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1. OVERVIEW

The FD2000 is 1/8 to 1/10 duty dot matrix LCD display controller/drivers that supports the display of characters,
numbers, and symbols. In addition to generating dot matrix LCD drive signals based on data transferred serially
from a microcontroller, the FD2000 also provide on-chip character display ROM and RAM to allow display
systems to be implemented easily.

2. FEATURES

» Controls and drives a5 x 7, 5 x 8, or 5 x 9 dot matrix LCD.
* Supports accessory display segment drive (up to 60 segments)

* Display technique
1/8 duty 1/4 bias drive (5 x 7 dots)
1/9 duty 1/4 bias drive (5 x 8 dots)
1/10 duty 1/4 bias drive (5 x 9 dots)
* Display digits

12 digits x 1 line (5 x 7 dots)
11 digits x 1 line (5 x 8 or 5 x 9 dots)

* Display control memory

CGROM: 240 characters (5x 7,5 x 8, or 5 x 9 dots)
CGRAM: 16 characters (5x 7, 5x 8, or 5 x 9 dots)
ADRAM: 12 x 5 bits

DCRAM: 48 x 8 bits

¢ Instruction function

Display on/off control
Display shift function

* Provides a backup function based on low power modes
» Serial data input support

* Independent LCD drive block power supply VLCD

* Provides a RESETB pin for LSl internal initialization

* RC oscillator circuit
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3. BLOCK DIAGRAM
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4. PIN ASSIGNMENTS

4.1. 80-MQFP-1420
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COM4 [ 65 40 ] S40
COM3 [ 66 39 ] S39
COM2 [ 67 38 ] S38
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VDD [] 69 36 [ S36
VLCD [ 70 35 ] S35
VLCD1 [ 71 34 ] S34
VLCD2 [ 72 FD2000 33 ] S33
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VSS [ 74 31 ] S31
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4.2. 80-LQFP-1212
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5. PIN DESCRIPTIONS

Pin Names | Pin No. Pin Description Active /10 Handling
when unused
S1-S58 1-58 Segment driver outputs.
(79,80, | The S59/COM10 and S60/COMS9 pins can be used as
1-56) | common driver outputs under the “set display technique” ) 0 Open
instruction.
S59/COM10 59(57)
S60/COM9 60(58)
COM1-COM8 | 68-61 | Common driver outputs. ) o Open
(66-59) P
OSClI 76(74) | Oscillator connections. An oscillator circuit is formed by - | GND
connecting an external resistor and capacitor at these pins.
CE 78(76) | Serial data transfer inputs. Chip enable H |
These pins are connected to P
CL 79(77) the microcontroller. Synchronization clock f | GND
DI 80(78) Transfer data - |
RESETB 77(75) | Reset signal input.
* When RESETB is low (Vss):
* Display off
S1to S58 = “L” (Vss).
S59/COM10 and S60/COM9 = “L” (Vss).
COM1 to COMS8 = “L” (Vss).
« Serial data transfer is disabled. L | GND
» The OSCI/OSCO pin oscillator is stopped.
* When RESETB is high (Vop):
* Display on after a “display on/off control” (display
on state setting) instruction is executed.
« Serial data transfers are enabled.
» The OSCI/OSCO pin oscillator operates.
Vicp1 71(69) | Used for applying the LCD drive 3/4 bias voltage externally. - | Open
Vico2 72(70) | Used for applying the LCD drive 2/4 bias voltage externally. - | Open
Vicos 73(71) | Used for applying the LCD drive 1/4 bias voltage externally. - | Open
Vob 69(67) | Logic block power supply connection. Provide a voltage of ) ) )
between 2.7 and 6.0 V.
Vico 70(68) | LCD driver block power supply connection. Provide a voltage ) ) }
of between 4.5 and 10.0 V.
Vss 74(72) | Power supply connection. Connect to ground. - - -

NOTE: Parentheses indicate pin number for 80-LQFP-1212 package.
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6. BLOCK FUNCTIONS

6.1. AC (ADDRESS COUNTER)

AC is a counter that provides the addresses used for DCRAM and ADRAM.
The address is automatically modified internally, and the LCD display state is retained.

6.2. DCRAM (DATA CONTROL RAM)

DCRAM is RAM that is used to store display data expressed as 8-bit character codes. (These character codes are
converted to 5 x 7, 5 x 8, or 5 x 9 dot matrix character patterns using CGROM or CGRAM.) DCRAM has a
capacity of 48 x 8 bits, and can hold 48 characters. The table below lists the correspondence between the 6-bit
DCRAM address loaded into AC and the display position on the LCD panel.

- When the DCRAM address loaded into AC is 00H.

Display digit 1 2 3 4 5 6 7 8 9 10 | 11 | 12
DCRAM address(HEX) | 00 | 01 | 02 | 03 | 04 [ 05 [ 06 | O7 | 08 | 09 | OA | OB

However, when the display shift is performed by specifying MDATA, the DCRAM address shifts as shown below.

Display digit 1 2 3 4 5 6 7 8 9 10 | 11| 12
DCRAM address(HEX) | 01 | 02 | 03 | 04 | 05 | 06 | 07 | 08 | 09 | OA | OB | OC | (Left shift)

Display digit 1 2 3 4 5 6 7 8 9 10 | 11| 12
DCRAM address(HEX) [ 2F | 00 | 01 | 02 [ 03 | 04 | 05 | 06 [ O7 | 08 | 09 | OA [ (Right shift)

NOTE: The DCRAM addresses are expressed in hexadecimal.

LSB MSB
[ DCRAM address | DAO | DA1 | DA2 | DA3 | DA4 | DAS |
| HEX — ! < HEX—

- Example: When the DCRAM address is 2EH.

LSB MSB

DAO | DA1 DA2 | DA3 | DA4 | DA5
0 1 1 1 0 1

NOTE: 5 x 7 dots ... 12-digit display 5x 7 dots
5 x 8 dots ... 12-digit display 4 x 8 dots
5 x 9 dots ... 12-digit display 3 x 9 dots
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6.3. ADRAM (ADDITIONAL DATA RAM)

ADRAM is RAM used to store the ADATA display data. ADRAM has a capacity of 12 x 5 bits, and the stored
display data is displayed directly without the use of CGROM or CGRAM. The table below lists the correspondence
between the 4-bit ADRAM address loaded into AC and the display position on the LCD panel.

- When the ADRAM address loaded into AC is OH. (Number of digit displayed: 12)

Display digit 1 2 3 4 5 6 7 8 9 10 | 11 | 12
ADRAM address(HEX) 0 1 2 3 4 5 6 7 8 9 A B

However, when the display shift is performed by specifying ADATA, the ADRAM address shifts as shown below.

Display digit 1 2 3 4 5 6 7 8 9 10 | 11| 12
ADRAM address(HEX) 1 2 3 4 5 6 7 8 9 A B 0 | (Left shift)

Display digit 1123|456 |7 |89 |[10]11]12
ADRAM address(HEX) | B | 0 [ 1 [ 2 [ 3 | 4 | 5 | 6 | 7| 8 | 9 | A |(Rightshift)

NOTE: The ADRAM addresses are expressed in hexadecimal.

LSB MSB
| ADRAM address | RAO | RA1 [ RA2 | RA3 |
L HEX -

- Example: When the ADRAM address is AH.

LSB MSB
RAO RA1 RA2 RA3
0 1 0 1

NOTE: 5 x 7 dots ... 12-digit display 5 dots
5 x 8 dots ... 12-digit display 4 dots
5 x 9 dots ... 12-digit display 3 dots
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6.4. CGROM (CHARACTER GENERATOR ROM)

CGROM is ROM used to generate the 240 kinds of 5 x 7, 5 x 8, or 5 x 9 dot matrix character patterns from the 8-
bit character codes. CGROM has a capacity of 240 x 45 bits. When a character code is written to DCRAM, the
character pattern stored in CGROM corresponding to the character code is displayed at the position on the LCD
corresponding to the DCRAM address loaded into AC.

6.5. CGRAM (CHARACTER GENERATOR RAM)

CGRAM is RAM to which user programs can freely write arbitrary character patterns. Up to 16 kinds of 5x 7, 5 x 8,
or 5 x 9 dot matrix character patterns can be stored. CGRAM has a capacity of 16 x 45 bits.
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7. RESET FUNCTION

The FD2000 is reset when a low level is applied to the RESETB pin at power on and, in normal mode. On a reset
the FD2000 create a display with all LCD panels turned off. However, after a reset applications must set the
contents of DCRAM, ADRAM, and CGRAM before turning on display with a “display on/off control” instruction
since the contents of these memories are undefined. That is, applications must execute the following instructions.

- Set display technique

- DCRAM data write

- ADRAM data write (If ADRAM is used.)
- CGRAM data write (If CGRAM is used.)
- Set AC address

After executing the above instructions, applications must turn on the display with a “display on/off control”
instruction. Note that when applications turn off in the normal mode, applications must turn off the display with a
“display on/off control” instruction. (See the detailed instruction descriptions.)
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8. SERIAL DATA TRANSFER FORMAT

- When CL is stopped at the low level

CE

« Uy _
DI :XB'IOXB'I1XB'12XOX:OX:1X1X XDOXD1XD2XD3XD4X XDGZXD63X

0
B3 A2 A3
Instruction data

Address
8 bits [ up to 64 bits

A
A 4
A
A 4

- When CL is stopped at the high level

« JUUuuuUy vyl Juu
DI :XB‘IOXB‘I1><B‘12X 0 X:0X£1X;2X :3 XDOXD1XD2XD3XD4X XDGZXD63X

B3

Address
8 bits [

Instruction data
up to 64 bits

A
A 4
A
\ 4

- Address: 47H
- DO to D63: Instruction data

The data is acquired on the rising edge of the CL signal and latched on the falling edge of the CE signal. When
transferring instruction data from the microcontroller, applications must assure that the time from the transfer of
one set of instruction data until the next instruction data transfer is significantly longer than the instruction
execution time.
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10. DETAILED INSTRUCTION DESCRIPTIONS

10.1. SET DISPLAY TECHNIQUE — Sets the display technique

Code

D56 D57 D58 D59 D60 D61 D62 D63

DT1 DT2| X X |0 o o 1

X: don’t care

10.1.1. DT1, DT2: Setting the display technique

Output pins
DT1 | DT2 Display technique
S60/COM9 S59/COM10
0 0 1/8 duty, 1/4 bias drive S60 S59
1 0 1/9 duty, 1/4 bias drive COM9 S59
0 1 1/10 duty, 1/4 bias drive COM9 COM10

10.2. DISPLAY ON/OFF CONTROL — Turns the display on or off

Code

D40 D41 D42 D43 D44 D45 D46 D47 D48 D49 D50 D51 D52 D53 D54 D55 D56 D57 D58 D59 D60 D61 D62 D63

DG1 DG2 DG3 DG4 DG5 DG6 DG7 DG8 DGY DG10DG11DG12| X X X X [ M| A]sc|{Bulo o 1 o

X: don'’t care

10.2.1. M, A: Specifies the data to be turned on or off

M A Display operating state

0 Both MDATA and ADATA are turned off (The display is forcibly turned off regardless of the DG1 to DG12 data.)

0
0 1 Only ADATA is turned on (The ADATA of display digits specified by the DG1 to DG12 data are turned on.)
1 0 Only MDATA is turned on (The MDATA of display digits specified by the DG1 to DG12 data are turned on.)

Both MDATA and ADATA are turned on (The MDATA and ADATA of display digits specified by the DG1 to DG12 data are
turned on.)

5 x 7 dot matrix display 5 x 8 dot matrix display 5 x 9 dot matrix display

COO00 —-ADATA  OOCO0 -—ADATA QOO0 - ADATA

---- MDATA

-~ MDATA ---- MDATA

Fine{hips 15137
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10.2.2. DG1 to DG12: Specifies the display digit

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

Display digit data DG1 DG2 | DG3 | DG4 | DG5 | DG6 | DG7 | DG8 | DG9 | DG10 | DG11 | DG12

For example, if DG1 to DG6 are 1, and DG7 to DG12 are 0, then display digits 1 to 6 will be turned on, and display digits 7 to 12
will be turned off (blanked).

10.2.3. SC: Controls the common and segment output pins

SC Common and segment output pin states
0 Output of LCD drive waveforms
1 Fixed at the VSS level (all segments off)

NOTE: When SC is 1, the S1 to S60 and COM1 to COM10 output pins are set to the VSS level, regardless of the M, A, and DG1 to DG12
data.

10.2.4. BU: Controls the normal mode and power saving mode

BU Mode

0 Normal mode

Power saving mode

1 (In this mode, the OSCI and OSCO pins oscillator is stopped, and the common and segment pins are set to the VSS level. In
this mode, instructions other than the “display on/off control” instruction cannot be executed. Thus applications must set the LSI
to normal mode before executing any of the other instructions.)

10.3. DISPLAY SHIFT — Shifts the display

Code

D56 D57 D58 D59 D60 D61 D62 D63

M| A|rRL] x| o o 1 1

X: don'’t care

10.3.1. M, A: Specifies the data to be shifted

M A Shift operating state
0 0 Neither MDATA nor ADATA is shifted
0 1 Only ADATA is shifted

1 0 Only MDATA is shifted

1 1 Both MDATA and ADATA are shifted

10.3.2. R/L: Shift direction specification

R/L Shift direction
0 Left shift
1 Right shift

Fine{hips 16/37
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10.4. SET AC ADDRESS — Specifies the DCRAM and ADRAM address for AC

Code
D48 D49 D50 D51 D52 D53 D54 D55 D56 D57 D58 D59 D60 D61 D62 D63
DAO DA1 DA2 DA3 DA4 DA5| X X |RAO RA1T RA2 RA3] 0 1 0 0
X: don’t care

10.4.1. DAO to DA5: DCRAM address

| pao | pbar | pba2 | pa3 | Dpas4 DA5
LSB MSB

10.4.2. RAO to RA3: ADRAM address

[ Rao | RA1T | RA2 | RA3 |
LSB MSB

This instruction loads the 6-bit DCRAM address DAO to DA5 and the 4-bit ADRAM address RAO to RA3 into the
AC.

10.5. DCRAM DATA WRITE — Specifies the DCRAM address and stores data at that address

Code
D40 D41 D42 D43 D44 D45 D46 D47 D48 D49 D50 D51 D52 D53 D54 D55 D56 D57 D58 D59 D60 D61 D62 D63
ACO AC1 AC2 AC3 AC4 AC5 AC6 AC7|DA0 DA1 DA2 DA3 DA4 DA5| X X [IM[x x x[o 1 o 1
X: don’t care

10.5.1. DAO to DA5: DCRAM address

[ pao | pat | pa2 | pas | pa4 | Dpas |
LSB MSB

10.5.2. ACO to AC7: DCRAM data (character code)

[ Aco | Aact | ac2 | Aca | aca | Acs | Ace | acr |
LSB MSB

This instruction writes the 8 bits of data ACO to AC7 to DCRAM. This data is a character code, and is converted to
ad5x7,5x8, or5x9 dot matrix display data using CGROM or CGRAM.

10.5.3. IM: Setting the method of writing data to DCRAM

M DCRAM data write method
0 Normal DCRAM data write (Specifies the DCRAM address and writes the DCRAM data.)
1 Increment mode DCRAM data write (Increments the DCRAM address by +1 each time data is written to DCRAM.)
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- DCRAM data write method when IM =0

CE
8-bit address 18-bit address ! 18-bit address ! ! 8-bit address 1
DI ) ZIIR ZHR vl o
€—24 bits—p) €—24 bits—p) €—24 bits—p) €—24 bits—p)
| 1 | h | h i |
T T T - - - T
DCRAM Y Y : BE
——\ — | — = ———— ——|
Instruction i3 Instruction g3 Instruction g3 Instruction '3
execution time! + execution time ! * execution time ! ! execution time! !
DCRAM data DCRAM data DCRAM data DCRAM data
write finishes write finishes write finishes write finishes

- DCRAM data write method when IM = 1 (Instructions other than the “DCRAM data write” instruction cannot be
executed.)

CE
8-bit address 8-bit address ! 8-bit address 8-bit address 8-bit address 18-bit address
DI ZEE ZIE ZIB ZIE ZIER ZIE
€—24 bits—p i<8 bitsy €8 bitsp,| €8 bitsP,| €8 bits-bi €16 bits P
| |
- T
DCRAM ) Y BE ) DY .
Instruction > Instruction iqy; Instruction ¢ T Instruction > Instruction iy Instruction >
execution time ! L Execution 1 I Execution ! 1 execution time ! I execution ' . execution time ! L
time time T T time T
DCRAM data DCRAM data DCRAM data DCRAM data DCRAM data DCRAM data
write finishes write finishes write finishes write finishes write finishes write finishes

Instruction other than the “DCRAM" data write instruction cannot be executed:

10.5.4. Data format at (1) (24 bits)

Code
D40 D41 D42 D43 D44 D45 D46 D47 D48 D49 D50 D51 D52 D53 D54 D55 D56 D57 D58 D59 D60 D61 D62 D63

ACO AC1 AC2 AC3 AC4 AC5 AC6 AC7|DAO DA1 DA2 DA3 DA4 DA5| X X | IM | X X X 0 1 0 1
X: don'’t care

10.5.5. Data format at (2) (8 bits)

Code

D56 D57 D58 D59 D60 D61 D62 D63

ACO AC1 AC2 AC3 AC4 AC5 AC6 AC7

10.5.6. Data format at (3) (16 bits)

Code
D48 D49 D50 D51 D52 D53 D54 D55 D56 D57 D58 D59 D60 D61 D62 D63
ACO AC1 AC2 AC3 AC4 AC5 AC6 AC7T] 0 [ X Xx Xx[]o 1 o 1
X: don’t care
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10.6. ADRAM DATA WRITE — Specifies the ADRAM address and stores data at that address

Code
D40 D41 D42 D43 D44 D45 D46 D47 D48 D49 D50 D51 D52 D53 D54 D55 D56 D57 D58 D59 D60 D61 D62 D63

AD1 AD2 AD3 AD4 AD5| X X X |[RAORAT RA2RA3[ X Xx x x[m[x x x[o 1 1 o
X: don't care

10.6.1. RAO to RA3: ADRAM address

| Rao | RA1 | RA2 | RA3 |
LSB MSB

10.6.2. AD1 to AD5: ADATA display data

In addition to the 5 x 7, 5 x 8, or 5 x 9 dot matrix display data (MDATA), this LSI supports direct display of the five
accessory display segments provided in each digit as ADATA. This display function does not use CGROM or
CGRAM. The figure below shows the correspondence between the data and the display. When ADn = 1 (where n
is an integer between 1 and 5) the segment corresponding to that data will be turned on.

m ADATA Corresponding output pin
S5m+1 S5m+5 (m is an integer between 0 and 11) AD1 S5m+1 (m is an integer between 0 and 11)
AD2 S5m+2
AD3 S5m+3
AD4 S5m+4
AD5 S5m+5

10.6.3. IM: Setting the method of writing data to ADRAM

IM ADRAM data write method
0 Normal ADRAM data write (Specifies the ADRAM address and writes the ADRAM data.)
1 Increment mode ADRAM data write (Increments the ADRAM address by +1 each time data is written to ADRAM.)

- ADRAM data write method when IM =0

CE
8-bit address ! 18-bit address ! 18-bit address! ! 8-bit address 1
DI 7z ) ) ZIG
[€—24 bits—p) €—24 bits—p) €—24 bits—p 1€—24 bits—p
| 1 | h | h i |
T T T - - - T
ADRAM ) P X : - C
——| — | — - ——
Instruction ¢ Instruction ¢y Instruction ¢y Instruction 1qp
execution time! + execution time ! * execution time ! + execution time ! !
ADRAM data ADRAM data ADRAM data ADRAM data
write finishes write finishes write finishes write finishes
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- ADRAM data write method when IM = 1 (Instructions other than the “ADRAM data write” instruction cannot be
used.)

CE
8-bit address 8-bit address ! 8-bit address 8-bit address 8-bit address 18-bit address
DI @ ZIE ®) ZIEB ZIER ZIER
€—24 bits—p i<8 bitsy €8 bitsp| €8 bitsP| €8 bits-)i €16 bits P
ADRAM ! . ! X X .
Instruction iy} Instruction iq Instruction gt Instruction iy} Instruction iy Instruction igy;
execution time ! Execution 1 Execution | execution time ! execution | execution time ! l
time + time time
ADRAM data ADRAM data ADRAM data ADRAM data ADRAM data ADRAM data
write finishes write finishes write finishes write finishes write finishes write finishes

Instruction other than the “ADRAM" data write instruction cannot be executed:

10.6.4. Data format at (4) (24 bits)

Code

D40 D41 D42 D43 D44 D45 D46 D47 D48 D49 D50 D51 D52 D53 D54 D55 D56 D57 D58 D59 D60 D61 D62 D63

AD1 AD2 AD3 AD4 AD5| X X X |[RAORAT RA2RA3[ X Xx x Xx|[m[x x x[o 1 1 o

X: don'’t care

10.6.5. Data format at (5) (8 bits)

Code

D56 D57 D58 D59 D60 D61 D62 D63

AD1 AD2 AD3 AD4 AD5| X X X

X: don’t care

10.6.6. Data format at (6) (16 bits)

Code

D48 D49 D50 D51 D52 D53 D54 D55 D56 D57 D58 D59 D60 D61 D62 D63

AD1 AD2 AD3 AD4 AD5| X X X | o[x x x[o 1 1 o

X: don'’t care
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10.7. CGRAM DATA WRITE — Specifies the CGRAM address and stores data at that address

Code

DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15

cb1 CD2 <CD3 CD4 CD5 CD6 CD7 CD8 CD9 CD10 CD11 CD12 CD13 CD14 CD15 CD16
Code

D16 D17 D18 D19 D20 D21 D22 D23 D24 D25 D26 D27 D28 D29 D30 D31

CD17 CD18 CD19 CD20 Cc21 CD22 CD23 CD24 <CD25 <CD26 CD27 CD28 CD29 <CD30 CD31 C(CD32
Code

D32 D33 D34 D35 D36 D37 D38 D39 D40 D41 D42 D43 D44 D45 D46 D47

CD33 CD34 CD35 CD36 CD37 CD38 CD39 CD40 CD41 CD42 CD43 CD44 CD45 X X X
Code

D48 D49 D50 D51 D52 D53 D54 D55 D56 D57 D58 D59 D60 D61 D62 D63

CA0  CAf1 CA2 CA3 CA4 CA5 CA6 CA7 X X X X 0 1 1 1

X: don’t care

10.7.1. CAO to CA7: CGRAM address

[ cao | cat | ca2 | cas | casa | cas | cae | car |

LSB MSB

10.7.2. CD1 to CD45: CGRAM data (5 x 7, 5 x 8, or 5 x 9 dot matrix display data)

The bit CDn (where n is an integer between 1 and 45) corresponds to the 5 x 7, 5 x 8, or 5 x 9 dot matrix display
data. The figure below shows that correspondence. The dots for which the corresponding data CDn is 1 will be

turned on.
CD1 CcD2 CD3 CD4 CD5
CD6 cD7 CcD8 CD9 CD10
CD11 CD12 CcD13 CD14 CD15
CD16 CD17 CcD18 CcD19 CD20
CD21 CD22 CD23 CD24 CD25
CD26 CcD27 CcD28 CD29 CD30
CD31 CD32 CD33 CD34 CD35
CD36 CD37 CD38 CD39 CD40
CD41 CD42 CD43 CD44 CD45

NOTES:

1. CD1 to CD35: 5 x 7 dot matrix display data
2. CD1 to CD40: 5 x 8 dot matrix display data
3. CD1 to CD45: 5 x 9 dot matrix display data

Finehips
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11. NOTES ON THE POWER ON AND POWER OFF SEQUENCES

At power on: Logic block power supply (VDD) on — LCD driver block power supply (VLCD) on
At power off: LCD driver block power supply (VLCD) off — Logic block power supply (VDD) off

However, if the logic and LCD driver block use a shared power supply, then the power supplies can be turned on
and off at the same time.

t1 h ¢
> t3
> (C
Pl
VDD
C
2
VLCD
twres
(¢
Vini >
RESETB Vi
C
. 2
Instruction >< Initial state selttings ><
execution «C
P
C
2
Display state Display off * 5( Display on * Display off
)
Display on/off control Display on/off control
Instruction execution Instruction execution
(Turning the display on) (Turning the display off)
Initial state settings
ot1 >0 * Set display technique
o2 >0 * DCRAM data write
“13>0 (12>13) * ADRAM data write (If ADRAM is used)
ot B 1us min ¢ CGRAM data write (If CGRAM is used)
WRES- -+ e Set AC address
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12. LCD DRIVE TECHNIQUE

12.1. 1/8 DUTY, 1/4 BIAS DRIVE TECHNIQUE

CcCoMm1

COM2

COM8

LCD driver output when all
LCD segments
corresponding to COM1 to
COMS8 are turned off.

LCD driver output when
only LCD segments
corresponding to COM1
are turned on.

LCD driver output when
only LCD segments
corresponding to COM2
are turned on.

LCD segments
corresponding to COM1 to
COMS8 are turned on.

—

[

LCD driver output when all ||

\ 4

— VLCD
— VLCD1
— VLCD2
— VLCD3
— VSS
— VLCD
— VLCD1
— VLCD2
— VLCD3
— VSS

— VLCD

— VLCD1
— VLCD2
— VLCD3
— VSS

— VLCD
— VLCD1
— VLCD2
— VLCD3
— VSS
— VLCD
— VLCD1
— VLCD2
— VLCD3
— VSS
— VLCD
— VLCD1
— VLCD2
— VLCD3
— VSS
— VLCD
— VLCD1
— VLCD2
— VLCD3
— VSS

Finehips
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12.2. 1/9 DUTY, 1/4 BIAS DRIVE TECHNIQUE

— — VLCD
L . L — vico
COM1 — VLCD2
L L L — VLCD3
| L — VSS
— VLCD
N N _ L vico
COM2 — VLCD2
i — VLCD3
s L — vss
— VLCD
A R S O [ S — VLCD1
COM9 — VLCD2
I R e — VLCD3
L — VSS
LCD driver output when all _ \\;tgg‘l
LCD segments — VLCD?2
corresponding to COM1 to — VLCD3
COM9 are turned off. — VSS
LCD driver output when T _ \\;Il:g&
only LCD segments — VLCD2
corresponding to COM1 — VLCD3
are turned on. L L — VSS
LCD driver output when ] ] _ ://::881
only LCD segments — VLCD?2
corresponding to COM2 — VLCD3
are turned on. L L — VSS
LCD driver output when all 1 [ ] 1] \\;ll:g&
LCD segments
’ — VLCD2
corresponding to COM1 to — VLCD3
COM9 are turned on. L | [ 1 1 L — VSS
384T
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12.3.1/10 DUTY, 1/4 BIAS DRIVE TECHNIQUE

— VLCD
_“— — — _“— — VLCD1
COM1 — VLCD2
— — — VLCD3
— VLCD
— _‘— — — VLCD1
COM2 — VLCD2
— — VLCD3
— VLCD
— /7 j\— — — VLCD1
COomM10 — VLCD2
— — — VLCD3
_“— — VSS
LCD driver output when all - \\;IESB‘I
LCD segments -
. — VLCD2
corresponding to COM1 to
COM10 are turned off — VLebs
are turned off. —VSS
LCD driver output when ] _ \\;ll:g&
only LCD segments
corresponding to COM1 — VLCD2
s — VLCD3
are turned on. L] L —VSS
LCD driver output when ] 1 \\;::881
only LCD segments
corresponding to COM2 — vicbz
¢ d — VLCD3
are turned on. L] —VSS
LCD driver output when all 1 [ ] ] _ \\;ll:g&
LCD segments
. — VLCD2
corresponding to COM1 to
COM10 are turned — VLCDs
are turned on. L L L L] L —VSS
384T
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13. SAMPLE APPLICATION CIRCUIT

13.1. 1/8 DUTY, 1/4 BIAS DRIVE (FOR USE WITH NORMAL PANELS)

LCD panel
? VSS com2 =
CcOom3 - I —
Ccom4 — —------- —
COM5 —
+8V VLCD COM6 =
comz —
com8 — - —
VLCD1
zr VLCD2 S1
S2
S3
_,_— VLCD3 S4
c==c=—c S5
S6
e o
C > 0.047 uF oscl §S
S10
[o{ef6] H
A $56
RESETB S57
From the CE S58
microcontroller CL COM10/859
DI COM9/S60

13.2. 1/8 DUTY, 1/4 BIAS DRIVE (FOR USE WITH LARGE PANELS)

LCD panel
? VSS com2 —
com3 — F—------- —
com4 —
COM5 —
+8V VLCD COM6 =
com7 - e —
coms — —------- —
VLCD1
zr VLCD2 S1
S2
S3
VLCD3 S4
C——=C=—=C== R S5
S6
e 2
S8
C = 0.047 uF
10k =R = 1kQ oscl S?g
0OsCo !
A $56
RESETB S57
From the CE S58
microcontroller CL COM10/S59
DI COM9/S60
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13.3. 1/9 DUTY, 1/4 BIAS DRIVE (FOR USE WITH NORMAL PANELS)

LCD panel

?VSS COM2 =

COM3 =

COM4 —

COM5 =

+8V VLCD COM6 =

com7 —

COM8 =

VLCD1 S60/COM9 =

zz veeo2 b ot -

S1
S2
—L—VLCDS S3
c——=c—=c S4
S5
A A A =
7
C = 0.047 uF oscl 28
S9
0SCO S10
RESETB 556
From the CE S57
microcontroller CL S58
DI COM10/S59

13.4. 1/9 DUTY, 1/4 BIAS DRIVE (FOR USE WITH LARGE PANELS)

LCD panel

? VSS COM2 H

COM3 —

COM4 —

COM5 —

+8V » VLCD COM6 —

COM7 —

COM8 —

VLCD1 S60/COM9 -

ps/8 /K0 72 O O O O O I B I A
S1
S2
VLCD3 S3
C——=C——C—= R S4
S5
A A A s
S7
C = 0.047 uF

10kR =2 R = 1kQ oscl gg
0OSCO S10
RESETB S56
From the CE S57
microcontroller CL S58
DI COM10/S59
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13.5.1/10 DUTY, 1/4 BIAS DRIVE (FOR USE WITH NORMAL PANELS)

LCD panel
?VSS COoM2 =
COM3 =
CcomM4 |
COM5 |
+8V VLCD COM6 =
Ccom7 =
COM8 =
VLCD1 S60/COM9 -
S59/COM10 =
zz VLCD2
S1
_L—VLCDS S2
c——c=—=c¢C S3
S4
s e .-
6
C = 0.047 uF oscl 27
S8
OSCO S9
;; S10
RESETB
From the CE S56
microcontroller CL S57
DI S58

13.6. 1/10 DUTY, 1/4 BIAS DRIVE (FOR USE WITH LARGE PANELS)

LCD panel
? VSS COoM2 ]
COoM3 |
COoM4 =
COM5 =
+8V ¢— VLCD COM6 |
com7 |
COM8 |
VLCD1 $60/COM9 -
S59/COM10 =
zz VLCD2
S1
VLCD3 S2
C—=C—=C—= R S3
S4
P o
S6
C = 0.047 uF
10kQ = R = 1kQ oscl 2;
0SCOo S9
;; S10
RESETB !
From the CE S56
microcontroller CL S57
DI S58
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14. SAMPLE CORRESPONDENCE BETWEEN INSTRUCTIONS AND THE DISPLAY

LSB Instruction (Hex) MSB
No. [ D40 | D44 | D48 | D52 | D56 | D60 Display Operation
to to to to to to
D43 | D47 | D51 | D55 | D59 | D63
Power application o . o
1 | | Initializes the IC. The display is in the off state.
(Initialization with the RESETB pin.)
Set display technique ) ) ) )
2 | | | Sets to 1/8 duty 1/4 bias display drive technique
0 8
DCRAM data write (increment mode)
3 | | Writes the display data “ ” to DCRAM address 00H
o[2]ofo]1]aA
DCRAM data write (increment mode) ) )
4 | , | | | writes the display data “F” to DCRAM address 01H
6
DCRAM data write (increment mode) . .
5 | 2 | | Writes the display data “I” to DCRAM address 02H
9
DCRAM data write (increment mode) ) )
6 | | | | rites the display data “N" to DCRAM address 03H
E 4
DCRAM data write (increment mode) ) )
7 | 2 | | Writes the display data “E” to DCRAM address 04H
5
DCRAM data write (increment mode) . )
8 | | | Writes the display data “C” to DCRAM address 05H
3 4
DCRAM data write (increment mode) . .
9 | 2 | | Writes the display data “H” to DCRAM address 06H
8
DCRAM data write (increment mode)
10 | | | | Writes the display data “I" to DCRAM address 07H
9 4
DCRAM data write (increment mode)
11 | | | | rites the display data “P" to DCRAM address 08H
0 5
DCRAM data write (increment mode) . .
12 | | | Writes the display data “S” to DCRAM address 09H
3 5
DCRAM data write (increment mode) ) )
13 | | | | writes the display data * * to DCRAM address 0AH
0 2
DCRAM data write (increment mode) ) )
14 | | | Writes the display data “ ” to DCRAM address O0BH
0 2
DCRAM data write (increment mode) ) )
15 | | | Writes the display data “F” to DCRAM address OCH
6 4
DCRAM data write (increment mode) . .
16 | | | Writes the display data “D” to DCRAM address 0DH
4 4
DCRAM data write (increment mode) ) )
17 | | | | Writes the display data “2" to DCRAM address OEH
2 3
DCRAM data write (increment mode) ) )
18 | | | Writes the display data “0” to DCRAM address OFH
0 3
DCRAM data write (increment mode) . )
19 | | | Writes the display data “0” to DCRAM address 10H
0 3
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Continued from preceding page.

LSB Instruction (Hex) MSB
No. | D40 [ D44 | D48 | D52 | D56 | D60 Display Operation
to to to to to to
D43 | D47 | D51 | D55 | D59 | D63
o0 | DCRAM data write ('”Cremegt rTOd:) | | | writes the display data “0” to DCRAM address 11H
21 | DCRAMdata V;”tel ('r‘zcreregt TOd:) | || writes the display data * * to DCRAM address 12H
Set AC address Loads the DCRAM address 00H and the ADRAM address
22 | | o
0 | 0 | 0 | 2 OH into AC
23 Display on/off control | I NECH I || Turns on the LCD for all digits (12 digits) in MDATA
FIFIF ] x[1]4
24 Display shift T [FINECHIP F || Shifts the display (MDATA only) to the left
Display shift
25 Spray ST TG [INECHIPS D|| Shifts the display (MDATA only) to the left
Display shift
26 ISPy S TG [NEcCHIPS 2| | shifts the display (MDATA only) to the left
27 Display shift T [EcHIPS 0| Shifts the display (MDATA only) to the left
Display shi
28 isplay shift T [cHiPs F 0| | shifts the display (MDATA only) to the left
Display shift
29 Spray ST TG [HiPs FD 0| | shifts the display (MDATA only) to the left
Display shift
30 Sy S TG [T Ps FD2 || shifts the display (MDATA only) to the left
Display on/off control . .
31 | | Set to power saving mode, turns off the LCD for all digits
o oo [ x] s8] 4
Displ /off trol
32— G 'sl”alz"”l" ;°”|r°1 — IEE FD?2 || Tums on the LCD for all digits (12 digits) in MDATA
Set AC address Loads the DCRAM address 00H and the ADRAM address
33 | | NECH I || ;o
0 | 0 | 0 | 2 OH into AC

NOTE: This example above assumes the use of 12 digits 5 x 7 dot matrix LCD. CGRAM and ADRAM are not used.

X: don't care
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16. ELECTRICAL CHARACTERISTICS

16.1. ABSOLUTE MAXIMUM RATINGS

(TA =25 oC, VSS=OV)

Parameter Symbol Conditions Ratings Unit
Vbp max Vobp —-0.3to +7.0
Maximum supply voltage
Vicp max Vieo -0.3 to +11.0 \Y;
VN1 CE, CL, DI, RESETB -0.3t0 +7.0 \Y
Input voltage Vin2 OSCI -0.3to VDD + 0.3 \Y
Vins VLCD1, VLCD2, VLCD3 -0.3to VLCD +0.3 \Y
Vour1 0OSCO -0.3to VDD + 0.3 \Y
Output voltage
Voutz S1 to S60, COM1 to COM10 -0.3to VLCD +0.3 \Y
louT1 S1 to S60 300 uA
Output current
louT2 COM1 to COM10 3 mA
Allowable power dissipation Pd max Ta=85°C 200 mW
Operating temperature Topr - —40 to +85 °C
Storage temperature Tstg - -55to +125 °C
FineChips 32137
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16.2. ALLOWABLE OPERATING RANGES
(Ta =-401085°C, Vss=0V)
Parameter Symbol Conditions Ratings
Unit
Min Typ Max
Vb Vbp 2.7 - 6.0 Vv
Operating Voltage
Viep Vicp 45 - 10.0 \Y
Vicp1 Vicp1 - 3/4 Vicop Viep \
Input voltage Vicpz Vicp2 - 2/4 V\cp Vicp \%
Vicos Vicps - 1/4 Vicp Viep \
ViH1 CE, CL, DI, RESETB 0.8 Vpp - 6.0 \Y
Input high level voltage
ViH2 OSCI 0.7 Vbp - Vbbp \Y
Vi1 CE, CL, DI, RESETB 0 - 0.2 Vbp \%
Input low level voltage
ViL2 OSCI 0 - 0.3 Vbp \Y
Rec_;ommended external Rosc 0SCI, 0SCO ) 33 ) KO
resistance
Recon_1mended external Cosc 0SCl, 0SCO ) 220 ) oF
capacitance
Guaranteed oscillation range fosc OosC 150 300 600 kHz
Data setup time tas CL, DI 160 - - ns
Data hold time tah CL, DI 160 - - ns
CE wait time tep CE, CL 160 - - ns
CE setup time tes CE, CL 160 - - ns
CE hold time ten CE, CL 160 - - ns
High level clock pulse width toH CL 160 - - ns
Low level clock pulse width tolL CL 160 - - ns
Minimum reset pulse width twres RESETB 1 - - us
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16.3. ELECTRICAL CHARACTERISTICS IN THE ALLOWABLE OPERATING RANGES

Parameter Symbol Conditions Ratings Unit
ni
Min Typ Max
Hysteresis VH CE, CL, DI, RESETB - 0.1 Voo - \Y,
. CE, CL, DI, RESETB,
Input high level current I - - 5.0 MA
OSCl: VI=6.0V
CE, CL, DI, RESETB,
Input low level current I -5.0 - - MA
OSCl: VI=0V
VOH1 S1to S60: |10 =-20 |JA VLCD— 0.6 - - V
Output high level voltage [y, '~ [ cOM1 to COM10: 10 =—100 yA | Vico- 0.6 _ _ Y,
VOH3 OSCO: 10 =-500 }JA VDD— 1.0 - - Vv
Vo1 S1 to S60: 10 =20 pA - - 0.6 \Y,
Output low level voltage VoL2 COM1 to COM10: 10 = 100 pA - — 0.6 V
Vous OSCO: 10 =500 pA - - 1.0 \Y,
VmiD1 S1 to S60: 10 £20 pA 2/4 V\ cp— 0.6 — 2/4 Vi cp + 0.6 V
\?O‘f:g;;»%%dg'e level Vmpz | COM1 to COM10: 10 = £100 yA | 3/4 Vico - 0.6 - 3/4Vico +0.6 | V
VmiD3 COM1 to COM10: 10 = +100 pA 1/4 V cp — 0.6 - 1/4 V cp + 0.6 V
. OSCI, OSCO: ROSC =33 k%,
Oscillator frequency fosc COSC = 220 pF 210 300 390 kHz
Ibp1 VDD: power saving mode - — 5 MA
VDD: VDD = 6.0 V, output open,
ooz | f0SC = 300 kHz - 450 900 WA
Supply current -
ILcp1 VLCD: power saving mode - - 5 MA
VLCD: VLCD =10.0 V, output
ooz | open, fOSC = 300 kHz - 200 400 WA

NOTE: Excluding the bias voltage generation divider resistor built into the Vcp1, Vico2, and Vicps.
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- Voltage Divider Resistor Circuit for Bias
VLCD
vieot O i
i :
VLCD2 : § : To the common and segment drivers
VLCD3 E :
i Excluding these resistors
VSS
- When CL is stopped at the low level
VIH1_£ 55
CE « X "
p))
T ten > toL > g
V|H1 \
S — (R R :
w7 7 T
<« 5 «—>
tcp tes ten
( (¢
Vit W \H/ p) )
DI >< y
Vit A 7T\ (G _(C
< >/« > » R
tds tdh
- When CL is stopped at the high level
Vin1 ¥ 55
CE (G x VIL1
p))
C ten | ter
- A— VIH1 R
cL SN U — R (59%
S \_u.% T
[« > «—>
tcp tcs t&:h
\ 'V 55 S
DI IH1
/ Vit (¢ (
< >l > 2
tas tan
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17. PACKAGE DIMENSIONS

17.1. 80-MQFP-1420

e
I
N
V=7 NOILOTIS K3
Ny Sl VL3N ISV INVHHAYIT IHLT N
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