LC75812PT

1/8, 1/9-Duty Dot Matrix
LCD Controller / Driver
with Key Input Function

Overview

The LC75812PT is 1/8, 1/9 duty dot matrix LCD display controllers/drivers
that support 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 LC75812PT also provide on-chip character
display ROM and RAM to allow display systems to be implemented easily.
These products also provide up to 3 general-purpose output ports and
incorporate a key scan circuit that accepts input from up to 35 keys to reduce
printed circuit board wiring.

Features
e Key input function for up to 35 keys
(A key scan is performed only when a key is pressed.)
¢ Controls and drives a 5x7 or 5x8 dot matrix LCD.
o Supports accessory display segment drive (up to 65 segments)
¢ Display technique: 1/8 duty 1/4 bias drive (5x7 dots)
1/9 duty 1/4 bias drive (5x8 dots)
e Display digits: 13 digitsx1 line (5x7 dots), 12 digitsx1 line (5x8 dots)
e Display control memory
CGROM: 240 characters (5x7 or 5x8 dots)
CGRAM: 16 characters (5x7 or 5x8 dots)
ADRAM: 13x5 bits
DCRAM: 52x8 bits
o Instruction function
Display on/off control
Display shift function
¢ Sleep mode can be used to reduce current drain.
o Built-in display contrast adjustment circuit
o Switching between key scan output and general-purpose output ports can be
controlled with instructions.
e PWM output for adjusting the LED backlight brightness
o The frame frequency of the common and segment output waveforms can be
controlled by instructions.
o Serial data control of switching between the RC oscillator operating mode
and external clock operating mode.
¢ Independent LCD driver block power supply VI.cD
e A voltage detection type reset circuit is provided to initialize the IC and
prevent incorrect display.
e The INH pin is provided. This pin turns off the display, disables key
scanning, and forces the general-purpose output ports to the low level.
e RC oscillator circuit

* Computer Control Bus (CCB) is an ON Semiconductor’s original bus format and
the bus addresses are controlled by ON Semiconductor.
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LC75812PT

Specifications
Absolute Maximum Ratings at Ta = 25°C, Vgg =0V

Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vpp max VbD -0.3to +4.2 v
V| cpD max VLCcD -0.3t0 +11.0
Input voltage CE, CL, DI, INH -0.3to +4.2
VIN1 CE, CL, DI, INH 0310465
Vpp=2.7 to 3.6V \Y,
VIN2 OSC, K1 to KI5, TEST -0.3to Vpp +0.3
VIN3 Viept. Viep2, Vieps. Vicp4 -0.3to V| cp +0.3
Output voltage VouT1 DO -0.3t0o +6.5
VouT2 OSC, KS1 to KS7, P1to P3 -0.3to Vpp +0.3 \Y
VouT3 VLcDO, S1to S65, COM1 to COM9 -0.3to V| cp +0.3
Output current louT1 S1 to S65 300 pA
louT2 COM1 to COM9 3
louT3 KS1 to KS7 1 mA
louT4 P1to P3 5
g‘i"sc;‘i“gt’i'snpower Pd max Ta=85°C 200 | mw
Operating temperature Topr —40 to +85 °C
Storage temperature Tstg -55to +125 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality should not be assumed,
damage may occur and reliability may be affected.

Allowable Operating Range at Ta = -40°C to +85°C, Vgg =0V

. Ratings .
Parameter Symbol Conditions - unit
min typ max
Supply voltage VDD VDD 2.7 3.6
VLcp VLeb
When the display contrast adjustment 7.0 10.0
circuit is used. \
VLeD
When the display contrast adjustment 4.5 10.0
circuit is not used.
Output voltage \Y 0 \Y 0 V| 4
LCD LCD LSE.S VLD v
Input voltage Viep! | Vicpt 3/4
(VLepO- | Viepo
ViLcp4)
VLcD2 | Viep2 2/4
(VLepO- | Viepo v
ViLcb4)
vVicp3 | Vieps 1/4
(VLepO- | Viepo
Vicp4)
ViLcp4 VLcp4 0 15
Input high level voltage ViH1 CE, CL, DI, INH 0.8Vpp 3.6
CE, CL, DI, INH
P 0.8V
VDD = 2.7 10 3.6 V DD S5y
ViH2 OSC external clock operating mode 0.8Vpp VDD
ViH3 KI1 to KI5 0.6Vpp VDD
Input low level voltage VL1 CE, CL, DI, INH, KI1 to KI5 0 0.2Vpp v
VL2 OSC external clock operating mode 0 0.2Vpp

Continued on next page.
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LC75812PT

Continued from preceding page.

. Ratings .
Parameter Symbol Conditions - unit
min typ max
Output pull-up voltage Voupr DO 0 55 \Y
Recommended external Rosc OSC RC oscillator operating mode 10 kQ
resistor for RC oscillation
Recommended external Cosc OSC RC oscillator operating mode
capacitor for RC 470 pF
oscillation
Guaranteed range of RC fosc OSC RC oscillator operating mode 150 300 600 KkHz
oscillation
External clock operating fck OSC external clock operating mode [Figure 4] 100 300 600 KkHz
frequency
External clock duty cycle Dck OSC external clock operating mode [Figure 4] 30 50 70 %
Data setup time tds CL, DI [Figure 2],[Figure 3] 160 ns
Data hold time tdh CL, DI [Figure 2],[Figure 3] 160 ns
CE wait time tcp CE, CL [Figure 2],[Figure 3] 160 ns
CE setup time tcs CE, CL [Figure 2],[Figure 3] 160 ns
CE hold time tch CE, CL [Figure 2],[Figure 3] 160 ns
High level clock pulse toH CL [Figure 2],[Figure 3] 160 ns
width
Low level clock pulse toL CL [Figure 2],[Figure 3] 160 ns
width
. tdc DORpy=4.7kQ C| =10 pF *1
DO output delay time [Figure 2],[Figure 3] 1.5 us
o tdr DORpy=4.7kQ C| =10 pF *1
DO i 1.5
rise fime [Figure 2],[Figure 3] ns

Note: *1. Since the DO pin is an open-drain output, these times depend on the values of the pull-up resistor Rpy and the
load capacitance C| .

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond the Recommended
Operating Ranges limits may affect device reliability.

Electrical Characteristics for the Allowable Operating Ranges

. o Ratings .
Parameter Symbol Pins Conditions - unit
min typ max
Hysteresis VH CE, CL, DI, INH, 0.1VpD v
Kl1 to KI5
Power-down VDET
detection voltage 2.0 22 2.4 v
Input high level IIH1 CE,CL,DI,INH | VI=36V 5.0
current V=55V
Vpp=2.7t03.6V 5.0 pA
lIH2 0SC V| =Vpp external 50
clock operating mode '
Input low level T CE,CL,DI,INH | VI=0V 5.0
current L2 osc V| =0V external clock 50 LA
operating mode )
Input floating VIE KI1 to KI5 0.05Vpp Vv
voltage '
Pull-down RpD K1 to KI5 Vpp=3.3V 50 100 250 KQ
resistance
COuurtrr;lrJ]tt off leakage IOFFH DO Vo =55V 6.0 vA
Output high level VoH1 S1 to S65 lo =-20 pA VLcp0-0.6
voltage VOH2 | COM1 to COM2 | 1o = —100 yA VLcp0-06 y
VOH3 KS1 to KS7 lo = -250 pA Vpp-0.8 | Vpp-0.4 Vpp-0.1
Von4 P1to P3 lo=-1mA Vpp-0.9
Output low level VoL 1 S1to S65 lo =20 pA VLcp4+0.6
voltage VoL2 COM1 to COM9 | 1o = 100 pA VLCD4+0.6
VoL3 KS1 to KS7 lo =125 pA 0.1 0.4 1.2 \
VoL4 P1 to P3 lo=1mA 0.9
VoL5 DO lo=1mA 0.1 0.3

Continued on next page.
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Continued from preceding page.

LC75812PT

) . Ratings )
Parameter Symbol Pins Conditions - unit
min typ max
Output middle level VMID1 S1 to S65 lo =120 uA 2/4 2/4
voltage *2 (VLcpO (VLepO
-VLcp4) -ViLcp4)
-0.6 +0.6
VMID2 COM1 to COM9 | I =+100 pA 3/4 3/4
(VLcpO (VLcpO v
-Vicp4) -Vicp4)
-0.6 +0.6
VMID3 COM1 to COM9 | I =+100 pA 1/4 1/4
(VLcpO (VLcpO
-Vicp4) -Vicp4)
-0.6 +0.6
Oscillator frequency | fosc oscC gosc i 10 kQ, 210 300 390 KHz
osc =470 pF
Current drain IDD1 VDD sleep mode 100
Ipp2 VDD Vpp = 3.6 V, output open,
fosc = 300 kHz 500 1000
ILcpt VLCcD sleep mode 15
ILcD2 VLcD VLcp = 10.0 V, output
open,
fosc = 300 kHz, When the 450 900
display contrast KA
adjustment circuit is used.
ILcD3 VLcD VLcp = 10.0 V, output
open,
fosc = 300 kHz, When the 200 400

display contrast
adjustment circuit is not
used.

Note: *2. Excluding the bias voltage generation divider resistor built into the V| cpO, VLcD1, VLcD2, VLcD3, and

VLcD4. (See Figure 1.)

VLCcD J]—y%

CONTRAST

ADJUSTER
Vicpo [—~r
Vicpl [Z %
Vicp2 [ %
Vicp3 [1 i

ViLcp4 E‘J

T Excluding these resistors

[Figure 1]

To the common and segment drivers

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product performance may not be
indicated by the Electrical Characteristics if operated under different conditions.
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(1) When CL is stopped at the low level
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IH = Vi1
u  E—
toH toL )
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- 1§
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[Figure 2]
(2) When CL is stopped at the high level

ViH1 (s

2 xc Vi1

toL toH ViH1
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(3) OSC pin clock timing in external clock operating mode

0OSC

VIH2
50%

tckH

V(L2

>l e tde
[Figure 3]
tckL =1
fck ok ol KHa
- tckH
DCK= 1ok + torL X100[%]
[Figure 4]
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LC75812PT

Package Dimensions
unit : mm

TQFP100 14x14 / TQFP100
CASE 932AY
ISSUE A

16.0+0.2

14.0+0.1
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SOLDERING FOOTPRINT* GENERIC
*
. 15.40 MARKING DIAGRAM
HH— 1 —1HHf
] X = XXXXXXXX E
(Unit: mm) =) S YMDDD  E
/3 =
i i
I ‘ I I ‘ I =
T - - - - T ; XXXXX = Specific Device Code
‘ ‘ - Y = Year
\___} ' \__J M = Month
DDD = Additional Traceability Data
% \ % *This information is generic. Please refer to
—|- Tals device data sheet for actual part marking.
H i h T Pb-Free indicator, “G” or microdot “=”,
0.50 028 o may or may not be present.
S

NOTE: The measurements are not to guarantee but for reference only.

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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Pin Assignments

KS3

~
(]
~

HAAARAAARAAARARARARAAAARA

-
o
o

LC75812PT

O

2
Sizyezeesel
2238338883888 8sgnuLnnyBny

;HHHHHHHHHHHHHHHHHHHHHHHHH5
LC75812PT
(TQFP100)

=
(62
o

iR R R RSk

N
]

il

TANMTHONOVNOT~ANMITOONODO —ANMIT L

NDNNDOLNNNNO

n

www.onsemi.com
7

e NANNNN
DNNDNDDNNVNNNNDNNY

S50
S49
S48
S47
S46
S45
S44
S43
S42
S41
S40
S39
S38
S37
S36
S35
S34
S33
S32
S31
S30
S29
S28
S27
S26

Top view



Block Diagram

LC75812PT

[e]
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Pin Functions

LC75812PT

Pin

Pin No.

Function

Active

110

Handling
when unused

S1to S64
S65/COM9

1to 64
65

Segment driver outputs.
S65/COM9 can be used as common driver output pin under the
"set display technique" instruction.

OPEN

COM1 to COM8

73 to 66

Common driver outputs.

OPEN

KS1/P1
KS2/P2
K83 to KS6
KS7/P3

74
75
76 to 79
85

Key scan outputs. Although normal key scan timing lines require
diodes to be inserted in the timing lines to prevent shorts, since
these outputs are unbalanced CMOS transistor outputs, these
outputs will not be damaged by shorting when these outputs are
used to form a key matrix.

KS1/P1, KS2/P2, and KS7/P3 can be used as general-purpose
output ports under the "set key scan output port/general-purpose
output port state" instruction.

OPEN

KI1 to KIS

80 to 84

Key scan inputs.
These pins have built-in pull-down resistors.

GND

osc

95

Oscillator connections. An oscillator circuit is formed by
connecting an external resistor and capacitor to this pin.

This pin can also be used as the external clock input pin with the
"set display technique" instruction.

110

VDD

CE

98

CL

99

DI

100

97

Serial data interface connections to the controller. Note that DO,
being an open-drain output, requires a pull-up resistor.

CE: Chip enable

CL: Synchronization clock

DI: Transfer data

DO: Output data

GND

OPEN

96

Input that turns the display off, disables key scanning, and
forces the general-purpose output ports low.
« When INH is low (Vgg):
o Display off
S1to S64="L" (V_cp4)
S65/COM9="L" (V|_cp4)
COM1 to COM8="L" (V|_cp4)
» General-purpose output ports P1 to P3=low (Vgg)
o Key scanning disabled: KS1 to KS7=low (Vgg)
¢ All the key data is reset to low.
« When INH is high (Vpp):
 Display on
» The state of the pins as key scan output pins or
general-purpose output ports can be set with the
"set key scan output port/general-purpose output
port state" instruction.
* Key scanning is enabled.
However, serial data can be transferred when the INH pin is low.

VbD

TEST

94

This pin must be connected to ground.

Vieno

88

LCD drive 4/4 bias voltage (high level) supply pin. The level on this
pin can be changed by the display contrast adjustment circuit.

However, (V| cp0 - V| cp4) must be greater than or equal to 4.5V.

Also, external power must not be applied to this pin since the pin
circuit includes the display contrast adjustment circuit.

OPEN

Viep!?

89

LCD drive 3/4 bias voltage (middle level) supply pin. This pin can
be used to supply the 3/4 (V| cp - VLcD4) voltage level externally.

OPEN

Viebp2

90

LCD drive 2/4 bias voltage (middle level) supply pin. This pin can
be used to supply the 2/4 (V| cp0 - V| cp4) voltage level
externally.

OPEN

www.onsemi.com
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Continued from preceding page.

LC75812PT

Pin

Pin No.

Function

Active

110

Handling
when unused

Vicp3

91

LCD drive 1/4 bias voltage (middle level) supply pin. This pin can
be used to supply the 1/4 (V| cp0 - V| cp4) voltage level
externally.

OPEN

ViLcp4

92

LCD drive 0/4 bias voltage (low level) supply pin. Fine

adjustment of the display contrast can be implemented by
connecting an external variable resistor to this pin.

However, (V| cpO - V| cp4) must be greater than or equal to 4.5V,
and V| cp4 must be in the range 0V to 1.5V, inclusive.

GND

VbD

86

Logic block power supply connection. Provide a voltage of
between 2.7 to 3.6V.

VLeb

87

LCD driver block power supply connection. Provide a voltage of
between 7.0 to 10.0V when the display contrast adjustment circuit
is used and provide a voltage of between 4.5 to 10.0V when the
circuit is not used.

Vss

93

Power supply connection. Connect to ground.

Block Functions

o 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.

o 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 5x7 or 5x8 dot matrix character patterns using CGROM or CGRAM.) DCRAM has a capacity of
52x8 bits, and can hold 52 characters. The table below lists the correspondence between the 6-bit DCRAM address
loaded into AC and the display position on the LCD panel.

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

Display digit

1

2

3 4 5 6 7 8 9 10 11

12

13

DCRAM address (hexadecimal) 00

01

02 03 04 05 06 07 08 09 0A

0B

0C

Display digit 1 2 3 4 5 6 7 8 9 10 11 12 13
DCRAM address (hexadecimal) 01 02 03 04 05 06 07 08 09 OA | OB | 0OC | OD
Display digit 1 2 3 4 5 6 7 8 9 10 11 12 13
DCRAM address (hexadecimal) 33 00 01 02 03 04 05 06 07 08 09 | OA | OB

Note: *3. The DCRAM address is expressed in hexadecimal.

Least significant bit
{
LSB

Most significant bit
\

MSB

DCRAM address

| pao | pat | pa2 | pas | pas | pas |

N Hexadecimal —— \— Hexadecimal -/

Example: When the DCRAM address is 2EH.

DAO

DA1

DA2

DA3

DA4 DA5

0

1

1

0 1

Note: *4. 5x7 dots
5x8 dots

13th digit display 5x7 dots
13th digit display 4x8 dots

www.onsemi.com
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(shift left)

(shift right)

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




LC75812PT

o ADRAM (Additional data RAM)

ADRAM is RAM that is used to store the ADATA display data. ADRAM has a capacity of 13x5 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.

e When the ADRAM address loaded into AC is O0H. (Number of digit displayed: 13)

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

ADRAM address (hexadecimal) 0 1 2 3 4 5 6 7 8 9 A B

Display digit 1 2 3 4 5 6 7 8 9 10 11 12 13
ADRAM address (hexadecimal) 1 2 3 4 5 6 7 8 9 A B (o} 0
Display digit 1 2 3 4 5 6 7 8 9 10 11 12 13
ADRAM address (hexadecimal) C 0 1 2 3 4 5 6 7 8 9 A B

Note: *5. The ADRAM address is expressed in hexadecimal.

Least significant bit Most significant bit

1 1
LSB MSB
ADRAM address | rao | rRa1 | RA2 | RA3 |

N\— Hexadecimal ——

Example: When the ADRAM address is AH.

RAO RA1 RA2 RA3
0 1 0 1
Note: *6. 5x7 dotg -+ 13th digit display 5 dots
5x8 dotg - +ereees 13th digit display 4 dots

o CGROM (Character generator ROM)

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

(shift left)

(shift right)

CGROM is ROM that is used to generate the 240 kinds of 5x7 or 5x8 dot matrix character patterns from the
8-bit character codes. CGROM has a capacity of 240x40 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.

® CGRAM (Character generator RAM)

CGRAM is RAM to which user programs can freely write arbitrary character patterns. Up to 16 kinds of 5x7 or 5x8

dot matrix character patterns can be stored. CGRAM has a capacity of 16x40 bits.

www.onsemi.com
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LC75812PT

Serial Data Input
(1) When CL is stopped at the low level

ce | L

bl foY1 Yo oYo)Jo)1)o )( Do JD1)D2) D3} D4 Yo118) D119}

BO B1 B2 B3 A0 A1l A2 A3|<—— Instruction data (Up to 120 bits) —

0o | [

(2) When CL is stopped at the high level

CE | -

ol foY1)Yofofofof1) o XDOXD1XD2XD3XD4X Yo118)D119)

BO B1 B2 B3 A0 A1 A2 A3 |<— Instruction data (Up to 120 bits) —>

0o | [

e B0 to B3, A0 to A3: CCB address 42H
¢ DO to D119: 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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Detailed Instruction Descriptions
o Set display technique ... <Sets the display technique>

(Display technique)

Code Note: Be sure to execute the "set display technique"
D112 D113 D114 D115 D116 D117 D118 D119 instruction first after power-on (VDET-based
DT | FCO FC1 | oc | 0 0 0 1 system reset).

X: don’t care

DT: Sets the display technique

Output pins
DT Display technique
S65/COM9
0 1/8 duty, 1/4 bias drive S65 Note: *12. S65: Segment output
1 1/9 duty, 1/4 bias drive COM9 COM9: Common output

FCO0, FC1: Sets the frame frequency of the common and segment output waveforms

Frame frequency
FCO FC1 1/8 duty, 1/4 bias drive 1/9 duty, 1/4 bias drive
f8[Hz] fo[Hz]
0 0 fosc/3072, fok/3072 fosc/3456, fo/3456
1 0 fosc/1536, fok/1536 fosc/1728, fox/1728
0 1 fosc/768, foK/768 fosc/864, fok/864

OC: Sets the RC oscillator operating mode and external clock operating mode.

ocC OSC pin function
0 RC oscillator operating mode
1 External clock operating mode

Note: *13. When selecting the RC oscillator operating mode, be sure to connect an external resistor Rosc and an
external capacitor Cosc to the OSC pin.

e Display on/off control ... <Turns the display on or oft>
(Display ON/OFF control)

Code

D% D97 D98 DO D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

DG1 DG2 DG3 DG4 DG5 DG6 DG7 DG8 DG9 DG10 DG11DG12DG13 | X X X | M | A | SC | SP | 0 0 1 0

X: don’t care
M, A: Specifies the data to be turned on or off

M| A Display operating state

0 0 Both MDATA and ADATA are turned off (The display is forcibly turned off regardless of the DG1 to DG13 data.)

0 1 Only ADATA is turned on (The ADATA of display digits specified by the DG1 to DG13 data are turned on.)

1 0 Only MDATA is turned on (The MDATA of display digits specified by the DG1 to DG13 data are turned on.)

Both MDATA and ADATA are turned on
(The MDATA and ADATA of display digits specified by the DG1 to DG13 data are turned on.)

Note: *14. MDATA, ADATA

5x7 dot matrix display 5x8 dot matrix display
OOO00 -~ ADATA OO000 -~ ADATA
- MDATA — MDATA

www.onsemi.com
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DG1 to DG13: Specifies the display digit
Display digit 1 2 3 4 5 6 7 8 9 10 1 12 13
Display digitdata | DG1 | DG2 | DG3 | DG4 | DG5 | DG6 | DG7 | DG8 | DG9 | DG10 | DG11 | DG12 | DG13
For example, if DG1 to DG7 are 1, and DG8 to DG13 are 0, then display digits 1 to 7 will be turned on, and display
digits 8 to 13 will be turned off (blanked).

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 V| cp4 level (all segments off)

Note: *15. When SC is 1, the S1 to S65 and COM1 to COM9 output pins are set to the V[ cp4 level,
regardless of the M, A, and DG1 to DG13 data.

SP: Controls the normal mode and sleep mode
SP Mode

0 Normal mode

Sleep mode

The common and segment pins go to the V| cp4 level and the oscillator on the OSC pin is stopped (although it operates during
key scan operations) in RC oscillator operating mode (OC="0") and reception of the external clock is stopped (external clock is
received during key scan operations) in external clock operating mode (OC="1"), to reduce current drain.

Although the "display on/off control", "set display contrast" and "set key scan output port/general-purpose output port state"
(disallowed to set pins P1 to P3 for PWM signal output and pin P3 for clock signal output) instructions can be executed in this
mode, applications must return the IC to normal mode to execute any of the other instruction setting. When the IC is in external
clock operating mode, be sure to stop the external clock input after the lapse of the instruction execution time (27us:
fck=300kHz).

e Display shift ... <Shifts the display>

(Display shift)
Code
D112 D113 D114 D115 D116 D117 D118 D119
M| oA [ re ] x | o 0 1 1

X: don’t care
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

R/L: Specifies the shift direction

R/L Shift direction
0 Shift left
1 Shift right

www.onsemi.com
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o Set AC address... <Specifies the DCRAM and ADRAM address for AC>

(Set AC)
Code
D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119
DAO DA1 DA2 DA3 DA4 DA5| X X |RAO RA1 RA2 RA3 0 1 0 0
X: don’t care
DAO to DAS: DCRAM address
| DAO | DA1 | DA2 | DA3 | DA4 | DA5 |
LSB MSB
T T
Least significant bit Most significant bit

RAO to RA3: ADRAM address
| RAO | RA1 | RA2 | RA3 |
LSB MSB
T 0

Least significant bit Most significant bit

This instruction loads the 6-bit DCRAM address DAO to DAS5 and the 4-bit ADRAM address RAO to RA3 into the AC.

e DCRAM data write ... <Specifies the DCRAM address and stores data at that address>
(Write data to DCRAM)

Code

D96 D97 D98 D99 D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

ACO AC1 AC2 AC3 AC4 AC5 AC6 AC7‘DAO DA1 DA2 DA3 DA4 DA5‘ X X ‘IM1 IMZ‘ X X ‘ 0 1 0 1

X: don’t care
DAO to DA5: DCRAM address
| DAO | DA1 | DA2 | DA3 | DA4 | DA5 |

LSB MSB
0 0
Least significant bit Most significant bit

ACO to AC7: DCRAM data (character code)
| ACO | AC1 | AC2 | AC3 | AC4 | AC5 | ACB | AC7 |

LSB MSB
1 T
Least significant bit Most significant bit

This instruction writes the 8 bits of data ACO to AC7 to DCRAM. This data is a character code, and is converted to a
5%7 or 5x8 dot matrix display data using CGROM or CGRAM.

IM1, IM2: Sets the method of writing data to DCRAM

IM1 IM2 DCRAM data write method
0 0 Normal DCRAM data write (Specifies the DCRAM address and writes the DCRAM data.)
1 0 Normal increment mode DCRAM data write (Increments the DCRAM address by +1 each time data is written to DCRAM.)
0 1 Super increment mode DCRAM data write (Writes 2 to 13 characters of DCRAM data in single operation.)

www.onsemi.com
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Notes: *16.
o DCRAM data write method when IM1 =0, IM2 =0

CE L
CCB address CCB address CCB address CCB address
DI 7 (1) (1) (1) (1)
< 24 bit > < 24bit > < 24bit > < 24bit >
DCRAM X X X X
Instruction e Instruction @ Instruction e Instruction e
execution time A execution time A execution time A execution time A
(27us)  DCRAMdata (27us)  DCRAM data (27hS) DCRAM data (27u8)  DCRAM data

write finishes write finishes write finishes write finishes

e DCRAM data write method when IM1 =1,IM2 =0
(Instructions other than the “DCRAM data write” instruction cannot be executed.)

write finishes

write finishes

CE | | | | I
CCB address CCB address: CCB address: CCB address CCB address: CCB address
DI @ e ZEE b ) Ve D)
< 24 bit > > 8bit < > 8 bit <« > 8 bit < > 8 bit < > 16 bit <
DCRAM I X X | ! !
Instruction @ Instruction e Instruction e Instruction e Instruction e Instruction e
execution time A execution time )\ execution time A execution time Aexecutiontime A execution time’ 4
(27ps) (27ps) (27us) (27us) (27ps) (27ps)
DCRAM data DCRAM data DCRAMdata ~ DCRAM data DCRAM data
DCRAM data e . e e write finishes
write finishes write finishes write finishes write finishes write finishes
<—— Instructions other than the “DCRAM data write” instructon ———>
cannot be executed.
e DCRAM data write method when IM1 =0, IM2 = 1
CE
CCB address CCB address CCB address
DI % (5) % (5) 7 (5)
< n bit > < n bit > < n bit >
DCRAM X X X
Instrgcthn Instrgcthn Instrgcthn
execution time : execution time : execution time :
(tins) i) (tins) 0 (tins) 0
DCRAM data DCRAM data DCRAM data

write finishes

ti=13.5usx(2 -1)
(n=8m+16, m is an integer between 2 and 13 that is the number of characters written as DCRAM data.)
For example

When n= 32 bits (m=2): ti= 40.5us (fosc=300kHz, fcg=300kHz)

When n= 80 bits (m=8) : ti=121.5us (fosc=300kHz, f{cgk=300kHz)

When n=120 bits (m=13): ti=189.0us (fosc=300kHz, fck=300kHz)

Note that the instruction execution time of 27us and ti values in ps apply when fosc=300kHz and fcg=300kHz, and
that these execution times will differ when the CR oscillator frequency fosc and external clock frequency fc differ.
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Data format at (1) (24 bits)

Code

D96 D97 D98 D99 D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

ACO AC1 AC2 AC3 AC4 AC5 AC6 AC7 | DAO DA1 DA2 DA3 DA4 DAS‘ X X ‘ 0 0 ‘ X X ‘ 0 1 0 1

X: don’t care

Data format at (2) (24 bits)

Code
D96 D97 D98 D99 D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119
ACO AC1 AC2 AC3 AC4 AC5 AC6 AC7 | DA0O DA1 DA2 DA3 DA4 DAS‘ X X ‘ 1 0 ‘ X X ‘ 0 1 0 1

X: don’t care

Data format at (3) (8 bits)
Code

D112 D113 D114 D115 D116 D117 D118 D119

ACO AC1 AC2 AC3 AC4 AC5 AC6 AC7

Data format at (4) (16 bits)

Code

D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

ACO AC1 AC2 AC3 AC4 AC5 AC6 AC7| 0 0 ‘ X X | 0 1 0 1

Data format at (5) (n bit)

Code

Dz Dz+1 Dz+2 Dz+3 Dz+4 Dz+5 Dz+6 Dz+7 eeeeececccccccccccccccccccce D88 D89 D90 D91 D92 D93 D94 D95

ACO; AC1; AC2; AC3; AC4; AC5, AC6; AC7, se0cccccecccccccccccccccccee |ACO,; AC1,; AC2,; AC3,; AC4,,; AC5.,1 AC6y1 ACTn4

Code
D96 D97 D98 D99 D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119
ACO,, AC1, AC2, AC3, AC4, AC5, AC6, AC7,|DAO, DA1, DA2; DA3; DA4; DA5;

XX‘01‘X X‘0101

X: don’t care
Here, n=8m+16, z=104-8m (m is an integer between 2 and 13 that is the number of characters written as DCRAM data.)

Correspondence between the DCRAM address and the DCRAM data

DCRAM address DCRAM data
DAO; to DA5, ACO, to AC7,4
(DAO; to DA5,)+1 ACO, to AC7,
(DAO, to DA5,)+2 ACO0; to ACT7;
(DAO; to DA5,)+(m-3) ACOp.; to AC7 2
(DAO; to DA5,)+(m-2) ACOpn.1 to AC7 4
(DAO; to DA54)+(m-1) ACO, to AC7,
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Example 1: When n=32 bits (m=2: 2 characters DCRAM data write operation)
Code

D88 D89 D90 D91 D92 D93 D94 D95 D96 D97 D98 D99 D100 D101 D102 D103
ACO; AC1; AC2; AC3; AC4; AC5; AC6; AC7:|ACO, AC1, AC2, AC3, AC4, AC5, AC6, ACT,

Code

D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

DAO; DA1, DA2; DA3; DA4 DA51‘ X X | 0 1 ‘ X X ‘ 0 1 0 1
X: don’t care

Correspondence between the DCRAM address and the DCRAM data

DCRAM address DCRAM data
DAO to DA5, ACO, to AC7 4
(DAO; to DA5 ¢)+1 ACO, to AC7,

Example 2: When n=80 bits (m=8: 8 characters DCRAM data write operation)
Code

D40 D41 D42 D43 D44 D45 D46 D47 D48 D49 D50 D51 D52 D53 D54 D55

ACO; AC1; AC2; AC3; AC4; AC5; AC6; ACT;|AC0, AC1, AC2, AC3, AC4, AC5, AC6, ACT,

Code
D56 D57 D58 D59 D60 D61 D62 D63 D64 D65 D66 D67 D68 D69 D70 D71
ACO; AC1; AC2; AC3; AC4; AC5; AC6; ACT73; |AC0, AC1, AC2, AC3, AC4, AC5, AC6, AC7,

Code
D72 D73 D74 D75 D76 D77 D78 D79 D80 D81 D82 D83 D84 D85 D86 D87
ACOs AC15 AC2s AC3s AC4s AC55s AC6s ACT75|ACOs AC1s AC2; AC3; AC4s AC5s; AC6s ACTg

Code
D88 D89 D90 D91 D92 D93 D94 D95 D96 D97 D98 D99 D100 D101 D102 D103

ACO; AC1; AC2; AC3; AC4; AC5, ACB; ACT; |ACOs AC1s AC2; AC3s AC4s AC5; ACBs ACTs

Code
D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

DAO; DA1, DA2, DA3, DA4, DA51‘ X X | 0 1 ‘ X X ‘ o 1 0 1
X: don't care

Correspondence between the DCRAM address and the DCRAM data

DCRAM address DCRAM data

DAO;, to DA5, ACO; to AC7,4
(DAO, to DA5,)+1 ACO, to AC7,
(DAO, to DA5,)+2 ACO; to AC7;
(DAO; to DA5,)+3 ACO,4 to AC7,4
(DAO; to DA5,)+4 ACOs to ACT75
(DAO; to DA5,)+5 ACO to ACT75
(DAO, to DA5,)+6 ACO; to AC7;
(DAO; to DA5,)+7 ACO; to ACT7s
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Example 3: When n=120 bits (m=13: 13 characters DCRAM data write operation)

Code

DO

D1 D2 D3

D4

D5

D6 D7 D8

D9

D10

D11 D12 D13

D14

D15

ACO,

AC1; AC2; AC3;

AC44

AC5,

AC6; ACT7; | ACO,

AC1,

AC2,

AC3, AC4, ACS5,

AC6;,

ACT,

Code

D16

D17 D18 D19

D20

D21

D22 D23 D24

D25

D26

D27 D28 D29

D30

D31

ACO;

AC1; AC2; ACS3;

AC4;

AC5;

AC6; ACT73 | ACO,

AC14

AC2,

AC3; AC4, AC5,

AC6,4

AC7,

Code

D32

D33 D34 D35

D36

D37

D38 D39 D40

D41

D42

D43 D44 D45

D46

D47

ACOs

AC1s AC2s AC3s

AC4s

AC5s

AC6s ACTs | ACOq

AC1s

AC2

AC3s AC4s AC5s

AC6s

ACT7s

Code

D48

D49 D50 D51

D52

D53

D54 D55 D56

D57

D58

D59 D60 D61

D62

D63

ACO;

AC1; AC2; AC3;

AC4;

AC5;

AC6; ACT; | ACOq

AC1g

AC2

AC3s AC4s AC5g

AC6g

ACT7s

Code

D64

D65 D66 D67

D68

D69

D70 D71 D72

D73

D74

D75 D76 D77

D78

D79

ACO;

AC1y AC2, AC3

AC4y

AC5,

ACB; ACT, | ACOs

AC1y

AC24

AC31y ACAyy AC5y

ACB1

ACTyo

Code

D80

D81 D82 D83

D84

D85

D86 D87 D88

D89

D90

D91 D92 D93

D94

D95

ACO4

AC141 AC24; AC3y

AC444

AC5;4

ACB¢s ACT741 | ACO1,

AC1y,

AC24,

AC3s, AC4y, AC5q,

AC61,

ACT1,

Code

D96

D97 D98 D99

D100

D101

D102 D103 D104

D105

D106

D107 D108 D109

D110

D111

ACO13

AC143 AC2i3 AC3i3

AC44;

AC513

ACB¢3 AC713 | DAO,

DA1,

DA,

DA3; DA4; DA5,

X

X

Code

D112

D113 D114

D115 D116 D117 D118 D119

1 X X

0

1

0 1

X: don't care

Correspondence between the DCRAM address and the DCRAM data

DCRAM address DCRAM data DCRAM address DCRAM data
DAO; to DA5, ACO; to AC74 (DAO; to DA54)+7 ACOs to AC7s

(DAO; to DA54)+1 ACO, to AC7, (DAO; to DA5:)+8 ACOq to AC74

(DAO, to DA5,)+2 ACO; to AC7; (DAO, to DA5,)+9 ACO01o to AC74
(DAO, to DA5,)+3 ACO, to AC7, (DAO; to DA5,)+10 ACO041 to AC744
(DAO, to DA5,)+4 ACOs to AC75 (DAO, to DA54)+11 ACO1, to AC74,
(DAO; to DA54)+5 ACOg to ACT7¢ (DAO, to DA54)+12 ACO43 to AC743
(DAO, to DA5,)+6 ACO; to AC7;
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o ADRAM data write ... <Specifies the ADRAM address and stores data at that address>
(Write data to ADRAM)

Code

D96 D97 D98

D99 D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

AD1 AD2 AD3 AD4 ADS‘ X X X |RA0O RA1 RA2 RA3| X X X X ‘IM1 IM2‘ X X ‘ 0 1 1 0

X: don’t care

RAO to RA3:ADRAM address

| Rao | rat | RA2 | Ra3 |

LSB MSB
0 0
Least significant bit Most significant bit

ADI to AD5: ADATA display data

In addition to the 5x7 or 5x8 dot matrix display data (MDATA), this IC 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.

S5m+1

S5m+5 (m is an integer
between 0 and 12) ADATA Corresponding output pin
AD1 S5m+1 (m is an integer between 0 and 12)
AD2 S5m+2
AD3 S5m+3
AD4 S5m+4
AD5 S5m+5

IM1, IM2: Sets the method of writing data to ADRAM

IM1 IM2 ADRAM data write method
0 0 Normal ADRAM data write (Specifies the ADRAM address and writes the ADRAM data.)
1 0 Nomal increment mode ADRAM data write (Increments the ADRAM address by +1 each time data is written to ADRAM.)
0 1 Super increment mode ADRAM data write (Writes 2 to 13 digits of ADRAM data in single operation.)
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Notes: *17.
o ADRAM data write method when IM1 =0, IM2 =0

CE
CCB address CCB address. CCB address. CCB address
DI Q) e Q) e
< 24 bit > < 24 bit > < 24 bit > < 24 bit >
ADRAM X X X Y
Instruction @ Instruction e Instruction e Instruction e
execution time 4\ execution time A  execution time /T\ execution time 4\
(27us)  ADRAM data (271S)  ADRAM data (274S) ADRAM data (27us) ADRAM data

write finishes write finishes write finishes write finishes

o ADRAM data write method when IM1 =1, IM2 =0
(Instructions other than the “ADRAM data write” instruction cannot be executed.)

CE [ ] [ ]
CCB address CCB address CCB address CCB address CCB address: CCB address:
DI o b @) i @) e MG ©
< 24 bit > > 8 bit <« > 8 bit < > 8 bit & > 8bit « > 16 bit <
ADRAM ! X X X !
Instruction Instruction Instruction Instruction Instruction - Instruction
execution time :execution time~ ~ execution time i~~~ execution time " execution time < execution time <>
(27ps) (27ps) N @7ps) N (27us) N @7ps) N (27us)
ADRAM data
ADRAM data ADRAM data ADRAM data ADRAM data ADRAM data write finishes
write finishes write finishes write finishes write finishes write finishes
<— Instructions other than the “ADRAM data write” instructon @~———>
cannot be executed.
o ADRAM data write method when IM1 =0, IM2 =1
CE
CCB address CCB address CCB address
DI 7 (10) 7 (10) (10)
< n bit > < n bit > < n bit >
ADRAM X X X
Instrgcthn Instrgcthn Instrgcthn
execution time : execution time : execution time :
(tins) ) (tins) A (tins) A
ADRAM data ADRAM data ADRAM data

write finishes

write finishes write finishes

ti:13.5st(% -1)
(n=8m+16, m is an integer between 2 and 13 that is the number of characters written as ADRAM data.)
For example

When n= 32 bits (m=2): ti= 40.5us (fosc=300kHz, fcg=300kHz)

When n= 80 bits (m=8): ti=121.5us (fosc=300kHz, fcg=300kHz)

When n=120 bits (m=13): ti=189.0us (fosc=300kHz, fcgk=300kHz)

Note that the instruction execution time of 27us and ti values in us apply when fosc=300kHz and fcg=300kHz, and
that these execution times will differ when the CR oscillator frequency fosc and external clock frequency fcg differ.
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Data format at (6) (24 bits)

Code

D96 D97 D98 D99 D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

AD1 AD2 AD3 AD4 ADS‘ X X X | RAOO RA1 RA2 RA3| X X X X ‘ 0 0 ‘ X X ‘ 0 1 1 0

X: don’t care

Data format at (7) (24 bits)

Code

D96 D97 D98 D99 D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

AD1 AD2 AD3 AD4 ADS‘ X X X | RA0O0 RA1T RA2 RA3 | X X X X ‘ 1 0 ‘ X X ‘ 0 1 1 0

X: don’t care

Data format at (8) (8 bits)
Code

D112 D113 D114 D115 D116 D117 D118 D119

AD1 AD2 AD3 AD4 AD5| X X X

Data format at (9) (16 bits)

Code

D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

AD1AD2AD3AD4AD5‘X X X|0 O‘X X|0 1 1 0

X: don’t care

Data format at (10) (n bit)

Code

Dz Dz+1 Dz+2 Dz+3 Dz+4 Dz+5 Dz+6 Dz+7 eeeeececceccccscccccccccccccs D88 D89 D90 D91 D92 D93 D94 D95
AD1, AD2, AD3; AD4; AD5, ‘ X X X eeecccccccccccccccccccccccce |AD1,; AD2,, AD3,; AD4,: AD5,, X X X

Code
D96 D97 D98 D99 D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119
AD1,, AD2,, AD3,, AD4, AD5,| X X X |RAO0y RA1; RA2; RA3;| X X X X ‘ 0 1 ‘ X X ‘ 0 1 1 0

X: don’t care

Here, n=8m+16, z=104-8m
(m is an integer between 2 and 13 that is the number of characters written as ADRAM data.)

Correspondence between the ADRAM address and theADRAM data

ADRAM address ADRAM data
RAO, to RA3, AD1, to AD5,
(RAO; to RA34)+1 AD1, to AD5,
(RAO; to RA34)+2 AD1; to AD5;
(RAO; to RA34)+(m-3) AD 1y, to ADSy,,
(RAO, to RA3¢)+(m-2) AD1,.4 to AD5, 4
(RAO to RA3¢)+(m-1) AD1,, to AD5,
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Example 1: When n=32 bits (m=2: 2 characters ADRAM data write operation)

Code
D88 D89 D90 D91 D92 D93 D94 D95 D96 D97 D98 D99 D100 D101 D102 D103
AD1; AD2; AD3; AD4, AD51‘ X X X | AD1, AD2, AD3; AD4, AD5;| X X X

Code

D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

RAO; RA1; RA2; RA3;

X X XX‘O

1‘)(

X‘O

1 1 0

X: don’t care

Correspondence between the ADRAM address and the ADRAM data

ADRAM address ADRAM data
RAO, to RA3, AD1,to AD5;
(RAQ s to RA3 ¢)+1 AD1, to AD5,

Example 2: When n=80 bits (m=8: 8 characters ADRAM data write operation)

Code
D40 D41 D42 D43 D44 D45 D46 D47 D48 D49 D50 D51 D52 D53 D54 D55
AD1, AD2,; AD3; AD4, AD51| X X X | AD1, AD2, AD3, AD4, AD5,| X X X
Code
D56 D57 D58 D59 D60 D61 D62 D63 D64 D65 D66 D67 D68 D69 D70 D71
AD1; AD2; AD3; AD4; AD5;| X X X | AD1, AD2, AD3, AD4, AD5 | X X X
Code
D72 D73 D74 D75 D76 D77 D78 D79 D80 D81 D82 D83 D84 D85 D86 D87
AD1s AD2s AD3s AD4; AD5s| X X X | AD1s AD2; AD3;, AD4; AD5 | X X X
Code
D88 D89 D90 D91 D92 D93 D94 D95 D96 D97 D98 D99 D100 D101 D102 D103
AD1, AD2; AD3; AD4; AD5;,| X X X | AD1g AD2; AD3; AD4s AD5 | X X X
Code
D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119
RAO, RA1; RA2; RA3;| X X X X | 0 1 ‘ X X ‘ 0 1 1 0

X: don't care

Correspondence between the ADRAM address and the ADRAM data

ADRAM address ADRAM data

RAO, to RA3, AD14 to AD5;
(RAO, to RA3/)+1 AD1, to AD5,
(RAO; to RA3,)+2 AD1; to AD5;
(RAO; to RA3,)+3 AD1,4 to AD5,4
(RAO; to RA3,)+4 AD15 to AD5s
(RAO; to RA3,)+5 AD16 to AD5g
(RAO, to RA3/)+6 AD1; to AD5;
(RAO; to RA3,)+7 AD1g to AD5g
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Example 3: When n=120 bits (m=13: 13 characters ADRAM data write operation)

Code
DO DI D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D14 D15
AD1; AD2, AD3; AD4, AD51| X X X |AD1, AD2, AD3, AD4, AD5| X X X
Code
D16 D17 D18 D19 D20 D21 D22 D23 D24 D25 D26 D27 D28 D29 D30 D31
AD1; AD2; AD3; AD4; AD5;| X X X |AD1, AD2, AD3, AD4, AD5 | X X X
Code
D32 D33 D34 D35 D36 D37 D38 D39 D40 D41 D42 D43 D44 D45 D46 D47
AD1s AD2; AD3; AD4; AD5s| X X X |AD1, AD2 AD3; AD4s AD5 | X X X
Code
D48 D49 D50 D51 D52 D53 D54 D55 D56 D57 D58 D59 D60 De1 D62 D63
AD1; AD2, AD3; AD4, AD5,| X X X |AD1, AD2, AD3; AD4y AD5 | X X X
Code
D64 D65 D66 D67 D68 D69 D70 D71 D72 D73 D74 D75 D76 D77 D78 D79
AD1, AD2, AD3, AD4y AD5y| X X X |AD1;, AD2g AD3; AD4; AD5p| X X X
Code
D80 D81 D82 D83 D84 D85 D86 D87 D88 D89 D90 D91 D92 D93 D94 D95
AD1;; AD2;; AD3;; AD4;; AD5;| X X X |AD1, AD2;, AD3;; AD4;, AD5,| X X X
Code
D96 D97 D98 D99 D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111
AD1;; AD2j3 AD3;; AD4;; AD55| X X X |RAO; RA1, RA2; RA3| X X X X
Code
D112 D113 D114 D115 D116 D117 D118 D119
0 1 X X 0 1 1 0
X: don't care
Correspondence between the ADRAM address and the ADRAM data
ADRAM address ADRAM data ADRAM address ADRAM data
RAO; to RA3, AD1, to AD5, (RAO; to RA3,)+7 AD1g to AD5
(RAO; to RA3,;)+1 AD1, to AD5, (RAO; to RA3,)+8 AD1, to AD5,
(RAO; to RA3,)+2 AD1; to AD5, (RAO; to RA35,)+9 AD11o to AD54,
(RAO, to RA3,)+3 AD1, to AD5, (RAO; to RA3,)+10 AD14; to AD5;;
(RAO; to RA3,)+4 AD15 to AD5s (RAO; to RA3;)+11 AD11, to AD5,
(RAO; to RA3,)+5 AD1g to AD5g (RAO; to RA3,)+12 AD145 to AD5,4
(RAO; to RA3,)+6 AD1; to AD5;
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o CGRAM data write ... <Specifies the CGRAM address and stores data at that address>

(Write data to CGRAM)

Code

D56 D57 D58 D59 D60 D61 D62 D63 De4 D65 D66 D67 D68 D69 D70 D71
Cb1 CD2 CD3 CD4 CD5 CD6 CD7 CD8 CD9 CD10 CD11 CD12 CD13 CD14 CD15 CD16

Code

D72 D73 D74 D75 Dv6 D77 D78 D79 D80 D81 D82 D83 D84 D85 D86 D87
CD17 CD18 CD19 CD20 CD21 CD22 CD23 CD24 CD25 CD26 CD27 CD28 CD29 CD30 CD31 CD32

Code

D88 D89 D90 D91 D92 D93 D94 D95 D96 D97 D98 D99 D100 D101 D102 D103

CD33 CD34 CD35 CD36 CD37 CD38 CD39 CD40| X X X X X X X X

Code
D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119

CA0O CA1 CA2 CA3 CA4 CA5 CAG CA7| X X X X ‘ 0o 1 1 1
X: don’t care

CAO0 to CA7: CGRAM address
| CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 |

LSB MSB
) 0
Least significant bit Most significant bit

CDI1 to CD40: CGRAM data (5x7 or 5x8 dot matrix display data)

The bit CDn (where n is an integer between 1 and 40) corresponds to the 5x7 or 5x8 dot matrix display data.
The figure below shows that correspondence. When CDn is 1 the dots which correspond to that data will be turned on.

CD1

CD2

CD3

CD4

CD5

CD6

CD7

CD8

CD9

CD10

Note: *18. CD1 to CD35: 5x7 dot matrix display data
CD1 to CD40: 5x8 dot matrix display data

CD11 | CD12 | CD13 | CD14 | CD15
CD16 | CD17 | CD18 | CD19 | CD20
CD21 | CD22 | CD23 | CD24 | CD25
CD26 | CD27 | CD28 | CD29 | CD30
CD31 | CD32 | CD33 | CD34 | CD35
CD36 | CD37 | CD38 | CD39 | CD40
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o Set display contrast... <Sets the display contrast>
(Set display contrast)

Code
D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119
CT0 CT1 CT2 CT3| X X X X |CTC| X X X 1 0 0 0
X: don’t care

CTO to CT3: Sets the display contrast (11 steps)

CTO CT1 CT2 CT3 LCD drive 4/4 bias voltage supply V| cp0 level
0 0 0 0 0.94V| cp=VLcp-(0.03V  cpx2)
1 0 0 0 0.91V| cp=VLcD-(0.03V| cpx3)
0 1 0 0 0.88V| cp=VLcD-(0.03V| cpx4)
1 1 0 0 0.85V| cp=VLcD~(0.03V| cpx5)
0 0 1 0 0.82V| cp=VLcD-(0.03V| cpx6)
1 0 1 0 0.79V| cp=VLcD-(0.03V| cpx7)
0 1 1 0 0.76V_cp=VLcD-(0.03V| cpx8)
1 1 1 0 0.73V| cp=VLcp-(0.03V cpx9)
0 0 0 1 0.70V| cp=VLcp-(0.03V cpx10)
1 0 0 1 0.67V| cp=VLcD-(0.03V| cpx11)
0 1 0 1 0.64V| cp=VLcD-(0.03V| cpx12)
CTC: Sets the display contrast adjustment circuit state
CTC Display contrast adjustment circuit state
0 The display contrast adjustment circuit is disabled, and the V| cp0 pin level is forced to the V| cp level.
1 The display contrast adjustment circuit operates, and the display contrast is adjusted.

Note that although the display contrast can be adjusted by operating the built-in display contrast adjustment circuit, it is
also possible to apply fine adjustments to the contrast by connecting an external variable resistor to the VI cp4 pin and
modifying the V[ cD4 pin voltage. However, the following conditions must be met: V[ cDO-V,cD42> 4.5V, and
1.5V>V1 cp4 = 0V.
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o Set key scan output port/general-purpose output port state
... <Sets the key scan output port and general-purpose output port states>
(Key scan output port and General-purpose output port control)

Code
D72 D73 D74 D75 D76 D77 D78 D79 D80 D81 D82 D83 D84 D85 D8 D87 D88 D89 D90 D91 D92 D93 D94 D95
W10 W11 W12 W13 W14 W15 | W20 W21 W22 W23 W24 W25‘W30 W31 W32 W33 W34 W35‘PC10 PC11‘PCZO PCZ1‘PC30 PC31
Code
D96 D97 D98 D99 D100 D101 D102 D103 D104 D105 D106 D107 D108 D109 D110 D111 D112 D113 D114 D115 D116 D117 D118 D119
PC32| PFO PF1 PF2 PF3 | KC1 KC2 KC3 KC4 KC5 KC6 KC7 |KP1 KP2 KP3| X X X X X 1 0 0 1

X: don’t care

KP1 to KP3: Set the output pins KS1/P1, KS2/P2, and KS7/P3 as either key scan output ports or general-purpose output ports.
Output pin General-
Max. Key purpose
KP1 | KP2 | KP3 Input Output
KS1/P1 KS2/P2 KS7/P3 Number Port
Number
0 0 0 KS1 KS2 KS7 35 0
1 0 0 P1 KS2 KS7 30 1
0 1 0 KS1 P2 Ks7 30 1
0 0 1 KS1 KS2 P3 30 1
1 1 0 P1 P2 KS7 25 2
0 1 1 Ks1 P2 P3 25 2 *19) KSn(n=1,2,7): Key scan output port
1 0 1 P1 Ks2 P3 25 2 Pn(n=1 to 3): General-purpose
1 1 1 P1 P2 P3 20 3 output port
KC1 to KC7: Sets the key scan output pin KS1 to KS7 state
Output pin KS1 KS2 KS3 KS4 KS5 KS6 KS7
Key scan output state setting data KC1 KC2 KC3 KC4 KC5 KC6 KC7

If, for example, the output pins KS1/P1, KS2/P2, and KS7/P3 are set as key scan output ports, the output pins KS1 to
KS3 will go high (VpD) and KS4 to KS7 go low (VSS) in the key scan standby state when KC1 to KC3 are set to 1 and
KC4 to KC7 are set to 0. Note that key scan output signals are not output from output pins that are set to the low level.

PC10, PC11: Sets the general-purpose output port P1 state PC20, PC21: Sets the general-purpose output port P2 state

PC10 PC11 Output pin (P1) state PC20 PC21 Output pin (P2) state
0 0 “L'(Vss) 0 0 "L'(Vss)
1 0 "H'(VpD) 1 0 “H'(VDD)
0 1 PWM signal output 0 1 PWM signal output

PC30 to PC32: Sets the general-purpose output port P3 state

PC30 PC31 PC32 Output pin (P3) state
0 0 0 ‘L'(Vss)
1 0 0 “H"(VpD)
0 1 0 PWM signal output
1 1 0 Clock signal output (fosc/2, fok/2)
0 0 1 Clock signal output (fosc/8, fok/8)
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PFO to PF3: Set the frame frequency of the PWM output waveforms.
(when general-purpose outout ports P1 to P3 are set to select the PWM signal generation function.)

PFO PF1 PF2 PF3 PWM Output Waveform Frame Frequency fp[Hz]
0 0 0 0 fosc/1536, fck/1536
1 0 0 0 fosc/1408, fck/1408
0 1 0 0 fosc/1280, fck/1280
1 1 0 0 fosc/1152, foi/1152
0 0 1 0 fosc/1024, fck/1024
1 0 1 0 fosc/896, fck/896
0 1 1 0 fosc/768, fck/768
1 1 1 0 fosc/640, fok/640
0 0 0 1 fosc/512, fok/512
1 0 0 1 fosc/384, fok/384
0 1 0 1 fosc/256, fck/256

W10 to W15, W20 to W25, W30 to W35: Set the pulse width of the PWM output waveforms.
(when general-purpose outout ports P1 to P3 are set to select the PWM signal generation function.)

Wn0 | Wn1 | Wn2 | Wn3 | Wn4 | Wn5 PM Sign‘al P Wn0 | Wn1 | Wn2 | Wn3 | Wn4 | Wn5 PWM Sign.al P

Pulse Width Pulse Width

0 0 0 0 0 0 (1/64) xTp 0 0 0 0 0 1 (33/64) xTp
1 0 0 0 0 0 (2/64) xTp 1 0 0 0 0 1 (34/64) xTp
0 1 0 0 0 0 (3/64) xTp 0 1 0 0 0 1 (35/64) xTp
1 1 0 0 0 0 (4/64) xTp 1 1 0 0 0 1 (36/64) xTp
0 0 1 0 0 0 (5/64) xTp 0 0 1 0 0 1 (37/64) xTp
1 0 1 0 0 0 (6/64) xTp 1 0 1 0 0 1 (38/64) xTp
0 1 1 0 0 0 (7/64) xTp 0 1 1 0 0 1 (39/64) xTp
1 1 1 0 0 0 (8/64) xTp 1 1 1 0 0 1 (40/64) xTp
0 0 0 1 0 0 (9/64) xTp 0 0 0 1 0 1 (41/64) xTp
1 0 0 1 0 0 (10/64) xTp 1 0 0 1 0 1 (42/64) xTp
0 1 0 1 0 0 (11/64) xTp 0 1 0 1 0 1 (43/64) xTp
1 1 0 1 0 0 (12/64) xTp 1 1 0 1 0 1 (44/64) xTp
0 0 1 1 0 0 (13/64) xTp 0 0 1 1 0 1 (45/64) xTp
1 0 1 1 0 0 (14/64) xTp 1 0 1 1 0 1 (46/64) xTp
0 1 1 1 0 0 (15/64) xTp 0 1 1 1 0 1 (47/64) xTp
1 1 1 1 0 0 (16/64) xTp 1 1 1 1 0 1 (48/64) xTp
0 0 0 0 1 0 (17/64) xTp 0 0 0 0 1 1 (49/64) xTp
1 0 0 0 1 0 (18/64) xTp 1 0 0 0 1 1 (50/64) xTp
0 1 0 0 1 0 (19/64) xTp 0 1 0 0 1 1 (51/64) xTp
1 1 0 0 1 0 (20/64) xTp 1 1 0 0 1 1 (52/64) xTp
0 0 1 0 1 0 (21/64) xTp 0 0 1 0 1 1 (53/64) xTp
1 0 1 0 1 0 (22/64) xTp 1 0 1 0 1 1 (54/64) xTp
0 1 1 0 1 0 (23/64) xTp 0 1 1 0 1 1 (55/64) xTp
1 1 1 0 1 0 (24/64) xTp 1 1 1 0 1 1 (56/64) xTp
0 0 0 1 1 0 (25/64) xTp 0 0 0 1 1 1 (57/64) xTp
1 0 0 1 1 0 (26/64) xTp 1 0 0 1 1 1 (58/64) xTp
0 1 0 1 1 0 (27/64) xTp 0 1 0 1 1 1 (59/64) xTp
1 1 0 1 1 0 (28/64) xTp 1 1 0 1 1 1 (60/64) xTp
0 0 1 1 1 0 (29/64) xTp 0 0 1 1 1 1 (61/64) xTp
1 0 1 1 1 0 (30/64) xTp 1 0 1 1 1 1 (62/64) xTp
0 1 1 1 1 0 (31/64) xTp 0 1 1 1 1 1 (63/64) xTp
1 1 1 1 1 0 (32/64) xTp 1 1 1 1 1 1 (64/64) xTp

Note: *20. Wn0 to Wn5 (n=1 to 3): PWM data for the PWM output waveforms at general-purpose output ports
Pn (n=1 to 3).
Tp= L
fp
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Serial Data Output
(1) When CL is stopped at the low level

DI ><1><1><o><0><o><o><1><o><

BO B1 B2 B3 A0 A1 A2 A3
DO / X ><KD1><KD2X ><KD34><(D35><SA>< X X X X XT

«—— Outputdata ———>

X: don’t care
(2) When CL is stopped at the high level

CE | |_

g R EDED CHED £ SR NS

DO 0B B B A A e /XXKD1><KD2><KD3>< ><<035>< SA>< X >< X >< X >< X ><

«<———— Outputdata ——>

X: don’t care

e BO to B3, A0 to A3: CCB address 43H
e KD1 to KD35: Key data
o SA: Sleep acknowledge data
Note: *21. When key data read operation is executed with DO set high (no key data read request present), the key data
(KD1 to KD35) and sleep acknowledge data (SA) are invalid.

Output Data
(1) KD1 to KD35: Key data
When a key matrix of up to 35 keys is formed from the KS1 to KS7 output pins and the KI1 to KI5 input pins and

one of those keys is pressed, the key output data corresponding to that key will be set to 1. The table shows the
relationship between those pins and the key data bits.

K1 Ki2 KI3 Kl4 KI5

KS1/P1 KD1 KD2 KD3 KD4 KD5
KS2/P1 KD6 KD7 KD8 KD9 KD10
KS3 KD11 KD12 KD13 KD14 KD15
KS4 KD16 KD17 KD18 KD19 KD20
KS5 KD21 KD22 KD23 KD24 KD25
KS6 KD26 KD27 KD28 KD29 KD30
KS7/P3 KD31 KD32 KD33 KD34 KD35

KD1 to KD10 are all set to 0 when the output pins KS1/P1 and KS2/P2 are set as general-purpose output ports with
the "set key scan output port/general-purpose output port state" instruction and a key matrix of maximum 25 keys is
formed from the output pins KS3 to KS6 and KS7/P3 and the input pins KI1 to KIS.

(2) SA: Sleep acknowledge data
This output data bit is set to the state when the key was pressed. Also, while DO will be low in this case, if serial

data is input and the mode is set (to normal or sleep mode) during this period, that mode will be set. SA will be 1 in
Sleep mode and 0 in normal mode.
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Key Scan Operation Functions

(1) Key scan timing

LC75812PT

The key scan period is 2296T(s). To reliably determine the on/off state of the keys, the LC75812PT scans the keys

twice and determines that a key has been pressed when the key data agrees. It outputs a key data read request (a low
level on DO) 4800T(s) after starting a key scan. If the key data dose not agree and a key was pressed at that point, it
scans the keys again. Thus the LC75812PT cannot detect a key press shorter than 4800T(s).

kst 22 || [ 1] 22
k2 22 | [ 2] [ 2] 22
(3 22 [ 5 | [ 5 | 22
Ks4 22 [ 4] [ 4] 22
kss 22 | s | [ 5 | 22
Kse 22 [ 6 | [6 ] [ 2
ks7 22 [ 7] [ 7 [ 2
Key on A\ 4592T[s]

Note: *22. Not that the high/low states of these pins are determined by the "set key scan output port/general-purpose
output port state" instruction, and that key scan output signals are not output from pins that are set to low.

(2) In normal mode

e The pins KS1 to KS7 are set to high or low with the "set key scan output port/general-purpose output port state"

instruction.

o If a key on one of the lines corresponding to a KS1 to KS7 pin which is set high is pressed, a key scan is started
and the keys are scanned until all keys are released. Multiple key presses are recognized by determining whether
multiple key data bits are set.

o If a key is pressed for longer than 4800T(s) (Where T=1/fosc, T=1/fcK) the LC75812PT outputs a key data
read request (a low level on DO) to the controller. The controller acknowledges this request and reads the key data.

However, if CE is high during a serial data transfer, DO will be set high.

o After the controller reads the key data, the key data read request is cleared (DO is set high) and the LC75812PT

performs another key scan. Also note that DO, being an open-drain output, requires a pull-up resistor (between
1kQ and 10kQ).

Key input 1

Key input 2

I

Key scan

< 4800T[s]

9

CE

Serial da

a transfer

Serial da

< 4800T[s] >

ta transfe

Key address

(43

)

< 4800T[s] ]

Serial data transfer.

Key ac

dress

Key address

DI

[l

DO

N
Key data read

request

Key data read

A Key data read

Key data read request
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(3) In sleep mode

e The pins KS1 to KS7 are set to high or low with the "set key scan output port/general-purpose output port state"

instruction.

e If a key on one of the lines corresponding to a KS1 to KS7 pin which is set high is pressed in the RC oscillator
operating mode, the oscillator on the OSC pin is started (the IC starts receiving the external clock in external clock
operating mode) and a key scan is performed . Keys are scanned until all keys released. Multiple key presses are
recognized by determining whether multiple key data bits are set.

o If a key is pressed for longer than 4800T(s) (Where T=1/fosc, T=1/fCK) the LC75812PT outputs a key data
read request (a low level on DO) to the controller. The controller acknowledges this request and reads the key data.
However, if CE is high during a serial data transfer, DO will be set high.

o After the controller reads the key data, the key data read request is cleared (DO is set high) and the
LC75812PT performs another key scan. However, this dose not clear sleep mode. Also note that DO, being an
open-drain output, requires a pull-up resistor (between 1kQ and 10kQ).

e Sleep mode key scan example

Example: When a "display on/off control (SP=1)" instruction and a "set key scan output port/general-purpose
output port state (KP1 to KP3=0, KC1 to KC6= 0, KC7=1)" instruction are executed. (i.e. sleep mode with

only KS7 high.)
‘L KS1 —D-D-DDD
‘L KS2 [—D-D-PDD
‘U Kks3 [—D-D-DDD
“L” KS4 = S-P-P-DHD When any one of these keys is pressed in RC
“L” KS5 — O-H-H-HD / oscillator operating mode, the oscillator on the OSC
“"KS6 D-P-D-D-D ————————— pinis §tarted (the IC starts ref;eiving the external
"W KST = & d) d) d) & clock in external clock operating mode) and the keys
v 3 are scanned.

K1 = f

K2 =

KI3

Kl4

KI5

Note: *23. These diodes are required to reliably recognize multiple key presses on the KS7 line when sleep mode state
with only KS7 high, as in the above example.
That is, these diodes prevent incorrect operations due to sneak currents in the KS7 key scan output signal
when keys on the KS1 to KS6 lines are pressed at the same time.

Key input \
(KS7line) —
Key scan L LT
<= 4800T[s] > < 4800T[s] >
ce | S
Serial data transfer  Serial data transfer Key(féigréess Serial data transfer 'Key address fose
o 1 | I I -l
DO :
A Key data read AN Key data. read
Key data read request Key data read request

Multiple Key Presses

Although the LC75812PT is capable of key scanning without inserting diodes for dual key presses, triple key presses on
the KI1 to KI5 input pin lines, or multiple key presses on the KS1 to KS7 output pin lines, multiple presses other than
these cases may result in keys that were not pressed recognized as having been pressed.

Therefore, a diode must be inserted in series with each key. Applications that do not recognize multiple key presses of
three or more keys should check the key data for three or more 1 bits and ignore such data.
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1/8 Duty, 1/4 Bias Drive Technique

COM1

COM2

COomM8

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

When a "set display technique" instruction with FCO = 0, FC1 = 0 are executed: {8 =

LC75812PT

<~
I8
8

1

T8= 8

T8

Viepo
Viep!?
VLcp2
Vicp3
Vicp4
ViLcpO
Viep!
ViLcD2
Vicp3
Vicp4

Viepo
Viep!?
VLcp2
VLeps
ViLcp4

Viepo
Viep!?
VLcp2
VLeps
ViLcp4
Viepo
Viep!?
VLep2
Vicbp3
Vicp4
ViLcpO
Vicep!
VLcp2
VLeps3
VLcp4
VLepo
VLep!
VLcp2
VLeps3
VLcp4

f
When a "set display technique" instruction with FCO = 1, FC1 = 0 are executed: {8 = K
1536 1536
e R . . fosc fck
When a "set display technique" instruction with FCO = 0, FC1 =1 are executed: 8 = 768 8 =763
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1/9 Duty, 1/4 Bias Drive Technique

(5 5 T L Ao

Vicp?
COM1 — VLcD2

_———————TL——_VLCD?’

— ViLcp4

— ViLepo
S0 O U o 6 0
CcCom2 — VicD2

TL_______TL —:VLCD3

VLcp4

JE T O

Vicp!
COM9 — ViLcD2
T S S S S S S R S B S B TL — — — — Vicps
— Vicp4
— Vieno
LCD driver output when all — Vi cp!
LCD segments — VicD2
corresponding to COM1 to — v 3
COM9 are turned off LCD
— Vicp4
— — — Vieno
LCD driver output when — VL cp!
only LCD segments — VicDp2
corresponding to COM1 - c
are turned on Vicp3
— — — Vicp4
— ] — Vieno
LCD driver output when — VL cp!
only LCD sggments — VLCD2
corresponding to COM2 vV 3
are turned on LCD
— — — Vicp4
T s T s 0 s 0 0 e O e O e O e O e O e O — V 0
LCD driver output when all N VLCD1
LCD segments LCD
corresponding to COM1 to — Vicp?
COMS are turned on — Vicps
i
9
T9
S
T9= 49

fosc 9 = fcK

When a "set display technique" instruction with FCO = 0, FC1 = 0 are executed: {9 =

3456 ° 3456

o N . . _ _ _ fosc _ fck

When a "set display technique" instruction with FCO = 1, FC1 = 0 are executed: f9 = 1728 f9 = 1728
. - L fosc fck

When a "set display technique" instruction with FCO = 0, FC1 =1 are executed: {9 = %64 ° 9 =364
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PWM Output Waveform

LC75812PT

— VoD
P ||
: (56/64) x Tp — (56/64) x Tp ! — Vss
: — VpD
0] P2
] (48/64) x Tp , (48/64) x Tp ' — Vss
5 : ] — VpD
P3 |
E— (40/64) x Tp ' (40/64) x Tp ' — Vss
' | — VpD
P1 < <
: . . — Vss
! (8/64) x Tp! (8/64) x Tp!
; — VpD
@ P2
i . ! — Vss
. (16/64) x Tp! (16/64) x Tp!
i — VpD
P3 «— «—
r — V
g (24/64) x Tp} (24/64) x Tp} S8
E ' ' — VpD
P1 E
T (32/64) x Tp; (32/64) x Tp: — Vss
' ' — Vpp
® P2 .
" (32/64) x Tp| (32/64) x Tp: — Vss
i — VbD
P3 ! < N
——  (32/64) x Tp! (32/64) x Tp* — Vss
| | I
! o ! o : P~
"Set key scan output port/general-purpose output port state" Instruction Data PWM Output
Waveform of
General-purpose
W10 | W11 | W12 | W13 | W14 | W15 | W20 | W21 | W22 | W23 | W24 | W25 | W30 | W31 | W32 | W33 | W34 | W35 Output Ports P1 to
P3
1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 0 0 1 0]
1 1 1 0 0 0 1 1 1 1 0 0 1 1 1 0 1 0 @]
1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 0 ®

"Set key scan output port/general-purpose output port state"

Instruction Data

PFO

PF1

PF2

PF3

PWM Output Waveform
Frame Frequency

fp[Hz]
0 0 0 0 fosc/1536, fCK/1536
1 0 0 fosc/1408, fCK/1408
0 1 0 0 fosc/1280, fCK/1280
1 1 0 0 fosc/1152, fCK/1152
0 0 1 0 fosc/1024, fCK/1024
1 0 1 0 fosc/896, fCK/896
0 1 1 0 fosc/768, fCK/768
1 1 1 0 fosc/640, fCK/640
0 0 0 1 fosc/512, fCK/512
1 0 0 1 fosc/384, fCK/384
0 1 0 1 fosc/256, fCK/256
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Clock Signal Output Waveform

P3 < >
_— h Tc2 '——— = —
' i Tc fc
>
' TC '
"Set Key Scan Output Port/
General-purpose Port State"

General-purpose port P3

Instruction Data clock signal frequency

fc (=1/Tc) [Hz]
PC30 PC31 PC32
1 1 0 Clock signal output (fosc/2, fok/2)
0 0 1 Clock signal output (fosc/8, fck/8)

Voltage Detection Type Reset Circuit (VDET)
This circuit generates an output signal and resets the system when logic block power is first applied and when the
voltage drops, i.e., when the logic block power supply voltage is less than or equal to the power down detection
voltage VDET,Which is 2.2 V, typical. To assure that this function operates reliably, a capacitor must be added to the
logic block power supply line so that the logic block power supply voltage VDD rise time when the logic block power
is first applied and the logic block power supply voltage VDD fall time when the voltage drops are both at least 1ms.
(See Figure 5.)

Power Supply Sequence
The following sequences must be observed when power is turned on and off. (See Figure 5.)
e Power on: Logic block power supply(VDD) on — LCD driver block power supply (VLCD) on
e Power off: LCD driver block power supply(VLCD) off — Logic block power supply (VDD) off When 5 V signal is
applied to the CE, CL, DI, and INH pins which are to be connected to the controller and if the logic block power
supply (VDD) is off, set the input voltage at the CE, CL, DI, and INH pins to 0 V and apply the 5 V signal to these
pins after turning on the logic block power supply (VDD).

System Reset
1. Reset function
The LC75812PT performs a system reset with the VDET. When a system reset is applied, the display is turned off,
key scanning is disabled, the key data is reset, and the general-purpose output ports are set to and held at the low level
(Vss).
These states that are created as a result of the system reset can be cleared by executing the instruction described below.
(See Figure 5.)
o Clearing the display off state
Display operation can be enabled by executing a “display on/off control” instruction. However, since the contents of
the DCRAM, ADRAM, and CGRAM are undefined, applications must set the contents of these memories before
turning on display with the “display on/off control” instruction. That is, applications must execute the following
instructions.
o Set display technique (The "set display technique" instruction must be executed first.)
e DCRAM data write
e ADRAM data write (If the ADRAM is used.)
e CGRAM data write (If the CGRAM is used.)
e Set AC address
e Set display contrast (If the display contrast adjustment circuit is used.)
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 or the INH pin.
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e Clearing the key scan disable and key data reset states
By executing the following instructions not only create a state in which key scanning can be performed, but also clear
the key data reset.
e Set display technique (The "set display technique" instruction must be executed first.)
¢ Set key scan output port/general-purpose output port state

o Clearing the general-purpose output ports locked at the low level (Vgg) state
By executing the following instructions clear the general-purpose output ports locked at the low level (VSS) state and
set the states of the general-purpose output ports.
o Set display technique (The "set display technique" instruction must be executed first.)
¢ Set key scan output port/general-purpose output port state

t1 2 t3 t4
) e
g N
v X
— VVDET| VDETL
VLCD
Instruc.tion X Initial state settings X
execution
Key scan Disabled Execution enabled X
General-purpose i o4 ot the low level (Vss) Can be set to such states as high (Vpp), or low (Vsg) level X
output ports
Display state Display off Display on Display off
T
A A A
“Set display technique” and “Display on/off control” "Display on/off control“
“Set key scan output port/ instruction execution instruction execution
general-purpose output port (Turning the display on) (Turning the display off)

state” instruction execution

e t1 > 1 [ms] (Logic block power supply voltage Vpprise time)
et2>0
et32>0
o t4 > 1 [ms] (Logic block power supply voltage VpD fall time)
o Initial state settings
Set display technique (The "set display technique" instruction must be executed first.)
DCRAM data write
ADRAM data write (If the ADRAM is used.)
CGRAM data write (If the CGRAM is used.)
Set AC address
Set display contrast (If the display contrast adjustment circuit is used.)

[Figure 5]

www.onsemi.com
37



LC75812PT

2. Block states during a system reset

(1) CLOCK GENERATOR,TIMING GENERATOR
When a reset is applied, these circuits are forcibly initialized internally. Then, when the "set display technique"
instruction is executed, oscillation of the OSC pin starts in RC oscillator operating mode (the IC starts receiving
the external clock in external clock operating mode), execution of the instruction is enabled.

(2) INSTRUCTION REGISTER, INSTRUCTION DECODER
When a reset is applied, these circuits are forcibly initialized internally. Then, when instruction execution starts,
the IC operates according to those instructions.

(3) ADDRESS REGISTER, ADDRESS COUNTER
When a reset is applied, these circuits are forcibly initialized internally. Then, the DCRAM and the ADRAM
addresses are set when “Set AC address” instruction is executed.

(4) DCRAM, ADRAM, CGRAM
Since the contents of the DCRAM, ADRAM, and CGRAM become undefined during a reset, applications must
execute “DCRAM data write”, “ADRAM data write (If the ADRAM is used.)”, and “CGRAM data write (If the
CGRAM is used.)” instructions before executing a “display on/off control” instruction.

(5) CGROM
Character patterns are stored in this ROM.

(6) LATCH
Although the value of the data in the latch is undefined during a reset, the ADRAM, CGROM, and CGRAM data
is stored by executing a “display on/off control” instruction.

(7) COMMON DRIVER, SEGMENT DRIVER
These circuits are forced to the display off state when a reset is applied.

(8) CONTRAST ADJUSTER
Display contrast adjustment circuit operation is disabled when a reset is applied. After that, the display contrast
can be set by executing a “set display contrast” instruction.

(9) KEY SCAN, KEY BUFFER
When a reset is applied, these circuits are forcibly initialized internally, and key scan operation is disabled. Also,
the key data is all set to 0. After that, key scanning can be performed by executing a "set key scan output
port/general-purpose output port state" instruction.

(10) GENERAL PURPOSE PORT
When a reset is applied, the general-purpose output port state is locked at the low level (VSS).

(11) CCB INTERFACE, SHIFT REGISTER
These circuits go to the serial data input wait state.
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(o))
=
s 2 S
O ............... o 8 g 8 -
(@) (&) nw 0 o (7]
C] H 0o H
,—0
VbD [+ COMMON e«»%| SEGMENT DRIVER |
VDET DRIVER T 7
Vss [} T LATCH |
77 1 1 i)
65 5x8x16 5x8x240
DIECORIER bits bits bits
VLcD D—ﬁ%
CONTRAST T T LT—T
ADJUSTER
ADDRESS DCRAM
ViepO [ INSTRUCTION COUNTER > 52x8
REGISTER o
Viep! [H 1
ADDRESS
VL cD2
Lep2 [ REGISTER
VLep3 [ 2
Vicp4 [ | SHIFT REGISTER |
A | CCB INTERFACE |H KEY BUFFER |
TIMING _
GENERATOR l 1 T
1 GENERAL | |
CLOCK = ? KEY SCAN
PURPOSE 5 fi 5
GENERATOR PORT N —,TLE N\ /N\ /N
O O O O 0O 0O [0O0O000 OOooOooOon
2 |IO 8 o 8 S3IS8C GBI BDn0
e g a8

(3) Output pin states during the reset period

Output pin State during reset

S1 to S64 L (VLcp4)

S65/COM9 L (V_cp4) *24
COM1 to COM8 L (VLcp4)

KS1/P1, KS2/P2 L (Vss) *25
KS3 to KS6 L (Vss)

KS7/P3 L (Vss) *25
OSC Z (high-impedance) *26
DO H *27

Blocks that are reset

*24 This output pin is forcibly set to the segment output function and held low (V[ cp4). If the "set display technique"
instruction is executed, however, either segment output or common output is selected according to the instruction.
*25 This output pin is forcibly set to general-purpose output port and held low (VSS). If the “set display technique” and
the "set key scan output port/general-purpose output port state" instructions are executed, however, either key scan
output port or general-purpose output port is selected according to the instructions.
*26 This 1/O pin is forcibly set to the high-impedance state.
*27 Since this output pin is an open-drain output, a pull-up resistor (between 1 kQ and 10 kQ) is required. This pin is
held at the high level even if a key data read operation is performed before executing the "set display technique" or
"set key scan output port/general-purpose output port state" instruction.
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OSC Pin Peripheral Circuit

(1) RC oscillator operating mode (when the "set display technique (OC=0)" instruction is executed)

When RC oscillator operating mode is selected, an external resistor Rosc and an external capacitor Cosc must be
connected between the OSC pin and GND.

0SsC

Rosc Cosc

il

(2) External clock operating mode (when the "set display technique (OC=1)" instruction is executed)
When selecting the external clock operating mode, connect a current protection resistor Rg (2.2 to 22 kQ)) between
the OSC pin and external clock output pin (external oscillator). Determine the value of the resistance according to

the maximum allowable current value at the external clock output pin. Also make sure that the waveform of the
external clock is not heavily distorted.

External clock output pin ANV 0SC

External oscillator

Note: *28. Allowable current value at external clock output pin > VRﬂ)

Pins P1 to P3 peripheral circuit

It is recommended that the following circuit be used when adjusting the brightness of the LED backlight in PWM mode
using the general-purpose output ports P1 to P3 (when PWM signal output function is selected with the general-purpose
output ports P1 to P3 under the "set key scan output port/general-purpose output port state" instruction):

Vee

LED
4’4

P1to P3

-

Note when applying a 5 V signal to the CE, CL, DI, and INH pins

When applying a 5V signal to the CE, CL, DI, and INH pins which are to be connected to the controller, set the input
voltage to the CE, CL, DI, and INH pins to 0 V if the logic block power supply (VDD) is off, and apply the 5 V signal
to those pins after turning on the logic block power supply (VDD).
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Sample Application Circuit 1
1/8 duty, 1/4 bias drive technique (for use with normal panels)

LCD panel
3V - *—1 VpD COMT L Y YO OO )
TEST COM2 ||
COM3 |
Vss COM4 L
777 COM5 |
COM6 |
T8V —>—e VLcb COM7 o
Vicp!
v 9 Py AN O I
It :
1 VLcp3 S3
c_-CcC—C S4
Vicp4 *30 S5
S6
C>0.047uF s7
S8
S9
S10
OSC *31
S61
;l/; S62
S63
_ S64
*34  —>—— INH *32 COM9/S65
—>—— CE
From tITe { aL P PP
controller S 1 DI 3 21
To the controller _m DO / 11
To the controller ll(lKlKll(IK ggggggg
*33
power supply 54321 7654321 General-purpose output ports
—_— . .
used with the backlight controller
or other circuit
SN
\\\<> ><><> >J Key matrix L
BB BBRE.  (upto35keys) %* >
S HDBDHDD

Note *29. Add a capacitor to the logic block power supply line so that the logic block power supply voltage VDD rise
time when power is applied and the logic block power supply voltage Vpp fall time when power drops are
both at least 1 ms, as the LC75812PT is reset by the VDET.

*30. If a variable resistor is not used for display contrast fine adjustment, the V[ ,cp4 pin must be connected to
ground.

*31. In RC oscillator operating mode, an external resistor, Rosc, and an external capacitor, Cosc, must be
connected between the OSC pin and ground. When selecting the external clock operating mode, connect a
current protection resistor Rg (2.2 to 22 kQ) between the OSC pin and the external clock output pin (external
oscillator). (See the “OSC Pin Peripheral Circuit” section.)

*32. If the function of INH pin is not used, the INH pin must be connected to the logic block power supply VDD.

*33. The DO pin, being an open-drain output, requires a pull-up resistor. Select a resistance (between 1 kQ and 10
kQ) appropriate for the capacitance of the external wiring so that signal waveforms are not degraded.

*34 When applying a 5 V signal to the CE, CL, DI, and INH pins, set the input voltage to 0 V if the logic block
power supply (VDD) is off and apply the 5 V signal to those pins after turning on the logic block power

supply (VDD)-
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LC75812PT

1/8 duty, 1/4 bias drive technique (for use with large panels)

LCD panel
BV > Z;Z VbD COMT L YY)
TEST COM2 L
Vss COM3 |
COM4 L]
COM5 L]
8V - VLeo COM6 N
VLepo COM?7 ||
COM8 L]
Viep?
Py AN N I I R
VLCD2 S2
S3
S4
ViLcb3 S5
S6
ViLcp4 *30 S7
C>0.047uF 28
10kQ>R>2.2kO 7;7_ S10
0SC *31
S61
S62
;I/; S63
— S64
*34 INH *32 COM9/S65
From the CE p PP
CL
controller DI 3 21
To the controller x DO / 11
To the controller }I(ll(PIQI(II( ggggggg
*33
power supply 54321 7654321 General-purpose output ports
SN . .
used with the backlight controller
or other circuit
\\ \\C yanVai \\ \\
: \)S S\S SPas% Key matrix
LLPLLPL" (upto 35 keys) #* > .
KELRELS
J AN ZANVANVAN

Note *29. Add a capacitor to the logic block power supply line so that the logic block power supply voltage VDD rise
time when power is applied and the logic block power supply voltage Vpp fall time when power drops are
both at least 1 ms, as the LC75812PT is reset by the VDET.-

*30. If a variable resistor is not used for display contrast fine adjustment, the V[ cp4 pin must be connected to

ground.

*31. In RC oscillator operating mode, an external resistor, Rosc, and an external capacitor, Cosc, must be
connected between the OSC pin and ground. When selecting the external clock operating mode, connect a
current protection resistor Rg (2.2 to 22 kQ) between the OSC pin and the external clock output pin (external
oscillator). (See the “OSC Pin Peripheral Circuit” section.)

*32. If the function of INH pin is not used, the INH pin must be connected to the logic block power supply VDD.

*33. The DO pin, being an open-drain output, requires a pull-up resistor. Select a resistance (between 1 kQ and 10
kQ) appropriate for the capacitance of the external wiring so that signal waveforms are not degraded.

*34 When applying a 5 V signal to the CE, CL, DI, and INH pins, set the input voltage to 0 V if the logic block
power supply (VDD) is off and apply the 5 V signal to those pins after turning on the logic block power

supply (VDD).
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Sample Application Circuit 3
1/9 duty, 1/4 bias drive technique (for use with normal panels)

LCD panel
33V > Z-k VoD COMT | YOO
TEST coM2 L
Vss COM3 |
747' COM4 |
+8V . Vv COMS5 il
- LCD COMS6 N
OPEN —{ VLcDO com7 il
;}% COM8 |
S65/COM9 |
VLep!
VLCD2 stl— V(L 1]
S2
Vi 3 S3
] 'Leb S4
c__C_—C S5
Vicp4 *30 S6
S7
C>0.047pF 28
S9
S10
OSC *31
S61
;l/; S62
__ S63
*34 INH *32 S64
From the { CE p PP
controller g:‘ 3 21
To the controller m DO / /1
To the controller }I“I“I“I(T ggg:gg:
*33
power supply 54321 7654321 General-purpose output ports
—_— . i
used with the backlight controller
or other circuit
fj\\c f\f\\\\\
LRLLLLL"  Key matrix
—1
SLLLLLL (pto35keys) %* >
\\ DN \\C fJ

Note *29. Add a capacitor to the logic block power supply line so that the logic block power supply voltage VDD rise
time when power is applied and the logic block power supply voltage Vpp fall time when power drops are
both at least 1 ms, as the LC75812PT is reset by the VDET.-

*30. If a variable resistor is not used for display contrast fine adjustment, the V[ cp4 pin must be connected to
ground.

*31. In RC oscillator operating mode, an external resistor, Rosc, and an external capacitor, Cosc, must be
connected between the OSC pin and ground. When selecting the external clock operating mode, connect a
current protection resistor Rg (2.2 to 22 kQ) between the OSC pin and the external clock output pin (external
oscillator). (See the “OSC Pin Peripheral Circuit” section.)

*32. If the function of INH pin is not used, the INH pin must be connected to the logic block power supply VDD.

*33. The DO pin, being an open-drain output, requires a pull-up resistor. Select a resistance (between 1 kQ and 10
kQ) appropriate for the capacitance of the external wiring so that signal waveforms are not degraded.

*34 When applying a 5 V signal to the CE, CL, DI, and INH pins, set the input voltage to 0 V if the logic block
power supply (VDD) is off and apply the 5 V signal to those pins after turning on the logic block power

supply (VDD).
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Sample Application Circuit 4
1/9 duty, 1/4 bias drive technique (for use with large panels)

LCD panel
e Do N I e g s aaa
*29
TEST COM2 L
Vss COM3 ]
777 COoM4 |
18V > o VicD COM5 -
COM6 |
VL cpO COM7 -
R COM8 -
VLcD? S65/COM9 |
VLcD2 S1
S2
S3
VLep3 sS4
Cc S5
VLcp4 *30 S6
S7
C>0.047uF S8
10kQ>R>2.2kQ S9
S10
OSC *31
S61
T 3%
_ S63
*34 INH *32 S64
From the CE =] PP
controller 8:— 3 21
To the controller DO / /1
To the controller :&j KKKKK KKKKKKK
* [ I B SSSSSSS
power supply 33 54321 7654321 General-purpose output ports
———> | used with the backlight controller
or other circuit
PaSZaSTASTASTASIAS )
\\ ANZANVANVANVANVAN V) Key matrlx
SPASPASPASPASPASPAS (up to 35 keys) —497 > ——
\\\\\J\\f\\ Fany
\\f\f\\\\\c fJ

Note *29. Add a capacitor to the logic block power supply line so that the logic block power supply voltage VDD rise
time when power is applied and the logic block power supply voltage Vpp fall time when power drops are
both at least 1 ms, as the LC75812PT is reset by the VDET.-

*30. If a variable resistor is not used for display contrast fine adjustment, the V[ cp4 pin must be connected to
ground.

*31. In RC oscillator operating mode, an external resistor, Rosc, and an external capacitor, Cosc, must be
connected between the OSC pin and ground. When selecting the external clock operating mode, connect a
current protection resistor Rg (2.2 to 22 kQ) between the OSC pin and the external clock output pin (external
oscillator). (See the “OSC Pin Peripheral Circuit” section.)

*32. If the function of INH pin is not used, the INH pin must be connected to the logic block power supply VDD.

*33. The DO pin, being an open-drain output, requires a pull-up resistor. Select a resistance (between 1 kQ and 10
kQ) appropriate for the capacitance of the external wiring so that signal waveforms are not degraded.

*34 When applying a 5 V signal to the CE, CL, DI, and INH pins, set the input voltage to 0 V if the logic block
power supply (VDD) is off and apply the 5 V signal to those pins after turning on the logic block power

supply (VDD).
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Sample Correspondence between Instructions and the Display (When the LC75812PT-8565 is used)

LSB Instruction (hexadecimal) MSB
No. D96to | D100to | D104to | D108to | D112to | D116to Display Operation
D99 D103 D107 D111 D115 D119
] Power application Initializes the IC.
(Initialization with the VpgT) The display is in the off state.
) Set display technique Sets to 1/8 duty 1/4 bias display drive
0 | 8 technique
3 DCRAM data write (normal increment mode) Writes the display data “ ” to DCRAM
0 | 2 | 0 | 0 | 1 | A address 00H
4 DCRAM data write (normal increment mode) Writes the display data “S” to DCRAM
3 | 5 address 01H
5 DCRAM data write (normal increment mode) Writes the display data “A” to DCRAM
1 | 4 address 02H
6 DCRAM data write (normal increment mode) Writes the display data “N” to DCRAM
E | 4 address 03H
. DCRAM data write (normal increment mode) Writes the display data “Y” to DCRAM
9 | 5 address 04H
8 DCRAM data write (normal increment mode) Writes the display data “O” to DCRAM
F | 4 address 05H
9 DCRAM data write (normal increment mode) Writes the display data “ ” to DCRAM
0 | 2 address 06H
10 DCRAM data write (normal increment mode) Writes the display data “L” to DCRAM
C | 4 address 07H
11 DCRAM data write (normal increment mode) Writes the display data “S” to DCRAM
3 | 5 address 08H
12 DCRAM data write (normal increment mode) Writes the display data “I” to DCRAM
9 | 4 address 09H
13 DCRAM data write (normal increment mode) Writes the display data “ ” to DCRAM
0 | 2 address 0AH
14 DCRAM data write (normal increment mode) Writes the display data “L” to DCRAM
C | 4 address OBH
15 DCRAM data write (normal increment mode) Writes the display data “C” to DCRAM
3 | 4 address OCH
16 DCRAM data write (normal increment mode) Writes the display data “7” to DCRAM
7 | 3 address ODH
17 DCRAM data write (normal increment mode) Writes the display data “5” to DCRAM
5 | 3 address OEH
18 DCRAM data write (normal increment mode) Writes the display data “8” to DCRAM
8 | 3 address OFH
19 DCRAM data write (normal increment mode) Writes the display data “1” to DCRAM
1 | 3 address 10H
2 DCRAM data write (normal increment mode) Writes the display data “2” to DCRAM
2 | 3 address 11H
. DCRAM data write (normal increment mode) Writes the display data “ ” to DCRAM
0 | 2 | 0 | A address 12H
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LC75812PT

LSB Instruction (hexadecimal) MSB
No. | D96to | D100to | D104to | D108to | D112to | D116to Display Operation
D99 D103 D107 D111 D115 D119
2 Set AC address Loads the DCRAM address 00H and the
0 | 0 | 0 | 2 ADRAM address OH into AC
2 Display on/off control SANYO LS| LC Turns on the LCD for all digits (13 digits) in
2 I I I
Display shift
24 pey | SANYO LSl LC7 Shifts the display (MDATA only) to the left
1 o]
Display shift
25 ey | ANYO LSI LC75 | | ghifts the display (MDATA only) to the left
1 c
Display shift
26 pay | NYO LSI LC758 Shifts the display (MDATA only) to the left
1 c
Display shift
27 Py | YO LSI LC7581 Shifts the display (MDATA only) to the left
1 o]
Display shift
28 pay | S O LSI LC75812 || ghifts the display (MDATA only) to the left
1
Display shift
29 ey | LSl LC75812 Shifts the display (MDATA only) to the left
1 o]
30 Display on/off control Set to sleep mode, turns off the LCD for all
0 | 0 | 0 | 0 | 8 | 4 digits
3 Display on/off control LSI LC75812 Turns on the LCD for all digits (13 digits) in
F | F | F | 1 | 1 | 4 MDATA
2 Set AC address SANYO LSI LC Loads the DCRAM address 00H and the
0 | 0 | 0 | 2 ADRAM address OH into AC

*35) The sample correspondence between the instructions and the display assumes the use of 13 digitsx1 row 5x7 dot
matrix LCD. Neither CGRAM nor ADRAM are used.
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*36) Given below are the data formats of the "DCRAM data write" instructions (No. 3 to No. 21) for the sample
correspondence between the instructions and the display executed in the super increment mode. In the super
increment mode processing example shown below, 19 characters of DCRAM data is divided and written into
DCRAM in two operations.

Instruction (HEX)
N LSB MSB
o.
DO to D4 to D8 to D12 to D16 to D20 to D24 to D28 to D32 to D36 to D40 to D44 to
D3 D7 D11 D15 D19 D23 D27 D31 D35 D39 D43 D47
DCRAM data write (Super increment mode)
3to 15
0 | 2 | 3 | 5 | 1 | 4 | E | 4 | 9 | 5 | F | 4
DCRAM data write (Super increment mode)
16 to 21
Instruction (HEX)
N LSB MSB
o.
D48 to D52 to D56 to D60 to D64 to D68 to D72 to D76 to D80 to D84 to D88 to D92 to
D51 D55 D59 D63 D67 D71 D75 D79 D83 D87 D91 D95
DCRAM data write (Super increment mode)
3to 15
o | 2 | ¢ | « | 3 | 5 | o | 4« | o | 2 | c | a
DCRAM data write (Super increment mode)
16 to 21
7 | s | s | s ] & | 3 | 1 ] s | 2 | s
Instruction (HEX)
LSB MSB
No. Operation
D96 to D100 to D104 to D108 to D112 to D116 to
D99 D103 D107 D111 D115 D119
DCRAM data Write DISp|ay data “«n usu nAH nNu nYH uon “n nLn nsu ulu “«n nLn uCn
3t0 15 (Super increment mode) are written sequentially to DCRAM addresses 00H to
3 | 4 | 0 | 0 | 2 | A OCH.
DCRAM data Write ’ U ST -~ T LT R Ty LI A . 0
16 to 21 (Super increment mode) Display data “7” “5” “8” “1” “2 are written sequentially
to DCRAM addresses 0DH to 12H.
0 | 2 | D | 0 | 2 | A
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Notes on the controller key data read techniques
1. Timer based key data acquisition

o Flowchart
-
CE="L"
v
@ NO
YES
Key data read
processing
%
e Timing chart
Key on Key on
Key input —— l
Key scan [] LT L] [
E RS <— t6 —> > th K > b K
CE
< > 18 & > 18 <
DI €SS
data read >
DO B
L_Key data read request

6 t9 3 t9 3 t9 3 t9 i

Controller Controller Controller Controller Controller
determination determination determination determination Determination
(Key on) (Key on) (Key off) (Key on) (Key off)

t5: Key scan execution time when the key data agreed for two key scans. (4800T(s))

t6: Key scan execution time when the key data did not agree for two key scans and the key scan was
executed again. (9600T(s)) ; ;

t7: Key address (43H) transfer time Tt 1° oK

t8: Key data read time

e Explanation
In this technique, the controller uses a timer to determine key on/off states and read the key data. The controller
must check the DO state when CE is low every t9 period without fail. If DO is low, the controller recognizes that a
key has been pressed and executes the key data read operation.
The period t9 in this technique must satisfy the following condition.
tO>t6+t7+t8
When key data read operation is executed with DO set high (no key data read request present), the key data (KD1
to KD35) and sleep acknowledge data (SA) are invalid.
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2. Interrupt based key data acquisition

o Flowchart
CE="L"
R
YES
Key data read
processing
Wait for at least t10
CE="L
oo >
YES
Key OFF
%
e Timing chart
Key on Key on
Key input |
Key scan 1] ] L ]
>t & > th < - t6 — ERCES
CE
>t t8 k& > 18 K > 18 K > 18 K
Key
DI maddress m m m
t7< >it7& A7 SH7<
\/ Key data read
DO :
ata read request
<~ t10 —> <~ t10 —> <~ t10 —> <~ t10 —>
Controller Controller Controller Controller Controller Controller
determination determination determination determination determination determination
(Key on) (Key off) (Key on) (Key on) (Key on) (Key off)

t5: Key scan execution time when the key data agreed for two key scans. (4800T(s))

t6: Key scan execution time when the key data did not agree for two key scans and the key scan was
executed again. (9600T(s))

t7: Key address (43H) transfer time T=

t8: Key data read time

1 1
fosc = fck

¢ Explanation
In this technique, the controller uses interrupts to determine key on/off states and read the key data. The controller
must check the DO state when CE is low. If DO is low, the controller recognizes that a key has been pressed and
executes the key data read operation. After that the next key on/off determination is performed after the time t10
has elapsed by checking the DO state when CE is low and reading the key data. The period t10 in this technique
must satisfy the following condition.

t10 > t6

When key data read operation is executed with DO set high (no key data read request present), the key data (KD1
to KD35) and sleep acknowledge data (SA) are invalid.
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About Data Communication Method with The Controller
1. About data communication method of 4 line type CCB format

The 4 line type CCB format is the data communication method of before. The LC75812PT must connect to the
controller as followings.

R *37
38 (INT) Rup — Note: *37. Connect the pull-up resistor Rup. Select a resistance
DI * —o DO (between 1 to 10kQ2) appropriate for the capacitance of the
Controller DO DI external wiri_ng SO that signal waveforms are not degraded.
LC75812PT *38. The (INT) pin is an input port for the key data read request
CL CL signal (a low level on DO) detection.
CE CE

2. About data communication method of 3 line type CCB format
The 3 line type CCB format is the data communication method that made a common use of the data input DI in the
data output DO. The LC75812PT must connect to the controller as followings.

*37
38 (INT) _l Rup — Note: *37. Connect the pull-up resistor Rup. Select a resistance
DIO o o o DO (between 1 to 10kQ) appropriate for the capacitance of the
Controller DI external wiring so that signal waveforms are not degraded.
LC75812PT *38. The (INT) pin is an input port for the key data read request
CL CL signal (a low level on DO) detection.
CE CE

In this case, Applications must transfer the data communication start command before the serial data input (CCB
address “42H”, display data and control data transfer) or serial data output (CCB address “43H” transfer, key data read)
to avoid the collision of the data input signal DI and the data output signal DO.

Then applications must transfer the data communication stop command when the controller wants to detect the key data
read request signal (a low level on DO) during a movement stop of the serial data input and the serial data output.

<1> Data communication start command

(1) When CL is stoped at the low level (2) When CL is stoped at the high level

CE | I | L
pioo fojofo oo o oKo) o Yo 1) 1 o)1) 1)1} pioo fofofo)fo ofo o) o oXof1) 1 o)1) 1)1])

i< CCB address “00H” = !<— Command data — >/ {<— CCB address “00H” —>!<— Command data —>"

<2> Data communication stop command

(1) When CL is stoped at the low level (2) When CL is stoped at the high level

CE | | CE | |

c [UUUUUvUUrvrruue
pipo fo)ofofofofoXofo) 1 N1 oKo o)1 )1 ) 1]

{<—CCB address “00H” —!{<——Command data —>/|

c JUUUUUUY Uvvuvvuuy
pipo fo)ofofofofoof o X1 1)oKo o)1) 1) 1]

i<— CCB address “00H” —>i{<— Command data —>/
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Data Communication Flowchart of 4 Line Type or 3 Line Type CCB Format

1. Flowchart of the initial setting when power is turned on.

Power on
(Applications must observe that the power
supply Vpp rise time is at least 1ms.)

v

Power supply stability
(Applications must wait till the level of
the power supply is stable)

Serial data input
(Execute instructions) Note: The flowchart for power-on time initialization is the same for the

i/ 4- and 3-wire CCB formats. See "Power Supply Sequence" and
~ "System Reset."

4 System reset clear
(Display on, Key scanning is enabled,
General-purpose output port state
setting are enabled) )

2. Flowchart of the serial data input

|

Data communication start .
39
command transfer

Serial data input
(Execute instructions)

V

The controller
wants to detect the key
data read request signal
(a low level on DO).

Note: *39. In the case of the 4 line type CCB format,
the transfers of data communication start
command and data communication stop
command are unnecessary, and, in the case
of the 3 line type CCB format, these transfers
are necessary.

Data communication stop

command transfer e

3. Flowchart of the serial data output

v

The controller
acknowledges the key data read
request (When the CE is low,
the DO is low)

Note: *40. In the case of the 4 line type CCB format,
the transfer of data communication start
command is unnecessary, and, in the case
of the 3 line type CCB format, the transfer

Data communication start . . is necessary.
command transfer 41. Because the serial data output has the role
\l/ of the data communication stop command,
- it is not necessary to transfer the data
Serial data output L
. communication stop command some other
(Key data and sleep 41 time
acknowledge data read) ’
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Timing Chart of 4 Line Type and 3 Line Type CCB Format

1. Timing chart of 4 line type CCB format

<Example 1>

Key on
Key input Key off |_
Key scan LT T
Key scan execution Key scan execution
*42 *42
ce N .
CCB address CCB address :CCB address CCBiaddress
(20 (42H (42H) (43H)
DI llleed I I [l
o | -
Serial data input * :
(Execute instructions) Key data read S(T(r:/l g::: :’: ;zl;t Key data read
request request
<Example 2>
Key input Key off Key on Key off Key on |_
Key scan LT [T
Key scan execution *42 Key scan execution
*42
CE |
CCBaddress:  CCB address CCBladdress CCB address CCB address
@20 (42H). (42H) (43H (43H
DI lRed Ll [l [l [
oo JL 1] e
Serial data input Serial data output ? Serial data output
(Execute instructions) ey data read (Key dataread) ~ Keydataread  (Key data reaZ)
request request
<Example 3>
Key on
Key input  Key off Key off
Key scan [T [T
Key scan execution Key scan execution
*42 "42
CE |
CCBaddress  CCBaddress CCBaddress: CCB address CCB address |
42H) (42H) (42H) (43H) (43H
DI 1355555 I I
oo 1L o o

f

Key data read
request

Serial data input

(Execute instructions)

H_/
Serial data output
(Key data read)

H_/
Serial data output
(Key data read)

ﬁ

Key data read
request

Note: *42. When the key data agrees for two key scans, the key scan execution time is 4800T[s].
And, when the key data does not agree for two key scans and the key scan is executed
again, the key scan execution time is 9600T[s].

T=

fosc =Tk
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2. Timing chart of 3 line type CCB format

<Example 1>

LC75812PT

Key on
Key input Key off
Key scan LT T
Key scan execution Key scan execution
*42 *42
CE []
address "7 'CCBatidress {CGB address CCBa dress
a2H) (42H) (42H) | (43H)
bVbo [l I I |
Data communication Serial data input Data communication Data ~ Serial data
start command (Execute instructions) stop command communication  output
start command (Key data
read
Key data read ) Key data read
request request
<Example 2>
Key on Key on
Key input Key off Key off l_
Key scan T [T
Key scan execution *42 Key scan execution
*42
CE_ |||
CCB address CCB address | CCB address CCB addres: CCB address
(4v) (42H 42H) {43H) (43H)
DIDO I Ll Ll HH M2 A
“—a — —  —
Data communication Serial data input Data |Data Serial data Data Serial data
start command (Execute instructions) communication |communication  output communication output
stop command |start command  (Key data start command (Key data
Key data read read) Key data read read)
request request
<Example 3>
Key on
Key input ey off Key off
Key scan T T
Key scan execution Key scan execution
*42 42
ce . 1 ]
CCB address CCB address CCB address : CCB address CCB iaddress
(42H) _ (42H (42H) (43H) (43H)
DIDO [l I I MEA
—— — A \— —
Data Serial data input Serial data Data Serial data
communication (Execute instructions) output communication  output
start command (Key data start command  (Key data
Key data read read) Key data read read)
request
request
Note: *42. When the key data agrees for two key scans, the key scan execution time is 4800T[s].
And, when the key data does not agree for two key scans and the key scan is executed
again, the key scan execution time is 9600T[s]. =1 _ 1
~ fosc T fck
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ORDERING INFORMATION

Device Package Shipping (Qty / Packing)
LC75812PT-8565-H T(Q|:>Fb}?ll?e0e1/4I-)|(ajll‘z)§/;;—nQ FF:?e())o 90/ Tray JEDEC
LC75812PTH-8565-H T(Q|:>Fb}?ll?e0e1/4I-)|(ajll‘z)§/;;—nQ FF:?e())O 450 / Tray JEDEC
LC75812PTS-8565-H T(Q|:>Fb}?ll?e0e1/4I-)|(ajll‘z)§/;;—nQ FF:?e())o 450 / Tray JEDEC
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