NJUSaes

8—CHARACTER 2—-LINE DOT MATRIX LCD
CONTROLLER DRIVER WITH EXTENSION FUNCT!ON

M GENERAL DESCRIPTION W PACKAGE OUTLINE

The NJUB4ES is a Dot Matrix LCD controiler driver for

8-character 2-line display with extension function up to
40-character 2-line display.

It contains microprocessor interface circuits, in-
struction decoder controller, character generator ROM/
RAM, high voltage operation common and segment drivers,
and extension driver interfacs circuits.

The microprocessor interface circuits which operate by
Wiz froquency, can be connected direotly to 4/8bit
RiCroprocessor.

The character generator consists of 12k bits ROM and
B4 bytes RAM. The standard version ROM is coded with 240
characters including capital and small letter fonts and
some of Japanese fonts.

The high voltage operation 16-common and 40-segment
drivers operate up to 13.5V, and drive up to 8-character
2-line display in single NJUG468 use. NJUB4BSFG1

The extension driver interface circuits enable combi-
nations with NJUG4OTC or NJUB4ITC to increase the dis-

?I?g capacity up to 40-character 2-line or 80-character
~line.

M FEATURES
5 %7 and 5 x 10 Fonts with Cursor Display
4/8 Bits Microprocessor Direct Interface
Display Data RAM ( 80 x 8 bits ) + Maximum 80 Characters
Character Generator ROM ( 12,000 bits ) : 240 Characters for § x 10 Dots
Character Generator RAN ( 64 x 8 bits ) ; 8 Patterns(5x7 Dots) and 4 Patterns(5x10 Dots)
Nicroprocessor can access to Display Data RAM and Character Generator RAM
High Voltage LCD Driver : 16-Common / 40-Segment
Programmable Duty Ratio ; 1/8 Duty for Sx 7 Dots + Cursor, 1 Line

1711 Duty for 5x10 Dots + Cursor, 1 Line

1716 Duty for 5x T Dots + Cursor, 2 Lines

@ HNumber of Maximum Display Characters
Display Line | Duty factor Extension | NJU6468 | NJUB407C | Display Cavacity
, Not provided - 8-character 1-line
Tline  |VBA/N Y [orovided | 4,y |9.208 |B-character I-line
2 Li 1/16 Dut Not provided - 8-character 2-line
1nes y Provided 4 pos | M-character 2-line
@ Useful Instruction Set ; Clear Display. Return Howe, Display ON/OFF Cont, Cursor ON/OFF Cont,
Display Blink, Cursor Shift, Character Shift
@ Power On Initialize Cirouits On-chip
@ Oscillation Circuit On-chip ( External Resistor or Ceramic Resonator Reauired )
@ Low Power Consumption
@ Operating Voltage ( Except LCD Driving Voltage ) -—— +5V/ ¢+ 3y
@ Package Outline = Chip / QFP 80 / TGFP 80
@ C-M0S Technology
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I PIN CONFIGURATION(N.JUG4B8FC1)
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8 PIN CONFIGURATION(NJUG468FG1)
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Note) Pin configuration of "FG1"package is different from "FG1™package.
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M TERMINAL DESCRIPTION
NO.
fc W] SYMBOL FUNCGCT I ON
26~30 | 24~28 Vi~ LCD Driving Power Source
33 3 Yoo Power Source ( + BV / + 3V )
2 21 Vss Power Source { OV )
Oscillation Terminals: External R or Ceramic Resonator connect
24,25 22,23 108G, 0SC: | to these terminals.
For external clock operation, the clock should be input en 0SC..
Register selection signal input
36 34 RS "0" : Instruction Register (Nriting}
Busy Flag, Address Counter (Readms)
"{" : Data Rezister {Writineg/Reading)
37 35 R/Y Readf'#rite selection signal input
t Write , "™1" ¢ Read
38 36 E Read/ﬂrlte activation signal input
3-state Data Bus{Upper) to transfer the data between MPU and
43~46 | 41~44 DB.~DB- 468.
DB+ is also used for_the Busy Flag reading.
3-state Data Bus{Lower} to transfer the data between MPU and
39~42 | 37~40 DBs~DBs NJUG4GS.
These bus are not used in the 4bit operation.
31 29 CL: Data Latch Clock Output Terminal = To latch the serial data D
sent to the Extension Driver.
32 30 Clo Data Shift Clock Dutput Terminal : Shifts the serial data D.
34 32 H Alternating signal for |GD Driving Output Termina
35 33 )] Serial Data Qutput Terminal : The serial character pattern data
output correspond to the each commnon signals.
"0” : No—active . "1" : Active
LCD Bommon driving signal
47~62 | 45~60 |COM \~COM:s | No use termimals output no-active signal, or COMs~COM,s output
no-active signal in the 1/8 duty operation and COMy2~COM.s
output no-active signal in the 1/11 duty operation.
1~ 2 [79~80 |SEGzo~5EG2:
3~22 1~20 | SEG20~SEG, | LOD Seement driving signal
B3~80 | 61~78 | SEG.o~-SEGoo
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% FUNCTIOMAL DESCRIPTION
(1) Description for sach biocks
(1~—1) Registoer

The MJUS4B8 incorporates two 8-bit registers, an Instruction Register(IR} and a Data Regis-
ter(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 RAN(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(DR)} is a tomporary stored register, the data stored in the Regzister(DR) is
written into the DD RAM or GG RAM and read out from the DD RAM or CG RAM.

The data in the Rezister(DR) written by the MPU is transferred automatically to the DB RAM
or GG 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 WPU 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 WPU, the next address data in the DD RAM
or CG RAM is transferred automatically to the Register{DR} to provide for the next WPU readins.

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 |RA | Selected Rezister Operation

0 0 IR Write

0 i Read busy flag(DB;) and address counter(DBo~DBe)
1 0 bR 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)

~ $hen the internal circuits are in the operation mode, the busy flag(BF) is "17, and any in-
struction reading is inhibited.
" The busy flag(BF) is output at DB- when RS="0" and R/#="1" as shown in table 1.

The next instruction shoutd be written after the busy flag(BF} goes to ™07,

(1=3) 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 ic transferred from Register(IR) to the Counter(AG). The selection of either the DD RAM
or GG RMM 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 DBs~DBc when RS="0" and R/W="1" as shown
in Table t.
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(1—4) Display Data RAM (DD RAM)

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

The unused display data memory area in the DD RAM can be used as a general data memory area.
The DD RAM address data set in the address counter{AG) is represented in Hexadecimal.

+~Higher order hit Lower order bit— { Example) DD RAM address " 4F "
aclace [avs [Ac. 1acs [Ace [ac, [AGo | o To To {0 [0 [1 (1]
«~ Hexadecimal =  Hexadecimal - ——— ) ———rie—— F

(1 —4—1) 1-Line Display ( Function set code N=0 )

The relation betwsen DO RAM address and display position on the LCD is s.hown helow.

1 2 3 4 5 1 80 <Digplay
st Line [00 01 [02 03 [ 04 [ -———— T4 | wn@mﬁﬂ.‘-ﬁg?)

{a) 8-character 1-line display using one MJUG4GS.

In case of the S*character display using one NJUE453. the relation between OD Rﬁli ad-
dress and dlspiay positions on the LCD is as follows:
12 3 466 78 *—Dlplay
1st Line [00]01] 0203 ] 04 | 05 | 06 |07 | *-nn(m,(aﬁﬁﬂres

ECII'I'Ia

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

( Left Shift Display )
00)«[o1 Jo2 {03 {04} 05] 06 | 07 |08 |

( Right Shift Diselay )
faF oo fo1}02]03]04]05 |08 ]|—con)

{ b ) 16-character 1-fine display using one NJUB468 and one NJUB4OTC/OTCR.

e 1234 6 7 8 910 111213 14 15 16 <Disolay
L?ne[oolm|oz|ua|n4|os|os|m|oa|og|on|os|uc|on|oe|oF|+—nn(ﬁm§d3re3ﬁ

exagectma

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

{ Left Shift Display )
00y« [01 oz 03 [0a J05 [ 06 o7 Tos JoaJoa [08 [oc {ob o€ |oF |10

{ Right Shift Diselay )
[r Too Jo1 o2 o3 {04 [05 ] 06 Jo7Joe Joa Joa |08 | o6 [ op [ o€ | (0P

New Japan Radio Co, L.
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{ ¢ ) More than 16-character 1-line display using one NJUG468 and more than 2 of NJUBAOTC/
Q7CR.

As each additional NJUB40TC/O7CR can add another 8-character, up to 80-character can be
displaved by connecting nine(9) of NJUB4OTC/OTCR externally.

1 2 3 4 & B 7 8 9 10 11 12 13 14 156 16 17 to 32

E?ﬁelt}()[lﬂl02\03|04]05|06|07|08|09[DA|0B|00|UD|OE|0F|10—17[13—1F|
o= BME  ————>e——— MIBOTCOTOR ——— NJUGA0TG/0TCR
-+ Display isplay tsp. _
——— B to 2 —=———T3 M 75 76 T 78 79 80 <Digplay,
(70 27 [27 -2F | 30 37 | 38 -3F | @0 —47 [ 45 [49 [4A [ 4B T4c [ 4D |4E | 4F | «—Dn(ﬁﬁﬁ ﬁggres?}
m—mm WABAQI/OTOR —————e——— NIBAOTC/OTCR ——-— rexadecIm
13P. isplay

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

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

1 2 3 4 5 6 7 8 910 111 31 3% 3 4 Digplay
1st osition
{ino [0 Tor [oeosTos [os o6 Tur [u8 s o8] (|55 [ [ar] = "
P 12021 14z |43 |44 |45 |46 | 47 | 48 | 49 | 4a [ 4B | -—- |64 |65 {66 |67 | « (i ddress,

Note : In the 2-line display mode, the 1st and 2nd line address are defined as (00)u to
(0T)» and (40}« to (4F)u. Please note that the end of ist line address and the
bezinning of 2nd line address are not consecutive. .

{ a ) 8-character 2-1ine display using one NJUB468.

1 2 2 4 85 6 7 8 *—Diﬁpla¥.

=14 -Pasition
%Iae oo lo1]02103 |04 |05]06]07 ‘-DD W Addre
00 Va0 (41 (42 |43 |44 | 45146 |47 | < (o Addresty

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

( Left Shift Display )
{00)« |01 |02 |03 [04{05]06)07[08
(40}« 141142 | 43 [44 | 45 | 46 [ 47 [ 48

{ Right Shift Display )
27 (0001102103 04105 (06 —=(07)
67140 |41 4243144 |45 |46 | —~{47)
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NJUG646S8

{ b ) 16-character 2-line display using one NJUGA68 and one KJUG40TC/OTCR.

1 2 3 4 5 6 7T 8 90N 1213141518*—Dipla¥‘
1st ﬁom ion
nge 00 01(02(03(04({05|061{07(08)|0930A]0B[0C]|0D|OE|OF
?ne 40 (41742 |43 (44| 45|46 [47 |48 |49 (44 | 4B |4C | 4D ) 4E | 4F

——  NJUG468 Display  —-+<=- NJUB40TC/OTCR Display —>
When the display shift is performed, the DD RAW address changes as follows:

—
0 i Address

{ Left Shift Display }
o)~ |o01]02103|04|05(06|07|08{08|0A]|0B[0C|0OD]OE]OF (10
(400« |41 (42 (43144 (45146 |47 (48 |49 14A (4B 4G |40t 4E | 4F 50

{ Right Shift Display )
27§00 |01|0203|04|05]06}07|08]09|0A{0B]|0C}0D|0E}—~(0F)
67 |40 | 41§42 |43} 44 |45 (46|47 48 |49 [4A | 4B {4C | 40 } 4E | —(4F)

{ ¢ ) More than 16-character 2-line display using one .NJIJB4BB and more ‘than 2 of NJUBA0TC/
07CR. :

As each additional NJUG407C/OTCR can add another 8-character 2-line, up to 40-character
2-line can be displayed by connecting four(4) of NJUB4OTC/OTCR externally.

1'5t12_3455?s9101112131415'1517131920- a
Line [00 ot Jo2}03 |04 [05 )06 o7 |08 |09 oA |08 |00 op | oE [oF 1011 ]12]13

ine 140 41|42 43 (44 )45(46 |47 |48 |40 [4A 4B ]14C|4D [4E | 4F |50 5% (5283 ] - :
< NJUG4B8 Display ————re=— NJUBA0TC/OTCRD Display—-><- NJUB4OTC/0TCRE Disp.
2 922 73 24 26 26 27 28 29 30 3t 32 33 34 35 36 37 38 39 40 <Diselay

Pasi ¢
14715 |17 11819 {8 [T f1E[1F 2021|2223 |24 (26]6 ;27 4—DD°§;“'°"

54 |55 |56 | 57 |56 |59 | 54 |56 | 5C | 5D | 5€ | 5F |60 | 61|62 | 63 | 64 | 65 | 66 | 67 mexg ggess”
I ma
e NJUB407C/0TCR@ Display——><— NJUG4OTC/0TCR@ Display——

(1=5) Character Gensrator ROM (CG ROM)

The Character Generator ROM(CG ROM) generates 5 x 7 dots or 5 x 10 dots character patterns
represented in 8-bit character codes. ,

The storage capacity is up to 240 kinds of 5 x 10 dots character patterns (in case of 3 x 7
dots display mode, upper 5 x 7 dots of B x 10 dots are displayed).

The correspondence between character code and standard character pattern of NJUG4E3 is
shown in Table 2-1 and 2-2.

Usar-defined character patterns { Custom Font } are also available by mask option.

New Japan Radio Co, L4
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Table 2-1. CG ROM Character Pattern ( ROM version -00 )
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Table 2-2. CG ROM Character Pattern  ROM version -02 )
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{1—6) Character Generator RAM { CG RAM )

The character generator RAM { CG RAM ) can store any kind of character pattern in 5 x 10 or
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 and 4 kind of character in 5§ x
10 dots mode.

To display user’s original character pattern stored in the CG RaM, the address data (00)x -
{07k or (08}n - (OF)}u should be written to the DD RAM as shown in Table 2-1 and 2-2.

Table 3-1 and 3- 2 show the correspondence among the character pattern, CG BAM address and
Data.

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

Table 3-1. Gorrespondence of CG RAM address, DI RAM character code
and CG RAM character pattern ( § x 7 dots ),

Tharacter Code Ck RAM Character Pattern
(DD BAM Data) Address {CG RAM Data)
&*NZWB 543210 9. 5432 19 <"*Z 6543210 o)
Upperbit Lowerbit Upper  Lower Upperbit  Lowerbit
000 'EEY
1001 A
0L 0
0t Character Pattern
0000000 t00 :% g ? Example
110 v
____________________ U UL T % U I X _| <-Cursor Position
‘000 'R
1001 A
0190
(011 Character Pattern
0000x001 D01 :% g ? ‘ Example (2)
110 v o
____________________ . _-__-__:_l_l-l_-_-_-.-f-f.?-L-..-.-.-.--.. <«Cursor Position
006 £x K
1001 A1
i § i § + : Don't Care
0000*111 111011 :
(100 5
1101 !
$L10 )
111 X % %

Notes : 1. Character code bit 0 to 2 correspond to the CG RAM add. 3 to 5(3bits:8 patterns).

2. CG RAM address 0 to 2 designate character pattern line position. The 8th line is
the cursor position and the display is performed by logical OR w1th cursor.
Therefore, in case of the cursor display, the 8th line should be *0”.

If there is ”1” in the 8th line, the bit "1” is always displayed on the cursor
position regardless of cursor existence.

3. Character pattern row position correspond to the CG RAM data bits 0 to 4 are
shown above. The bits 5 to 7 of the CG RAM are not appear on the display (no
wmeaning for the display), but memory elements are existing, therefore it can be
used as the general purpose BAM.

4. CG RAM character patterns are selected when character code bits 4 to 7 are all
?0” and it is addressed by character code bits 0 to 2. Therefore, the address

(UU)H and (08)s, (01)x and (09)m, --———- s {07)x and (0F)y select the same cha-
racter pattern as shown in Table 8-1, 2- 2 and Table 3-1.
5. ”1” for CG RAM data corresponds to dlsplay On and 0" to display Off.

New Japan Radio Co. Lid,



NoUesos

Table 3-2. Correspondence of CG RAM address, DD RAM character code
and CG RAM character pattern ( 5 x 10 dots ),

[Character Code CG RaM Character Pattern
(DD RAM Data) Address (CG RAM Data)
J.765432 1mg»§ 5432 10 G,Iﬁﬁ 54321 gwwé
Upperbit Lowerbit pper Lower Upperbit Lowerbit
;0000 ¥**,00000
0001 ' ]
0010
(I N
0100
0000%x00=* 00:0101 Character Patten
0110 Exanple (3)
111
1000
loodl
_____________________________ R L L I <Cursor Position
T 1011
11109
1141
1110
11111
0000
10001
i i i E * : Don’t Care
0000*11¢% 11:1001 v
] N L0 10 Ak ]
Y1011 EHEIEEE
y1100 '
vi 101 T : T
Notes : 1. Eharaﬁter code bit 1 and 2 correspond to the CG BAM address 4 and 5(2bits:4 pat-
erns). :

2. CG RaM address 0 to 3 designate character gattern line position. The 11th line is
the cursor position and the display is performed by logical OR with cursor.
Therefore, in case of the cursor display, the 11th line should be "0”.
If there is ”1”7 in the 1Ith line, the bit "1” is always displayed on the cursor
position regardless of cursor existence.

. Character pattern row position are the same as 5 x 7 dots mode.

. CG RAM character patterns are selected when character code bits 4 to 7 are all
"0” and it is addressed by character code bits 1 and 2, Therefore, the address
(000, (01)u,(08)x and (093w, (02)u,(03)a,(10}u and (1A)x for example, select the
same character pattern as shown in Table 2-1, 2-2, and Table 3-2.

6. ”1” for CG BAM data corresponds display On and "0” for display Off.

e T
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(1—T) Timing Generator

The timing generator generates a timing signals for the DO 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 in-
fluence, such as flickering, in areas other than the display area.
This circuits also generate timing signals to control the extension driver like as NJUG4OTC/
07CR. '

(1-8) LCD Driver

LCD driver consist of 16—common driver and 40-segment driver.

When the character font and line number are sefected by a program, the reauired common
drivers output the common driving waveform and the other common drivers output non-selection
waveform automatically.

The extension driver for example WJUB407C/OTCR’s segment driver structure is as same as NJU
6488 segment driver. The 40 bits of character pattern data are shifted in the shift-register
and latched when the 40 bits shift performed compistely. This latched data controls display
driver to output LOD driving waveform. -

The serial data output transfers the serial data to the cascade connection extension driver
like as MUB407C/OTCR, to extend display capacity.

Since the serial data always transfer from the last character pattern (last address display
data in the DD RAM} and latched when the top of character pattern (top address display data in
the DD RAM) read out from the DD RAM, the MJUB4B8 always display from the top character and
every extended extension driver display folloning character than front.

(1—9) Cursor Biinking Control Cireuit

This circuits contrels 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 (AG).

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

ACs ACs AC. ACs AC: AC. ACo
arf ol of of 1] o] of of

. 1 2 3 4-5 86 7 8 9 1011 12 <« Display position
Uy tay [0 To1 [0z [03 |04 [05 |06 |07 |08 |03 | 0A L 0B | — < DD Rl addres
— ?Hexadecimal
t Cursor position
1 2 3 4 5 6 1 8 9 10 11 12 < Display position
~1i 00|01 310405106 09 | 0A -—
2 L!ﬁe 0z 10 07 |08 0B - 0D EAM address
Display §40|41342(43 |44 |45 (46 |47148 |49 (41 4B [-— <« (Hexadecimal}

% 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 displayed in the
meaningless position.
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(2) Power on Initialization by internal circuits

The NJUB468 is automatically initialized by internal power on initialization circuits when
the power is turned on. In the internal power on initialization, following instructions are exe-
cuted. During the Internal power on initialization, the busy flag (BF) is "1" and this status
is kept 10 ms after Voo rises to 4.5V.

Initialization flow is shown below:

Glear Display — TE
If the condition of power supply
: rise time described in the Elec-
PL=t :8-bit long trical Characteristics is not sa-
Function Set interface data tisfied, the Internal Power on
N=0 :1-Line Display [nitialization Gircuits will not
F=0 :5 x 7 Fonts operate and initialization will
not be performed.
D=0 :Display Off In this case the initialization
Display On/0ff C=0 :Cursor Off by WPU software is required.

Control | B=0 :Cursor Blink Otf

1/D=1:1ncrement by 1
Entry Mode Set | S=0 :No Shift

{3) Instructions

The NJUB4BS incorporates two registers, an Instruction Register(iR} and a Data Register(DR).

These two registers store control information temporarily to allow interface between NJUG468
and MPU or peripheral ICs operating different cvcles. The operation of NJUB4ES 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 freauency is changed, the execution time is also changed.
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Tahle 4.

Table of Instructions

[ NSTRUGT §ONS

€ 0 D E
RS R/W DB- DBs DBs DB DB DB2 DB. DBu

DESCRIPTION

EXEC
TIHE

Hon-operation

0o 0 0 0 0 0 0 0 0

Non-operation. Only takes judge-
ment machine cvele.

40us

Glear Display

0O 0 0 0 0 0 ¢ 0 0

Display clear andlsets DD RAM
address € in AG.

1.64ms

Return Home

Sets DD RAM address 0 in AC and

returns display being shifted to
original position.

0D RAM contents remain unchanged

1.64us

Entry Mode Set

Sots cursor move direction and
specifies shift of display are
performed in data read/write.
1/0=1:Increment, |/D=0:Decrement
S=1:Accompanies display shift

40us

Display On/Off
Control

Sets of display On/Off(D},
curser On/Dff(C} and blink of
cursor position character{(B).

40us

Cursor or
Display Shift

S/ICR/L %

¥

Yoves cursor and shifts display
without changing DD RAN contents
$/G=1 : Display shift

$/C=0 : Cursor shift

R/L=1 : Shift to the right

R/L=0 : Shift to the left

40us

Function Set

Sets interface data length(DL),
number of display lines(N} and
character font(F}.

DL={ > 8 bits , DL=0 : 4 bits
N=t : 2 lines , N=0 : 1 line
F={ : 5x10 dots, F=0 : 5x7 dots

40us

Set CG RAM
Address

Sets CG RAM address. After this
instruction, the data is trans-
ferred on CG RAM.

40us

Set DD RAM
Address

— i

Sets DD RAM address. After this
instruction, the data is trans-
forred on DD RAN.

40us

Read Busy Flag
& Address

Reads busy flag and AC contents.
BF=1 : Internaily operating
BF=0 : Can accept instruction

Ous

Yrite Data to
CG or DD RAM

1 0 «——

Write Data

Writes data into DD or GG RAMs.

40us

Read Data from
CG or DD RAM

——

Read Data

JrE—

Reads data from DD or CG RAMs.

60us

Explanation of
- Abbreviation

Display data RAM , CG RAM : Character generator RAM
: (G RAM address . Aoo © DD RAM address, Corresponds to cursor address

AC . Address counter used for both of DD and CG RAMs

* = Don't care
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(3—=1) Dascription of each instructions
(a) HOP (Mon operation)

% RW DB, DB 085 DB, DB DB, DB Db
code [0 J0 J o Jo [0 Jo jo o folo |

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

RS R/ DB, DB DBs DB. DBs DB DB DB
Gode [0 10 Jo Jo [0 Jo o o ]ol1 ]

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

~ () Return Home

RS RN 0B, 'DBs DBs " DB« DBs DB DBy DB -
gode [0 JO JO0 J0 J0 Jo [0 [0 f1 [+ | %=bontocars

Return home instruction is executed when the code "1” is written into DBi. 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 ist line in the 2-line display mode) if the cursor or blink
are on the display. . o , )

The DD RAM contents do not change.

(d) Entry Hode Set

RS R 0B DB DBs DB. DBs DB, DB. DBo
Gote [0 J 0 Jo Jo Jo Jo ot tim]s |

Entry mode set instruction which sets the cursor moving direction and display shift
On/0fFf, is executed when the code "i” is written into DB2 and the codes of (1/D) and (5) are
written into DB.{1/D) and DBo(S}, as shown below.

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

1/D Function

1 hﬂdress increment: The address of fhe DD RAM or 0G RAM increment { +1} when
the read/write, and the cursor or bliink move to the right.

0 Address decrement: The address of }he DD RAM or CG RAK decrement { =1) when
the read/write. and the cursor or blink move to the left. .
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$ Funmcectiochn

Entire display shift
he shift direction is determlned by /D shift to the left at 1/D=1 and
1 shift to the rlg? at the, . The shift is opeFat:ﬂ Rly for fhe charac-
ter, so that 1t looks as i the cursor stands stil the display moves.
Thg 9+3plagﬁdoes not shift when readlng from the (D RAH and writing/reading
into/from

0 The display does not shifting.

{e) Display On/Dff Control

RS RN DB, DB DBs OB, 08; DB. DB: DB
Gode [O Jo {0 Jo Jo [o [1 o e |8 ]

Display On/Off control instruction which controls the whele display Gn/0ff, the cersor On
JOfF and the cursor vosition character Blink, is executed when the code "1” is written into
DB» and the codes of (D}, (C) and (B) are written into DB2(D), DB, (C) and DBo(B}, as shown
below.

) Functioen

1 Display On.

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

c -1 - Function
1 Cursor On.  The cursor is dlspla¥ed by b dots on the 8th line in 5 x 7 Font
mode and on the 11th line in 5 x 10 Font mode,

0 Cursor 0ff. Even if the display data write, the 1/0 etec does not change.

B Fueunction

The cursor Eoslt!un character is blinking. Blinking rate is 379.2ms at fce
1 or fosc=210kHz and 409.6ms at fcp=250kHz The blink is displayed alterna-
t|velnew|th abl on (it means all black) and character display. The cursor
and the biink can be displayed simultansously.

0 The character does not biink.

| ' m 1| T
| HBEIE laln]"| HH
EED JI I..=
| LIL_ | |||
I | 5 ' HER EEEN
EBLICICIN | [m:mm| | HEEN
Onumn [ [mim/mi ] HEEEER
1 | [ 1] DOOoos EEREN
R IIIIII
Cursor — MEAEEN
Character Font 5 x 7 dots Alternating display
(1) Cursor display example (2) Blink display example
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{f) Cursor/Display Shift

RS R/W DB, DBs DBs DBs DBs DB DB DBo
Code I o o [o lo |o | 1 [sr ]R/L |« l {__J ¥ = Don't care

The Cursor/Display shift instruction shifts the cursor position or display to the right or
left without writing or reading display data. This function is used to correct or search
the display. In the 2-line display, the cursor moves to the 2nd [ine 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 line moves only horizontally.

The 2nd line display does not shift into the st 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) aro written into DBs(S/C) and DB2(R/L), as shown below. :

8/C R/L . Function
0 0 Shifts the cursor position to the left ({?G) is decremented by 1)
0 1 Shitts the cursor position to the right is incremented by 1)
1 ¢ Shifts the entire display to the left and the cursor follows it.
1 1 Shifts the entire display to the right and the cursor follows it.

(g) Function Set

RS RW OB DB DBs DB, DOBs DB DB: DBo
Gode [0 ] 0 Jo Jo [+ JOLJN [F | ¥ [« ] #=Don'tcare

Function set instruction which sets the interface data length and number of diselay lines
and character font, is exacuted when the code "1” is written into DBs and the codes of (BL).
(N) AND (F) are written into DB4{DL), DBs{N} and DB.(F), as shown below.

(DL) sets the interface data length, (N) sets the number of display fines either the 1-
line or 2-line and (F) sets the display Font either § x 7 dots or 5 x 10 dots.

NOTE
This function set instruction must be performed at the head of the program prior to

all other existing instructions(except Busy flag/Addvess read). This function set in-
struction can not be executed aftervards unless the interface data length change.

bL Funection
1 Set the interface data length to 8-bit (BB: to DBo)

0 Set the interface data length to 4-bit {DB+ to DB.)
The data must be sent or received twice in this mods.

N F Display lines [Character Font | Duty ratie Hote

0 0 1 5 x 7 dots 1/8

1 1 1 5 x 10 dots i/

1 0 2 5 x 7 dots 1/16 Character Font 5 x 10 dots
can net display 2-line.
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(h) Set CG RAM Address

RS RM DB- DB, DBs DB. DBs DB, DB: DBo
code {0 Jo o [0 [a Ja[a]a]an

~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 DBu as shown above.

The address data mentioned by binary code " ARAMAA ™ is written into the address counter
(AC} together with the DG RAM addressing condition.  After this instruction execution, the

data writing/reading is performed into/from the CG RAM.
(i) Set DD RAW Address

RS RN DB, DBs DB: DB. DB; DB: DB: DBo
Code | O [ O |9 A [ A A | A [ A [ A ]A
«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 DBe to DBo as shown above.

The address data mentioned by binary code ™ AMMAMAA " 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, the address data is (00}« to (4F)u, and during the 2-
{ine display. the address is (00}u to (27)u for the Ist line and (40)u to (67)s for
the 2nd lina.

* (i) Read Busy Flag & Address

‘R§  RA  DB- DB DB» DBa DBx DB: DB DBO,
Gode [0 [t [or[a [a [a[afa]a]ns
«~Higher order bit Lower order bit—

This instruction reads out the internal status of the NJUB4ES. When this instruction is
executed, the busy flag (BF) which indicate internal operation is read out from DBs and the
address of the CG RAM or DD RAM is read out from DBs to DBo (the addrass for the CG RAM or
DD RAM is determined by the previous instruction)}.

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

RS R/ 0B, DBs DB DB. DBs DB. DB: DBo
Code |2 Lo |0 O }D [D [D |D |{D {D
*—Higher order bit Lower order bit—

Write Data to CG RAM or DD RAM instruction is executed when the code "1” is written into
(R3) and code "0” is written into (R/W}. :

8y the execution of this instruction, 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. 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.

(1) Read Data from CG RAM or DD RAM

RS RM DB DB DBs DB« DBs DB DB, DB
Code | 1 i 1] b D D o b 1} 1]
- «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
the CG RAH or DD RAM. The selection of the CG RAM or DD RAM is determined by the previous
instruction. :

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

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

The address set instruction is not required 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 tho DD RAN, the address increment or decrement is executed automatically accordi ng
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

K instruction to either of the CG RAM or DD RAM. Even if the read instruction is execu~
ted after this instruction, the addressed data cam 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) 8-character 1-line display in 8-bit operation {Using internal reset circuits).

At the B-character 1-line display, the Function set, Display On/Off Control and Entry Set
Instruction must be executed before the data input, as shown below.

The DD RAM of the NJUBAB8 can store up to B0 characters, as explained before, therefore
the advertising moving diselay is available when combined with the display shift operation,
Since the display shift operation changes only display position and the DD RAN contents
remain unchanged, display data which are entered first can be output when the return home
operation is performed.

Initial ized.
Power On No display appears.
{ RS R/W DB, DBs DBs DB. DBs DB- DB; DBo ) ]
- Set the 8-bit operation,
Function Set ol o0jJo0f O] 1} 3] 0| O *f ) 1-Line display, DxTdots
. Font.

Turns on display  and

Disp.0n/0ff Cont 0| 0| 0F o) 0f 0| 1] 1| 1] 0| cursor. Entire display
is in space mode set by

' 1 C the initialization.
Example for set address
Entry Mods Set o{ojJopofofofof 1] 1| 0] increment and cursor
: , right shift when the
¥ data write to the DD
RAM or CG RAM.

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

{b) 8-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 is selected automatically, therefore the
first input is performed under 8-bit operation. 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, rewrite is reauired to set the instruction
code in fufl.

8-character 1-line in 4-bit operation is shown as follows:
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I ' In|§|al zed.

| Power On |sp ay appears.

+ RS R/W DB- DBs DBs DB.

[Function Set | I 0 I 0 | 0 ' 0 ' 1 | 0 | %ﬁ$st2gez_?;t gig;a%égvin §-bit mode

set by the initialization.

|
- Set the _ 4-bit operation, 1-line
IFunctlon Set | el ol oo 1|90 dlsplav 5 x T dots Font.
Gl 0 Of 0] *| % Elt oparation starts from
| thls s ep.
}
- Turn on display and cursor.
|Dise.on0ti cont | [ 01 of 0 of 0| 0|  Entire diselay s, in space mode set
. 0 0) 1|1 1| 0 by the initialization.
Example for set address increment
[Entry sodo set | [ 07 of 0 of o] @|  and cursor rizht shift when the data
I ool of t] 1|0 write to the DD RAM or GG RAM.
1

¥rite data to the DD/CG RAN
and set the Instruction

(c) B-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 40th character of the 1st line has been written. Therefore, if the display character is
only 8 characters in the 1st fine, the DD RAM address wmust be set by the user programing
to change the cursor position to the Znd line.

The 1st and 2nd line displays #il} shift at the same time.

When the displayed data is shifted repeatedly, sach |ine moves only horizontally. The 2nd
line display does not shift into the 1st line position.

Initialized.
Power On : No display appears.
} RS R/W DB: DBs DB DB. DB» DB> DB, DBo _ _
- Set the B-bit operation.
Function Set G 0| Of Of V] Y| 1i 0] ¥| ¥ 2-line display, 5 x Tdots
] Font.

- Turns on display and cur-
Disp.0n/Off Cont 00100010 1y 1] 1] 0| sor. Entire display is
: in space mode set by the

i initialization.
' Example for set address
Entry Mode Set ool Of G O O] 0| 1] 1] O increment and  curser
right shift when the data
) Eiﬁte to the DD or CG

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

New Japan Radio Co. L1,
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(3—23) Initialization by instruction
If the power supely conditions for the correct operation of the internal reset circuits
are not met, the NJUB4BS must be imitialized by the instruction.

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

Initialized.
Power On No display appears.

4

Walt more than 15ms
after Voo rises to 4.5V

} RS R/W DB; DBs DB DB. DBs D82 DB DBe i
. Function Set
Function Set | 0 0| {J| 0| 1 l 1 | *| *| *| *| (8-bit interface length)
)
Wait more than 4.1ms
} RS R/W DB DBs DBs DB. DB: DB. DB: DBo ]
Function Set
Fiunction Set ol oi ol o] 1] 1] #| £| #| £| (8~bit interface length)
|
Wait more than 100us
{ RS R/W DB; DBs DBs DB+ DBa DB. DB: DBo
. Function S
Function Set | l Ol 0| 0| 0| 1| 1| *| *l *l *l (8-bit |nterface length)
1 Busy Flag (BF) can not

! checked before this
i step, but it camn be
i checked after this step.
| After this step, busy
i flag(BF) check or longer
| waiting time than each
| instruction execution
: time is required.

}

RS R/ DB; DBs DBs DB. DBs DB2 DB: DBo

Set the 8-bit operation,
Function Set [ofojojof 1] 1] 1| 0] x| ¥} 2-line display, 5x7 dots
: 3SR/ 06 Db DB 0B DB 0B: DB: 0B o
Display Off oy 00|03 0[0ft]0[0]0
{ RS R/W DB, DBs DBs DB. DBa DB- DB: DBo
[visplay Clear | [ 0] 0] 0] o o[ of o[ 0] o] 1
{ RS R/W DB: DBs DBs DB+ DBs DBz DB: BBo

[Eatry tode et | [0] o] o[ o[ o[ o] o[ 1] 1] o] e and aareor
right shift when the
4 data wrme to the DD RAM

or GG
Write data to the DD/CG RAM
and set the {nstruction

New Japan Radio Co, Lt
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(b) tnitialization by Instruction in 4-bit interface length

Power On

4

Wait more than 15ms
after Voo rises to 4.5V

} RS R/N DB: DBs DBs DB,

Function Set ojo0j oo
}

Bait more than 4.1ms
}

Function Set ofofOof01}1
i

Wait more than 100us
}

Function Set ojolofof1]1
i

Wait more than 100us
} RS R/M DB» DBs D85 DB.

Function Set 6joj 0|00
i

Wait more than 100us
}

Function Set gl ef ooyt 0

0| 0| 0] O *} *

}

Display 0ff g B ? g g g
}

Display Clear 010101010} 0
) 0l 01030101

Entry Mode Set ol ol O0]0] QO
: ofojo| 111|490

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

New Japan Radko Co. Ltd.

Initialjzed.
No display appears.

Function Set
(8 bit interface length}

Function Set
(8-bit interface length)

Function S
(8-bit |nterface length)

Function Set
Set 4-bit interface
bit interface length.

length by 8-

Sat the 4-bit oparation,
1-line display, 5 x 7 dots Font.

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

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

Example for set address increment
and cursor right shift when the
gzﬁa write to the DD RAM or CG
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(4) LOD DiSPLAY

(41 Power Supply for LCD Driving

The terminals ¥, to Vs require verious constant voltage to generate LCD driving waveform.
This constant voltage must be changed according to the duty ratio as shown below.
is a peak level of LCD driving voltage and each voltage is generated by the bleeder resist-
ance as shown below.

Table 5. Relation between LCD driving voltage and Duty ratio.

The Yico

Pﬁ"eT Duty Ratio| 1/8 , 1/ 1/16
SUPPYY 1 Bias 1/4 1/5
¥, Voo to 1/8Yco Voo to 1/5¥ucp
V. Voo to 1/2¥co Voo to 2/BVLco
¥s Voo to 1/2uen Voo 10 3/9VLen
V. Voo to 3/4Vice Voo to 4/5¥uco
Vs Yoo to Vien Voo to Yuop
Vop{+5V) Vor {+5V)})
Voo T Voo
éR R
Vi Vi
R R
Vi Vi
Vico B Vico
Vi3 Vi
R
V4 V4
R
Vs Vs
i

(a) 174 Bias (1/8, 1711 duty)

New Japan Radio Co, Lt

(b} 1/5 Bias {1/16 duty)
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{4—2) Relation between osciilation frequency and LGD frame freauency.

The NJUB468 regquires either one of the oscillation resistance{(RF} or ceramic rescnator
for the internal oscillation, or external clock.

LCD frame frequency example mentioned below is based on 250kHz oscillation.

{ 1 clock = 4us ) :

(2} 1/8 duty

400l ock

(l2lal el Yalalzl sl alow—e Fafalalal
o l
v,
COM, ¥V (V)
v ' |
v
* L 1Frame 3l 1€sane 1
r 1 L

1 frame = 4(us} x 400 x 8 = 12,800(us) = 12.8(ms)
Frame frequency = 1/12.8(ms) = 78.1{Hz2)

(o) /11 duty

‘ 121 al &) bial o] 2l s al—m— [l o] 2] a) Es
oo
v, —1
COMY Va (Vy)
v,
v [
L1
e 1frams e JErame 1
I I !

1 frame = 4{us) x 400 x 11 = 17.600{us} = 17.6{ms)
Frame freauency = 1/17.6(ms) = 56.8(Hz)

(c} 1/16 duty

208c)eck

2] al alo-e— Peel ol 2l alalf o REORERIEY
e I
Vi
Ve
COM, ¥a
LN
ve L ]
Le 1frame 1 1Frame |
[ = '

1 frame = 4Cus) x 200 x 16 = 12,800(us} = 12.8{(ms)
Frame frequency = 1/12.8(ms) = 78.1(Hz2)

New Japan Radio Co. L.
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(5} Interface with NPU

NJUG468 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 MPU interface

Wihen the interface length is 4-bit, the data transfer is performed by 4 lines connected to
DBs to DBr (DBo to DBs are not used). The data transfer with the WPU 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-hit
length) and lower 4-hit (the data DBo to DB: at 8-bit lenathi.

The busy flag check must be executed after two-time d-bit data tramsfer (1 instruction ex-
ecution). In this case the data of busy flag and address counter are also output twice.

RS

vy ———t N
VAV WA U WY VA WA
Internal Stetuam |
"
Inatredction Huay Flag Busy flag Instruction
Writing {heck Check Writing

. /
RS/W /
_/_\_/_\__m

8
DR 1R X 1R, AC, Ay X Xarp X IR

DBe X ks )R X
DB. R KR X XA e X XRre 0mxX

Writing Instruction into |Readout Busy Flag(BF) Readout data Register{DR)
instruction Register(IR} and Mress counter{AC}

New Japan Radio Co, L.
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(5—2) 8-bit ¥PU interface

RS

R/ BE— e

A e N o N W WV Y
laversal Statys ——I speralton |

o Do vy T wne L s TTIX0 303 YT

Writing Instruction inte

instruction Repister(IR)

Busy Flag
Check

" Basy Flag
Cheek

Busy Flag
Chack

Writing Iastruetion into

Instructios Ragister(IR}

New Japan Radio Co. L.
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Il ABSOLUTE MAXIMM RATINGS { Ta=25C )
PARAMETER SYMBOL RATINGS UNIT

Supply Voltage (1) Voo -0.3~+10

Supply Voltage (2) Vi~ Vs Voo-13.5 ~ Voo#(.3

Input Voltage Vr =0.3 ~ Vout0.3 v

Operating Temperature Topr - 30 ~ + 80 °‘C

Storage Temperature Tste - 55 ~ +125 C

Note 1) If the LS| are used on condition above the absolute maximum ratings, the LS| may be
destroyed.
Using the LS| within electrical characteristics is strongly recomended for normal
operation,
Use beyond the electric characteristics conditions will cause malfunction and poor
riliability.

Note 2) All voltage values are specified as Vss = Q0 V
Note 3) The relation of Voo2Vi2V:2Vs2V.2Vs , Voo >Vss2Vs must be maintained.

B ELECTRICAL CHARAGTERISTICS ( VoosSV210% , Ta=-20 ~ +75°C )
PARANETER SYNBOL CONDITIONS MIN TYP MAX UNET | NOTE
Operating Voltage Voo 4.5 50 5.6 ¥
Vini All Input and Input/Qutput | 0. Voo — Voo
1 Terminals except 0SC 4
Vio Terminals —_ —_ 0. 2Vce
Irput Voltage Vies ‘ Voorrd | = [ Vo | ¥
2 Only 0SC Terminal
Viee —_ —_ 1.0
Vo Input/Output | =1on=0. 205mA 2.4 —_ —_
1 Tarminals
VOU IOL=1.6mA — —_— 04
Qutput Voltage Vors | Gutput o0, 04k | 0.9Voo | = ——V
2 Terminals
VoL lo=0. 04mA —_ —_ 0. Voo
Driver On-rasist. (CON) Reom +1d=0. 05mA(Al| com. term.) — — 20 ol s
Driver On-resist. (SEG) Rses +1d=0. 05mA (Al | segz. term.) — —_ 30
Input Leakage Current It Vinsd ~ Voo -1 — 1 A 6
u
Pull-up Resist Current =l Voo=bV, RS. R/W, DB 50 125 250
Operating Current (1) oo, Ceramic Resonator Osc. — 0.55 0.8
Voo=bV, fosc=200kHz w |3
Operating Current (2) lopz CR Oscillation( Ext. R) — 0.35 0.6
VDD=5V, fosc=Fcr=210kHz
Operating Freq. fep 125 250 350 kHz
Ext. | Duty Duty External clock inputs to 45 50 85 % 8
Clk Rise Time trep 0SC,, 0SC: open o o 0.2 us
Fall Time tfep o — 0.2
Int. | Oscillation ¢ CR Osc. Rf=91kQ £2% 190 270 350 i 9
0S¢ z
Osc Frequency Caramic resonator 245 250 350 10
Vicon 1/5 Bias Voo-3.0| — |Voo-13.5 1
LCD Driving Voltage Voo = ¥ v
& Yortag Voeoz |07 0° 1/4 Bias | Voo3.0| — |Voo-13.5 12
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M ELECTRICAL CHARACTERISTICS { Voo=3VE10% , Taz-20 ~ +75°C )
PARAMETER SYMBOL CONDITIONS HiN TVP RAX UNYT | NOTE
Dperating Yoltage Yoo 2.1 2.0 3.3 v
Vial Afl Input and Input/Output 0. Neo - Yoo
Input Vol tage | Terminals except 0SC ' 4
Vit Terminals —- - 0.15VDD
Vous | input/Output | ~low=0.1mA | 0.8¥wo | — -
1 Terminals
0 Yol You: lo=0.1mA - -_— 0.2Vop y
t
utput Voltage Voue Output ~lon=0.04mA 0.%op - -
2 Terminals
"JOLQ IDL:0-04M -_— - 0-1“01‘.‘
Dy iver On-resist.(COM) | Rcow | 1d=0.05mACAIl com.term.) - - 20 KO
Dr tver On-resist.(SEG) | Rsec | 1d=0.05mA(Al| seg.term.) — - 30
Lnput_Leakage Curvent I Vinz0 ~ Yoo -1 - i ul ]
Pull-up Resist Ourrent] -ie¢ Veo=3¥, RS, R/, OB 10 25 50
Operating Current Ipp CR Osc. -— 0.15 0.3 md | 7
Vo3V, RI=O1KQE2
A fosc | CR Dsc. Rf=91kQ2% 160 | 240 320 Kz | 9
Oscillation Frequency
]_{:D I] L. \"Lcm 1/5 Bias "JDD—?’-'D - VDD'13-5 v 11
viving Yoltase [ Voo Ve T g | Vor3.0 | — | Voo-13.5 12

Note 4) Input/Output structure except LCD driver are shown below:
Input Terminal Structure Input/Output Terminal Structure
vob Vb voo pnosl:ﬁ'" voR
rll? Phos 51—"? ruu1—| rHos i |"“:|iJ Fes
Cr
. ’
LLLH

oS |—| unes v

pnos(%'j—c(:l::_l—\snnaw
E Terminal RS,R/W Terminals é [

DBo to DB: Terminals

Cr

New Japan Radio Co. L1,
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Note 5} Rcom and Rsec are the resistance values between power supply terminals(Voo, Vi, V., Vs)
and each common terminal (COM, to COM.s), and supply voltage (Voo, Ve, Vs, Ve) and sach
segment terminals(SEG« to SEG..)respectively, and measured when the current Id is flown
on every commonh and segment terminals at a same time.

Note 6} Except pull-up resistance current and output driver surrent.

Note 7} Except Input/output current.

Note 8) Apply to external oscillation mode.

Note 9} Apply to internal CR oscillation using a oscillation resistance Rf
As the oscillating frequency is affected by the stray capacitance of the terminals 0SC:
and 0SCz, shorter connection length of these terminals are required.

08¢,
RF RF:91kQ +£2%

08C-

NOte 10) Apply to external ceramic resonator oscillation.
Ceramic resonator specification example.
Rf = 1NQ = 10%
G = 680pF =+ 10%
C. = 680pF = 10%
Rd = 3.3kQ = 10%
As this circuit example mentioned only for standard
application, it can not guaranty the characteristics
of oscillation.
Please chack the external parts value before production.
Note 11) Apply to the output voltage from each COM and SEG are less than +0.18V against the
LCD driving constant voltage (Voo. Vi, V2, Vs, V4, V¥s) at no load condition.
Note 12} Mentioned condition of V. and ¥s do not guarantee the right operation of this LSI.
Right LCD driving voltage is specified in “Electrical Characteristics”



= Bus timing characteristios

Write operation ( Write from MPU to NJMI6468 }
Voo = 5. 0V=10%, Vs = OV, Ta = =20 ~ +75°C)

PARAMETER SYMBOL | MIN BAX JCONDITION JUNIT
Enable Cycle Time tevee 500 —
Enable Pulse Width | “High” level | Pwen 220 —
Enable Risa Time, Fall Time te.. ter — 0
Set up Time [Rs, RO E | tus 0 | — | fieg1t |ne
Address Hold Time tan 10 -
Data Set up Time tosw 60 —
Data Hold Time tw t0 —

Write operation { Write from MPU to NJUG468 )
Voo = 3.0VE10%, Vss = OV, 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 te., tes — 20
Set up Time |RS. R/W, E tas 70 — fig.1 ns
Address Hold Time tan 10 —_
Data Set up Time tosw 140 e
Data Hold Time tu 20 —

Timing Characteristics (Write operation)

|
VIHL AT
RS ><~< VILE ViL

143 k thl
R/W E VILL ;/UILI
Plcy tall
g1 Al
E FVin vigl e /
VIL],./ \ Viut VLl
—— 103 tH
1Er o td
VN =
DBy —DE; 4 Valid Data
¥iILI Viul
tCYCE

fig. 1 The timing characteristics of the bus write operating seauence.
Write from MPU to NJU6468}

New Japan Radio Co. L4,
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Read operation ( Read from NJUG468 to WPU )
(Voo = 5.0VE10%, Vas = OV, Ta = -20 ~ +75°C)

PARAMNETER SYMBOL | MIN | MAX JCONDETION JUNIT
Enable Cycle Time tevez 500 —
Enable Pulse Width | "High” level | Puex | 220 | —
Enable Rise Time, Fali Time Teey tee | = | 30
Set up Time [RS, R E | tas 0 | - | fiez |ons
Address Hold Tine tan 10 -
Data Delay Time toor - 120
Data Hold Tine four 20 -

Read operation ( Read from NJUG463 to MPU }
(Voo = 3.0VE10%, Ves = OV, Ta = <20 ~ +75C)

PARAMETER SYMBOL | MiN MAX  JCONDITION |UMiT
Enable Cycle Time tovee | 1.4 - us
Enable Pulse Width | "High” level | Pucw | 500 | —

Enable Rise Time, Fall Time tere ter ] — 20
Set up Tine |BS, AH E | tae 0 | — ) fie2 | one
Address Hold Time tan 10 -
Data Delay Time toor - 600
Data Hold Time tour 20 -

Timing Characteristics {Read operation)

v 2
Yim Yine >(
RS ><
< YL LATRY
« 1ag LAt
-
R/W Vil
E
Yt T ¥l
tEr - ;
L Y 084
Vol '
!By ~ DB | Valid Patn |
VoLl VoLl
tOYCE

fig. 2 The timing characteristics of the bus read operating sequence.
(Read from NJUG4ES to MPU)
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* Segment extension Timing Characteristics
(Voo = B.OVEN, Vo = OV, Ta = 20 ~ +757C)

PARAMETER SYMBOL § MIN | WAX | CONDITION |UNIT
"High" level | tcwn 800 —
"Low” level PowL 800 -

Clock Pulse Width

Clock Set up Time tesy 500 | —
Data Set up Tine teu 300 — fiz.3 ns
Data Hold Time ton 300 -
H Delay Time tom -1000 | 000
Clock rise Time, Fall Time to. — 100

+ Sogment oxtension Timing Characteriétics
(Vop = 3.0VEIDN, Yee = OV, Ta = =20 ~ +75°C)

PARAMETER SYMBOL | MIN HAX | CONDITION ] UNIT
, “High” level | tcwn 800 -
Clock Pulse Width “Lox™ Tovel | Powe 800 —
Clock Set up Time tosu 500 -
Data Set up Time ts0 300 - fig.3 ns
Data Hold Time tou 300 -
H Delay Time ' ' tom =1000 | 1000
Clock rise Time, Fall Time tee — | 100

Interface signals with extension driver NJUB407C/0TCR

1et

0.9¥u. 2~ * [09via
Cla \
/ |- 01vi

tan

i

lesy

0.9Von| L Y] Vi
CL: ' / \ )
0.0 Vi =% b +* .0 Veu 0.1 ¥

LTy 1 W),

—_—

>< 09V 08V
D }
(R TP ¥ L7

ter tpm

— |__

fie.3

New Japan Radio Co. Lt
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DBy to DB: load circuit

¥ =5Y 5.0V Vo =3V

Ri. = 2.4k

Test Point O —]- {4 ’
130pF 10h0 Diode 1000F
152074 l

Segment extension signal load circuit

Test 1"unt ﬁ

0pt

]

+ Powsr Supply Condition when using the internal initialization circuit
(Voo = 5.0VE10%, Ves = OV, Ta = =20 ~ +15°C)

PARAMETER SYMBOL | MIN MAY | CONDITION {UNIT
Power Supply Rise Time trce 0.1 10 _
Power Supply OFF Time torr 1 — "

* Power Supply Condition when using the internal initialization circuit
(Voo = 3.0VE10%, Ves = OV, Ta = =20 ~ +75°C)

PARAMETER SYMBOL | MIN MAX I CONDITION JUNIT
Power Supply Rise Time tece 0.1 5 _ s
Power Supply OFF Time torr 1 -

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

; 4.50/2.7V SV/3
oD

0.2V

tree

Vo=tV ——— 0. Ims =t cocS10ns torrs=lms
Voo=3¥ —- 0.1lmsStrccShms

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

New ZJapan Radio Co. L1,
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B LCD DRIVING WAVE FORM

COM.
COM-
COM.
COM.
COMs
COH.
COM-
COMy

SEG

SEG:

SEG

SEG.

SEGs

Yoo -

Vlno b
Vl e

coms¥e 1T

V‘

R

1/8 Duty Driving

LIZ131415161T18

1121314151617 18
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& LCD DRIVING WAVE FORW

/11 Duty Driving

LIZ I3 14867 (6o viZ 131415161718 1901351

Vo —
I's [PPSR I
¥y ool
Couy COM: Vo ool
vl
¥

Vop oor
¥y

VZ arnaflanidian]
CON: TR

¥

Ve

Vap
LN

SEG,
SEG,
SEd,
SEG,
SEGs

L H
CD“HU‘

V.
P T e

Vo oo
¥

com’:
¥

¥

yo e

Wag o[ e N B
v, - F T T ] -

v

¥
SEG

¥
SEG:
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I LCD DRIVING WAVE FORM

1/16 Duty Driving

112130005 16 17 R 19z ndusiG] 612 1314 15 16 t7 16 130102113 11411516
[T
v‘ seashinifaianiann ORI ;-
CoM, COMiy, ol
COM: Vs . -
CoM, Ve et reereaerr e e sass an sne e e _
con. o '
CoMe Vio
COMy M I 1
oM SRRV L T P
com CoNe TR IO T PRSI
Ve e
Va .
COMy _
COK S S
COM , R SO A .
COM v, P -
CoM T § | T UV U P OO
COM, co““\r, VRPN I
coM ;— J VO PUUSPUTUPRE 1
coMss b I
| | Vs
CEwea Vor ) [P UP __
PR TR Yo o
Cﬂuka
v’
Vs
Yos
vl ............. IR RN P TR PP T aavs
VZ Vean YT . Ciamiras
SEG ¥y .
U‘ - wnsrnnrranrr-smtafaceduannn
]J‘ P DT L T T T T e L PR AT EE]
TSN SOV U PULI RPN |SHSSRR —
vl sanaflaendeninnrnnnvaal] [ e e T S T E P T e P e L L EET)
l"' T A
SEG: g,
o i —— 8!
ve ol
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W APPLICATION CIRCUITS

(1) Interface with LCD Pansl
{1+=1) Character and Number of Display Line

The NJUG4E8 can display both of 5 x 7 dots font with cursor and § x 10 dots font with
cursor.

The number of display fine is up to two lines for § x 7 dots font and one line for § x 10
dots font. Therefore, the common line must be of the following 3 types according to the
line number an_d font combination.

Line Number | Character Font Common Line |[Duty Ratio
1 5 x T dots + Cursor 8 1/8
1 5 x 10 dots + Cursor 1 1/11
2 § x 7 dots + Cursor 18 1/16

Display line number and character font can be selected by the user programing (refer Table
4.) .

{1—2) Connaction betwesn NJU6468 and LCD panel

COM

o LED Pane!
seob—fJIf (8-character 1-line)
SEGuw

{a) 5x7 Dot Bl-character 1-line example {1/4 bias,1/8 duty)

COM
:'-‘Gg COM
SEG) LCD Panel
(8-character 1-line}
SEGuw

{b} 510 Dot 8-character 1-line example (1/4 bias,1/11 duty)

New Fapan Radio Co. Lt
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MU coM
6464

COM

com

COM

SEGw

si

{c) bx7 Dot 8-character 2-line example (1/5 bias,1/16 duty)

LCD Panel
(8-character 2-line)

One NJUB468 can drives up to 8 characters for one line and up to 1B characters for two
lines because of | character is driven by 5 segment |ines.
Unused common terminals mentioned in the above examele (a) and (b} always output non-select

gnals.

14 the LCD pane} has unused column electrode, following connection can avoid bad influence
of cross-talk etc. occurred by floating condition.

NiU
6468

COM

CUMn

I
3
COM> e

LCD Panel

SEG

SEGu|

(1—3) Other matrix LCD pane! connection example

(8-character 1-line)

Fol lowing 16-character 1-line and d-character 2-iine displays are also available.

NJU
6468

COM,

SEGue

COM»

COMys

(a) 5x7 16-character 1-line example (1/5 bias,1/16 duty)

New Japan Radio Co. Lid
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SEG)

SEG2e

COM,y

COM

NJU LCD Panel
LR (d-character 2-line)

SEGn

SEGue

(b} -5x7 d-character 2-line example (1/4 bias,1/3 dutv)
(2) Connection with extension driver NJUS407C/07CR example

The WJUG468 can extend its display capacity by connecting NJUB4O7C/0TCR as extension
Briver. In this application, the WJUB40TC/O7CR is used as a segment driver.

The control signal CL., Clz, W and D for NJUB4OTC/OTCR are supplied from the NJUS468 and
power source is common with NJUG468.

The maximum connecting unit number of NJUB4OTC/OTCR is up to 9 for one line display (duty
ratio 1/8 or 1/11} and up to 4 for 2 lines display (duty ratio 1/16). The maximum display
capacity is limited to 80 characters which is the maximum memory capacity of NJUG4GS.

1-line display, 2-line display, § x 7 dots font and 5 x 10 dots font application require
same connections shown below.

COM, ~COMw» 15) Dot Matrix LCD Pgnel
' 40-Character 2-Line
41//2:“Hrh ‘T’/:;“HT‘ ‘T”j:HHT* ‘T/’::“HTL
SEG,~SEGum| 40
SEG; ~ SEGw 3EG, ~ SEGum SEG: ~ SEGm SEG: ~ SEG.
;) 104, e, —{toa 108, }— 104 108; |—] toa, I0B:
sut, e ORIEN maware 05 m ﬂwnlm. o wmm loe:
RTINS | EHT 184, [1 ioas [ ]5HL 104 ]
S ] ” A s, = o
52308000 4RESF ey 58380000 383 ko0
|| 11 1 I
gb i l ! |
vhe
Vi
¥
v,
Vs
RJud4aa
L

| New Japan Radio Co. L
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ircuits )

1on ctrey

{3) 8-hit MPU interface example { Full applicat

ol | mo__m.»S ydew apedy s1 087 %
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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.




