialization.
Example for set address
'E\tryModeSet liOlOlOIO[OlOIO, 1, 1|0I increment  and cursor
right shift when the data
i write to the DD, CG or MK
RAM.

Write data to the DD, CG or MK RAM
and set the Instruction

(b) 4-bit operation (Using internal reset circuits).

In the 4-bit operation, the function set must be performed by the user programming.

When the power is turned on, 8-bit operation is selected automatically, therefore the
first input is performed under 8-bit operation. In this operation, full instruction can not
input because of terminals DB, to DB; are no connection. Therefore, same instruction must be
rewritten on the RS, R/W and DB, to DB., as shown below. Since one operation is comp leted
by the two accesses in the 4-bit operation mode, rewrite is required to set the instruction

code in full.

I Initialized.

l Power On _ No display appears.
i RS R/W DB, DBs DBs DB,
Set the 4-bit operation.
l Function Set | ' 0' Ol 0| Ol 1 | O—I This step is executed in 8-bit mode
] set by the initialization.
Set the 4-bit operation, Power down
'Function Set —| 0y Of 0| O 1 O mode off, 5 x 7 dots Font.
0| O %] *| *| 1 The 4-bit operation starts from this
l - step.
Turn on display and cursor.
Bisp. On/0Off Cont—l 0| 0| 0y 0| Of O Entire display is in space mode set by
! o Oof 1 1 1] 0 the initialization.
Example for set address increment and
| Entry Mode Set | o of 0f 0] OO cursor right shift when the data write
l of of 0j 1} 1} 0O to the DD RAM or CG RAM.
Write data to the DD, CG or MK RAM
and set the Instruction

Note: When the Icon display function using, the system should be initialized by software
initialization.

WNew Japan Radio Co. L.



(3—3) Initialization by instruction :
If the power supply conditions for the correct operation of the internal reset circuits
are not met, the NJU6465 must be initialized by the instruction.

(a) Initialization by Instruction in 8-bit interface length.

Initialized.
Power On No display appears

l

Wait more than Tms
after Voo rises to 2.4V

) RS R/W DB- DBs DBs DB. DBs DB. DB: DBo Function St

|Function Set | l 0 | 0 l 0 l 0 ’ 1 | 1 | *| *1 *| *’ (gggi%o?ntgrface length )
l

|Wait more than 3.0ms |
l RS R/ DB, DBs DBs DB. DBs DB. DB: DBo Function Set

[Function set | [ o of of o 1] 1] «| x| #] #| (gggi{o?ntgrface length )
1)

]Wait more than 200us |
] RS R/W DB, DBs DBs DB. DBs DB DB: DBo Function Set

(8-bit interface length ) .-
|Function Set I I 0 I 0 1 0 ] 0 | 1 l 1 I *| * | * ’ *|

Busy Flag (BF) can not be
checked before this step,
but it can be checked
after this step.

After this step, busy
flag (BF) check or longer
waiting time than each
instruction ~ execution
time is required.

Set the 8-bit operation

RS R/W DB- DBe DBs DB« DBs DB2 DB: DBo

|Function Set I l 0 I 0] Ol 0 | 1 I 1 | *| * | * ] 1 | and Powerdown mode off
l RS R/W DB, DBs DBs DB. DBs DB DB: DBo
[pisolayoff | | o] of of of of o 1] o] 0] 0
l RS R/W DB- DBs DBs DB. DB. DB- DB: DBo
[Display Glear | [ 0] o] o] of o} of of o] of 1]
1 RS R/W DB- DBs DBs DB. DBs DB- DB: DBo . o f ¢ add
lEntry Mode Set l | 0 | 0 I 0 [ 0 ! 0 | 0 | 0 I 1 ] 1 l 0 | iégwgm:ntiora;g acuﬁggﬁ
right shift when the
1 data wrlﬁe to the DD, CG,

or MK RA
Write data to the DD, CG or MK RAM
and set the Instruction

Note: When the lcon display function using, the system should be initialized by software
initialization
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(b) Initialization by Instruction in 4-bit interface length

Initialized
Power On No display appears.

!

Wait more than Tms
after Voo rises to 2.4V

i RS R/W DB- DBs DBs DB. . o Set

[Function st | [0] 0] 0] 0] 1] 1]  Gobit interface length )
!

‘Wait more than 3.0ms |

l Function $
| Function set | | o] of o] of 1] 1] G+ Tntorface length )

!
|Wait more than 200us |

! F ion Set
I Function Set | | 0 ' 0 I 0 | 0 l 1 ' 1 I (ggg?{o?ntgrface length )

Busy Flag (BF) can not be
checked before this step,
but it can be checked after
this step.

After this step, busy flag
(BF) check or longer wait-
ing time than each instruc-
tion  execution time s
required.

RS R/W DB, DBs DBs DB.
Function Set

|Function Set ' l 0 I 0 l 0 l 0 | 1 | 0 | Set 4-bit interface length
by 8-bit interface length.

!
|Function set | [ 0| of o] o 1] 0 Set the 4-bit operation
] 01 0 %] *| *| 1 and Powerdown mode off
[pisplayorf | | o] o] o] of of o
0f 0y 1] 0| 0] O
!
| Display Glear | | 0] 0| 0] of of o
] 0y 0] 0] Of O] 1
Example for set address
|Entry Mode Set ] 0f 0y 0] 0] 0] O increment and cursor right
0{ 0 0| 1 1] O shift when the data write
! to the DD, CG or DD RAM
Write data to the DD, GG or MK RAM
and set the Instruction

Note: When the lcon display function using, the system should be initialized by software
initialization.
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(4) Powerdown Function

NJUB465 incorporates the powerdown mode to decrease the operating current.

The powerdown mode can be set/reset by the function set instruction.

In the powerdown mode, all the character display ( 12-character 4-line ) and icon display
turn off and only the static display area operates automatically.

The status of internal circuits at the powerdown mode is shown below :

- Main oscillator stops operation and sub oscillator for the static display starts
operations. ’

- Voltage converter, voltage regulator and buffer amplifire for the bleeder resistance
stop the operation.

- The contents of DD RAM, CG RAM and MK RAM are kept.

(5) LCD display
(5—1) Power Supply for LCD Driving

NJU6465 incorporates Voitage converter ( tripler or doubler ) to generate the LCD driving
high voltage, Voltage regulator to adjust the LCD driving voltage, Bleeder resistance and
buffer amplifire

(a) Voltage converter

- Voltage tripler
By connecting the capacitor between C,* and C,~, GC,* and C.", Vss and Vsour respectively,
two times negative voltage of Voo — Vss output from Vsour.

« Voltage doubler
By connecting the capacitor between G,” and C.~, Vss and Vsour respectively, and con—
necting the C." terminal to G.” terminal, and C,” terminal being open, negative voltage of
Voo — Vss output from Vsour.

THe voltage relation for Voltage tripler/doubler
Voo =+3V Voo =H3V
Vss =%0V ———‘lh—— - T Vs =0V ——‘I'—-—

Vsour==3V —_—

Voltage Doubler Vsour=2Vss=—6V

Volt Tripl
(b) Voltage Regulator oftage lripter

Voltage Regulator incorporates a non—inverting OP-AMP which supplied Voo and Vsour, and
a reference voltage source.

By stetting the VR level by connecting R, and Ro, the regulator which amplifies Vger
output the LCD driving voltage to the Veres terminal.

Therefore, the LCD operating voltage can be output between Voo and Vres by setting Veer and
the external resistances R. and Re.

Veea=(1+Rs/R.) * Vrer where, Voo=OV and I Vees | < | Vsour |
* VoD
] N
Ra VREF
+
—1 VREG
VR —
VsouT
— WV~
Rb

New Japan Radio Co. L.



N JU66 46 S

The contrast control function performs Veer value adjustment from ist step to 16th step by

a step setting when the 4-bit data write into the contrast control

Note : Set the contrast control register to (00)4 when the contrast
Use variable resistances to the external resistances Ra., Rs
due to the voltage reference Veer is changed by the lot and
Take care the Noise input on the Vk terminal
Short wiring or sealed wiring are required to avoid the noise

{ The Voltage Reference Veer characteristics J

Supply Voltage : Vop= OV, \_/ss= -3V

because of it

register by the instruction.

control function is unused.
and a thermister if need
operating temperature.
designed in high impedance.
input, if necessary.

Temperature : 25°C

-1.3 Ld

S R

OOH O1H 02H O03H O4H O5H O6H O7H 08H OSH OAH OBH OCH ODH OEH OFH
Contrast control value

( The LCD Operating Voltage Vaes characteristics J

Supply Voltage
External Resistances

Used Equation

¢ Vop= OV, Vss= =3V
: Ra = 180KQ., Rb = 820KQ

P Veea () = (1 + 820kQ / 180kQ )

Voltage Tripler Qutput : Vsour=-5V
Temperature

. 25°C

Veee (500 n

VREG (V)

-8

OOH O1H O2H O3H O4H O05H O6H O7TH O8H O9H OAH OBH OCH ODH OEH OFH
Contrast control value

New Japan Radio Co, LI,




| €LI>

N JUG6 46 5

(c) Bleeder Resistance

Each LCD driving voltage ( V., Vi, Vi, Vi)
resistance buffered by voltage follower OP-AMP to get a enough display characteristics with

low operating current.

is generated

by the high impedance bleeder

The bleeder resistance is set 1/7 bias suitable for 1/36 duty ratio and 5MQ resistance

in total.

The capacitor connected between Vs and Voo
C, and C, generating for LCD operating voltage, is required

of the each capacitance of C;,

to operate with the LCD panel actually.

is needed for stabilizing Vs. The determination

The capacitance for the typical application is shown

below :
LCD Driving Voltage vs Duty Ratio
Power Duty Ratio 1/36
supply Bias 1/1
VLCD VDD—VS
Vico is the maximum amplitude for LCD driving voltage.
Voo (+3V)
~ Vss
et
cl
+ c1”
c3 ZZ cat
+
i
c2”
Vsour
Vs _
Vaze
c4 VR
+
Voo VR1 NJUG46D
Vs O * > Vs
—T* — Voo RB1=T7T14K Q typ
+ N RB2=2.14MQ typ
o RB=5.0MQ typ
CVaV Biseder Resistance and
2ve Buffer Amplifire
CV V.
777
Typical Capacitance :
Ct, C2, C3,]C4 = from 1.0 to 10uF

Typical application

for LCD operating voltage generation

Note 1: Take care the Noise input on the V: terminal as designed

in high impedance. Short

wiring or sealed wiring are required to avoid the noise input, if necessary.
Note 2: The capacitor connected CV,Vs and CV.V, terminals are required to operate with the LGCD

panel actual ly.




(5—2) Relation between oscillation frequency and LCD frame frequency

As the NJU6465 incorporate oscillation capacitor and resistor for CR oscillation, 192kHz
oscillation is available without any external components.

The LCD frame frequency example mentioned below is based on 212kHz oscillation.
(1 clock = 4.76us )

1/36 duty ratio

66 clocks
MR- lsal 1] 2] afafmm lssl 1] 2] 3]
Voo
vy
coMm, x:
Vi
Vs
le 1 frame le 1 frame 5]
N T “1

1 frame = 4.76(us) * 66 * 36 = 11.3(ms)
Frame frequency = 1 / 11.3(ms) = 88.5(Hz)

New Japan Radio Co., LE.
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(6) Interface with MPU

Interface circuits of NJU6465 can be connected to serial or 4/8-bit parallel.
NJUB465 can be interfaced with both of 4/8-bit MPU and the two—time 4-bit or one—time 8-bit
data transfer is available.

(6 —1) 4~bit MPU interface

When the interface length is 4-bit, the data transfer is performed by 4 lines connected to
DB. to DB, (DB, to DB are not used). The data transfer with the MPU is completed by the
two—time 4-bit data transfer.

The data transfer is executed in the sequence of upper 4-bit (the data DB, to DB, at 8-bit
length) and lower 4-bit (the data DB, to DBy at 8-bit fength).

The busy flag check can be executed after two-time 4-bit data transfer (1 instruction
execution by two—time transfer). in this case, the data of busy flag and address counter
contents are also output twice. :

v N

Internal Status ———————————ri operation . AAJ
NG
v, 77X/ v emae /N > ae X /)X X0 X/ L/ /

Instruction Busy Flag Busy flag Instruction

Writing Check Check Writing

RS

R/W /-

. N\ L N NN
D8, X R R X KR XRes X
pBe X 1Re XIR X
DB IRe X 1Ro O, AL ) R OR)

Writing instruction into Readout Busy Flag(BF) Readout data Reglster(DR)
instruction Register(IR) and Adress counter (AC)

New Japan Radio Co. L.
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(6~2) 8-bit MPU interface

RS

R/W — \
Internal Status — operation | —
oo 2 a7 wwsy LT wua Wl TN us 17T ata YZZTTT

Writing Inastruction into |Busy Fiag Busy Flag Busy Flag Writing iInstruction into
Instruction Reglister(IR) Check Check ) Check Instruction Register(IR)

(6 ~3) Serial interface

Serial interface circuit is activated when the P/S terminal is set to "L” level then the
chip select terminal (CS) goes to "L” level. The data input/output is MSB first |ike as the
order of DB,, DBg «* -+ DBo.

The input data is entered into the shift register synchronized at the rise edge of the
serial clock SCL. The shift register converted to parallel data at the CS rise edge input.
In case of entering over than 8-bit data, valid data is last 8-bit data.

The output data is exited from the shift register synchronized  at the fall edge of the
serial clock SCL.

The time chart for the serial interface is shown below.

Note : The level ("L” or "H”) of RS and R/W terminals should be set before CS terminal goes
to “L” level.

P/S

Sa— : -

L 1 1 1 [ o

R L R I T R T T S T T

sio (INPUT) L 1
o T ( DBQJ'( DB6 )J'-( Dss)—t(_m}{( DB3 )—:—( DBz )—:( DB1 >J|'< DBo Y

| |

1 1 1 | 1 |
S10_ (QUTPUT) o X mes X i X oes ) pBy X DBz X _ DB DBo_ N\

WNew Japan Radio Co. LEd,



B ABSOLUTE MAXIMUM RATINGS ( Ta=25°C )
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage Voo -03~+170 v
Input Voltage Vin - 0.3 ~ Voot0.3 v
Operating Temperature Topr - 30 ~+ 80 °C
Storage Temperature , Tstg ~ b5 ~ + 125 °C

Note 1} If the LS] are used on condition above the absolute maximum ratings, the LS! may be de-
stroyed. Using the LS| within electrical characteristics is strongly recomended for
normal operation. Use beyond the electric characteristics conditions will cause mal-
function and poor reliability.

Note 2} Decoupling capacitor should be connected between Voo and Vss due to the stabilized
operation for the Voltage converter.

Note 3) All voltage values are specified as Vss = OV

Note 4} The relation : Voo>Vss , Voo>Vss=Vsour , Vss=0V must be maintained.

B ELECTRICAL CHARACTERISTICS ( Voo=3V£20% , Ta=-20 ~ +75°C )
PARANETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT | Note
Operationg Voltage Voo 2.4 3.0 3.6 v
V] H 0- 8VDD VDD V 5
Input Voltage Vie 0.2Voo | V 5
VOH —IOH=0. 205mA. VDD=3V 2.0 v 6
Output Voltage Vou Toc=1.6mA , Voo=aV 0.5 v | s
Driver On-resist. (COM) Rcom +ls=1uA (All com term.) 20 kQ 9
Driver On-resist. (SEG) Rses *=l.=1uA (All seg term.) 30 kQ 9
Input Leakage Current I, Vin=0 or Voo -1 1 uA 7
Pull-up MOS Current -le Voo=3V (All DB terminals) 10 25 50 uA
loos Voo=3V, fosc=Internal Osc. 180 250 A 3

Vs=—5V, during display

. =3V, = .
Operating Current looz VDD. fosc=Internal Osc 500 uA 8
during access, tcvce=bus

Voo=3V, fosc=Internal 0Osc.

loos during Powerdown mode 20 uA 8
Vol tage Output e |Voom3V, lour=100uA, Ta=25%C| -4.6 | -4.8 v
Converter Voltage ]
(Tripler) Vol‘.cafge Ver Ri=c0 90.0 95.0 %
Efficiency
Voltage Output by e | Voom3V, lour=100uA, Ta=25°C -1.8 v
Converter Voltage
(Doub[er) VOH.;aige Vee R.=co 95.0 %
Efficiency
Reference Contrast Control=(00) , _ _ _
Vol tage Vol tage Vrer Ta=25°% Voo—0.75 | Voo-1.05 | Voo-1.35
Ri=oo, V50UT=‘6V, Ta=25°C, v
Regulator 0“3‘;"““ J|Veee |R. =180k@, R.=820KQ. Voo 5. 8
g Contrast Control=(00) .
Bleeder resistance Re Voo-Vs=3V 5 M
Oscillation Frequency fosc Voo=3V, Ta=25°C 135 212 289 kHz
LCD Driving Voltage Vico Vico=Voo-Vs Voo—-3.0 Voo-13.5 v 10

New Japan Radio Co. Lid.




Note 5) Input/Output structure except LCD driver are shown below:

-Input Terminal Structure

E/SCL, RS, R/,
P/S, SEL Terminals RESET Terminal 0SC1 Terminal
VDD

r| PUOS
e

- Input/Output Terminal Structure

I
AN
NH% Hﬂ%

INTERNAL CIRCUIT

puos 4 VDD \4L
DBo to DB, Terminals _”_g I.{$ PUOS
G
. I—Ii Nuos
vy
Puose}:l _ — ENABLE

Ll

Note 6) Apply to the Qutput and Input/Output Terminals.

Note 7) Except pull-up resistance current and output driver current.

Note 8) Except Input/output current but including the current flow on bleeder resistance.
If the input level is medium, current consumption will increase due to the penetration
current. Therefore, the input level must be fixed to “H” or “L".

Operating Current Measurement Gircuit

Vg0 (+3V)
1uF| +
Voo cr* +
NJUB465 1uF
1. 64O o
§ 'R _—
+ 2 +
—-H VREG
1uF - 1uF
¥s  Vsour C2
+zz|z1uF

New Japan Radio Co., LI,
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Note 9)

Note 10)

Voo (+3V)

——n

Rcom and Rses are the resistance values between power supply terminals (Voo, Vsour) and
each common terminal (COM, to COM,,, COMMK, to COMMK.) and suplly voltage (Voo, Vsour)

and each segment terminal (SEG, to SEGe,, SEGM, and SEGM.) respectively,
when the current |4 is flown on every common and segment terminals at a same time
Apply to the output voltage from each COM and SEG

are less than

LCD driving constant voltage (Voo. Vsaur) at no load condition.

Voltage Tripler Measurement Circuit

+

Voo

Vss

crt
(.
NJUB465 C2*
Cs

Vsout

Voo
—.—

and measured

+0. 15V against the

Voltage Doubler Measurement Circuit

(+3V)

Voo

4

10k Q

—

Voltage Tripler/Doubler
Operation Clock Frequency = 10kHz

Vs O

Bleeder Resistance

and Buffer Amplifire

Yoo (+3V)

RB1

RB1

RB2

RB1

RB1

Vss

(N
(e
NJUB4BS Cz
C

VsouT

Ve

RB=4xRB1+RB2

NJUG465"s Internal

New Japan Radio Co., Lt
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Bus timing characteristics (Voo = 3.0V£20%, Veu = OV, Ta = -20 ~ +757C)

Write operation ( Write from MPU to NJU6465 )

PARAMETER SYMBOL MIN MAX CONDITION JUNIT
Enable cycle time tevee 1 us
Enable pulse width | 1" level PWes 400
Enable rise time, fall time ter, ted 20
Set up time [rs. RW. E | tes 200 fig.1 ns
Address hold time tan 200
Data set up time S . tosw 200
Data hold Time th 200

Timing Characteristics (Write operation)

vy » Vin
RS ><~< Vi ViL

tAS tAR
R/W N VL K
P Wen tAN
—  —
E Vin Vig LEF
ViL {/ \\ ViL ViL
—_— e tDSW tH
tEr Viy Vi
DBy ~DBs valid Data ><
ViL ViIL
tCYCE
fig. 1

WNew Japar Radio Co., L1,



Read operation ( Read from NJU6465 to WPU )

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Enable cycle time tevee 1 us
Enable pulse width | “1” level | PH- | 750
Enable rise time, fall time ter, tes 20
Set up time [Rs, RAW, E | tas 200 fig.2 | ns
Address hold time tan 200
Data delay time toor 750
Data hold time tonr 200

Load Condition of DBO to DB7 : CL=100pF

Timing Characteristics (Read operation)

Vi Vi
RS ViL ViL
tAS AR
R/W /IV[H Rvis
PWEN LAl
E Vig Vig )
Vll.,/ -—"\"’VIL‘ viL
ter— [t KL EETT
Vo Vou
DBo ~DB& >< Valid Data ><
VoL VoL
tCYCE
fig. 2

New Japan Radio Co, LE.
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- Serial Interface Sequence

(Voo = 3.0V£20%, Vss = OV, Ta = =20 ~ +75°C)

PARAMETER SYMBOL MIN MAX CONDITION | UNIT

Serial clock cycle time tevee 1 us
Serial clock | 717 level tsen 300 ns
width "0” level tscu 700 ns
Serial clock rise and fall Time tscertscs 20 ns
Chip select pulse width PWcs 500 ' ns
Chip select set up time tesu 200 ns
Chip select hold time ten 200 fig. 3 ns
Chip Select rise and fall Time tese, tess . 20 ns
Set up time RS, R/W - GS tas 200 ns
Address hold time | CS - RS, R/W tan 200 ns
Serial input data set up time tsisv 200 ns
Serial input data hold time tsin 200 ns
Serial output data delay time tsop 700 ns
Serial output data hold time tson 1200 ns

Serial Interface

Via v
RS Vi Vi
tas A
[
Viy : Vin
R/W ViL Vit
tAS i
tovce ton < Ples
v Vi K Vi
Ccs “‘ L Vi Vu,F
teso tesa
£ SCF
teF tam tsen ] tsa |
v
scL "
SIO Via
(INPUT) ViL
t
=, tson
SIO Vot Vor
(OUTPUT) Vol. >< You
fig. 3

New Japan Radio Co. L.



= The Input Condition when using the Hardware Reset Circuit

Input timing
t rsL |
VDD
RESET
VIL "‘ 7'
PARAMETER SYMBOL CONDITION HIN MAX  {UNIT
Reset input “0” leve! width trse fosc=212kHz 1.2 - ms

- Power Supply Condition when using the internal initialization circuit(Ta = -20 ~ +75°C)

PARAMETER SYMBOL CONDITION HIN MAX  JUNIT
Power supply rise time t oo 0.1 5
ms
Power supply OFF time torr 1

Since the internal initialization circuits will not operate normally unless the above
conditions are met, in such a case initialize by instruction.
(Refer to initialization by the instruction)

0.ims=t.oco=bms torr=1ms

torr Specifies the power off time in a short period off or cyclical on/off.

WNew Japan Radio Co. Ltd.
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B LCD DRIVING WAVE FORM

COM,

COoM:

COoM, COM,
COoM,

COMs

COMe '
COoM:

COM,s

COMie

COMs

CO Mo

COMir

CO M,

COMis

C 0 M«

C O Mis— ——

COMyr ——@-0-0—
COMsis —@
COMis
COMzo
COMz,

Tt

COM:z

CO Mz

COMqzy

COMas
COMze ——@—
COMar
COMze
COMzs
COMso
COMs
COMs2

T

COMM,
COMM:

3T
COMM;

COMM; @&

Te

SEG;
SEG:
SEG;
SEG
SEGs

Voo

COM;

COMM,

COMM,

SEG

SEG:

1/36 Duty Driving

1121314151 +oeviennns 13233134135036 (1 12 1314151 coevveenenss 1321331343536
N 7 Y _
I j ______________ _
kel beuibeibeibelelefiefbebp s A i :
-1 ______ . |
Y /A R
-2 - - ___ 111------------C —
I N I P -
Y YA I D B S
I J1-___-_-__----"-__ T
[ R B B A v na
L --_-----_----- N D) S 1
N /A R I
R J--_----------:.: — T
I I I I (G |-
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B APPLICATION CIRCUITS (1)

&STBY T-Segment Diplay Panel or Icon Display
0 00 00 04 \
D (0 00 () 1, %) % ﬂ
LCD Panel (12-Character 4-Line)

COM32 ﬁ
T
1

1

'

]
L]
L]

"

®

.

.

1

"

.

"

.

.

.

.

.

N

N

.

.

1
L }
[

I
.

.
seaM2 ||

]

v

.

o
- ©@w - <
22 = = B mccmaccecacaeasmmscmcccmcsssasennn 3 S Too -
9 E_EEF— o < E—E E—F
wne oo fre] w w S oo &
nO OO0 7] %] v Qo ov ©

COPIHM
COMM1
COMS1

‘ NJUB46S
;

BOTTOM VIEW J

12-character 4-line Display Example
(The terminal description is "Mode A”.)

i WNew Japan Radio Co. L1,
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M APPLICATION CIRCUITS (2)

T-Segment Diplay Panel or Icon Display
0020 020 0 % N
D0 000 0,00, &ﬂ
LCD Pane) (12-Charucter 4-Line)

SEGH2 —l |

o
- ~ - - N W -
LI T3 V3 ¥ F  Gewecmmccccmcmmemmemescasscccnasnnan S 2 82 2 3
EZEZ X EEZZ—F < o E—_Ex-3F ©
QO OO0 e O W w =3 Qe O w
SO0 OO OO © « Z] O OO0 O un

NJUB46S
TOP VIEW

12-character 4-line Display Example
(The terminal description is “Mode B”.)

New Japan Radio Co., Lt



NJU6465

MEMO

New Japan Radio Co.Ltd.

[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.




