NJuU664225

PREL IMINARY

10-CHARACTER 3—LINE DOT MATRIX LCD
CONTROLLER DRIVER

W GENERAL DESCRIPTION I PACKAGE OUTLINE

The NJUB425 is a 1 Chip Dot Matrix LCD controller dri-
ver for up to 10-character 3-line display.

It contains voltage converter, microprocessor inter-
face circuits, instruction decoder controller, character
generator ROM/RAM and high voltage operation common and
segment drivers.

The voltage converter generates about twofold voltase
(10V) from single power supply(5Y). Consequently, high-
contrast display can be performed though the simple
power supply circuits.

The microprocessor interface circuits which operate NJUG425F
2MHz frequency, can be connected directly to 4bit/8bit
Iicroprocessor .

The character generator consists of 9,600bits ROM and
64 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 24-common and 50-segment
drivers operate by 13.5Y, and drives up to 10-character
3-line LCD panels which divided three common electrode

blocks.
B FEATURES
@ 10-character 3-line Dot Matrix LCD Controller Driver
@ 4/8 Bit Microprocessor Direct Interface
@ Display Data RAM - 80 x 8 bits : Maximum 10-character 3-line Display
@ Character Generator ROM - 9,600 bits ; 240 Characters for 5 x 7 Dots
@ Character Generator RAM - 64 x 8 bits : 8 Patterns( 5 x 7 Dots )
® Microprocessor can access to Display Data RAM and Character Generator RAM
@ High Voltage LCD Driver ; 24-common / 50-segment
@ Programmable Duty Ratio ;

1716 Duty for 5 x 7 Dots + Cursor, 2 Lines
1/32 Duty for & x 7 Dots + Cursor. 3 Lines

@ Number of Maximum Display Characters
Display Line | Duty Font Max. Disp. Characters
2 Lines 1/16 duty |5 x 7 dots + cursor | 10-character 2-line
3 Lines 1/32 duty |5 x 7 dots + cursor | 10-character 3-line
@ Useful Instruction Set
Clear Display, Return Home, Display ON/OFF Cont, Cursor ON/OFF Cont, Display Blink,
Cursor Shift, Character Shift
@ Power On Initialize On-chip
@ \Voltage Converter On—chip
@ Oscillation Circuit On-chip{External R or Ceramic Resonator reauired)
@ Low Power Consumption
@® Operating Voltage -— + 5V
@ Package Outline -—— QFP 100
@ C-MOS Technology
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I PIN CONFIGURATION
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M TERMINAL DESCRIPTION

NO. SYMBOL FUNCT I ON
40 Voo Power Source ( + 5V )
28 Vss Power Source ( 0OV)
Oscillation Frequency Adjust Terminals. Normally Open.
29,30 | 0SC:, 0SC2 (Oscillation C and R are incorporated, Osc. Freq.=290kHz)
For external clock operation, the clock should be input on
0SC:.
Register selection signal input
41 RS "0" : Instruction Register (Writing)
Busy Flag (Reading)
"1” . Data Register (Writing/Reading)
42 R/W Read/Write selection signal input
"0 I Write . "1" ! Read
43 E Read/Write activation signal input
3-state Data Bus(Upper) to transfer the data between MPU and
48~51 DB4~DB+ NJUB425
DB7 is also used for the Busy Flag reading
3-state Data Bus(Lower) to transfer the data between MPU and
44~47 | DBo~DBs NJUB425
These bus are not used in the 4bit operation
69~62 | COM:. ~COMs | LCD Common driving signal
20~27 | COMs ~COMis | No use terminals output no-active signal, or COMi7~COM2s out-
61~54 | COM17~COM24 | put no-active signal in the 1/16 duty operation.
70~100 | SEG: ~SEGs: | LCD Segment driving signal
1~19 3EGaz~SEGso
Capacitor for Voltage Doubler Connecting Terminal ( + )
38,37 C1, G2
Capacitor for Voltage Doubler Connecting Terminal ( - )
39 Vei Input Terminal for Voltage Doubler ( Normally Vei = Voo )
36 Vsoue Vol tage Doubler Qutput Terminal
31~35 Vi~Vs LCD Driving Power Source
53,52 T, 12 Maker Testing Terminal (Normally Open)
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B FUNCTIONAL DESCRIPTION

(1) Descrirtion for each blocks
(1—1) Register

The NJUB425 incorporates two 8-bit registers, an Instruction Register(IR) and a Data
Register (DR).

The Rezister(IR) stores instruction codes such as "Clear Display” , "Return Home”, and add-
ress data for Display Data RAM (DD RAM) and Character Generator RAM(CG RAM).  The MPU can
write the instruction code and address data to the Register(IR), but it cannot read out from
the Register(IR).

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

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

When the address data for the DD RAM or CG RAM is written into the Register(IR), the
addressed data in the DD RAM or CG RAM is transferred to the Register(DR). By the MPU read
out the data in the Register(DR), the data transmitting process is performed completely.

After reading the data in the Register(DR) by the MPU, the next address data in the DD RAM
or 0G RAM is transferred automatically to the Register{DR) to provide for the next MPU
reading.

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

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

Table 1. Register Operation
RS | R/W | Selected Register Operation
0 0 frite
0 1 R Read busy flag(DB-) and address counter(DBo~DBs)
1 0 Write (DR to DD or CG RAM)
1 1 "R Read (DD or CG RAM to DR)

(1 —2) Busy Flag (BF)

When the internal circuits are in the operation mode, the busy flag is "1”, and any instruc-
tion reading is inhibited.
The busy flag (BF) is output at DB+ when RS="0" and R/W="1" as shown in table 1.

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

(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 is transferred from Register(IR) to counter(AC). The selection of either the DD RAM or CG
RAM is also determined by this instruction.

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

The address data in the Counter(AC) is output from DBs~DBa when RS="0" and R/W="1" as shown
in Table 1.
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(1—4) Display Data RAM (DD RAN)

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(AC) is represented in Hexadecimal.

<Higher order bit Lower order bit—> ( Example) DD RAM address ” 09 "
AG [ACs [ACs |AC« [ACs [AC. [Ac: [ACo | fo [o Jo 1t ToJoT1]
<« Hexadecimal »<—  Hexadecimal —— ——— 0 ———e— 9 —_—

(1—4—1) 10-character 2-1ine Display ( Function set code N=0 )

The relation between DD RAM address and display position on the LCD is shown below:
( NJU6425 can not performs display shift function )

1t 2 3 4 5 6 7 8 9 10 <« Display,
’ . Posttion
st Line [00 | 01 {0203 |04 (05|06 07|08 |09

-
) DD RAM Add.
2nd Line | OC | OD |OE | OF | 10 | 11|12 |13 |14 | 15] « (Hexadecimal)

Note : Please note that the end of 1st line address and the beginning of 2nd |ine address

are not consecutive.

(1—4—2) 10-character 3-line Display ( Function set code N=1 )

The relation between DD RAM address and display position on the LCD is shown below:
{ NJUB425 can not performs display shift function )
1 2 3 4 5 6 7 8 9 10 <Display,
] Position
1st Line |00 10102 |03|04{05(06|07|0809]<«
) DD RAM Add.
2nd Line JOC|OD |OE|OF (1011 {12[13]14[15] <«
3rd Line |40 | 41 (42|43 |44 |45 |46 (47 |48 | 49| «

(Hexadecimal)

Note : Please note that the end of 2nd line and beginning of 3rd line address are not
consecutive.

(1 —5) Character Generator ROM

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

The storage capacity is up to 240 kinds of 5 x 7 dots character pattern. The correspondence
between character code and standard character pattern of NJUB425 is shown in Table 2.

User-defined character pattern ( Custom Font ) are also available by mask option.
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Table 2. GG ROM Character Pattern ( ROM version =02 )

Upper 4-bit ( Hexadecimal )
0(1(2|3]4|5|6|7|8|]9|A|{B|C|{D|E|F
0 ?O‘G}‘,“ . ......
1 pifia TR L
102)
R R I ot ] sl et i N I R R I P
103
3 % ol R I LT P IS BT BRI B i ERPELY e
194) _
L 105
5 PG
. (06)
£ 6 LB L e
_§ (o7
3 7 H Y EEITY ot o Rl IRRRTY JRSEPY PR
hd t08)
f g P P
5 on
= 9 I FOEN R FELLH
R
A Sl PO i A el I ER I I B
(03)
B S B R O R IO I I E 52 [ egees
(04)
C o 0 I O I S ) RO Bt A L Py R
(05)
D ALLLE Iaiidl RN O e B R . I
(06)
E R REN PR HERNE
(07)
F HI o I Pt S U B PP - It B R
(08)
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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)u -
(07)x or (08)x - (OF)x should be written to the DD RAM as shown in Table 2.

Table 3. shows the correspondence among the character pattern, CG RAM 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 RAM address, DD RAM character code
and CG RAM character pattern ( 5 X 7 dots ).

Character Code CG RAM Character Pattern
(DD RAM Data) Address (CG_RAM Data)
(_]_6543210% E543210E &76543219_9
Upperbit Lowerbit Upper  Lower Upperbit Lowerbit
1000 KR
‘001 N
519 Character Patt
0000%000 000;100 Exampie (1) "
110
_________________ S IS O O I U R . 5. «Gursor Position
000 'EE
1001
1019 Character Patt
0000%x001 001:100 E;:gpeg 2) e
101
1110 Vo
_________________ oo 011V | | *%%:00000_ | <Cursor Position
'000 Xk k!
‘001 A
E E E E % ! Don’t Care
0000%111 1T11:011 '
1100 ;
101 '
110 '
t111 £tk %!

Notes : 1. gharacter code bits 0 to 2 correspond to the CG RAM address 3 to 5 (3 bits :
pa tern
2. CG RAM address 0, 1 and 2 designate character pattern |ine position. )
The 8th line _is the cursor position and the display I1s performed bKo §|cal OR
with cursor. "Tberefore. in case of the cur§or display, the 8th line s .
f there 1s in the 8th line, the bit is always displayed on the cursor
position resardless of cursor existence.
3. Cnaracter pattern row position correspond to the CG RAM data bits 0 to 4 are
shown above.
The bits 5 to 7 of the GG RAM are not appear on the display (no meaning for the
dlsTlayf but Remory elements are existing, therefore it can be used as the gen-
eral purpose R
4. (G RA character patterns are selected when character code bits 4 to 7 are all
"0" and it is_addres: ha acter code blz to 2. Theretore, the address
(00)x and (08)4, (01? and ? E u and (OF)s select the same cha-
racter pattern as shown in Table 2 and Table 3
CG RAM data corresponds to dlsplay On and "0" to display Off.
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(1—="7) Tining Generator

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

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

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

{1—8) LCD Driver

LCD driver consist of 24-common driver and 50-segment driver.

¥hen 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 waveform automatically.

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

(1 —9) Cursor Blinking 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 (08)u, a cursor position is shown as follows:

ACs ACs AC« ACs ACz AC: ACo
Lofofof 1]o] o]0

1 2 3 4 5 6 7 8 9 10 < Display position
2-line 0001 (02{03104(05/06;07|08|03] <« DD RAM address
) (Hexadecimal)
Display |OC|OD|OE|OF ;10 (11 (1213 |14 |15
+ Cursor position

1 2 3 4 5 6 7 8 98 10 < Display position
. 00070210304 |05(06|07)08)|09| <« DD RAM address
3-line (Hexadecimal)
OC{OD|OEJOF (10|11 [12)|13 (14|15
40 (4142143 |44 145|46 |47 |48 49

t Cursor position

Display

(Note) The cursor or blinks 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 blink are displayed in the
meaningless position.
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(2) Power on Initialization by internal circuits

The NJUB425 is automatically
In the internal power on initialization,

the power is turned on.
executed.

During the Internal power on initialization,

kept 10 ms after Voo rises

to 4.5V.

Initialization flow is shown below:

Clear Display

]

Function Set

DL=1 :8-bit long
interface data

N=0 :2-Line Display

Display On/0ff
Control

D=0 :Display Off
C=0 :Cursor Off

B=0 :Cursor Blink Off

Entry Mode Set

1/D=1: Increment by 1

(3) Instructions

The NJU6425 incorporates

two registers, an Instruction Register (IR) and a Data Register (DR).
These two registers store control information temporarily to allow interface between NJUG425
and MPU or peripheral |Cs operating different cycles.

this control signal from MPU.

The control information includes register selection signals (RS), read/write signais (R/W) and

data bus signals (DBo to DB7).

Table 4. shows each instruction and its operating time.

the busy flag (BF) is "1"

initialized by internal power on initialization circuits when
following instructions are

and this status is

—  NOTE
If the condition of power supply
rise time described in the Elec-
trical Characteristics is not
satisfied, the internal Power On
Initialization Circuits will not
operate and initialization will
not be performed.

In this case the initialization

by MPU software is required.

The operation of NJU6425 is determined by

Note 1) The execution time mentioned in Table 4. based on fcp or fosc=290kHz.
If the oscillation frequency is changed, the execution time is also changed.

Note 2) The NJU6425 does not have display shift instruction, therefore it can not performs shift

function.
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Table 4.

Table of Instructions

INSTRUCT | ONS

¢ 0 D E
RS R/W DB+ DBs DBs DB« DBs DB2 DB: DBo

DESCRIPTION

EXEC
TIME

Non-operation

000 0 0 00 O 00

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

35us

Clear Display

Display clear and sets DD RAM
address 0 in AC.

1.42ms

Return Home

Sets DD RAM address 0 in AC and

returns display being shifted to
original position.

DD RAM contents remain unchanged

35us

Entry Mode Set

Sets cursor move direction is
performed in data read/write.
1/D=1%Increment, 1/D=0:Decrement

35us

Display On/0ff
Control

Sets of display On/0ff(D), cur-
sor On/0ff(C) and blink of cur-
sor position character(B).

35us

Cursor Shift

¥ R/L * %

Moves cursor without changing
DD RAM contents

R/L=1 : Shift to the right
R/L=0 : Shift to the left

52us

Function Set

Sets interface data length(DL),
number of display lines(N).
DL=1 : 8 bits, DL=0 : 4 bits
N=t : 3 lines, N=0 : 2 line

35us

Set CG RAM
Address

[P

Aco

———

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

35us

Set DD RAM
Address

Aop

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

35us

Read Busy Flag
& Address

- Ac

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

Ous

Write Data to
CG & DD RAM

o — ——

Write Data

Writes data into DD or CG RAMs.

35us

Read Data from
CG or DD RAM

Read Data

e —

Reads data from DD or CG RAMs.

52us

Explanation of
Abbreviation

DD RAM : Display data RAM , CG RAM : Character generator RAM

Acc : CG RAM address, Aoo

. DD RAM address, Corresponds to cursor address

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

Note :
* = Don't care

Display shift instruction is not available.

New Japan Radio Co. Lt
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(3—1) Description of each instructions

(a) NOP (Non operation)

RS R/W DB DBs DBs DB« DBs DB- DB: DBo
Code [0 [0 [0 Jo JoJoTJoToT o o]

Non operation instruction. It consumes certain judgement machine cycles only.

(b) Clear Display
RS RM DB DBs ©DBs DB« ©DBs DB DB: DBo

Code [0 [0 Jo [o o JoTJoToTo J1]

Clear display instruction is executed when the code "1” is written into DBo. When this
instruction is executed, the space code (20)u is written into every DD RAM address, the DD
RAM 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 1st
line in the 2-line display mode).

The S of entry mode does not change.

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

(c) Return Home

RS R/W DB- DB DBs DB« DBs DB. DB DBo
Code [0 [0 Jo Jo [o [oToTJoT 1 T«] #=pontcare

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. 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 R/ DB~ DBs DBs DB« DBs DB DB: DBo
Code {O [0 Jo Jo o [o o1 Tim]x]

Entry mode set instruction which sets the cursor moving direction is executed when the
code "1" is written into DB2 and the codes of (1/D) is written into DB:i(1/D), as shown below.
(1/D) sets the address increment or decrement in the DD RAM writing.

1/D Function

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

0 Address decrement: The address of the DD or CG RAM decrement ( -1) when the
read/write, and the cursor or blink move to the left.
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(e) Display On/0ff Control

RS R/ DB~ DBs DBs DB« DBs DBz DB: DBo
Code (0 [0 [0 [0 {0 [0 [1 [Dp |c [B |

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

D Function

1 Display On.

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

C Funcection

1 Cursor On. The cursor is displayed by 5 dots on the 8th line.
0 Cursor Off. Even if the display data write, the |/D etc does not change.

B Function

The cursor positjon character is bllnktng B|Inklnf rata |s 423 8ms at fcr

1 or fosc-2§ Hz. The blink is displayed alternatively with al ?st means

all black) and characters display. The cursor and the bllnk can be disp- !E;
layed simul taneously.

0 The character does not blink.

m] | | [m] m| | | (m] EEEEE
| [m|m[m] | ROOOs EEEEN
| [ m] i || =IIII
| _Im] | ] | (mam] | HEEN
[ [m]mm] | HEREN EEEEN
| (mmim] | BOOOA EEEEN
OnEEn BOOOE EEEEE
[ 1 1 [ ]] Oa0oooc HEEEN
Cursor
Character Font 5 x 7 dots Alternating display
(1) Cursor display example (2) Blink display example
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() Cursor Shift

RS RM DBr DBs DBs DB« DBs DB DB: DBo
Code {0 [0 [0 [o [o [1 [« [mL[# T+ ] #=vontcare

The Cursor shift instruction shifts the cursor position to the right or left without writ-
ing or reading display data. This function is used to correct or search the display.

When the cursor moves to the 2nd line or 3rd line, the address setting for each line men-
tioned in (1-4-1) and (1-4-2) is required.

This instruction is executed when the code "1” is written into DBs and the codes of (R/L)
is written into DBz as shown below.

R/L Funetion
0 Shifts the cursor positijon to the left z Ac; is decremented by 1;
1 Shifts the cursor position to the right ((AC) is incremented by 1

(&) Function Set

RS R/W DB DBs DBs DB+ DBs DB DB DBo
Gode [0 [0 [0 Jo [t Jou [N T s T ] #=0ontcare

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

(DL) sets the interface data length and (N) sets the number of display lines either the 2-
line or 3-lines.

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

DL Function

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

0 Set the interface data length to 4 bjts (DB- to DB4)
The data must be sent or received twice.

N Display lines |Character Font | Duty Ratio Note

0 2 5 X 7 dots 1/16

1 3 5 X 7 dots 1/32 The display seems to use only
1/24 duty, but 1/32 duty 1s
using actually.
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(h) Set CG RAM Address

RS R DB- DBs DBs DB« DBs DB DB: DBo
Gode | O [0 Jo [ 1 [a [a[a a4 [al]
«Higher Lover —

order bit order bit

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

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

(i) Set DD RAM Address

RS R/W DB DBs DBs DB« DBs DB DB: DBo
Code O [0 [ 1 [ 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 "AAAAAAA" is written into the address coun-
ter (AC) together with the DD RAM addressing condition. After this instruction, the data
writing/reading is performed into/from the DD RAM.

Display lines | 1-line address data 2-line address data 3-line address data
3 (00)u to (OB)w {0C)x to (17)u (40)u to (4B)x
2 (00)u to (0B)w (0C)u to (17)n

Note : The address (0A)x and (0B)sx for 11 and 12 digit in the 1-st line are existing
regardless of the number of display line. However there are no display, if the data
is written into DD RAM on these address.

There are no display if the data is written into the DD RAM correspond to the 11 and
12 digit address in the 2-nd and 3-rd lines also.

(J) Read Busy Flag & Address

RS R/ DB+ DBs DBs DB« DBs DB- DB: DBe
Code {0 |1 [ BF [ A [ A Ta [a [ & a4 ]
<«Higher order bit Lower order bit—

This instruction reads out the internal status of the NJUG425. When this instruction is
executed, the busy flag(BF) which indicate internal operation is read out from DBz and the
address of CG RAM or DD RAM is read out from DBs to DBo (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 next write operation.
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(k) Write Data to CG or DD RAM

RS R/M DB, DBs DBs DBs DBs DB= DB DBo
Code |1 Jo [0 [0 [D Do o [p [0 ]p]
«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 instruction, the binary 8-bit data "DDDDDDDD” are written into
the CG RAM or DD RAM. The selection of the GG RAM or DD RAM is determined by the previous

instruction.
After this instruction execution, the address increment(+1) or decrement(-1) performed auto-
matically according to the entry mode set.

(1) Read Data from CG or DD RAM

RS R/MW DB, DBs DBs DB« DBs DB DB: DBo
Code [ 1 [ 1 [0 [o [0 [0 o [0 [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 is determined by the previous in-
struction.

Before executing this instruction, either the CG RAM address set or DD RAM address set
must be executed, otherwise the first read out data are invalidated. When this instruction
is serially executed, the next address data is normally read from the second read.

The address set instruction is not 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 the DD RAM, the address increment or decrement is executed automatically according
to the entry mode.

Note: The address counter(AC) is automatically increased or decreased by 1 after write
instructions to either of the CG RAM or DD RAK.  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.
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(3—2) Initialization using the internal reset circuits

(a) 10-character 3-line in 8~bit operation (Using internal reset circuits).
At the 10-character 3-line display, the Function set, Display On/Off Control and Entry Set
Instruction must be executed before the data input, as shown below.

Initialjzed.
| Power On ] No display appears.
i RS R/W DB~ DBs DBs DB« DBs DB> DB: DBo ‘ _
: Set the 8-bit operation/
[Function Set | | o] o of o] 1] 1] 1] #] «] #| 3-line display / 5Xidots
: Font.
4

[ Dis.0n/07 Cont | [ 0] 0f of o o] o] 1] 1] 1] o] Tornsgon dispiay and cur
space mode by the initial-

| ization.
' E le for set addres
[Entry Wode Set | | o o] o] o] of o] o] 1] 1] | incroment and cursor rieht
shift when the data write
{ to the DD or CG RAM.

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

(b) 10-character 2-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 cperation is completed
by the two accesses in the 4-bit operation mode, rewrite is required to set the instruction
code in full. 10-character 2-line in 4-bit operation is shown as follows:

| » Initial ized.
ower On | splay appears.
' RS R/¥ DB+ DBs DBs DB ¢ the 4-bit .
| Function Set ] ‘ 0 l 0 I 0 l 0 ] 1 [ °l ?e e 4-bit operation.

his steﬁ is executed |n 8-bit mode
e

set by the initialization.

!

I Set the g bi; operation / 2-line

Function Set 0l 01010 1]0 display / dots Font.
I netion 8 0 0 O %[ %| % Th:p f1nt'b|t opera(t)}gn 0gtarts from
is step

!

Turn on dlsplay and cursor.

I Disp.On/0ff Cont] 0{ 0[O0 0] 0] 0 Eptire display js in space mode by
1 ofo0j 1] 11110 the |n|t|a 1zation.
Example for set address increment
IEnUyMMeSd | 0 01010 0] 0 and cursor nﬁt shif antm
00 0] 1] 1) % data write to the DD or CG

!

Write data to the DD/CG RAM
and set the Instruction
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(c) 10-character 2-line in 8-bit operation (Using internal reset circuits).

In the 2-line display,

the 12th character of the 1st line has been written.
Therefore, after writing 10 character in the 1st line,

5-292

i Power On ]
! RS R/W DB+ DBs DBs DB« DBs DB DB: DBo
[Function set | [ o[ of of of 1] 1] of #[ #] #]
|
{

| Dise-0n/0ff Cont | [ 0] of of of of of 1] 1] 1] o]

I
{

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

{

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

WNew Japan Radio Lo, L.

the cursor moves automatically from the 1st to the 2nd line after

the DD RAM address must be set by
the user programming to change the cursor position to the 2nd line.

Initialized.
No display appears.

Set the 8-bit operation/
2-line display / 5X7dots
Font.

Turns on display and cur-
sor. Entire display is
in space mode by the
initialization.

Example for set address
increment and cursor right
shift when the data write
to the DD or CG RAM.
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(3—3) Initialization by instruction
If the power supply conditions for the correct operation of the internal reset circuits
are not met, the NJUB425 must be initialized by the instruction.

(a) Initialization by Instruction in 8-bit interface

Power On hgiggggigsdéppears.
)
Wait more than 15ms
after Voo rises to 4.5V
) RS R/W DB~ DBs DB~ DB+ DBs DB2 DB: DBo Fun Sot
[Function set | [0 o[ o[ o 1] 1] *] [ *[ «| @ o ntacface length )
i
LWait more than 4.1ms ,
' Function Set
lFunction Set l | 0 ] 0 | 0 | 0 l 1 l 1 I X ] % ] * I * | (gngiio?ntgrface length )
i
1Wait more than 100us |
|
| - a
l Function Set I [ 0 | 0 ] 0 I 0 I 1 | 1 | % I ¥ } ¥ | ¥ | Eggcéggnigggrface length) fE;
t Busy Flag(BF) can_not be
Wait more than 100us checked before this step,
or Busy Flag Check but it can be checked

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

e e e e

RS R/W DB+ DBs DBs DB« DBs DB DB: DBo
- Set the 8-bit operation,
[Function et | [ o o of o 1] 1] 1] #] «] « 3-line display, idots
i
Disolayoff | [ 0] o] of o] o] o 1] 0] o] 0]
i
[Display Clear | [ 0] 0] 0] 0] 0] 0] 0] 0] 0] 1]
)
Example for set address
| Entry Mode Set | | 0 I 0 | 0 | 0 | 0 | OJ OI 1 l 1 [ ¥ l lncE$menﬁ ftandhecurigr
{ éé%ﬁAﬁr?té to ¥henDD o$

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

New Japan Radio Lo, L, 5-293



Ii!!li:!liiii NJU6425 ‘

(b) Initialization by Instruction in 4-bit interface

i zed.
Power On 1 No dlsplay appears.
J

Wait more than 15ms
after Voo rises to 4.5V

i RS R/W DB+ DBs DBs DBa4 Fun
1 Function Set I | 0 l 0 [ 0 I 0 I 1 I 1 I (8- } 0mterface length)
V)
IWait more than 4.1ms f
l Function Set
| Function Set ] ‘ 0 [ 0 ’ 0 | 0 I 1 I 1 | (gngv{o?nterface length)
i
‘Wait more than 100us I
i
l Function Set ’ | 0 l 0 | 0 ] 0 ] 1 ] 1 ] E {o?nterface length)
\’
- Busy Flag(BF) cap. not be
b e gt telre g e

after thjs step

After this step. busy flag
(BF) check OF longer walt—
ing time than each |n-
struction execution time
Is required.

P ——

RS R/W DB7 DBs DBs DB+
, ’ 0 | 0 l 0 | 0 | 1 I 01 Functlon Set in 8-bit inter-

face length.

lFunction Set
(Set 4~ blt interface length)

- ' Set the 4-bjt operation/
‘Functlon Set J o0/ 010 1]0 2-line display Exfﬁots Font.
0] 0 O x| ¥ %
!
[piselayoft | [ of of o] o] 0] 0
0] 0] 170,00
)
Display Cl 0 010100
{ Isp ayl ear | g 8 IRIRIR
[E trv Hode Set | oToT ol ol ol o Example tford set addreﬁi
ry Mode Se rement and cursor r
ntry 0 0] 01 1} 1] % n° Ren the d a%a wrl%e
i to the DD or CG RAM.
Write data t? the DD/CG RAM
and set the Instruction
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(4) LCD DISPLAY

(4—1) Power Supply for LCD Driving

NJUB425 incorporates voltage doubler to generate the LCD driving high vol tage.

The volt-

age doubler generate about twofold voltage from the Vc: input voltage ( 9.7V typ at lout=1mA

and Vci=hY ).

In order

external bleeder resistance.
ratio as shown below.

to generate LCD display driving wavefornm,
The bleeder resistance must be changed according to the duty

LCD Driving Voltage vs. Duty Ratio

the NJUB425 required

NJU®G6 425

Ci

Ce

Duty Ratio 1/32 1/16
Bias 1/6.7 1/5
Vi Voo-1/6.7Vuce Voo-1/5Vecp
Power
Vo Voo-2/6.7Viep Voo-2/5VL e
Supply
V3 VDD-4-7/B-7VLCD VDD_3/5VLCD
Va Vor=5.7/6.7Vico | Voo-4/5Vicp
VB VDD—VLCD VDD'VLCD
Vop (+5V) Vop (+5V) Vop (+5V)
NJUG®BG 4 25
Voo . N Voo N
R R
Vi + Vei Vi
R R
Vi Vi
R Viep 2.7R Vi
Vs Vs
R R
Va : Ch Vi
R =R
. s tl, . 4
Vsour Vsout

1

{a) 1/5 bias (1/16 Duty)

(Internal Voltage Doubler No-use example)
LCD Driving Vol tage Supply Examp!es

New Japan Radio Co. Ltd,

(b) 1/6.7 bias (1/32 Duty)
(Internal Voltage Doubler using example)
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(4—2) Relation between oscillation frequency and LCD frame frequency.

As the NJUG425 incorporate oscillation capacitor and resistance for CR oscillation ,
290kHz oscillation is available without any external components.

LCD frame frequency example mentioned below is based on 290kHz oscillation (1 clo-
ck=3.45us) .

(a) 1732 duty

120clock
v 2] 3] 4l [zl 1) 2] 3] af-cooeeen 32l 1] 213
Voo
Vi
Ve
C OM;, Vs
Va
ve |
F {Frame >k 1Frame >

1 frame = 3.45(us) x 120 x 32 = 13,248(us) = 13.248(ms)
Frame frequency = 1/13.248(ms) = 75.5(Hz)

(b) 1/16 duty

120clock

R Y . RIRRE IR E—" [16l 11 2] 3
VDD l

Vi
Vi
C OM, Vs

v |
v

) le 1Frame sle jFrame N

N 0 >l

1 frame = 3.45(us) x 120 x 16 = 6,624(us) = 6.624(ms)
Frame frequency = 1/6.624(ms) = 151(Hz)
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(5) Interface with MPU

NJUB425 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

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

The data transfer is executed in the sequence of upper 4-bit (the data DB« to DBz at 8-bit
length) and lower 4-bit (the data DBo to DBs at 8-bit length).

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

RS
R/W 4J \
VAR WAL WY AR AN AR W A AR I A W
E v v
Internal Stat.us—~~JmI
RO
o8, /)X IRX Sownaes X //N > ac, X/ X0 X0 X0/ /
Instruction Busy Flag Busy flag Instruction
Writing Check Check Writing

RS

R/W

ob X TRy XIRs X
DBs X _1Re X 1Ra X
LY KX IRe XURX
DBs X 1Ra X 1R X XA XA X XBR_ XRe)

¥riting instruction into |Readout Busy Flag(BF) Readout data Register(DR)
Instruction Registar(IR) and Adress counter (AC)
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(5—2) 8-bit MPU interface

RS

R/YW ——"————*"J/

N

e — /S NN Y

Internal Statws -

—

eparation L

oo 22X et P 0any LT wueslLTTTTIN wuss 7T ontn Y7777

Writing Instruetien into
Instruction Regiater(IR)

Busy Flag
Check

Busy Filag
Check

Busy Flasg
Check

5-298
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B ABSOLUTE MAXIMUM RATINGS ( Ta=25°C )
PARAMETER SYMBOL RATINGS UNIT
Supply Voitage (1) Voo -0.3~+1.0 v
Supply Vol tage (2) Vi~ Vs Voo- 13.5~ Voot0.3 v
Input Voltage Vin - 0.3 ~ Voot0.3 v
Operating Temperature Topr - 30 ~+ 80 C
Storage Temperature Tste -5 ~+125 C

Note 1) If the LSI are used on condition above the absolute maximum ratings,
Using the LS| within electrical characteristics is strongly recommended for
Use beyond the electric characteristics conditions will cause mal-

destroyed.

normal operation.
function and poor reliability.
Note 2) All voltage values are specified as Vss =0 V
Note 3) The relation : Vor=Vci>Vsour , VooD>VssZVsour, Vss=0V must be maintained.
Turn on Voo then Vci or same time is reauired, otherwise latch-up will occur.
Note 4) Decoup!ing capacitor should be connected between Vci and VSS due to the stabilized op-
eration for the voltage Doubler.

B ELECTRICAL CHARACTERISTICS

the LS! may be

( Voo=BV10%, Ves=0V, Ta=-20 ~ +75°C )

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNIT
Orerating Vol tage Voo 4.5 5.0 5.5 )
Ving All Input and Input/Output | 2.3 Voo
i Terminals except 0SC:
Vi Terminal 0.8 v 5
Input Vol tage v Voo v
2 M2__{Only 0SC: Terminal Lo i
Viiz 1.0
i Vou1 Input/Output | -1ox=0.205mA | 2.4
Voo T i ou=1.6mA .
Output Voltage - erninals | lo=1.6m 0.4 v
) Vouz Output -lon=0.04mA | 0.9Voo
Vorz Terminals lou=0.04mA 0.1Voo
Driver On-resist.(COM) | Rcom | Z15=0.05mA(AIl com.term.) 20 al s
Driver On-resist.(SEG) | Rsec | £10=0.05mA(AI! seg.term.) 30
Input Leakage Current L1 Vin=0 ~ Voo -1 i uA 1
Pul l-up Resist Current | -lr Voo=5V, RS, R/W, DB 50 125 250
Operating Current Ipo Voo=5V, Internal CR Osc. 0.6 1.0 mA | 8
Output Voous lour=hmA, Ta=25°C -2.8 |-3.9 v g
v Vol tage lour=1mA, Ta=25C -4.5 |-4.7
oltage -
Conversjon Ver Ri=oo a5 99.9 4
fficiency
Doubler Rate
InputVoltage Vei 2.5 5.5 v
Oscil lation
fosc | Voo=BV, Ta=25C 190 290 350 |[kHz | 10
Frequency
o 1/5 Bias Voo~ Voo-
LCD Driving Voltaee Vieop Voo - Vs 767 Bias 3.0 13.5 ) 11

New Japan Radio Co. Lid
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Note 5) Input/Output structure except LCD driver are shown below:

Input Terminal Structure Input/Qutput Terminal Structure

VDD VDD VDD phos 4 VDD VDD
[: PHUS B enogE phos A J—i PHOS
- o
<1 NHOS NMOS |-—I NHOS
Voo
PHOS I ENABLE
wnos ~J——0<] lmn

/

E Terminal RS,R/W Terminals DBO to DB7 Terminals

Note 6) Rcom and Rszc are the resistance values between power supply terminals(Voo, Vsout) and
each common terminal (COM: to COM24), and supply voltage (Voo, Vsour) and each segment
terminal (SEG: to SEGso) respectively, and measured when the current Id is flown on
every common and segment terminals at a same time.

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

Note 8) Except Input/output current.

[f the input level is medium, current consumption will increase due to the penetration
current. Therefore, the input level must be fixed to "H" or "L".

*Operating Current Measuring Circuit

Vopr + 5 Vv
_"—.

+ BN
2
Vei Vo
C1 E
+
4. 7TuF
C3 Vs

10uF

Vss Vsout

NJUG4 25
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Note 9) Voltage Doubler Characteristics Measuring Circuit.

Voo +5 V

10uF

i—
+

4. TuF

Vi
Ch

Cz
Vss

Vs

Vsour

NJU®S6 425

#Vol tage Doubler Internal
Clock Freauency = 10~hkHz

Note 10) Oscillation Frequency vs. Operating Voltage.

8 3
o @

fosc (kHz)

7

Vi (V)

Note 11) Apply to the output voltage from each COM and SEG are less than £0.15V against the
LCD driving constant voltage(Voo, Vi, V2, Vs, V4, Vs) at no load condition.

New Japan Radio Lo, Lid
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+ Bus timing characteristics (Voo = 5.0VE£10%, VSS = 0V, Ta = =20 ~ +75°C)

Write operation sequence ( Write from MPU to NJUG425 )

PARAMETER SYMBOL | MIN MAX | CONDITION |UNIT
Enable Cycle Time tever 500
Enable Pulse Width | "High” level | Puew | 220
Enable Rise Time, Fall Time ter, tes 20
Set up Time [RS, R/W, E | tas 40 fig.t [ ns
Address Hold Time tan 10
Data Set up Time tosw 60
Data Hold Time tu 10

Timing Characteristics (Write operation)

Vi Vl"l}<i
RSA,V*A_;>><k ViLl Vi

. tAs : = tan
R/W Vil /VILI
P WEn — = tAH
— | tEr
E Vinl Ving
VIL] N VILg Viil
— -
tE i j ) )
: Vi R
bBo ~DBs Valid Data
Vil Viu
tCYCE

fig. 1 The timing characteristics of the bus write operating sequence.
(Write from MPU to NJUB425)

Read operation sequence ( Read from NJUB425 to MPU )

PARAMETER SYMBOL | MIN MAX | CONDITION | UNIT
Enable Cycle Time toves 500
Enable Pulse Width ’"High" level | Pwen 220
Enable Rise Time, Fall Time ter, ter 20
Set up Time IRS. R, E tas 40 fig.2 ns
Address Hold Time tan 10
Data Delay Time toow 120
Data Hold Time toon 20

Load Condition of DBo to DB+ : C.=100pF
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Timing Characteristics (Read operation)

Vinl Vluf\><i
RS
s Vil VILL
14s —
7 N
R/W ViKl K\X'"l
PWeH tA“,
E {Vinl
___________jLuLbf// Vi 1 S ST
tEs k— tDDR LOHR
) NYout
Vo1 s
DBe ~DB+ Valid Data ,§\
VoLi VoLl
LCYCE

fig. 2 The timing characteristics of the bus read operating sequence.
(Read from NJU6425 to MPU)

* Power Supply Condition when using the internal initialization circuit
(Voo = 5.0VE10X, Ves = OV, Ta = -20 ~ 475C)

PARAMETER SYMBOL | MIN TYP MAX | CONDIiTION [UNIT
Power Supply Rise Time trec 0.1 10
ms
Power Supply OFF Time torr 1

trDD

0.1ms<t-oo{10ms

torr1ims

5V
¥ torr specified turn off

period in normal On/Off

and shortly off.

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

New Japan Radio Co. Lid
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I LCD DRIVING WAVEFORM

COM,

COM:
COMa
COM,

COMs

COMe
COM,
COMs

COMs Py
COM,
COM,

CoM;
COMys
COM

COM
COM,

SEG —
SEG:
SEGs
SEG.

SEGs —

Voo —
Vi —

Ve
COMyy,

1 N I

Voo —
Vi —

Ve
COM. Vs

Ve —

Vs —

Voo
Vi
) v
COMys v:

Vs

Voo —
Vi —

§ Ve
COMy7 v,

Vo —

Ve —

Vi —

v —
COMza v2

Va T

Vs —

Voo

\

\F
SEG y,

Voo
Vi
2
SEG: Vs
Va
Vs

1/16 Duty Driving

LIZ1314151061 7181 9110111112113114115116

LI1Z131415161T181910111112113114(15(16
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I LCD DRIVING WAVEFORM

Voo
\

Ve
COM, V, —

Vl
Vs

Voo

1/32 Duty Driving

1121314151 — — 123124| - - - (31p2

WNew Japan Radio Co. L.
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I APPLICATION GIRCUITS 1

COMs

COMe
SE Gso

SEG LCD PANEL
NJUB425 ¢oM, (;O:T?ﬁgicter

COM.

(a) 5 x 7 dots, 10-character 2-1ine example (1/5 Bias, 1/16 Duty)

COM,

COMo
SE Gso

SEG

COM:

| LCD PANEL
NJUB4A25 COMs (10-character
3 -line)

COMis

COMa

(b) 5 x 7 dots, 10-character 3-line example (1/6.7 Bias, 1/32 Duty)
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I APPLICATION CIRCUITS 2

(SZPINMN Aq pejeJsuss S| 2883 |0A BUIALIP ()] ‘UOI}E.ISdO £|ddNS Jokod ©|BUIS)
a|duexe ade§J4a3ui N 119-8 -

*Juj 20|17 jo dJew aped} s| §087 %

[ . +
ss) I—UMN ssp aNd
om3g RE]EA ,
sy 794 pgq 08¢
[ V4§ O €94
3 & ved |
g . ova |
i & A [ | Li4q
qq & LVd ﬁéwfﬁ
mul 5578 7 o8zs
+ : ~ n'«m
ﬁé puol
—uum ._-DOm> o—1 _
el o o
: " L B2 LY age
+1HOD :
SM0) i
03
%02 " IJ% 9T,
: 1op * (
. WD g W
T

Gdp o
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