| NJuUs406B

24—-CHARACTER 2—L INE DOT MATRIX LCD
CONTROLLER DRIVER

W GENERAL DESCRIPTION B PACKAGE CQUTLINE
The RJUBADEB is a § Chip Dot Matrix LCD controfler dri-
ver for uw to Z4-character 2-1ine display.
It contains voltage corverter, microprocessor inter-
face circuits, instruction decoder coniroller, character
gererator ROM/RMM and  high voitage operation common and @
segment drivers.
The voltage converter generates about twofold voliage
(10V or 6Y) from singte power supply (5Y or 3¥). Conse-
quently, high-contrast display can be performed though
the simpie power swpply circuits,
The microprocessor interface circuits which cperate NJUBA06BC
2MHz frequency, can be connected directly to 4bit/8bit
miCcroprocessor . . .
The character gererator consists of 9,600bits ROM and
64 bytes RMM. The standard version ROM is coded with 240
characters including capita! and small fettar fonts and
some of Japanese fonts.
The high voltase operation 32-common and ©&0-segment -
drivers opsrate by 13.5¥ or 12¥, and drives w o 24-
character 2-line LCD pamels which divided four common
electrode blocks. '

M FEATURES - .
24-character 2-1ine Dot Matrix LCD Controllet Driver
4/8 Bit Microoracessor Direct |nterface
Display Data RAM - 80 x 8 bits , Maximm 24-character 2-line Display
Character Gemerator ROM - 9,600 hits ; 240 Characters for 5 x 7 Dots
Character Generator RAM - 64 x 8 bits | 8 Patterns( 5x7 Dots )
Microprocessor can access 1o Display Data RAM and Character Generator RAM
High Yoltage LCO Driver ; 32-common / 60-seament
Programmable Duty Ratio

1/16 buty for 5x 7 Dots + Cursor, } Line

1/32 Duty for 5x 7 Dots + Cursor,. Z Lines

@ Nuiber of Maximum Display Characters
Display Line [ Duty Font Max. Disp. Characters
1 Line 1/16 duty 5 x 7 dots + cursor | 24-character ]1-line
2Llines 1/32 duty 15 x 7 dots + cursor | 24-character 2-line
® Useful Instruction Set _
Clear Dispkay, Return Home, Display ON/OFF Cont, Cursor ON/OFF Cont, Dispiay Blirk,
Cursor Shift, Character Shift
@ Power On Initiatize On-chip
@ Voltage Converter On-chip
@ Oscil lation Circuit On-chipExternal A or Ceramic Rescnator required)
® low Power Consumtion
@ Cperating Yoltage -— +S8Y¥/+3Y
® Package Guttine ---  Chip / Bumed Chip
® C-M0S Technology
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Chip Size X =5.T3m , ¥ = 5.00m
Chip Thickness : 400um £ 30um
Pad Size > 100um X 100um
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I COORDINATES

Chip Size X =5.73mm , Y = 5.00m
Chip Thickness © 400um + 30um

Chip Center - X =0um, Y = Cum

No {Pad Name |X (uw) |Y (uw) | No |Pad Name | X (W |Y (uw | No |Pad Name |X (um} { ¥ (m)
1 SEG.s [-2320 |-2275 | M Veour 2640 1- 720 SEG - 880 | 2275
2 SEGss -2160 | -2275 47 Ci 2640 |- 560 SEGa -1040 2275
3 SEG4 -7 ~2000 | -2275 43 C. 2640 |- 400 SEGo -1200 2275
4 SEGse -1840 | -227% 44 Vo: .| 2640 (- 240 SEG1o -1360 2275
5 SEG4s -1680 | -227% 45 Voo 2640 (- 80 SEG1 4 -1520 2275
B | SEGso -1520 |-227% | 46 RS 2640 80 SEG.» | -1680 | 2275
7 SEGs -1360 | -2275 a7 R/¥ 2640 240 SEGy 4 -1840 2275
B | SEGs> 1-1200 [-2275 | 48 E 2640 SEG:. |[-2000 | 2275
9 | SEGss i-1040 ([-2275 { 49 DBo 2640 SEGie {-2160 | 2275

SEGis | -2320 | 205
SEG:- | -2640 | 2160
SEGis | -2640 | 2000
SEGio | -2640 | 1840
SEGoo | -2640 | 1680
SEGe: | -2640 | 1520
SEGz | -2640 | 1360
SEGos | -2640 | 1200

400

560
10 | SEGss |- 880 [-2275 | 50 DB, 2640 720
1 | SEGss |- 720 [-2275 | 51 08 2640 880
12 | SEGse |- 560 [-2275 | 82 085 2640 | 1040
13 | SEGs» |- 400 |-2275 | 53 0B, 2640 | 1200
14 | SEGse |- 240 [-2275 | 54 DBs 2640 | 1360
159 { SEGse (- 80 |-2275 | 55 DBs 2640 | 1520
16 | SEGeo 80 |-2275 | 56 DB, 2640 | 1680
17 | COMs 240 | -275 | &7 T2 2640 | 1340
18 | COMio 400 |-2275 | 58 7 2640 | 2000 SEGz4 | -2640 | 1040
19 | COM:, 560 ;-2275 | 59 COM.s | 2640 | 2275 SEGzs | -2640 880
2 | COMiz T4 |22 | &0 COMaz & 2480 | 2275 | 100 | SEGzs | -2640 720
21 | COMis 880 (-2215 | 61 COMzz ] 2320 | 2275 | 101 { SEGer |-2640 560
2 | COMy 1040 | -2275 | 62 COMz, | 2160 | 2275 [102 | SEGes |-2640 400
23 | COMis | 1200 [-2275 | 63 OOMzo | 2000 | 2275 3103 | SEGoe | -2640 240
24 | COMis 1360 | -2275 | 64 OOM:o | 1840 | 2275 |104 | SEGao |-2640 80

BELRLREBLLBRABREB/I]I2

25 | COMzs 1520 [-2275 | 65 COMys | 1680 | 2275 |105 | SEGa, |-2640 |- 80
26 | COMze 1680 |-2275 | €6 COM,7 | 1520 | 2275 | 106 | SEGs» [-2640 |- 240
27 | COM., 1840 -2275 | 67 O0Ms | 1360 | 2275 |107 | SEGs> {-2640 |- 400
28 | OMzs 2000 |-2275 | 68 COM» 120 ; 2215 108 | SEGs. 1-2640 |- 560
28 | COMzs 2160 |-2Z75 | 69 COMs 1040 { 2275 | 109 | SEGss | -2640 |- 720
30 | COMso 2320 (-2275 | 70 OOMs 880 | Z75 |10 | SEGss | -2640 |- 880
3| OO, 2480 | -2275 | T | OOM. 720 | 2215 |11 | SEGs7 [-2640 | -1040
32 | CoMs; 2640 |-2275 | 72 OOM2 560 | 2215 {112 | SEGse |[-2640 |-1200
33 | Ves 2640 | -2000 | 73 COM. 400 | 2275 | 113 | SEGse [-2640 | -1360
34 | 0SCy 2640 |-1840 | 74 COM, 20 | 2275 |14 | SEG.o | -264C | -1520
35 | 0SC: 2640 [-1680 | 75 SEG. 80 | 2275 | 115 | SEG.. [-2640 }-1680
Bl 640 (15320 | 76 G2 |- 80 | 2275 |16 | SEG.z |-2640 :-1840
IV 2640 |-136C | 77 SEGs |- 240 | 2275 | N7 | SEG.s | -2640 |-2000
BV 2640 | -1200 | 78 SEG. (- 400 | 2275 |118 { SEGas [-2640 [-2160
39 | Vs 2640 [-1040 | 79 SEGs (- 560 | 2275 | - -~ - -

0| Vs 2640 (- 880 ] 80 SEGs (-720 | 2275 | - -- - -
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W TERMINAL DESCRIPTION
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NO. SYWBOL FUNCTI ON
36—~40 Vi~¥s LCD Driving Power Source
45 VYoo Power Source (+5¥ / +3¥)
i Vss Power Source ( OV )
Qscillation Terminals; External R or Ceramic Resonator connect
34,35 | 0SC:, 0SC: |[to these terminals. . . ]
For external clock operation, the c¢lock should be imput on
1+
Register selection signal inout
46 RS - R Tretr o Resister (riting)
¥ ead)
"i" . Data Reg?ster (¥riting/Reading)
47 R/W Read/Wrjte selecti ignal input
fgite gelection signgl |
43 E ReadMrite activation signal irput
' 3-state Data Bus(Upper) to transfer the data between MPU and
53~56 DB.~DB-~ NJUe4068 .
0B7 is also used for the Busy Flag reading
3-state Data Bus(Lower) to transfer the data beiween MPU ard
49~52 DBo~DB3 NJI64068 ) . .
These bus are not used in the 4bit operation
74~67 | COM, ~COMs | LCD Common driving sisnal
17:%3 %; *-CUM?a No use terminals output no-active sisnal, or COMi+~COMaz out-
66 17~LOMz4 P put no-active signal in the 1/16 duty operation.
25"‘"'32 mﬁ“"‘cmaz +
75~118 | SEGy ~SEGss |LCD Segment driving signal
T~16 | SEGas~SEbos o e signd
Capacitor for Voltage Doubler Connecting Termimal € +
42,43 €., G Capacitor for Voitage Doubler Connecting Terminal E - 3
M Yo input Terminal for Vol tage Doubler ( Normally Voo = Voo )
41 Vsous Yol tage Doubler Output Terminal
58 T Maker Testing Terminal (Normally Open)
57 T2 Maker Testing Terminal (Normally Open)
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B FUNCTIONAL DESCRIPTION

(1) Description for each blocks
(1=1) Register

The NJUG4OEB incorporates iwo 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 (00 RAM} and Character Generator RAM(CG RAM}. The WPU can
write the instruction code and address data to the Register(IR}, but it cannot read out from
the Register (IR},

The Register (OR) is a temorary stored register, -the data stored in the Register (OR) is
written into the DD RAM or CG RAM and read out from the 0D RAM or CG RAM.

The data in the Register(DR) written by the WPU is transferred automatically to the DD RAM
or CG6 RAM by internal operation.
 When the address data for the DD RAM or CG RMM is written into the Register(IR}, the
addressed data in the DD RAM or OG RAM is transferred to the Register®R)., By the MPU read
out the data in the Register(DR), the data trarsmitting process is performed completely.

After reading the data in the Register(DR) by the WPU, the rext address data in the DD RAM
or CG RAM is transferred automatically to the Register(DR) to provide for the next WPU
reading. :

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

Table 1. shows register operation controlfed by RS and R/W sigrals.

Table 1. Register {peration

RS {R/¥ |Selected Register Operation

0 0 IR Write

i} 1 Read busy flag(DB-) and address counter (DBo~DBe)
1 0 ¥rite (DR to DD or CG RAM)

1 1 R Read (OO or CG RAM 1o DR)

{(1—2) Busy Flag (BP)

When the intermal circuits are in the operation mode, the busy flag is "17, and any instruc-
tion reading is irhibited.

The busy flag (BF) is output at DBz when RS="0" and R/¥="1" as shown in table 1.

The next instruction should be written after busy flag (BF) eoes to "0”,

{1 —3) Address Counter (AQ)

The address Counter (AC) addressing the DD RAM and CG RAM.

¥hen the address setting instruction is written into the Register(IF), the address informa-
tion is transferred from Register (JR) to counter(AC). The selection of either the DD RAM or (G
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
(AQ) 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.

New Japan Radio Co. Lt
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(1 —4) Display Data RAM (D RAM)

The display data RAM(DD RAM) consists of 80 x 8 bits, stores uwp to 80)-character display data
represented in 8-bit code.

The unused display data memory area in the DD AAM can be used as a general data memory area.

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 ” 4E "
acface Tacs [ace [acs [ac. [ac, [aco tjo fo [ [ o]
+ Hexadecimal —+——  Hexadecimal —— —_—— 4 ————— E —_—

{(1—~4-1) 1-line Display ( Function set code N=0)

( a) 24-character 1-}ire Display Example
The relation between DD RAM address and display position on the LCD is shown helow:

1 2 3 456 7 8 91011 12 1920 2 223 U Digply
- osI1Ion

1 Line | 00|01 |02|03 04 }05{06]07 |08 |09 on]0B|--—-- [12[131ra}15]16]17] 00 RAM
Address
(Hexadecimal)

¥hen the display shift is performed, the DD RAM address changes as fol lows:

( Left Shift Display )
0y |01 |0z |03 |04 | 05 [06 |07 08 {09 | oa o8 [0c|--—-- t13[1a]15]16 [17 18]

{ Right Shift Display )
{4 Toofo1fo2]03 04|05 |06 o7 o8 oo oa}-——-[n]1z[13[1a]15 16|~

(b ) 20-character 1-line Display Example
The relation between DI} RAM address and display position on the LCD is shown below:

1 23 456 7 8 91011 12 17 18 19 20 «Digplay.
1 tine [ 01 02 ] 03 | 04 [06 |06 [07 | 800 [Oh |08 [~ ] 10 |11 |12 ] 13] <00 F Address
. (ﬂexadec imal)

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

( Left Shift Display )
©m—fo1 [02{03[os}05 0607 {0809 0a]0e|0oC] - [n]12}13f4d

( Right Shift Display )
[ 4 |00 |01 [02]03 04 05 [0s]07 08]0g on]-——-- Lor 1011 [i2]-09

WNew Japar Radio Lo. Lt
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( ¢ ) 12-character 1-line Display Example
The relation between DD RAM address and display position on the LCB is shon beiow

1 2 3 4 5 6 7 8 9101 lZ*—Dlis,pla¥
1on

1 Line |00 o1 [02]03 04 |05 | 06 |07 |08 | 09 {08 [08 D0 RN Address

{Hexadecimal)

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

( Left Shift Display )
o0 [0 [02 03|04 |05 |06 [ o7 08 [ 09 oa |08 foc|

( Right Shift Display )
[ Too Tor Toz2{ 03 {04 [ 05 |06 o7 [08 o9 [oa | —®)

(1—4-2) 2-lire Display ( Function set code N1 )

( a) 24-character 2-1ine Display Example
The relation between DD RAM address and display position on the LCD is shown below:

1 2 3 4 5 6 7 8 91011 12 192021222324‘—0150|a¥m
i
1st Line | 00| 0% (02 (03)04 | 05|06 (07 |08|09)0A (0B -~ 12|13 (14[15]16 {17 DDRMMd
2nd Lire 140141142 (43144 |45146)|47 {48 [49|4A | 4B [———— 52|53 |54 55|56 |57 | <

- - : - (Hexadecimal)
te : In the 2 lines display mode, the 1st tine and 2nd address are defined as )EOU)H

to @Dk and (400w to (6Du. Please note that the end of Ist line address and the
beginning of 2nd line address are not consecutive.

When the display shift is perforrred_. the DD RAM addréss changes. as fol_lows:

( Left Shift Display ) .
o0+~ |o1|o2|03t04|05]06|07 (08|09 (0Ai0B:0C|(-——- 131411516 17 (18
N—|41 |42 (43 (44145 |46 147148149 |44 (4B |4C)-—-— 53|54 55|56 |57 158

( Right Shift Display )
27100101 (02(03|04;05|06{0708|09|0A |- 11(12[13[14|15]16]—0D
67|40 |41 |42 (43 |44 (45|46 |47 |48;4914A | ------ 51§52 |53 54|55 |56 | =D

New Japar Radio Co. LI
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(b ) 20-character 2-1ine Display Example
The relation between DD RAM address and display position on the LCD is shown below:

1 2 3 45 6 7 8 9101 12 17 18 19 20 Display,
Ist PDGI{IDT‘I
Line |00 |01 |02 (0304 (05]|06|07 |08 |09 |0A[OB|-—- W1 (12113 ]«
xd DD RAM Address
Line |40 {41 [42 (43 {44 (4546 |47 |48 |49 |4A 4B [ -~ 150 (51 |52 |83 |~ .
- (Hexadecima )
¥hen the display shift is performed, the DD RAM address changes as follows:
( Left Shift Display )
OO0 102(03|0d4|{05|06|07 |08 |00|oa|@OC]-—-[11{12]13]{W4
@0 — |41 142 (43 (44|45 )46 | 47 |48 (49| 4A | 48 |4C | -—---- 5152|5354

( Right Shift Display )
27100 (01 (0203
67 140 |41 [42]43

05|06 |07(08(09 [0A|--——-- oF 10| 11 [12]-03
5|46 |47 | B |49 |4 4 (50|51 |52 ]| —G3)

( C ) 12-character 2-1ire Display Examle
The relation between DD RAM address amd display position on the LCD is shown below:

1 2 3 45 6 7 8 910 11 12 ~Pisplay

Ist - Position
Line |00j01|02|03({04105|06|07 (08|09|0A{0B]|+—
2nd DD RAM Address
Line |40 41 [42 (4344 145146 |47 |48 |49 |4A |4B | — .
- (Hexadecimal)

¥hen the display shift is performed, the DD RAM address changes as fol lows:
( Laft Shitt Display )

(00« |01 |02 {03 |04 (05 [06}07 |08 (0910408 |0C
(40)«— | 41 | 42|43 | 44 45 |46 | 47 | 48 (49 | 4A | 8B | 4C

( Right Shift Display ) _
27 (00|01 {02(03[04]05]06 |07 |08{03|0A|—(0B)
67 |40 (41 {42 |43 |44 (45|46 {47 |48 {49 [4A [~ (4B

(1 —5) Character Generator ROM

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

The storage capacity is wp to 240 kinds of § x 7 dots character pattern. The correspondence
between character code and standard character pattern of NJUB4DEB is shown in Table 2-1 to 2-5.

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

New Japan Radlbo Co. L
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Upper 4 bits ( Hexadecimal )

CG ROM Character Pattern ( ROM version -00 }

- vew - N » v [ smsaws . . avean
P H H ez H P ST T . - i - .
D - . H . H =% # T - - H - 0
HH - a baan’  |esmuaas H . - H H » H -
e H H HH wsve [ meses reen HITIH H . [
e . e . . . - . . wnmn P - . we ana
D) HECCT T e = Seew . e H ) FalS - - - - P . aaecane H
H H s 3" s Jesenans . H . FE i - . w H - - HY
. H - H HE H . . HE LITT R TV H HEY H
s . e . . . e . ans . svseny . e oo - = anmn
e - [ H N T . HE - - H iesas - e Far) .
B »oemnn | Ceseme o . anenes ' . rrewius . . * . * . . » [ .. - 14
. H H H H =% lammwes e & e H = jesas . H = . o
H H H H B . .. . . H - M o . . H "
» s S wes v . . - . .
: ] ) . e - = - . sana o
A v anen - - - - an aean LI L - - . = e -
s H . I s 14 H ] ) ssann HE e
- H . . - - . i H H - -
(=]
. rases . . . freee - soee .. LI [ ] . -
= I 2 : I . 3 ‘. e - e i "0 3 [Pen es®  |eseesns wa"an e vie
HH H - HEE T . . . . H = lam . « . H e
Favur . e - H LY -e anne o e - H H =
e L . jsessnen e . anann eee eee wann aan
. aaw o . e e vr. . H . e fo mama . . - - N P
[{w] . e = . 0 . . 'R ) ] H o ranse . . L) lsvevens - H *
=4 . . - R et O - P4 H - d H . . -
ssvannn 11 ™ ane 4 - eines . [Ty T ain ahe
. shen n - s as x  |eseees o brae CLNNNT R, T - - . . ¥ -
« » . R [ . . . . - s 8 s . - rasnens .
un 1] » " . - * # & |emesans - - (1T . Ll - m = . - saass -4 - o
= = H L - ML T . - . e . = a e [|eevasss v s - . -
] [ HTH L N wruen’  (emamms C T I T H - DL .
R e o es . = .y M - .  sane  [sessess * . PR T T r—
PO [ """ N - o m s = = P W2 . » ¢ [seanss . H H . .
- senr  [u . w - = w = = a a a ] . aaanmnn - . - . - - . H
FE e I EI R H . | ¢ s 3 = ) H H H H H - - H . +
PR TR h T SER, - .. assar aenee snennen - apsne
----- o s e . s saa - . - mnme . . -
. v | . #s s 8 {essssas H . .« » e e e " - - - a's Ca
) " feseasazr s e e v v * e s @ .o .o ¢+ & |v ¥ s TR . oue = . ‘e . e "
caatat L H H .. o LA HIC U RN - H A .. HE - v e
. - H -
.. . . e - . . .
[mN cLITI - [*=2"2%  |ezeters *a " e sy - "o Wt Pt -1 wesss’ . = ar .
L leassiss “v e or H ‘e e . . H H ) H H1 -
L] - ss e . H H .
e
= = N - - - - ~ - - e — - - ~ =
© | 833 g 2 3 g g s 8 g g 3 g g 8 g g
e Y ol o - o) w | b~ o | > L na] Ol Aalm B

Table 2-1.

( |ewt2apexaY ) S1iq ¢ Jowo7

o Lo, Ltd
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Table 2-2. CG ROM Character Pattern ( ROM version -01 )

| ssesws e ae e - e B . Y
e H s H . v | Feses e .3 e
F . = 'R - - . ] . ] . ¥ eken [ ay -
HIRS . H . H HE e e
------ - -1 - - - . Ha - H
r: LLl - - - Il - - b
Ly Ll - - . L] - - - - '}
E 1 H R . H . wene H s | manen . IR
- - . * L] L L] il Ll -
LL) « | eemes - s | wsdass L1.L] L] L] - aa s | essss
B e - v | wrwwew ey . N A -
.. - L - Ll L] - . - L - L1111 L - L] - - L]
D - . . - H H H 2 a » . . . - H - ans
- ® L - W | SEEEe [eramasa L] - - - - L] * L] [ -
- - - L1} -y Ll L) -ee (man
- - - . . e P . - . an .
et . . H . H : . I . ] H » M ..
_u } s w | weana — a sens LT » n . St . . = M . - seanEE. . -
- - L] LIS [ FAFEEES - L] - » L] - - L] - L] L] - n - -
- - Y - - HE aa annann H . FEY H
L] [ 111 - L] * | mmamw L —ewd L] swsbdh - L1 an L] - - Rl L]
» - - - a 4  |sswsrraw - Ll - L] esbw - L LLL L - LN 2 L - L[ ]
B L11 ) LI L1} - arerdd - a  [|earswmw - L] - - L) - L] - - - -
- » '] - »  jawmew L] - L1} L] - L] - Tl L] LI Ll - - il Ll -
L] - - - - L] L] L] - - L] - L] - - - L] - - - Ll
FanY
L] L1l L) - "R - - - - Ll
—_— M L x] e . . " a e weya - vane | emwew -
L] iy Ll L] -a LS - a rh e - L] Ll - - - - LN - 4
m - L] » - - L L] L] - - L] - L L1}
2
...um h
a
o0
—
[d]
et » e o . a | amwwas [T [ . e . . .
- »' - . v a"n . H - - . . - . - e H
b — . " " “ “ .l " " “ ...".‘I- " .. ..- I.. " “ " ..“ -I." LIl Ll LY ... ..I - " L[ ] .."..
HP . -V P H J— e rere i P A H H
-
- - '."." ..... . I. ...“.." ..“ .. "I.“.l Ll L] - 2 sswe - . . Rl L] l-ll I‘...
w0 - . - ! e - ) . 4w . » senes - s . a easnnan . H [
- - n - - L] » . L - a . srrkbd - LI - . - - L l L] L] - L] L
m ..... -ee am Ll - - ELll Ll L] ELLLL L] rpasa | SEes -
U LAl L & L1
" ALl lly Errrll (e Ll 111} - - . " - -
£l L] [ - - L] - L] * - - - . - il - - w ] Ll - -
i Te] » a = & [saverer - - - e . 0. 1 1 ransw . H » *
L] i - - » - - - - - . CLL Ll Ll - - # L] - -
[l - - . LI LT "empa . L1} Ll L] -e L)
renwhs - - A - - . wh e b Ba . - - Ll
] - = Ll - L id - & - L] - L jrasass - L] - L] |
- . * H ) . e s v . sesonse |a . .. * - . H .
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Upoer 4 bits ( Hexadecimal )

Table 2-3. (G ROM Character Pattern ( ROM version -02 )
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Upver 4 bits ( Hexadecimal )

Table 2-4. G ROM Character Pattern ( ROM version -03 )
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Tabie 2-5. (G ROM Character Pattern ( ROM version -A3 )

Upper 4 bits ( Hexadecimal )
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{1—6) Character Generator RAM { CG RAM )

The character generator RAM(CG RAM) can store any kinds 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
8 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)y -
{07)u or (08)n - (OF)a should be written to the DD BAM as shown in Table 2-1 to 2-5.

Table 3. shows the correspondence among the character pattern, G BAM address and Data.

Unused memory area of the CG RAM can also be used as the general data memory area.

Table 3. Correspondence of CG BAM address, DD RAM character code
and CG RAM character pattern { 5 X 7 dots ).

Character Code CG Character
Pattern
(DD RAM Data) RAM Address {CG RAM Data)
7654321 0 5 4 3 2190 T6543210

“—— —— -—— ==
Upper Lower Up r Lower Upper Lower
bit bit Ee bit bit bit

(=]
(=]

Character Pattern

6O000%000 000 Example(1)

[t e o e e }
e i 50 £ e ek
e Tt S e 2 e

<(Cursor Position

Character Patiern

0000001 001 Example(2)

——— D D
—_—— D S D

<(ursor Position

oo

f=1=]
—

0000111 111 E
E * : Don’t Care
& 8

i s e ke
—— O
vt (5 bt

*

Notes : 1. ghar%%ter gode bits 0 to 2 correspond to the CG RAM address 3 to 5 (3 bits :
pa erns

2. CG RAM address 0, 1 and 2 designate character gattern line position.
The 8th line is the curgor position and the display is performed by logical OR
with cursor. Therefore, in case of the curgor display, the 8th line should be »0".
If there ig ®1” in the 8th line, the bif "1” is always displayed on the cursor
8031t10n regardless of cursor existence,

3. haractgr pattern row position correspond to the CG RAM data bits @ to 4 are
shown apove.
The bits 5 to 7 of the CG BAM are not appear on the display (no meaning for the
display), but nemory elements are existing, therefore it can be used as the gen-

eral purpose
4, CG RAH ﬁaracter patterns are selected when character code bits 4 to 7 are all
it is_addressed by character code bits 0 to 2. Therefore, the address
(OO)H and (08)x, (01} and {09)x, ------- {07)u and (OF)H select the same cha-
racter pattern as shown in Table 2-1 to 225 and Table
5. 71" for CG RAM data corresponds to display On and "0” to display Off.
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(1 —7) Timing Generator

The timing generator enerates a timing signals for the DD RAM, CG RAM, (G ROM and other
internal circuits operation. _

RMM 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 in-
fluence, such as flickering, in areas other than the display area.

{1 —8) LD Driver

LCD driver consist of 32-common driver and 60-segment driver.

When the line number is selected by a program, the required common drivers output the common
driving waveform and the other common drivers output non-selection wavetorm 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 LD
driving waveform.

{1—9) Cursor 8} inking Control Circuit

This circuits controls cursor On/0ff and 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 (08w, a cursor position is shown as follows:

s ACs ACs ACs ACe AC: ACo
[o]olof[1]ofofo]

-1 1 2 3 4 5 6 7 8 9 10N 12 « Display position
-line
Display {0001 [02]03 |04 |05 |06 |07 |08 {09 |08 0B |-~ <« DD RAN address
— (Hexadecimal)
1 Cursor position

1 2 3 4 5 6 7 8 9 10N 12 +— Display-position

2-line Q0301 |02|03!04|0506|07| 0809 |0A 0B~ <«
. [)i1] address,
Display |40 (41 {42 (43| 44|45 |46 | 47148 |49 |4A|4B[-— <« exadecimal)

T Cursor position

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

The NJUG406B is automatically initialized by internal power on initial ization circuits when
the power is turred on.  In the interral power on initialization, following instructions are
executed.

During the Intermal power on initialization, the busy flag BF) is "17 and this status is
kept 10 ms after Voo rises to 4.5¢.

Initialization flow is shown below:

Clear Display — NOTE
1 1T the condition of power soply
DL=1 :8-bit lone rise time described in the Elec-
Function Set interface data trical Characteristics is not
T N=0 :1-Line Display satisfied, the internal Power On
Initialization Circuits will not
Display On/Off D=0 :Display Off operate and initialization will
Control | C=0 :Qursor Off not be performed.
1 B=0 :Cursor Blink Off In this case the initialization
by MPU software is required.
Entry Mode Set | [/0=1Increment by 1

3=0 :No Shift

(3} Instructions

The NJUS40EB incorporates two registers,. an Instruction Register (IR) and a Data Register (OR).

These two registers store control information temporarily to allow interface befween NJUB406B
and MPU or peripheral ICs operating different cycles. The operation of NJUGADGB 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 4. shows each instruction and its operating time.

Note) The execution time mentioned in Table 4. based on fcp or fosc=250kHz.
If the oscillation frequency is changed, the execution time is also changed.
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Table 4. Table of Instructions
¢ 0 D E EXEC
FNSTRUCT | ONS RS R/W DB- DBs DBs DB. DBa DB: DB, DB, DESCRIPTION TIME

Nor-cperation 0 0 ¢ 0 0 0 O 0 0 0 |Nonoperation. Only takes judge- | 40us
ment machine cycle.

Clear Display 0 ¢ 0 0 0 0 0 0 0 71 |Display clear and sets DD RAM 1.64ms
address 0 in AC.

Return Home 0 0 0 0 0 0 0 0 1 % |SetsDDRAM address 0 in AC and |1.64ms
returns display being shifted to
original position.

DD RAM contents remain unchanged

Entry Yode Set 0 0 0 0 0 0 0 1 I/D S |Sets cursor mve direction and 40us
specifies shift of display are
performed in data read/write.
1/D=1: Increment, |/0=0:Decrement
$=1:Accomanies display shift

Display On/0ff 0 0 0 0 0 0 1 D C B |Sets of display On/0ff(D), cur- 40us

Contro! sor On/OFF (C) and blirk of cur-
sor position character(®).
Cursor or 0 0 0 0 0 1 S/CRIL £ % {MWoves cursor and shifts display | 60us
Display Shift . _ without changing DD RAM contents

$/C=1 : Display shift

§/C=0 . Cursor shift

A/L=1 : Shift to the right

R/L=0 : Shift to the left

Function Set 0 0 0 0 1 DL N % % % IS%ets interface data length(®L), us

maber of display Tines(N).
Di=1 : 8 bits, DL=0 : 4 bits
N=1 @ 2 lines, N0 © T line
Set CG RAM 0 0 0 1 «—— Aws ——— |Sets CG RAM address. After this | 40us
Address instruction, the data is trans-
ferred on CG RAM.
Set DD RAM 6 0 1 Ao ——— | Sets DD RAM address. After this 40us
Address instruction, the data is trans-
ferred on DD RAM.
Read Busy Flag [ 0 1 BF «—— A ——— | Reads busy flag and AC contents. | Ous
& Address BF=1 : Internally operating
BF=0 : Can accept instruction
Write Data to 1 0 <=~ WriteData —— |Writes data into DD or CG RAMs. 40us
CG & DD RAM
Read Data from 1 1 +«——— TfeadData ——— |Reads data from DD or CG RAMs. 60us
CG or DD RAM
Explanation of | DD fAM : Display data RAM , CG RAM © Character generator RAM
Abbreviation |Ace : CG RAM address, Aoo : DD RAM address, Corresponds to cursor address
AC Address counter used for both of DD and CG RAMs
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{3—1) Description of each instructions

(a) NOP (Non operation)

RS Rm DB? DBB WS [Bd [B:a. DB? WI BBO
Code [0 [0 [0 [0 [o [o oo o [0

Non operation instruction. |t consumes certain judgement machine cycles only.
(b) Clear Display

RS RN DB, 0B DBs DB« DBs DB DB DB
Coee {0 [0 [0 [0 Jo [o o o fo [

Clear display instruction is executed when the code "1" is written into DBo. When this
instruction is executed, the space code (200w is written into every OD RAM address, +the DD
RiM address 0 is set into the address counter and entry mode is set increment. |f the cursor
or blink are displayed, they are returned to the left end of the LCD(the left end of the ist
fine in the 2-1ine display mode).

The S of entry mode does not change.

Note: The character pattern for characier code (200w must be blank code in the user-defined
character pattern(Custom font).

_ (c) Return Home
. RS RM DB, DBs DBs DB. DB DB- DB, DBy

CodeIO o [0 lD |U lo |o |0|1 | x | *=Dont care

Return home instruction is executed when the code "1” is written into D8:. When this
instruction is executed, the DD RAM address 0 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 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.

(d) Entry Mode Set

RS RM DB, DBs DBs DB, DB DB, DB. DB
code [0 Jo To [o oo o1 fin]s ]

Entry mode set instruction which sets the cursor moving direction and display shift
On/Off, is executed when the code "1” is written intc DB: and the codes of (I/D) and (3} are
written into DB, (1/D) and DBo(S), as shown below.

(1/0) sets the address increment or decrement, and the (5) sets the entire display shift
in the DD RAM writing.

1/0 Function

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

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

The
info/Trom

Entire display shift,
The shift direction is determined_ by |/D:
1 shift 1o the right at the |
ter, so that it

shift to 'the Ieft at 1/0=1 and
Ke or the charac-
display moves,

/0=0. The shift is operate onl

s as if the cursor stands still and t

|Spla&does not shift when reading from the DD RAM and writing/reading

| The display does not shifting.

(e} Display On/0ff Control

RS R/W DB

DB DB; 0B+ DB DB DB, DB,

cde [0 [0 {0

to oo |1 o [c [o

Display On/Dff contrel instruction which controls the display On/0ff,
ard the cursor position character blink,

the cursor On/Qff

is executed when the code "1" is written into DBs

and the codes of (), (C) and (8) are written into DB2(D), 0B,(C) and DBo(®), as shown below.

D - Function

1 i Display On.

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

C Function

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

0 Cursor Off. Even if the display data write, the /D etc does not chanee.

B Fumct ion
The cursor smon character is blinking. Blinking rate is 455.2ms at f

i or T osc—Z?OEﬂ t fer=250kHz. The biink is displaved alterng-P
twel with aH on (|t means all black) and characters display. The cursor

He blink can be displaved simultaneously.
0 The character does not blink.

"

U

Ilﬂll

-l

(I ANEEE

Cursor

Character Font 5 x 7 dots

(1) Cursor display example

Alternating display
(2) Blink display example

New Fapan Radio Co, L.
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(¥ Cursor/Display Shift

RS R DB, DB« DBs DB« DBs DB. DB, DBo
code [0 [0 Jo Jo [o |1 [sefan]s [+ | *x=ponteare

The Cursor/Display shift imstruction 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 fine when it passes the 40th
digit of the ist line. Notice that the 1st and 2nd line displays will shift at the same
time. When the displayed data is shifted repeatedly, each |ine moves only horizontally.

The 2nd line display does not shift into the 1st line pesition.

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

This instruction is executed when the code ™17 is written into DB. and the codes of (5/0)
and (R/L) are written into DBs(S/C) and DB-(R/L), as shown below.

S/C R/L Function

0 0 Shifts the cursor position to the Ieft is decremented by 13
0 1 Shifts the cursor position to the right C is incr ed by 1

1 ] Shitts the entire display to the left and the cursor ol lows it.

1 1 Shifts the entire display to the right and the cursor follows it.

(&) Function Set

RS R/% DB, DBs DBs DB. DBs DB DB, DBo
Codell] |0'|0 |U |1 |DL|N |* |* |xl*={}on’tcare

Function set instruction which sets the interface data length and number of display limes,
is execuied when the code "1” is written into DBs and the codes of (DL and (N) are writien
into DB.(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-lines.

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

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

0 Set the interface data length to 4 bits (OB; to DB4)
THe data must be sent or received twice.

Display lines |Character Font | Duty Ratio Note
i 5 X7 dots 1/16
1 2 5XT dots 1/32

New Fapan Radio Co, L3,
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(h) Set CG RAM Address

RS RAW DB; DBs DBs DB, DBs DB DB DBo
Code JO [0 [o v [a |a[a ja]a[a

—Higher lLower —
order bit order bit

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

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

(i) Set DD RAM Address

RS R/'ﬂ BB? DBe DBS [Bd DB3 DB‘Z D'Bl [BO
coce [0 Jo [1 [a [a {a [aia]a]al]
' —Higher order bit Lower order bit—

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

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

Note : In case of the 1-line display. the address data is (00w to (4F)u, and during the 2-
line display, the address is (00)s to @MNw for the 1st tine and (4Du to (6M= for
the 2nd Yine. '

(j) Read Busy Flag & Address

. RS RN DB DB DB DB. DBs DB: U©0B: DBo
Code O [0 [BF [ | A Ja [ A & [A |7
' «Higher order bit Lower order bit—

This instruction reads out the internal status of the NJUG4DGB. When this instruction is
executed, the busy flag(BF) which indicate internal operation is read out from DB- and the
address of CG RAM or DD RMM is read out from DBs to DB: (the address for CG RAM or DD RAM
is determined by the previous instruction).

(BF)=1 indicates that internal operation is in progress. The next instruction is inhibited
when (BF)=1. Check the (BF) status before the rext write operation.

New Japan Radio Co. Lt
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(k) Write Data to CG or DD RAN

RS RW DB DBs DBs DB. DB DB DB. DBo
code f1 [0 {0 [o [p [0 [0 [0 f0 {0]
+«Higher order bit Lower order bit—

Write Data to CG RAM or 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 irstruction, the binary 8-bit data "DDODDDDD” are written into
the CG RAM or DD RAM. The selection of the CG RAM or DD RAM is determined by the previous
instruction. o
After this instruction execution, the address increment(+1) or decrement(-1) performed auto-
matical |y according to the entry mode set. And the disptay shift is also executed according
to the previous entry mode set.

(| } Read Data from CG or DD RAM

RS RW DB, DBs DBs DB. DB, DB: DB: DBo
code {1 [ 1 |p [D [0 [0 oD |0 [0]
~Higher order bit Lower order bit—

Read Data from CG RAM or 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
CG RAM or DD RAM. The selection of the CG RAM or DD RAM s determined by the previous in-
struction.

Before executing this instruction, either the CG RAM address set or D} RAM address set
mist he 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 recuired if the cursor shift instruction is executed
just beforeharnd{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 execuled automatically according
to the entry mode.

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

Note: The address counter(AC) is automatical ly incremented or decremented by 1 after write
instructions 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 instruc-
tion (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.

WNew Japan Radio Co, L4
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(3—2) Initialization using the internal reset circuits

(a) 24-character 1-line 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 NJUB4DEB can store up to 80 characters, as explained before, therefore
the advertising moving display is available when combined with display shift operation.
Since the display shift operation changes only display position and the DD RAM contents
remain unchaneed, display data which are entered first can be output when the return home
operation is performed.

Initialized.
I Power On | No display appears.
. l RS R/W DB- DBs [Bs B4 DBs DB DB, DBo Set the 8-bit tion/
Function Set glojlojof1]1] 0@ x| %| 1-line display / 5Xidots
| | Colo[olol il o[ o] [ +] Fiwamnh
i .

1 Turns_on display and cur-
Disp.Un/OffCont| [OI U! 0 Ol 0] OI 111 l| 0| sor. Entlredls lay is in
- space mode by the initial-
1 ization.
Example for set address
Entry Mode Set | | U| 0| 0‘ 0| 0| 0| 0| l| 1] 0| increment and cursor right
shi ft when the data write
l to the DD or CG RAM

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

(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 turred on, 8-bit operation is selected automatically, therefore the
first input is performed under 8-bit operation. In this operation, full instruction ¢an 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 beiow. Since ore operation is comleted
by the two accesses in the 4-bit operation mode, rewrite is required to set the instruction
code in full. 24-character 1-line in 4-bit operation is shown as fol lows:

Initialized.
] Power On | No display appears.

l RS R/W DB~ DBe DBs DB. Set the 4-bit i

- ~hit operation.
function Set ol oyo0l O] 10 + xecuted in 8-hit mode
[Foctinsot | [o] 0] o[ 0l 11 0] Ts ' stz
Set the 4-bit ation / 1-h
|unction Set l o|lo)loflaf |0 display / 5 I?ducgeront e
O 0l OF Q) *| * The 4-bit operation starts from
i this step,

- Turn on display and cursor.
|D|sp.0n/0h‘ Cont | g gl 01000 Eﬂ’ure display is in space mode by
1 e initialization.

|Entry Mode SetJ

l

'Hrlte data t? the DD/CG RAM
and set the Instruction

Example for set address increment
and cursor ﬁ ht  shift when the
data write to the DD or CG HAM.

o
oo
Oy
—_
—
oD

New Japan Radio Co. Ltd.



(c) 24-character 2-line in 8-bit operation (Using internal reset circuits).

In the 2-fire display, the cursor moves automatically from the 1st to the 2nd line after
the 40th character of the ist fine has been written,

Therefore, if the display characters is only 24 character in the st line, the DD AAM ad-
dress must be set by the user programming to change the cursor position to the 2nd fine.

The 1st and 2rd line displays will shift at the same time. When the displaved data is
shifted repeatedliy, each line moves only horizontally.

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

NJUESE406B

Initialized.
I Pawer On | No display appears.
l RS /W DB: DBs 0B: DB. DB: 0B DB. DB, Set the 8-bit operation/
Function Set glol ol ol v 111} 0] | *| 2-line display / 5XTdots
| Lolo[1[1[ 1ol «[] &
l .

|viso.on/0ff Cont | | 0] 0] o] of of o] 1] 1] 1] 0] %E?;Eﬂ:ig?ﬁiﬁgyc%_

{ initialization.
Fxample  for set address
[Entry dode set | [ o] 0] o] of of of of 1] 1] 0] Jncrement ang cursor right
shitt when the data write
i to the 0D or CG RAM.

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

New Japan Radio Co, L.
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(3—3) initialization by instruction
if the power supply conditions for the correct operation of the internal reset circuits
are rot met, the NJUB40BB must be initialized by the instruction.

(a) initialization by Instruction in 8-bit interface

| Initjalized.
Power On Ko display appears
! |
Mait
e e T Sv/2.av
l RS R/W DB, DBs DBs DB. DBs DB: DB. 0B, L
unction Set
Function Set ol ol ool 1| 1] x| 2| 2| | (8 bit interface length )
l
¥ait more than 4.Ims
1
Function Jet
Function Set ol ol ol ol 11| ] x| x| x| B-bit interface length )
|
Wait more than 100us
l
Function
Function Set 0101 0] O} 11 1} %] % %] % (8- blt l%face Iensth)
l checked before thls step.
but it c¢an be checked
Wait more than 100us - after this step.
or Busy Flag Check After this step, busy
: flag(BF) check or lorger
i RS R/¥ DB; DBs DBs 0B« DBa DB: DB, 0B, waiting time than each
instruction  exeaution
Function Set ol alolol vl i1l 01 x| xt timeis reqired.
- Set the B-bit operation,
l _ Q{m display, SX/dots
Display Off olo|lo|olojo]1]0]o0]0C |
l
Display Clear olololo|lOlO]O]OlO}
1
Example for set address
Entry Mode Set olofo|O0|o0lO| O[] 1] 0] increment and cursor
_ right shift when the
1 data write to the DD or
CG RAM.
Write data to the DD/CG RAM
set the Instruction

I New Japan Radio Co, L
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(b) Initialization by Instruction in 4-bit interface

I Power On
l

Wait more than 1

atterVonrises to4 /2.4y

l

AS R/W DB, DB DBs DB,

Function Set

plojofoj1t1

l

Wait more than 4.ims

{

Function Set

|

¥ait more than 100us

!

Function Set

. (8b|

|

¥ait more than 100us

N RS R/W DB: DBe DBs DB.
Function Set claolojoO)jito
|
¥ait more than 100us
1 :
Function Set {0 00310
] Ol 0 Ot x| %) %
Display Off gr ol oloy 050
mﬁ olof1{ololo
i ol o0l aloi O] O
DISDIaleIear TRIEIRIRIR
t 0 0 0
&m%& 3181810918
Write dat the DD/CG RAM
a sette nstruction

New Japan Radio Co. L.

d.

ialjze
ay appears.

it
disp

In i
No I

Function Set
(8-ba 'ltai1nterface length)

Function Set
(8'bl‘l’. interface length)

et | erface length)

Function Set in 8-bit inter-

Eggft, 5"5’“ t interface length)

Set the 4-bit operationy/

1-line display cbts Font
F

%gkedago(%recaﬂis step.

a ter thls step
wr this step, husy flag

eck or longer wait-
ing t me than each in-
structhn axecution time
1S recuired,

Example for ?ﬁ}so?d?reﬁ _
incre

W%mmWW
to the DD or (6




NJUSAOGB

(4) LCD DISPLAY

(4—1) Power Supply for LCD Driving

NJUG405B incorporates voltage doubler to generate the LCD driving high voltage. The volt-
age doubler generate about twofold voltage from the V.. irput voltage ( 9.5V typ at Jout=2mA
In order to gemerate L1CD display driving waveform,
The bieeder resistarice must be changed according to the duty

and V.5V ).

external bleeder resistance.

ratio as shown below.

LCD Driving Voitage vs Duty Ratio

Vi Vi

Vsour

1

Vice

|

(@) 1/5 bias (1/16 Duty)

{Internal Yoltage Doubler No-use exampie)

Duty Ratio 1/32 1/16
Bias 1/6.7 1/5
v, Voo-1/6.TV0uoo Yoo-1/5Vien
Power
VZ VDD-Z/B.WLCD . vun‘2/5VL.cn
Supply

Vs VDD_3/5-WLCD vDD-stvLCD

Vd ‘.‘IDD-4/6-TVL_CD VDD_4X5VLCD

VS VDD_vLCD vDD-vLCD
Ve Vo

NJUB 406B

£
Ce

Vsour

) 1/6.7 bias (1/32 Duty)

(Internal Voltage Doubler using example)

internal Driving Voltage Swpply Examples

New Fapan Radio Co, Lid.
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(4=2) Relation betveen oscillation freasency and LCD frame frequency.

The NJUB4OGB recuires sither one of the oscillation resistance(RF) or ceramic resonator

for the intermal oscillation, or external clock.

In case of the oscillation resistance using, the oscillating frequency is affected by the
stray capacitance of the terminais 05C: and 0SC2, thus shorter comnection length of these

terminals are required.

LCD frame frequency example mentioned below s based on 270kHz oscillation (1 clock

=3.7us).

LCD frame frequency is calculate by following formula.

1 frame cycle = f(]JSC x 120(clock) x tﬁe reciprocal number of duty

1 frame frequency = 1

1 frame cycle
(@) 1/32 duty
120 cloek
F 2t sl al v lsz 11l 2! alafl—- laz | 11 21 3|
Voo I
LN
L
COM Va
V.
Ve l
le 1 Frame le 1 Frame o |
™~ 7= *|

1 frame = 3.7(us) x 120 x 32 = 14,208(us) = 14.208{(ms)
Frame frequency = 1/14.208(ms) = 70.38(H2)

&) 1716 duty
120 elack
ii!2|3|ill— """"""""""""""" ‘hﬁl‘l[!lSlll ----------------------- -i15|‘||2|3|
Voo l
Vi
Vo
COM, vz
Va
Vs I I
le 1 Frame e 1 Frame >I

1 frame = 3.7(us) x 120 x 16 = 7,104(us) = 7.104(ns)
Frame frequency = 1/7.104(ms) = 140.77(Hz)

New Japan Radio Co. L1,
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(5) Interface with MPU

NJUG40GB can be interfaced with both of 4/8 bit WU and the two-time 4-hit or one-time 8-bit
data transfer is available.

(5—1) 4bit ¥ interface

When the interface lereth is 4-bit, the data transfer is performed by 4 [ines conmected to
0B: to DB; (OBo to DBa are not used). - The data transfer with the WPU is cmpleted by the
two-time 4-bit data transfer.

The data transfer is executed in the seausnce of upper 4-bit (the data (B« to DB+ at S-blt
length) and lower 4-bit (the data DB, to DBs at 8-bit lensth).

The busy flag check must be executed after two-time 4-bit data transfer (I instruction ex-
scution). In this case the data of busy flag and address counter are alse output twice.

RS -
R/Y _—J/ \_____._
£ Jw U ‘l
faternal Siains—m _I
Mo
o8 77 XTR(TRNT/ TR aanae )T T 7y == faes X700 X 0 X/ 7/
Inatruclieon Besy Flag Buay flag fnalructien
Writing Chrek Check Writing
R3 /
RS —/_

ANVA YA NIVARNIVE W

o, X TRy X R X
D,
DEs
v,

Wriling insiruction into [Readont Buay Flag(BF) Readoul data Regisies {DR)
instruction Register(IR} and Aress counterfAC)

(5—2) 8-bit WV interface

RS

p— ~

. TN T T Y
Internal Status ——-—I oparatian L—-—-—r—

O TPy /7 LTI 1/ AW L1111 N1 Ty SR

Welting Insteuckieon Inte ‘Bur Flag

Busy Flay
Check

Busy Flag
Chech

¥ritiog Jastrectien Inte

fnstrvction Regletar{IR} Check Instruction Regielae{IR)
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M ABSCLUTE MAXIMUN RATINGS { Ta=25C )
PARAMETER : SYMBOL RATINGS INIT
Supp |y Voltage (1) Voo -0.3~+17.0 ¥
Supply Voltage (2) ¥i~¥s (3) Yoo~ 13.5~ Yoot).3 ¥
lnput Voitage ¥in - 0.3 ~ Yout0.3 ¥
Qperating Temperature Topr ~ 30 ~+ 8 T
Stor:_a)ge lemperature _TIstg -5 ~+12% T
Note 1) | the LSi are used on condition above the absolute maximm ratings, the LS| may be

destroyed. Using the LS| within electrical characteristics is strongly recommended
for normal operation. Use bevond the electric characteristics conditions will cause
malfunction and poor reliability.

Note 2) All voitage values are specified as Ves = O ¥

Note 3) The relation | YooV 2Vs2Voour , Voo=VWse2Vsour, Vss=0¥ must be maintained.

Note 4) Decowpling capacitor should be connected between VY., and Vs= due to the stabilized
cperation for the voltage doubler.

M ELECTRICAL CHARACTERISTICS ( VooSV108, Ves=0V, Ta=-20 ~ +75C )
PARAMETER SYMBOL CONDITIONS MIN TYP MAX JUNIT
Operating Vol tage Voo 4.5 5.0 5.5 ¥
Viul Akl lmut and ll’DUthLI‘tDU‘t 2.3 Yoo
1 Term!nals except 0SC 5
2 v::: Only 0SC Terminal 20 ]f_’g
1 v::m |I'DUt/&1‘tDU‘t -] o). 205mA 2.4
Yoo, Termimals | 1o.=1.6mA 0.4
Output Vol tage 2 Youz Quiput ~lop=0.04m4 §0.9Vop v
¥oup Terminals | |o=0.04mA 0.1¥op
Driver Orresist. (M} | Reem | E£1o=0.05mAAL com.term.) 20 KO
Driver Mn-resist. (SEG) | Ases | 210=0.06mAAL) see.term.) 30
|I'l3i.l't Leakage Current L1 Vi) ~ Yoo -1 | uh 7
Pull-up Resist Current § =15 ¥oo=5Y, RS, R/W, DB 50 125 250
. Ceramic resonator
Operating Current (1) Inp VooV, foeo=260kHz 0.55 | 0.8 mA
. CR Oscillation
Operating Current (2) lvo: | External-clock Operation 0.6 1.0 mh | 8
Yoo=HY, foge=fcr=2T0kHz
Output v four=omA, Ta=25C -2.8 1-3.9 v 9
Voltage | ">°°" |lour=lmA, Ta=25C -4.5 {-4.7
Vol tage -
Conversion v —oa 95 99.9 %
Dowbler | Efficiency EF - .
| lmUtv V.. 2.5 55 | v
oltage
Operating Freg. fep 125 250 350 Kz
Ext. § Duty DUTY 45 50 55 %
Clk {Rise Time trep 0.2 us
Fall Time tfcp 0.2
tnt. | Oscillation fosc RE Osc. RF=0IkO+2% 190 270 350 JkHz | 10
gsC Frequency Ceramic_resonator : 250 kHz
LCD Driving Voltage | Vues |Voo - Vs }ﬁg_?(';j@ o0 o gl v |

New Japan Radio Co. Lt
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B ELECTRICAL CHARACTERISTICS . ( Voo=2.4V~3.6V, Vss=OV, Ta=-20 — +75C )
PARAMETER SYMBOL CONDITIONS MIN TP MAX  JUNIT
Operating Vol tage Voo 2.4 3.0 3.6 ¥
Vi, M| Input and Irput/Output | 0.8Vso Yoo
Ineut Vol tage Vio | Terninals eI
1 You |FKJlIt/QJ‘tDUT -loa=0.205mA Y} 2.0 )
Voug Terminals | lo1=].6mA 0.5
Output Voltage 5 | Vou: | Ouiput 1 og=0.04nk_[0.8%00 v
‘o"mz Terminals lo.=0.04mA 0.1Vop
Driver On-resist. (COM) | Rcow | *1o=0.05mACAI} com.term.) 20 KO
Driver On-resist.(SEG) | Rsee | *to=0.05mACAIl seg.term.) 30
Input Leakage Current 1u ¥Vinzd ~— Vop -1 | A 7
Pull-up Resist Current ] -ls Yop=3¥ 10 25 50
CR Oscillation
Operating Current too External-clock Operation 0.2 0.3 mh | 8
VDD=3V. fose=fer=240kHz
””“’“,}ol oo | Yoo |V, Lo, TaSC | 25 |25 v
Voltage [Conversion —o0
Dowbler | Efficieney | "= |M* % |99 B
Irput ,
"0'0|ng_9 ch 1 .8 vDD V
Imt. [Oscillation
0se Freauency fosc | RF Osc. RE=01%Qx 2 160 240 320 |Jk&z | 10
LCD Driving Voltage | Vieo |Voo=3¥, Vs Terminal P o o v
Note 5) Irput/Output structure except LCD driver are shown bhelow:
Input Terminal Structure lnput/Output Terminal Structure
Vb Voo vop PHOS VD v
PhOS ﬁﬂ% moj—| #nos —|Lﬂ J_|$ PIOS
H ! o
uos —| 7 wnos L| wnos
Vo
rnos«li]—rcG_:*— ERAELE
wnos |__O<|"CGJ— PATA
E Terminal RS.R/W Terminals DBo to DB- Terminals
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Note 6} Rcom and Rszc are the resistance values between pewer supply terminalsMoo, Vi, ¥e, Vs)
and each common terminal (COM, to COMs2), and suoply voltage (Yoo, Ve, Vs, V) 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 7) Except pul I-up resistance current and output driver current.

Note 8} Except trput/output current.

If the imput leve!l is medium, current consumption will increase due to the pemetration
curremt. Therefore, the irput fevel must be fixed to "H” or "L".

NJUUG640G B

Operating Current Measuring Circuit

Voo

Co
10 uF

oF}
V5out

¥ NJUG 406B

Note 9) Voltage Doubler Characteristics Measuring Circuit.

VD
Vei
Ci
Cz
Vss VeouT

10 uF -
NJUG40 6 B (4. 1uF) )L TL=10k
+ (3 k

New Japan Radio Co. Ltd.




Note 10) Apply to internal CR oscillation using a oscillation resistance Rf.
As the oscillating frequercy is affected by the stray capacitance of the terminals 03C,
and 0SC., shorter connection length of these terminals are recuired.

NJUBs4aAaOoe B

oz VhHz)
IR
\

RF RF:91k Q2%

N

g
N

Lo )
15
~

g

2 4 L]

OSCZ Youl ¥1

Note) As this cireuit oxample mentioned only for standard application, it can rot guaranty
the characteristics of oscillation, )

Please check the extermal parts value before production.

Note 11) Aoply 1o the cutput voltage from each OOM and SEG are less than *0.15¥ against the
LCD driving constant voltage(eo, Vi, V2. Vs, Ve, Vs) at no foad condition.
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- Bus timing characteristics

Write operation sequence ( Write from MPU to NJUG40GB )
Nop = E.WE108, Voo = OV, Ta = ~20 ~ +15C)

PARAMETER SYMBOL | MIN MAX JCONDITION JUNIT
Enable Cycle Time : teves 500
Enable Pulse Width | "High” level | Puze | 220
Enable Rise Time, Fall Time ter, tes 20
Setw Tine ~ |RS, RM, E | tas 40 fie.] | ms
Address Hold Time tan 10
Data Set wp Time - tosw &0
Data Hold Time tu 10

Write operation sequence ( Write from MPU to NJUG406B )
Voo = 3.0VE20%, Yoz = OV, Ta = -20 ~ +75C)

PARAMETER spot | mix | wax  feonpiTion juwiT
Enabie Cycle Time tover 1.4 us
Encble Pulse Width | "High” level | Pwen | 500
Enable Rise Time, Fall Time tee, tes 20
Set w Time [rs, m E | tas 70 | i1 | es
Address Hold Time tan 10
Data Set up Time tosw 140
Data Hold Time ta 10

Timing Characteristics OWrite operation)

L u
Y ¥ini
RSJ< Vil v".vz(

14 LAl
R/ K V1L ;/ﬁu
.__Eﬁ:u—j L4l
—————— | tEF —
E /'vml Vi
YiLy YV Fy
— 1D LK
LEr i b
LA '
DBo ~ DB+ L Vatid Data |/
Vil viLt
tevee

fig. 1 The timing characteristics of the bus write operating sequence.
(Write from MPU to NJUG406B)
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Read operation sequence { Read from NJUBA06B to MPU ) :
Voo = 5.ONE10K, Yos = OV, T3 = -20 ~ +75°C)

PARAMETER SYMBOL | MIN ] MAX JCONDITION JUNIT
Enable Cycle Time teves 500
Enable Pulse Width 1 "High” level | Pwen 220
Enable Rise Time, Fall Time ter, ter 20
Set w Time [RS, R, E | tas 40 tig.2 | ns
Address Hold Time tan 10
Data Delay Time toow - 120
Data Hold Time toon 20

Read operation sequence ( Read from NJUBA06B to MPU )
(VDD = 3-0”12%, VEB = w’ Ta = "20 — +75°C)

PARAMETER SYMBOL | MIN MaX | CONDITION |UNIT
Enable Cycle Time teves 1.4 _ us
Enable Pulse Width | "High” level | Pwen | 500
Enable Rise Time, Fall Time ter, ter 20 1.

Set up Time [Rs, RW, E | tas 70 fig.2 | ns
Address Hold Time tan 10

Data Delay Time toow 600

Data Hold Time toou 20

boad condition of DBo to DB7 T Cu=100cF
Timing Characteristics (Read operation)

< -
via Vil ><
RS ><Y Vit Y1114

tan

tAS

R/W /IVIIII ' N Y1

LR

PRek 1
E Vini Yl
V[Ll--/ vity T F oy
tEr —LboR L2l
W -
Vou1
DBo ~ DB Valid Data %
Yout Yori
tevee

fig. 2 The timing characteristics of the bus read operating seauence.
(Read from NJUGA0BB to MPL)

New Fapan Radio Lo, Lt



' NJUS406 B

- Power Suppiy Condition when using the internal initialization circuit
Voo = 5. OVE108, Vea = OV, Ta = ~20 ~ +75C)

PARAMETER SYMBOL | MIN TYP MAX | CONDITION JUNIT
Pmr SLIJDW Rise T||TB trl:c 0.1 - ]0 s
Power Swpply OFF Time torr i -

+Power Supply Condition when using the internal initialization circuit
(oo = 3.0¥VL20%, Yas = OV, Ta = -20 ~ +15°C)

PARAMETER SYMBOL | MIN TYP MAX | CONDITION {UNIT
Pmr SLDDIY RISQ Tim trccl 0.] - 5
ms
Power Suoply OFF Time torr i -

Since the internal initialization circuits witl not operate normal ly uniess the above
conditions are met, in such a case it must initialize by instruction.
{Refer to initialization by the instruction) .

4.5V/2.00 W/

Voo=bY -—- 0. 1ms=t:=10ms torr=Ims
Yoo=3V¥ ——- 0. Ims =t c=0ms

toes Specifies power off time in a short period off or cyclical on/off.
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Il LCD DRIVING WAVEFORM
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COM. v,
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B LCD DRIVING WAVEFORN

1/32 Duty Driving
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W APPLICATION CIRQUITS

COM,

COM)e

CoMm,

SEG,

KIGER Lw P #JEL
(24-character
SEGa 2 -line)

COR,;

COblzy

COblas

CObl3y : : 5=

(@ § x 7 dots, 24-character 2-line example (1/6.7 Bias, 1/32 Duty)

COMa

COM ¢

COb,

NJUE4058
COMy
s | LD PANEL
| (24-character

SEGas 1 -line}

() 5 x 7 dots, 24-character 1-line examplie (1/5 Bias, 1/i6 Duty)
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MEMO
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[CAUTION]

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




