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12—-CHARACTER 2-LINE

DOT MATRIX LCD CONTROLLER DRIVER

M GENERAL DESCRIPTION I PACKAGE OUTL INE

The NJU6428/29 is a Dot Matrix LCD controlier driver
for 12-character 2-line with icon display in single chip.

It contains voltage tripler, bleeder resistance, CR
oscillator, microprocessor interface circuits, instruc-
tion decoder controller, character generator ROM/RAM,
high voltage operation common and segment drivers.

The voltage tripier and bleeder resistance generates
about triple voltage(8V) and bias voltage for LCD dri-
ving waveform internally from single power supply (3V).

Consequently, high-contrast display can be performed NJUG428X/29XFC1

though the simple power supply circuits.

The CR oscillator incorporates C and R, therefore no
external components for oscillation are required.

The microprocessor interface circuits which operate by
1MHz, can be connected directly to 4/8bit microprocessor

The character generator consists of 9,600 bits ROM and
32 x 5 bits RAM.

The 17-common ( 16 for character, 1 for icon ) and 60-

segment drivers are operated up to 13.5V, and the icon NJU6428X/29XFG1

common driver display up to 60 icons.

W FEATURES

@ 12-character 2-line Dot Matrix LCD Controller Driver
@® Maximum 60 icon Display (Using COMMK)
@® 4/8 Bit Microprocessor Direct Interface
@ Display Data RAM - 24 x 8 bits : Maximum 12-character 2-line Display
or 24-character 1-line Display
@ Character Generator ROM - 9,600 bits : 240 Characters for 5 x 7 Dots
@ Character Generator RAM - 32 x 5 bits : 4 Patterns ( 5 x 7 Dots )
@ High Voltage LCD Driver : 17-common / 60-segment
@ Maximum Display Character Number
{ 1/18 Duty, lcon Display Only for Version D and M is 2/18 Duty ) : _

Device Display Character Position of COMMK ! Duty of COMMK [ OP-AMP. Drive ability
NJUG428CX 1/18 +54A
NJUB428DX Upper Side 2/18 -
NJUB428LX 1/18 +10,A
NJUB428MX | 12-Character 2-Line 2/18 -
NJUB429CX + Max.60 lcon Disp. 1/18 +5 4
NJUB429DX Lower Side 2/18 -
NJUG429LX 1/18 +104A
NJUG4 294X 2/18

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

@ Power On Initialize / Hardware Reset Function

@® Voltage Tripler and Bleeder Resistance On-chip

@ Oscillation Circuit On-chip

@ Lov Power Consumption —- { 100uA )

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

@ Package Outline -~ Chip / Bumped Chip / QFP100-C1 / QFP100-G1(TQFP) / TCP

@ C-M0S Technology

5-408 New Japan Radio Co. LE1,
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M PIN CONFIGURATION ( NJUB428FC1 )

——1DB,
[———1DB,
DB
DB,

DB,

[——JRESET

[ IR/ YW
[ RS
Voo

1V
— )
[ 1~
——c2
[——C2-
1 Veour
™
— Y

agq T
°gq —
tgq T
Moy T
oTjgy C—]
TTRga ]
2Tnoa ]
eInoy ]
gy [ | m—
[ ] —
°ipgy
'nas ]
L3} [ m—
-1 L] s—
raas
LY o m—
sngsC—]
tygs C—]
[T [ m——m
olngs ]
Tings ]
L3 ¥ 1 w—
ciggg —
r*iggs ]
arggs
sigas ]
tigge— 3

stn3s
stn3s 3
-]

51
50

lI—=osc,
3p3l——o0scC,

NJU6 428

®©

[T T uoauT

SEGy, )
SEG,5
SEG,, ]
SEG,s ]
SEGze¢ ]
SEG,, ]
SEG,y ——]
SEG29 .
SEGy0 ]
SEGy,
SEG32 C—
SEGyy
SEGs4 T
SEGys
SEGys ]
SEG,, T
SEG3e ]
SEGy C— wy

JARCD
'ROD
ZR0D
RO2
*ROD
SO
b [14
b {1k}
*ROD

0993s

£s33s
2933s

L993s

95n3s

29338

*s93s

£933s

2ap3s

T9n3s

°sn3s

sraas

*ryas

L*33s

S*aas

arags

*ra3s

Ernas

zrn3s

1v53s
°rn3s

M PIN CONFIGURATION ( NJUB429FC1 )
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B PIN CONFIGURATION ( NJUB428FG1 )

¢ Wb ON~O W EMNN~O

R I I R T I L B I . 3 I B I T )

VUOUUOWwYUWUUYUUUUDUUDUSSNNESES

Whalmaida i dh bl oooaonobom

MHANMMUUNNUNUUNVNINUNLULULLDLLUDLOLA

15
SEG17 6 50— P8¢
SEG1s ] O ——s
SEG 9 ] 108,
b4 { -PY Y mu— 108y
SEG, 082
SEG2, Y [——s,
SE623 ] 19Bo
SEG24 T [ E
SEGy5 ] Y
SEC2¢ —
SEG, 7 C——] F—— KESET
SEG26 —] 1;»»
SEGzo C—] 1 Vet
peip— NJUG 428 — i+
SEG3 ) —— ——cl-
SEG3y; ——] [——c2*
SEG33 > 2
SEG3.4 ] [—Vsour
SEGas — [ Vag
SEGas — — S
SEGyy C— [——0s8C,
SEG3 ] [ 0sCa
SEG€39 ——] —— couMK
SEG 40 E—] mO R ——com
SE6 6|—cou2

u‘; 15

N MY OSSN EAD-NM TN O~

MR AN NI XN X NN I NI K]

UUUUUUBUS SUUUUOUUL YN SNS NN

R R R R - E-N-N-N-N-]

MVUUUNNUUU UKL UL MDODLOO DU

I PIN CONFIGURATION ( NJUB429FG1 )

e e PN-~D oMeowemnM N~O

i I L TN S A N B N T N N T )

UBUUUUP P UOUUOYUTUYU SR NNNEN

el ) ) W MMM R DO0ODO00 0 e

UUUNUUIUU U MUMUMODOUVDDUU &

75
SEGje 6 s0|[— s
SEG1 T ] 1]
SEG ;9 — 10,
SEG;9 198y
SE620 T e
SEG,y —] [——s,
SEC22 ] 198
$SEGs ] —¢
SEG24 T ——r/w
SEGo5 ] —&s
SEG2¢ T— — I RESET
SE&27 —] :znn
SEG2s T NJU6 4209 Ve
SEG,, ] —c1*
SEG30 ] [—=cl
SEG3, —— —1 % A
SEG32 T _——c2”
SEG33 T ) Vsout
SEG34 — ™ " 1Vge
SEG35 ] [ 1Vs
SEGy¢ T—] {—10SCy
SEGy; T— [ 708C2
SEG3e ] [——icomn
SEG39 Tl O [——1cou2
SEG4o T 10? L28cons

L

“N PDETLONBRO TN TO G - D
T TV VIDVSY DD VDRSO Y
L4 &3 A3 L AL A AL AL A R AR ERER ]
Bad G Gl Gl Bad fad B Bl du M) R b il W MW W WO O OO O
MUV VIV MUUOLD LWL W

5-410 New Japan Radio Co. Lt



NJuUG6428_"29

I PAD LOCATION
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CHIP SIZE

: 5.83mm x 4.23mm

CHIP CENTER : X=0um, Y=Outm

PAD SIZE

: 80um x 80um
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I PAD COORDINATES

CHIP SIZE 5.83mm x 4.23mm { CHIP CENT

ER X=0um, Y=0um )

PAD No gz sz X=Cm) | Ye(aam) | [ PAD o g bz X=(um) | ¥=(aam)
T | StGeo | SEGos | -2199.0 ] -1894.0 BT | DBs | 0B, | 2134.0 | 18%6.0
2 | SEGer | SEGeo | -1999.0 |-1894.0 52 | DBe | DBs | 1944.0 | 1896.0
3 | SEGe, | SEGe, [ -1799.0 [-1894.0 53 | DB, | DB, | 1784.0 | 18%.0
4| SEGes | SEGse | -1599.0 |-1894.0 54 | COMs | COMo | 1547.0 | 1896.0
5| SEes | SEGws | -1419.0 |-1894.0 55 | COMo | COM,o | 1357.0 | 18%.0
B | SEGss | SFGe. | -1279.0 | -1894.0 56 | COM., | COM., | 1187.0 | 1896.0
7| S | SEGes [-1139.0 |-1894.0 57 | COMio | COMie | 1027.0 | 1896.0
8 | SEG.r | SFBes |- 999.0 | -1894.0 58 | COMs | COMis | 887.0 | 1896.0
9 | SGas | SEGer |- 859.0 |-1894.0 59 | COMie | COM.e | 747.0 | 1896.0

10| SEGeo | SEGes |- 719.0 |-1894.0 50 | COMis | COM, | 607.0 | 18%.0
11| SE6so | SEGes |- 579.0 | -1894.0 61 | COMie | COMie | 467.0 | 1836.0
12| SEGe, | SEGeo |- 433.0 |-1894.0 62 | SEG, | COMMK | 22B.0 | 18%.0
13| SEGe, | SEGsy |- 299.0 |-1894.0 B3 | SFG. | SEG. |- 3.0 | 1896.0
14| SEGss | SEGse |- 159.0 [-1894.0 B4 | SiGs | SEG, |- 163.0 | 1896.0
15| SEGes | SEGss |- 19.0 |-1894.0 B5 | SEG. | SEG, |- 303.0 | 1896.0
16| SEGss | SEGss | 121.0 |-1894.0 66 | SEG. | SEG. |- 443.0 | 1895.0
17| SEGes | SEGes | 261.0 [-1894.0 67 | StBs | SEG, |- 583.0 | 1896.0
18| SEGs: | SEGss | 401.0 |-1894.0 B8 | SEG; | SEGe |- 123.0 | 18%6.0
19 | SFGes | SEGer | 541.0 |-1894.0 B9 | SFGe | SEG, |- 863.0 | 1896.0
20 | SGeo | SEGes | 681.0 | -1894.0 70 | SEGo | SEGs | -1003.0 | 1896.0
21 | SEBeo | SEGes | 821.0 | -1894.0 71 | SFGio | SEG» | -1143.0 | 1896.0
22 | COMo | SEGeo | 1058.0 | -1894.0 T2 | SEGi, | SEGio | -1283.0 | 18%5.0
23 | COM: | COMe | 1339.0 |-1894.0 73 | SEGio | SEGi: | -1423.0 | 1896.0
24| COMs | CON» | 1479.0 |-1894.0 74| SEGis | SEGi, |-1563.0 | 189.0
25 | COMs | COMo | 1619.0 | -1894.0 T5 | SEGi. | SEGis | -1703.0 | 1896.0
26 | COMs | CONo | 1759.0 | -1894.0 76| SEGis | SEG.. |-1863.0 | 18%6.0
27 | COMs | COM. ] 1919.0 |-1894.0 71| SEGis | SEG,s | -2023.0 | 18%6.0
28| CON, | COMs | 2079.0 |-1894.0 T8 | SEGi: | SEGi ] -2183.0 | 18%6.0
29| COM, | COM. | 2239.0 |-1894.0 79 | SEGis | SEG, | -2343.0 | 18%6.0
30| COMMK | COM: | 2309.0 |-1894.0 80 | SEGis | SEGis ] -2503.0 | 1896.0
31| 0SC, | 0SC. | 2688.0 | -1806.0 B1 | S0 | SEGie | -2688.0 | 1561.0
32| 0SC, | 0SC. | 2688.0 |-1497.0 82 | SEG,y | SEGao | -2688.0 | 1281.0
3 1V Vs 2688.0 [-1220.0 83 | SEG.. | SEG.s | -2688.0 | 1031.0
34 [ Veo | Ves | 2688.0 |-1080.0 84 | SGs | SEG.. | -2688.0 | 831.0
35 | Vsour | Veour | 2688.0 |- 801.0 85 | SEGre | G | -2688.0 | 631.0
% [ 2 |G | 2688.0 |- 661.0 85| SEGns | SEGn« | -2688.0 | 491.0
3| 6 | c2' | 2688.0 |- 382.0 81 | SEGoo | SEGes | -2688.0 | 351.0
3B 16 | c- | 2688.0 |- 242.0 BB | SEG.; | Gy | -2688.0 | 211.0
39 [ c1" o | 2688.0 | 38.0 B9 | SEGoo | SEG | -2688.0 | 7T1.0
0 [ Ve [ Ve | 2688.0 | 178.0 90 | SEGrs | SEGze | -2688.0 |- 9.0
11| Voo | Voo | 2688.0 | 378.0 91 | SEGso | SEes | -2688.0 |- 209.0
42| RESET | RESET | 2688.0 | 578.0 82 | SEGs. | SEGao | -2688.0 |- 349.0
8BRS RS 2688.0 | 718.0 93 | SGso | SEGa: | -2688.0 |- 489.0
44 | R [ R | 2688.0 | 858.0 94 | SEGss | SEGu. | -2688.0 |- 629.0
5] E E 2688.0 | 998.0 95 | SEBae | SEGss | -2688.0 |- 769.0
45 | DB | DBo | 2688.0 | 1138.0 9 | SEGos | SEGae | -2688.0 | 909.0
47| DB, | DB, | 2688.0 | 1218.0 97 | SEGso | SFGs | -2688.0 | 1049.0
48 | DB, | DB, | 2688.0 | 1418.0 98 | SGa: | SEGne | -2688.0 | -1249.0
49 | DB, | DB, | 2688.0 | 1558.0 99 | SEGoo | SGar | -2688.0 | 1449.0
5 | DB, | DR, | 2688.0 | 1698.0 100 | SBso | SFGun [-2688.0 |-1649.0

¥ The left side PAD of Nol PAD is Dummy PAD ( Coordinates

5-412
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I BLOCK DIAGRAM
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I TERMINAL DESCRIPTION

NJUB428
PAD NO. SYMBOL FUNCTI ON
FC1 FG1
41 39 Voo Power Source { + 3V )
34 32 Vss Power Source ( 0V )
33 3 Vs LCD Driving Voltage Output
32 30 0SC Osciltation Frequency Adjust Terminals. Normally Open.
31 29 0SC- (Oscillation C and R are incorporated., Osc Frequency=80kHz)
For external clock operation, the clock should be input on 0SC,.
Register selection signal input(Pull-up resistance On-chip)
43 41 RS "0" : Instruction Register (Writing)
Busy Flag, Address Counter (Reading)
"1" : Data Register (Writing/Reading)
44 42 R/W Read/Write selection signal input(Pull-up Resistance On-chip)
"0" : Write , "1” : Read
45 43 E Read/Mrite activation signal input

3-state Data Bus(Upper) to transfer the data between MPU and
50~53 48~51 DB.~DB- NJU6428/29.
DB+ is also used for the Busy Flag reading.

3-state Data Bus(Lower) to transfer the data between MPU and

46~49 | 44~47 DBo~DB: NJU6428/29.
These bus are not used in the 4-bit operation.

29~22 | 21~20 | COM,~COM:s [ LCD Common Driving Signal

54~61 h2~59
30 28 COMMK Icon Common Driving Signal

652~100 | 60~100 | SEG ;~SEGso § LCD Seement Driving Signal

f~211 1 ~19

39,37 37,35 C:*, Co* | Capacitor for Voltage Tripler Connecting Terminal ( + )

38,36 36,34 C.”, C2~ |Capacitor for Voltage Tripler Connecting Terminal ( - )
40 38 Vei Input Terminal for Voltage Tripler (Normally Vc: = Vop)
35 33 Vsour Voltage Tripler Qutput Terminal

Reset Terminal. When the "L” level input over 1.2ms to this
terminal, the system will be reset(fosc=80kHz)

|
—j|

42 40

5-414- New Japan Radio Co., L
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I TERMINAL DESCRIPTION

NJUG429
PAD ND. SYMBOL FUNCTI ON
FCt FG1
4 39 Voo Power Source ( + 3V )
34 32 Vss Power Source ( OV
33 31 Vs LCD Driving Voltage Output
32 30 0SC. Oscillation Frequency Adjust Terminals. Normally Open.
3 29 0SC> (Oscitlation C and R are incorporated, Osc Frequency=80kHz)
For external clock operation, the clock should be input on 0SC,.
Register selection signal input(Pull-up resistance On-chip)
43 4 RS "0” : Instruction Register (Writing)
Busy Flag, Address Counter {(Reading)
"1" : Data Register (Writing/Reading)
44 42 R/¥ Read/Write selection signal input(Pull-up Resistance On-chip)
"0" : Write , "1” : Read
45 43 E Read/Write activation signal input
3-state Data Bus{Upper) to transfer the data between MPU and
50~53 | 48~-51 DB+~DB- NJUG428/29.
DB, is also used for the Busy Flag reading.
3-state Data Bus(Lower) to transfer the data between MPU and
46~49 | 44~47 | DBo~DBs NJUG428/29.
These bus are not used in the 4-bit operation.
30~23 | 28~21 | COM;~COM:s | LCD Common Driving Signal
54~61 | 52~59
62 60 COMMK lcon Common Driving Signal
63~100 | 61~100 §{ SEG ;~SEGeo | LCD Seement Driving Signal
1~2211~20
39,37 37,35 C:*, C2* |Capacitor for Voltage Tripler Connecting Terminal ( + )
38,36 36,34 C.™, G2~ | Capacitor for Voltage Tripler Connecting Terminal ( - )
40 38 Vei Input Terminal for Voltage Tripler (Normally Vci = Voo)
35 33 Vsour Voltage Tripler Output Terminal
42 40 RESET Reset Terminal. When the "L” level input over 1.2ms to this
terminal, the system will be reset(fosc=80kHz)

New Jaoan Radio Co. L&,
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I FUNCTIONAL DESCRIPTION
(1) Description for each blocks
(1—1) Register

The NJU6428/29 incorporates two 8-bit registers, an Instruction Register (IR) and a Data
Register(DR). The Register(IR) stores instruction codes such as "Clear Display” and "Return
Home”, and address data for Display Data RAM(DD RAM) and Character Generator RAM(CG RAM).

The MPU can write the instruction code and address data to the Register(|R), 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 or CG RAM and read out from the DD RAM or CG RAM.

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

When the address data for the DD RAM or CG RAM is written into the Register(IR), the ad-
dressed data in the DD RAM or CG 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

or GG 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 JR/W |Selected Register Operation

0 0 IR Write

0 1 Read busy flag(DB-) and address counter(DBo~DBs)
1 0 oR Write (Register(DR) to DD RAM or CG RAM)

1 1 Read (DD RAM or CG RAM to Register(DR))

(1—2) Busy Flag (BF)

Bhen 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—23) Address Counter (AC)

The address counter(AC) addressing the DD RAM and CG 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
or CG RAM is also determined by this instruction.

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

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

5-416 New Japan Radio Co. Ld
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(1—4) Display Data RAM (DD RAM)

The display data RAM (DD RAM) consists of 24 x 8 bits stores up to 24-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 ”
acface [acs [ac. [ac. [ac. [ac. [aco | Lo [o [o |1 o o [o]
< Hexadecimal =<  Hexadecimal - «~—— 0 ———e—— 8 ———-

(1—4—1) 1-line Display ( N0 )
The relation between DD RAM address and display position on the LCD is shown below.
fch 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1
Line 00 To1 o2 o3 Joa [o5 | o6 {07 |08 {0 | oa 0B |oc [on ok [oF {1011 |12 {13 14{15[16]17]

\ J \ J

COM: ~ COMs COMs ~ COM; 6

When the display shift is performed, the DD RAM address changes as follows:

( Left Shift Display )

Ich 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
[01T02 03T o4 Jos To6 {07 Jos [ oa [ oa 0B [oc [ovoE | oF {1011 |12 {13 ]14|15]16 1700}

( Right Shift Display )
fch 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

[17T o0 Jo1 o2 Jos ToaTos Jos [o7 [o8 o9 [ oa [oB oc op [oE Jor |10 [11]12|13[14]15]16]

New Japan Radio Co. Lt 5-417
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(1—-4—2) 2-line Display ( N=1 )
The relation between DD RAM address and display position on the LCD is shown below.

COM; ~ COMe
1 2 3 4 5 6 7 8 9 10 11 12 <« Display
st Position
Line]00}01{0203([04|05|0607|08|09|0A|0B
2nd < DD RAM Address
Line J 40 [41 (42 (43 144 [ 45 (46 |47 (48|43 14A14B (Hexadecimal)

\ J

COMs ~ COM, s

Note : In the 2 lines display mode, the 1st and 2nd line address are defined as (00)x
to (0B)x and (40)u to (4B)x. Please note that the end of 1st line address and
the beginning of 2nd line address are not consecutive.

When the display shift is performed, the DD RAM address changes as follows:

( Left Shift Display )
1 2 3 4 5 6 7 8 910 11 12
(00)« | 01102 {03 0405060708 |09|0A|O0B]|00
(40)« | 41 |42 |43 (44 |45 |46 | 47 | 48 {49 | 4A [ 4B | 40

( Right Shift Display )

1 2 3 4 5 6 7 8 9 10 11 12
OB (00|01 (02|03]04 (05|06 |07 (08|09 0A]|—(0B)
4B |40 (41 (42 |43 |44 (45 (46 |47 |48 |49 | 4A | —(4B)

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

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

The storage capacity is up to 240 kinds of 5 x 7 dots character pattern.

The correspondence between character code and standard character pattern of NJUB428/29 s
shown in Table 2-1 and 2-2.

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

5-418 New Japan Radio Co. Lt
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Table 2-1. GG ROM Character Pattern ( ROM version -02 )

Upper 4 bit ( Hexadecimal )

415

6

7

8

A

Lower 4 bit ( Hexadecimal )

*ﬂtﬂDOw>’©oo

CG
(01)

(02)

(03)

(04)

on |

(02)

(03)

(04)

(01)

(02)

(03)

(04}

.....

(o1)

(02)

(03)

on |

-----

New Japan Radio Lo, Lid.
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Table 2-2. CG ROM Character Pattern ( ROM version -05 )

Upper 4 bit ( Hexadecimal )

314567819

A

ﬂ

Lower 4 bit ( Hexadecimal )
(o)}

m o mlolalw|[»] © o

5-420
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(1—86) Character Generator RAM ( CG RAN )

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 and icon data. The CG
RAM can store 4 kind of character in 5 x 7 dots mode or 2 kind of character in 5 x 7 dots mode
and icon data.

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

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 ’ Charactertt
or
(0D RAW Data) RAM Address (cG RN Daee)
765432 1 0 4 3 2 1 0 43210
—— -~ ——
Upper Lower UpEer Lower Uprer Lower
bit bit bit bit bit
L 000 :
1 001
1010
011 Character Pa{t rn
0000%x%00 00 : } 8 ? Example(1 ?
1110 ;
_________________ ________i_]_[_[ ______j <«Cursor Position
{000 !
001 !
010 i
v 011 H Character Paz rn
0000* %01 01: } 8 ? ! Example(2 ?
1110 | _
_________________ B _____i_l_[;[ ____-_j <«Cursor Position
000 :
1 001 1
0000%%11 111 :
100 '
P 101 ' ¥ : Don't Care
110 '
P11 '

Notes : Character code bit 0, 1 correspond to the CG RAM address 3, 4(2b|t? gatterns)
2 CG RAM address 0 to 2 designate character pattern |ne POSItIOﬂ line is
the cursor position and the display |s per ormed bY ogical OR wu;h cursor.
Therefore, i) case of the cursor display, } ine should
here is "1” in the 8th line, the bit 1 |s always dlsplayed on the cursor
EOSItlon regardless of cursor existence.

3. haractgr pattern row position correspond to the CG RAM data bits 0 to 4 are

4. SG KRMach$acter patterns are selected when character code bits 4 to 7 are all
”0” and it is essed ?5 haracter code bits 0 and 1. Therefore, the address
(OO)HQ (04)H-T?885H and an select the same character pattern as shown in Table

5. ™17 for C&nRAMadaga corresponds to display On and "0” to display Off.

6. CG RAM address (14)u to (1FOH are using for both of character pattern memory and

icon data memory.
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(1—=7) lcon Display Function

The NJU6428/29 can display not only 5 x 7 bits character pattern but also maximum 60 icons.

The icon can be displayed by writing bit

(14)x ~ (1F)x of CG RAM.
The fixed character display code is not affected except CG RAM writing and display ON/OFF
instruction.

The relation between CG RAM address and
the display shift is executed.

n1n

to each data bit 0 to 4 in the address

icon display position on the LCD is fixed even if

The relation is shown below:

[1 [% HOLD

000 OOEEE EO0C0m (] |

ECICICTE | mpy mnn | (]

[ | m[m] ] IIB IE]BI (]

[ (] [ | | mpy Wmm| | [H] |

IE=EI HﬂlB | (m/m[m] ] | W]

EHOOOm Mt H | [W/m[m] | | [m]

T DT ONRO0 UmmEc Om
SEG/display 12345 |[6789 101112131415 B \ 5657585960
COMMK 1Fa~1Fg | 1Es~1Eo [ 1D4~1Do s+ ] 154~150 | 14.~~14o |

NOTE) The 1F. corresponds bit 4 of (1F}u in CG RAM.

< CG RAM vs. SEG terminal

for icon display > Maximum Character Number and lcon Display Mumber in CG RAM

CG RAM data | SEG fcon Disp.|Max. Chara Note

address | 43210 |terminal] Number Number
14 00110 | 56~~60
15 [ 11100 | 5i~a5 | | Nolse | 4 Chara. S
6 | ..... 46~50 03) 4, (07)x,(0B)x and (OF)x can not use for
7 s 41~q5 | | 40 lcons | 3 Cnara. f o racter Memory.
18 | ..... 35~40 (02)}11(03)}{'(05)}11(07)1-11(OA)H-(OB)H.(OE)H and
19 |..... 31~35 60 lcons | Z Chara. (OF)u can not use for Character Memory.
1A ] ..... 26~30
R TIT L~ | NOTE) When the icon display function using, the systen should be
0 - 00000 1 11~15 initialized by the software initialization  because of the
IE 00100 | 6~10 CG RAM does not initialize except the software initialization.
1F 00000 | 1~5
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(1—8) Timing Generator

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

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 17-common driver and 60-segment driver.

¥hen the line number is selected by a program, the reauired common drivers output the common
driving waveform and the other common drivers output non-selection waveform automatically.

The 60 bits of character pattern data are shifted in the shift-register and latched when the
60 bits shift performed completely. This latched data controls display driver to output LCD
driving waveform.

(1—10) Cursor Blinking Control Circuit

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

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

When the address counter is (08)u, a cursor position is shown as follows:

ACs ACs A« ACs AC2 AC: ACo
ey [ o] of of 1] of o] o]

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

Display [00]01[02]03]04 |05 06|07 [0a]09]o0al0B] <« DD WM address
a

t Cursor position

1 2 3 4 5 6 7 8 9 10 11 12 < Display position
2-line 00(01)02]03|04]05|06)07 (08|09 ;0A/|O0B ()] ?AM address
- Hexadecimal)
Display |40 | 4142|4344 |45 (46 |47 |48 |49 |4A (4B

4 Cursor position

(Note) The cursor or blinks also appear when the address counter (AC) selects the CG RAM.
But the displayed cursor and blink are meaningless.
If the AC storing the CG RAM address data, the cursor and blink are displaved in
the meaningless position.
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(2) Power on Initialization by internal circuits

(2—-1) Initialization By Internal Reset Circuit

The NJUG428/29 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

is kept 10 ms after Voo rises to 2.4V.

Initialization flow is shown below:

[ Clear Display |

J DL=1 :8-bit long
I Function Set | interface data
N=0 :1-Line Display

D=0 :Display Off
Display On/0ff =0 :Cursor Off
Control | B=0 :Cursor Blink Off

I {/D=1: Increment by 1
I Entry Mode Set I S=0 :No §

5.424 New Japan Radio Co. L4

and this status

OTE

If the condition of power supply
rise time described in the Elec-
trical Characteristics is not sa-
tisfied, the internal Power On
Inttialization Circuits will not
operated and initialization will
not performed.

In this case the initialization
by MPU software is required.
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(2-2) Initialization By Hardware

The NJUB428/29 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 sisnal
output during 10ms after RESET terminal goes to "H".

* Reset Circuit

RESET C[:::>———‘ Hardware Reset '——1
~ SYSTEM RESET
SO————0

L

POWER ON RESET

*Timing Chart

<«~{ver 1.2ms~>

External Reset
Signal

Counter Outpyt ————mef L 1
RS-F/F Output -—----—-—J__________1
Internal Reset —-I—l

Signal
| « 10ms - |

Busy | L

(3) Instructions

The NJUG428/29 incorporates two registers, an Instruction Register (IR) and a Data Register
(DR).

These two registers store control information temporarily to allow interface between NJUG428/
29 and MPU or peripheral ICs operating different cycles. The operation of NJU6428/29 is deter-
mined 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 4. shows each instruction and its operating time.

Note 1) The execution time mentioned in Table 4. based on fcp or fosc=80kHz.
I the oscillation frequency is changed, the execution time is also changed.
Note 2) When the reset function is executed, 24-character 1-line is selected.

New Japan Radio Co. Lt 5-425



NJU&6428_"29

Table 4. Table of Instructions
C 0 D E EXEC
INSTRUCT | ONS RS R/W DB~ DBs DBs DB4 DBs DB» DB: DBo DESCRIPTION TIME

Maker Testing 0 0 0 0 0 0 0 0 O 0 (Al "0" code is using for maker -
testing.

Clear Display 0 00 0 0 0 0 0 0 1 Display clear and sets DD RAM 1.63ms
address 0 in AC.

Return Home 0 0 0 0 0 0 0 0 1 % |Sets DD RAM address 0 in AC and 125us
returns display being shifted to
original position.

DD RAM contents remain unchanged

Entry Mode Set 0O 06 0 0 0 0 0 1 1/0S Sets cursor move direction and 125us
specifies shift of display are
performed in data read/write.
1/D=1: Increment, |/D=0:Decrement
S=1:Accompanies display shift

Display On/Off 6 0 0 0 0 0 1 D C B |Sets of display On/0ff(D), 125us

Control cursor On/0ff(C) and blink of
cursor position character(B).

Cursor or 0 0 0 0 0 1 S/CR/L ¥ % |Moves cursor and shifts display | 188us
Display Shift without changing DD RAM contents

§/C=1 : Display shift
8/C=0 : Cursor shift
R/L=1 : Shift to the right
R/L=0 : Shift to the left

Function Set 0 0 0 0 t DL N x x % |Sets interface data length(DL), 125us
number of display lines(N) and
display character number.

Character font is fixed 5 X 7.
DL=1 : 8 bits , DL=0 : 4 bits
N=1 : 2~line , N=0 : 1~line
Set CG RAM 0 0 0 1 * <«— Acc ——> |Sets CG RAM address. After this | 125us
Address instruction, the data is trans-
ferred to/from CG RAM.
Set DD RAM 0 0 1 <«—— Avo ——=> | Sets DD RAM address. After this 125us
Address instruction, the data is trans-
ferred to/from DD RAM.
Read Busy Flag 0 1 BF <—- AC ———> | Reads busy flag and AC contents. Ous
Address BF=1 : Internally operating
BF=0 : Can accept instruction
Write Data to 1 0 <«— HWHrite Data(DD RAM) — | Writes data into DD or GG RAMs. 125us
CG & DD RAM ¥ ¥ % <«—(CGRAW) —
Read Data from 1 1 <«— Read Data(DD RAM) —— | Reads data from DD or CG RAMs. 188us
0G or DD RAM
¥ % % <—(CG RAM) —
Explanation of DD RAM : Display data RAM , CG RAM : Character generator RAM
Abbreviation |Acc : CG RAM address , Aoo : DD RAM address, Corresponds to cursor address
AC : Address counter used for both of DD and CG RAMs

5-426
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(3—1) Description of each instructions

(a) Maker Testing

RS R/W DB, DB DBs DB« DBs DB, DB, DBo
Code [0 [0 [0 Jo Jo [o [o o o [o]

Al "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 RNW DB, DB DBs DB« DBs DB. DB, DB
Gode |0 Jo Jo Jo Jo JoJo oo 1]

Clear display instruction is executed when the code "1” is written into DBo.
When this instruction is executed, the space code (20)x is written into every DD RAM ad-
dress, the DD RAM address 0 is set into the address counter and entry mode is set increment.
If the cursor or blink are displayed, they are returned to the left end of the LCD (the
left end of the 1st line in the 2-line display mode).
The S of entry mode does not change.
Note: The character pattern for character code (20)x must be blank code in the user-defined

character pattern(Custom font).

(c) Return Home

RS RM DB, DBs DBs DB DBs DB, DB: DBo
Gode |0 [0 [0 [0 [0 [o [o o [1 [* ] *x=pontcare

Return home instruction is executed when the code "1” is written into DB,. When this
instruction is executed, the DD RAM address 0 is set intc the address counter. Display is
returned its original position if shifted, the cursor or blink are returned to the left end
of the LCD (the left end of the 1st line in the 2-line display mode) if the cursor or blink
are on the display.

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

RS _RM DB DBs DBs DB, DBa DB, DB DBo
code [0 [0 [0 [o [o Jo JoT 1 [im[s

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 (I/D) and (S) are
written into DB.(1/D) and DBo(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 Function

1 Address increment: The address of the DD RAM or CG RAM increment { +1) when
the read/write, 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 Function

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 [/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 shifting.

5.428 ow Japan Radio Co. L
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(e) Display On/0ff Control

RS R DB, DBs DBs DB« DBs DB> DB: DBo

Code [0 [0 o [o o {o |1t [o]c {s]

Display On/Off control instruction which controls the whole disblay 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

below.

Function

Display On.

Display Off. In_this mode, the display data remajns in the DD RAM so that
it is retrieved immediately on the display when the D change to 1.

Function

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

Cursor 0ff. Even if the display data write, the /D etc does not change.

Function

The cursor position character is blinking. Blinking rate is 540ms at
fosc=80kHz for 12-character 2-1ine. i
The cursor and the blink can be displayed simultaneously.

The character does not blink.

| | | [=] m] | [ [m] EEEEN
ROOOE RO0O0O. I=Ill
RODCIC] ] | | ] ll=
HOEER ' (m(wim] | I===
| [m[mm] | EEREN n B
HODOm | (m[mja] | HNEER
m | | ]] 00O [ L] 1]
llwrl 0ooooo EEERE
Cursor
Character Font B x 7 dots Aiternating display
(1) Cursor display example (2) Blink display example
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(f) Cursor/Display Shift

RS R DB, DBs DBs DB. DBs DB, DB, DBo
Code | 0 [0 [0 |0 [o [t [safai s [ % ]| #=nontcare

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. In the 2-line display, the cursor moves to the 2nd line when it passes the 12th
digit of the 1st line. Notice that the 1st and 2nd line displays will shift at the same
time. When the displayed data is shifted repeatedly, each line moves only horizontally.

The 2nd line display does not shift into the Ist line position.

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 DBs(S/C) and DB-(R/L), as shown below.

$/C R/L Funection
0 0 Shifts the cursor position to the left ((AC) is decremented bg 1)
0 1 hifts the cursor position to the right ((AC) is incremented by 1)
1 0 Shifts the entire display to the left and the cursor fol|ows it.
1 1 Shifts the entire display to the right and the cursor follows it.

(g) Function Set

RS R/W DB DBs DBs DB. DBs DB. DB: DB
Code l 0 [ 0 , 0 l 0 | 1 l DL l N l ¥ l * l ¥ 41 ¥ = Don't care

Function set instruction which sets the interface data length and number of display lines,
is executed when the code "1” is written into DBs and the codes of (DL) and (N) are written
into DB4(DL) and DBs(N), as shown below (character font is fixed 5 x 7 dots).

(DL) sets the interface data length and (N) sets the number of display lines either the
1-line or 2-line.

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 Function
1 Set the interface data length to 8 bits (DB; to DBo)

0 Set the interface data length to 4 bits (DB, to DB.)
The data must be sent or received twice in this mode.

N Display lines Display Digit
0 1-line 24 Character
1 2-line 12 Character

5-430
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(h) Set CG RAM Address

RS R/W DB, DB DBs DB. DB. DB. DB, DBo
Code [O [0 [0 [t [x [ o [ a [a [a |a] #=pntcare

«~Higher Lower —
order bit order bit

Set CG RAM address set instruction is executed when the code "1” is written into DBs and
the address is written into DBs to DBo as shown above.

The address data mentioned by binary code ” AAMAA " is written into the address counter
(AC) together with the CG RAM addressing condition. After this instruction execution, the
data writing/reading is performed into/from the CG RAM.

(i) Set DD RAM Address

RS RM DB, DBs DBs DB, DBs DB. DB: DBo
Code [0 [0 [0 [ A [ a [ A [a [a|a {n]
<Higher order bit Lower order bit—

Set DD RAM address instruction is executed when the code "1” is written into DB; and the
address is written into DBs to DBo as shown above.

The address data mentioned by binary code " AAMAAAA " is written into the address counter
(AC) together with the DD RAM addressing condition. After this instruction execution, the
data writing/reading is performed into/from the DD RAM.

Note : In case of the 1-line display(N=0), the address data is (00)x to (17).
And the 2-line display(N=1), the TAAAAAAAY is (00)u to (0B)x for the 1st line AND
(40)u to (4B)x for the 2nd line.

(i) Read Busy Flag & Address
RS R/W DB, DBs DBs DB. DBs DB>- DB, DBo
Code [0 |1 [BF A [ A [ A {a [a A [n]
<Higher order bit Lower order bit—>

This instruction reads out the internal status of the NJUB428/29. When this instruction
is executed, the busy flag (BF) which indicate internal operation is read out from DB and
the address of the CG RAM or DD RAM is read out from DBs to DBo (the address for the GG RAM
or DD RAM is determined by the previous instruction).

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

*Write Data to DD RAM

RS R/W DB, DBs DBs DB, DBs DB> DB: DBo
Gode {1 [0 |0 [Dp o [p o [bp[d [0D]
<Higher order bit Lower order bit—>

Write Data to DD RAM instruction is executed when the code "1" is written into (RS) and
code "0” is written into (R/W).

By the execution of this instruction, the binary 8 bit data " DDDDDDDD " are written into
the DD RAM. The selection of the DD RAM is determined by the previous instruction ( DD RAM
must be selected before). 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 CG RAM

RS R/W DB, DBs DBs DBs. DBs DB DB:. DBo
Code | 1 | 0 , ¥ I ¥ | ¥ | D I D l D l D I D I ¥ = Don’t care
<Higher order bit Lower order bit—>

Write Data to CG RAM instruction is executed when the code "1” is written into (RS) and
code "0” is written into (R/W).

By the execution of this instruction, the binary 5 bit data ” DDODD " are written into the
CG RAM. The selection of the CG RAM is determined by the previous instruction ( CG RAM must
be selected before). After this instruction execution, the address increment(+1) or dec-
rement (-1) is performed automatically according to the entry mode set. And the display
shift is also executed according to the previous entry mode set.
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(1) Read Data from CG RAM or DD RAM

* Read Data from DD RAM

RS RW DB, DB DBs DB. DBs DBo DBy DBo
Gode [ 1 [ 1 [0 [0 [o |0 [0 |0 |0 [o]

<Higher order bit Lower order bit—
Read Data from DD RAM instruction is executed when the code "1” is written into (RS) and
(R/W).
By the execution of this instruction, the binary 8 bit data " DDDDDDDD " are read out from
the DD RAM.

* Read Data from CG RAM

RS R DB, DBs DBs DB. DBs DBz DB: DB
Code I 1 | 1 l ¥ l X | * | D l D l D | D l D I ¥ = Don't care

<Higher order bit Lower order bit—>
Read Data from CG RAM instruction is executed when the code "1” is written into (RS) and
(R/W).
By the execution of this instruction, the binary 5 bit data " DDDDD " are read out from
the GG RAM.

The CG RAM or DD RAM is determined by previous instruction.

Before executing this instruction, either the CG RAM address set or DD RAM address set
must be executed, otherwise the first read out data are invalidated.

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

The address set instruction is not reauired if the cursor shift instruction is executed
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 decrement 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 CG RAM or DD RAM.  Even if the read instruction is exe-
cuted after this instruction, the addressed data can not be read out correctly. For a
correct data read out, either the address set instruction or cursor shift instruction
{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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(3—2) Initialization using the internal reset circuits

(a) 24-character 1-line display in 8-bit operation (Using internal reset circuits).
At the 24-character 1-line display, the Function set, Display On/0ff Control and Entry Set

Instruction must be executed before the data input, as shown below.

The DD RAM of the NJUB428/29 can store up to 24 characters, as explained before, therefore
the advertising moving display is available when combined with the display shift operation.

Since the display shift operation changes only display position and the DD RAM contents
remain unchanged, display data which are entered first can be output when the return home

operation is performed.

[ Power On ]
] RS R/W DB DB DBs DB. DBs DB. DB: DBo

[Function Set | [ o o] of o 1] 1] of #[ #[ #]
{

| Dise.on/0ff Cont | [ 0] 0] o o o] o] 1] 1] 1] 0]
!

[Entry Wode Set | [ 0] o] o] o] of o] o 1] 1] 0]
!

Write data to the DD/CG RAM
and set the Instruction

Initialized.
No display appears.

Set the B-bit operatnon,
24-character 1-line dis-
play, 5 x T dots Font.

Turns_on d|splay and_cur-
sor. Entire |splaﬁ is |n
space mode set by the
initialization.

Example for set address
increment and  cursor
right shift when the data
Hxﬁte to the DD RAM or CG
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(b) 24-character 1-line in 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
first input is performed under 8-bit operation.

is selected automatically, therefore the
In this operation, full instruction can not

input because of terminals DBo to DBs 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 completed

by the two accesses in the 4-bit operation mode,

code in full.

rewrite is required to set the instruction

16-character 2-line in 4-bit operation is shown as follows:

| Power On ]
! RS R/W DB~ DB DBs DB
[Function Set | [ 0] o] o] o] 1] 0]
4
[Function Set | [ of of o] o] 1
I 01 0 Of *| *
¥
[ Disp.0n/0ff Cont | [ 0] 0] 0] o] 0
! o[ o 1|11
|Entry M:de Set | 8 8 8 ? ?
i

Write data to the DD/CG RAM
and set the Instruction

Initialjzed.
No display appears.

Set the 4-bjt operation.
This steﬁ Is executed in 8-bit mode
set by the initialization.

Set  the 4-bit operation 24-character
1-line display, 9 x 7 dots Font.

T?e 4-bit operation starts from this
step.

Turn on display_and cursor.
Entire display is in space mode set by
the initialization.

Example for set address increment and
cursor right shift when the data write
to the DD RAM or CG RAM.
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(c) 12-character 2-line in 8-bit operation (Using internal reset circuits).

In the 2-line display, the cursor moves automatically from the 1st to the 2nd line after
the 12th character of the first line has been written. Therefore, if the display character
is only 8 characters in the 1st line, the DD RAM address must be set by the user programing

to change the cursor position to the 2nd line.
The 1st and 2nd line displays will shift at the same time.

fhen the displayed data is shifted repeatedly, each |ine moves only horizontally. The 2nd

line display does not shift into the 1st line position.

[AAPower On I
! RS R/W DB+ DBe DBs DB. DB DB. DB, DB,
[Function St | [0 o o o 1] 1] 1] «[ «] ¢]
\

[pise.on/off cont ] [ 0] o] o] o] o] o] 1] 1] 1] 0]

!

[ Entry Mode St | [ o[ o] o] oJ o[ o] o] 1] 1] 0]
!

Write data to the DD/CG RAM
and set the Instruction

Initialized.
No display appears.

Set the 8-bit operation,
12-character 2-line dis-
play, 5 x 7 dots Font.

Turns_on dlsplay and _cur-
sor. Entire disp) ag is |n
space mode set by the
initialization.

Example for set address
increment and cursor
right shift when the data

5-436 New Japan Radio Co., Ltd



NUUe4ze 29

(3—3) Initialization by instruction

If the power supply conditions for the correct operation of the internal reset circuits are

not met, the NJU6428/29 must be initialized by the instruction.

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

L Power On
i

Wait more than 15ms
after Voo rises to 2.4V

! RS R/W DB: DBo DBs DB. DBs DB. DB. DBo
[Function et | [ of o[ of o 1] 1] #] x| #] »
4
lWait more than 4.1ms I
' RS R/W DB; DBo DBs DB. DBs DB, DB. DBo
[Function Set | [0 o[ o] o 1] 1] «] #[ #] #]
}
[Wait more than 100us J
} RS R/N DB; DBs DBs DB« DBs DB> DB: DBo
[Function Set | [ o o] of o] 1] 1] #] «] «[ #|

——— e

RS R/W DB+ DBs DBs DB« DBs DB> DB: DBo

[Function Set | [ o of of o] 1] 1] «] #] #] 4]
! RS R/ DB, DBo DB DB. DBs DB. DB, DBo

[Disptayort | [ of o o] o] of of 1] 0] 0] o]
! RS R/W DB DBs DBs DB« DBs DB DB: DB

[ Display Clear | [0 0] o[ o[ o[ o] o[ 0] o] 1]
! RS R/W DB DBs DBs DB. DBs DB. DB DB

[Entry Mode Set | [ 0] 0] o] o[ o] of o] 1] 1] o]
}

Write data to the DD/CG RAM
and set the Instruction

Initial jzed.
No display appears.

Eunction §

(8- t |nterface length )
Function Set

(8- t lnterface length )
Function S

(8- t |nterface length )

Busy FIag(BF) can_not be
checked before this step,
but can be checked
after thls step.

After this step. busy
flag(BF) check or longer
vaiting time than each
instruction . execution
time iIs required.

Set the 8-bit operation,
12-character 2-line
display, 5 x 7 dots Font.

Example for set address
increment. and cursor
right shift when the
data write to the DD RAM
or CG RAM.

New Japan Radio Co. L4
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(b) Initialization by Instruction in 4-bit interface length

5-438

Power On

}

Walt more than 15ms
after Voo rises to 2.4V

i RS R/W DB; DBs DBs DB.
[Function set | [0 o o o 1] 1]
!
lWait more than 4.1ms l
)
|Function Set
}
IWait more than 100us 441

{
| Lofof of of +] 1]

lFunction Set

| Lol of of of 1] 1]

B L ——

RS R/ DB DBs DBs DB.
| Lof of of of 1] 0]

lFunction Set

}
lFunction Set l 001 0(0] 10
0 0] Of | *x| *

}
[oisplavorf | [ of of o] o] o] 0
ol o 1] 0] 0fo0

4
Display C o[ ol of o] ofo
||spayear]000001

{
tryMode et | [ 0f of of o] of ¢
|En ry : o Se ] IRIRIRARIR

Write data to the DD/CG RAM
and set the Instruction

New Japan Radio Co. L.

Initialized.
No display appears.

Fun tlon Set
(8-bit lnterface length )

Function Set
{(8-bit interface length )

Function Set
(8-bit interface length )

Busy Flag (BF) can not be
checked before this step,

but it can be checked after
this step.

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

Functlon Set
Set 4-bit interface length
by 8-bit interface {ength.

Set the 4-bit operation,
12-character 2-line display
5 x 1 dots Font.

Example for set address
lncrement and cursor right

ift when the data write
to the DD RAM or CG RAM.
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(4) LCD DISPLAY

(4—1) Power Supply for LCD Driving

NJUB428/29 incorporate voltage tripler to generate LCD driving high voltage and bleeder
resistance. The voltage tripler generate about trirle voltage from the V.: input voltage
{ 7.8V typ at lout=1mA and V.:=3V ) and bleeder resistance generate each LCD driving voltage.

The bleeder resistance is set 1/5 bias suitable for 1/18 duty ratio and 1MQ per resist-
ance.

Furthermore, the bleeder resistance output the LCD Driving bias level through the voltage
fol lower OP-AMP to get a enough display characteristics with low power consumption.

LCD Driving Voltage vs Duty Ratio

Zgg:Ty Duty Ratio 1/18
Bias 1/5
Vsour Voo to Vieo
Vop (+3V) Vop (+3V)

Voi Vob N

NJU6428/29 Vico

ctt

42%{ Ve v
c1- VsouT

{a) 1/5 Bias(1/18 Duty)
(Voltage Tripler used example)

(4—2) Relation between oscillation frequency and LCD frame frequency.

As the NJU6428/29 incorporate oscillation capacitor and resistance for CR oscillation,
80kHz oscillation is available without any external components.

The LCD frame freauency example mentioned below is based on 80kHz oscillation.
(1 clock = 12.5us )

1/18 duty
60 clock
9 21 3] aloe] gl 0] 2] 3] &l 18] 1 | 2] 3|
VDD l
v,
Vv,
C()M.v’
v,
D
L 1 frame N 1 frame
< < :

1 frame = 12.5(us) x 60 x 18 = 13.5(ms)
Frame frequency = 1/13.5(ms) = 74.1(Hz)

New Japan Radio Co. Li4 5-439
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(5) Interface with MPU

NJU6428/28 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.

(5—1) 4-bit NPU interface

When the interface length is 4-bit, the data transfer is performed by 4 lines connected to
DB4 to DB; (DBo to DBs 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 DBs at 8-bit length).

The busy flag check must be executed after two~time 4bit data transfer (1 instruction exe-
cution). In this case the data of busy flag and address counter are also output twice.

RS
R/W 4
£ _/_\J_\r__/‘\_/—\ /U m
Internal Stnt.us————,—OP?‘:&'-T| l
L (> N SN, SNk TR 0. O O
Instruction Busy Flag Busy flag Instruction
Writing Check Check Writing

RS

R/W

|
W

o,
b,
-
b,

Writing instruction into |Readout Busy Flag §F) fleadost data Register PR)
instruction Register(IR) and Adress counter (AC)

(5—2) 8-bit MPU interface

RS
R/W —/ \—
A/ N/ N/ N VA
Internal Status———————-l operation l r——ﬁﬁ
vp 2 aara v LT wusiUITTLN S 17T X0ata YTI7TT],
Writing Instruction into |Busy Flag Busy Flag | Busy Flag | Writing Imstruction into
Instruction Register(iR) Check Check Check Instruction Register(IR)

5-440 —— New Japan Radio Co. L1
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W ABSOLUTE MAXIMUM RATINGS ’ ( Ta=25C )
PARAMETER SYMBOL RATINGS UNIT
Supply Voltage (1) Voo -03~+7.0 v
Input Voltage Vr - 0.3 ~ Vopt0.3 v
Operating Temperature Topr - 330~+ 80 T
Storage Temperature Tste - B85 ~ + 125 C

Note 1) If the LS| are used on condition above the absolute maximum ratings, the LS| may be de-
stroyed. Using the LSI 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 = OV

Note 3) The relation : VooVci>Vs&=Vsour , Ves=OV must be maintained.

Turn on Voo and Ve: at same time or turn on Voo first then turn on Vc: must be required.
If the turn on sequence does not meet above conditions, latch up will occur.

Note 4) Decoupling Capacitor(Co) should be connected between V.: and Vss due to stabilized ore-

ration for the tripler.

I ELECTRICAL CHARAGCTERISTICS ( Voo=3VE20% , Ta=-20 ~ +15C )
PARAMETER SYMBDL CONDITJIONS MIN TYP MAX_ [ UNIT j NOTE
Operating Vol tage Voo 2.4 3.0 3.6 v
VIH O-BVDD VDD
Input Voltage Vis 0. 2Vom ) 5
Vou =1 ou=0.205mA 2.0
Output Voltage Vou Tou=1.6mA 05 ) 6
Driver On-resist. (COM) | Rcom | *1d=5uA(All com.term.) 20 ol g
Driver On-resist.(SEG) | Rsec | X1d=SuA(All seg.term.) 30
Input Leakage Current lui Vin=0 ~ Voo -1 1 1
Pull-up Resist Current| ~-l» Vop=3V, RS, R/W, RESET, 10 25 50 uA
DB Terminals
Operating Current Ipp Vop=3V, fosc=Internal freq 100 200 vh | 8
Vol tage Dutput Volt. Vop V23V, lour=1mA, Ta=25"C -4.6 [-4.8 v
Tripler Input Volt. Veu - ¥ Voo v
Conv. Effici Ves Ri=00 95.0 | 99.9 %
Bleeder resistance Re Vop-V5=3V, (Per Resistance) 1 HQ
Oscillation Frequency fosc | Vop=3V, Ta=25C 56 80 104 kHz
LCD Driving Voltage Vieo Vsour Terminal, Vop=3V Ves Voo— ) 10
13.5
¥ Min value is checking.
Note 5) Input/Qutput structure except LCD driver are shown below:
Input Terminal Structure Input/Output Terminal Structure

EEe FE

E Terminat RS,R/¥ Terminals :E‘ ]

New Japan Radio Co. L1, 5-441
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Note 6) Apply to the Output and Input/Output Terminal.
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 Circuit

Vpp (+3V)
G |+
10 s« F
Vei Voo
NJUG428/29
cit
+
4.7 uF #{ . Vs
o | Vsour
ves C2' €27 10uF
O *
T
4.7 uF

Note 9) Rcom and Resc are the resistance values between power supply terminals (Voo, Vsour) and
each common terminal (COM: to COM,c / COMMK), and supply voltage (Voo, Vsour) and each
segment terminal (SEG: to SEGso) respectively, and measured when the current Id is flown
on every common and segment terminals at a same time.

Note 10)Apply to the output voltage from each COM and SEG are less than =0.15V against the
LCD driving constant voltage (Voo, Vsour) at no load condition.

Internal Bleeder Rasistance
and Voltage Fol lower

Vol tage Tripler Measurement Circuit

Vop (+3V)
—— Vop (+3V)
Co + Re
10 n F v,
— Vi Vop Re
\£]
NJUG428/29 X
at . Vs
4 7ur+4€ Ve
. c1- Vsour 10k @ e Ve
+ - B
ves C2' c2
v "
+tliouvr *0 Ve
L4E}—J N1VE428/19 interaal
+

4.7 uF

¥ Voltage Tripler Internal
Clock Frequency = 10kHz
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+ Bus timing characteristics (Voo = 3.0VE20X, Vss = OV, Ta = 20 ~ +75°C)
Write operation ( Write from MPU to NJUG428/29 )

PARAMETER SYMBOL | MIN MAX | CONDITION JUNIT
Enable Cycle Time tovee 1 us
Enable Pulse Width | "High” level | Pwes 400
Enabfe Rise Time, Fall Time ter, tee 20
Set up Tine RS, R/M, E | tas 40 fie.l | ns
Address Hold Time tan 10
Data Set up Time tosw 60
Data Hold Time tu 10

Timing Characteristics (Write operation)

“Vim Ving
R S ::><(Vu| Viu

tas tan

=~}
N
]

A 4
N

K Vi

— Pl ——3 el tm
Vi Ay Vi t
E Yiu r/ " s [ \(Vm Er 7/_
'——___________1=’ >

l—
ter tpew tH
D Bo v
v valta paray”
~DB7>

tcycE

fig. 1
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Read operation ( Read from NJUG428/29 to MPU )

PARAMETER SYMBOL | MIN MAX JCONDITION | UNIT
Enable Cycle Time tevee 1 us
Enable Pulse Width I"High" level | Pwen 600
Enable Rise Time, Fall Time ter, tes 20
Set up Time 1RS, MM, E | tas 40 fiez.2 | ns
Address Hold Time tan 10
Data Delay Time toow 600
Data Hold Time toou 20

Timing Characteristics (Read operation)

a Vim
RS >§‘Vm Viu
tgs | tm

R/W a4 N Via
"

&~ PWEy |
Vin AV, [7 i‘\ ter
Viu / " e Vi 7/—
tEr —topr | tn
D Bo Von Vou
¥ Ualid Deta '3
~D By L1 o

— >
A —

tcyce

L 2

fig. 2
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«The Input Condition when using the Hardware Reset Circuit

Input Timing
tret
| Voo
|
RESET

Vio ~
PARAMETER SYMBOL | CONDITION MiN MAX [ UNIT
Reset Input "L” Level Width | trs. fosc=80kHz | 1.2 - ms

« Power Supply Condition when using the internal initialization circuit(Ta = -20 ~ +15°C)

PARAMETER SYMBOL | CONDITION MIN MAX JUNIT
Power Supply Rise Time teoo 0.1 5 s
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)

troD LoFF

0.1ms=t:pp=5ms torrx1ims

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

Now Japan Radio Co. Lt 5-445
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M LCD DRIVING WAVE FORM

oM Yo ..
COM: ;‘
F IR I
gg:: & CoMiyy ..
COMs Vi
COMe Vs -
COM;
COM Vo oo
Vi
COMs Vi oo
COMig COMzyy .
COMyy V4
COMi vs
COM
COM¢
COMis
COMie ::' -
Vi P
COMMK COMqu
Vi
S @ eSS Vs
) ) ) (7
L2 IR 7 B 7 I 7 R ) v"
Vi [
Vi
COMMK, 1.1
Vo T
Vs T
Vop -

5-446

Vi

V2 o
SEG Vs

Ve |-
Vs

Voo -
Vi oo

LA
SE Gz

Vi

Yo 1
Vs 7

1/18 Duty Driving

LLIZ 131415
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I APPLICATION CIRCUITS ( 1)

(1) 24-character 1-line WITH iCON Display Example (NJU6428)

NJug428

COMMK

COM,

i
COM,
1
i
COM¢
SEG,

1
SEGeo

(2) 24-character 1-line WITH iCON Display Example {NJU6429)

nJugé2e

COM,
[}

|
|

COM,

COM,
]

!
COMis

COMMK

SEG,
1

SEGao

RN sl: ¢ *f O-a——
U | 3 ##é
i
IIH{ LK IH\\H |'H
i) ——S- Qo5 )

' =S

WNew Japan Radlio Co. Lid.
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I APPLICATION CIRCUITS ( 2 )

(1) 12-character 2-iine with lcon Display Example (NJU5428)

COMMK n -[q ’)) —<>>

]

COM,
1

1
COM,

COM,
'

NJUB428 ;

COM,;6

SEG,

SEGso

(2) 12-character 2-line with Icon Display Example (NJUG429)

COM,

COM,

COM,s
'

[
COM,e

NJUG420

COMMK ﬂ"”ﬂ’)) -<>\

SEG, {—— ] l

SEGseo

5-448
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I APPLICATION CIRCUITS ( 3)

D

( SZVSNMN AQ peleJauas S| @3e}|OA BUIALP (07 ) 8duexe 8dejlalul fdK 11q
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td
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I_I.D I@ ®| = _HD |Q NWNOD

1043009 3ys1.g

1

1
1
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! ongs  SSA X aNo
J “ su - @d  0ad 0da
| “ M m tad “ |
t “ a /_i dd “ “
i
I
1 ) [ dga W ovd _ i
" | ! _ < . 180
! | [ )4
t | | b |
t | [ QO "
| ! < i M
" | 1 & wa A ]ﬁWl" o
I _ ,__7 5628 0z »
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! ! 82490r% . “ ay DYoL
“ — '03s i ov ow
1 inosy i v
| v
]
! 70 A ! w, 2 W,
' |
{ !
“ “ 2D w t IFI |ﬁ|
]
“ SWOD R iy “
I W02 |
t ! -19 ]
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1
i
I
I
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