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AiIP31565CR
132 SEG/65 COM Dot Matrix
LCD Controller/Driver

Product  Specification

Specification Revision History:

Version Date Description
2019-03-A1 2019-03 New
2019-12-B1 2019-12 Replace the new template and modify the content
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1. General Description

The AiP31565CR is a single-chip dot matrix LCD driver that can be connected directly to a
microprocessor bus. 8-bit parallel or 4-line SPI display data sent from the microprocessor is stored in the
internal display data RAM and the chip generates a LCD drive signal independent of the microprocessor.
Because the chips in the AiP31565CR contain 65%132 bits of display data RAM and there is a 1-to-1
correspondence between the LCD panel pixels and the internal RAM bits, these chips enable displays with
a high degree of freedom.

The AiP31565CR chips contain 65 common output circuits and132 segment output circuits, so that a
single chip can drive a 65132 dot display (capable of displaying 8 columnsx4 rows of a 16x16 dot kanji
font).

The chips are able to minimize power consumption because no external operating clock is necessary for
the display data RAM read/write operation. Furthermore, because each chip is equipped internally with a
low-power LCD driver power supply, resistors for LCD driver power voltage adjustment and a display
clock CR oscillator circuit, the AiP31565CR can be used to create the lowest power display system with
the fewest components for high-performance portable devices.

Features:
® Directly display RAM data through Display Data RAM.
® RAM capacity:65x132=8580 bits
® Display duty selectable by select pin
1/65 duty:65 commonx132 segment
1/49 duty:49 commonx132 segment
1/33 duty:33 commonx132 segment
1/55 duty:55 commonx132 segment
1/53 duty:53 commonx132 segment
[ ) Bidirectional 8-bit parallel interface supports:
8080-series and 6800-series MPU
Serial interface (SPI-4) is also supported (write only)
® Abundant command functions
Display data Read/Write, display ON/OFF, Normal/
Reverse display mode, page address set, display start
line set, column address set, status read, display all
points ON/OFF, LCD bias set, electronic volume,
read/modify/write, segment driver direction selects,
power saver, common output status select, VO voltage
regulation internal resistor ratio set.
® Embedded analog power supply circuits for Liquid
Crystal driving: Booster, Regulator and Follower.
® Embedded Booster circuit:
2x,3%x.4% 5x and 6% boost ratios are supported.
Independent input (VDD?2) for boost reference voltage.
® High-accuracy Regulator circuit:
Build-in Electronic volume function for the contrast
control. Thermal gradient=—0.05%/°C.
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Embedded voltage Follower circuit for LCD driving.
® Embedded R-C oscillator circuit.
The external clock is also supported.
® Extremely low power consumption:60uA, bare dice (using the internal power).
Settings:
VDD-VSS=VDD2-VSS=3.0V,Booster Ratio=4,
V0-VSS=11.0V. Display OFF and the normal mode is
selected.
® Logic power supply:VDD-VSS=2.4V to 3.3V
Analog Power (Boost reference voltage):
VDD2-VSS=2.4V to 3.3V
Booster maximum voltage limited
VOUT=13.5V
Liquid crystal drive power supply:V0-VSS=3.0V to 12.0V
®  Wide range of operating temperatures:—30 to 80°C
® Package type:COG only.
®  The chip is not designed to resist the light or to resist
the radiation.

Address: Building B4,NO.777,Jianzhu Road,Binhu District, Wuxi City,Jiangsu Province 3/ 49
http://www.i-core. cn P.C.: 214072 VER:2019-12-B1



Tab:835-12 rev:B3 Number:AiP31565CR-AX-XS-A040EN

llu Wuxi I-CORE Electronics Co., Ltd.

2~ Block Diagram And PAD Description
2.1, Block Diagram
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2.2 PAD Description

PAD No. PAD Description
Name
VDD Power | Power supply
VDD2 Power | Power supply
VSS Power | Ground
VRS Power | This is the internal-output Vggg power supply for the LCD power supply voltage regulator.
This is a multi-level power supply for the liquid crystal drive. The voltage Supply applied
is determined by the liquid crystal cell, and is changed through the use of a resistive voltage
divided or through changing the impedance using an op. amp. Voltage levels are
determined based on VSS, and must maintain the relative magnitudes shown below.
VO. V1 V0=V1=V2>V3>V4>VSS
’ When the power supply turns ON, the internal power supply circuits produce the V1 to V4
V2, V3 | Power voltages shown below. The voltage settings are selected using the LCD bias set command.
V4 1/65 Duty 1/49 Duty 1/33 Duty 1/55 Duty 1/53 Duty
V1 | 8/9v0,6/7V0 | 7/8V0,5/6V0 | 5/6V0,4/5V0 | 7/8V0,5/6V0 | 7/8V0,5/6V0
V2 | 7/9V0,5/7V0 | 6/8V0,4/6V0 | 4/6V0,3/5V0 | 6/8V0,4/6V0 | 6/8V0,4/6V0
V3 | 2/9V0,2/7V0 | 2/8V0,2/6V0 | 2/6V0,2/5V0 | 2/8V0,2/6V0 | 2/8V0,2/6V0
V4 | 1/9V0,1/7v0 | 1/8V0,1/6V0 | 1/6V0,1/5V0 | 1/8V0,1/6V0 | 1/8V0,1/6V0
CAPIP 0 DC/DC voltage converter. Connect a capacitor between this terminal and the CAPIN
terminal.
DC/DC voltage converter. Connect a capacitor between this terminal and the CAPI1P
CAPIN @) )
terminal.
CAPIP 0 DC/DC voltage converter. Connect a capacitor between this terminal and the CAP2N
terminal.
DC/DC voltage converter. Connect a capacitor between this terminal and the CAP2P
CAP2N 0] )
terminal.
CAP3P o DC/DC voltage converter. Connect a capacitor between this terminal and the CAPIN
terminal.
CAPAP o DC/DC voltage converter. Connect a capacitor between this terminal and the CAP2N
terminal.
CAPSP 0 DC/DC voltage converter. Connect a capacitor between this terminal and the CAPIN
terminal.
VOUT 0 DC/DC voltage converter. Connect a capacitor between this terminal and VSS or VDD
terminal.
Output voltage regulator terminal.Provides the voltage between VSS and VO through a
VR I resistive voltage divider.
IRS=“L":the V0 voltage regulator internal resistors are not used.
IRS=“H":the V0 voltage regulator internal resistors are used.
D5~D0 1o This is an 8-bit bi-directional data bus that connects to an 8-bit or 16-bit standard MPU data
D6(SCL) bus.
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D7(SI) When the serial interface (SPI-4) is selected (P/S="“L") :
D7 : serial data input (SI);D6:the serial clock input (SCL).
DO to D5 should be connected to VDD or floating.
When the chip select is not active, DO to D7 are set to high impedance.
This is connect to the least significant bit of the normal MPU address bus, and it determines
A0 I whether the data bits are data or command.
AO0="H":Indicates that DO to D7 are display data.
A0=“L”:Indicates that DO to D7 are control data.
/RES I When /RES is set to “L”, the register settings are initialized (cleared).
The reset operation is performed by the /RES signal level.
csl1 I This is the chip select signal. When CS1="L"and CS2=“H”,then the chip select becomes
CS2 active ,and data/command I/O is enabled.
* When connected to 8080 series MPU, this pin is treated as the “/RD” signal of the 8080
/RD I MPU and is LOW-active. The data bus is in an output status when this signal is “L”.
(E) * When connected to 6800 series MPU, this pin is treated as the “E” signal of the 6800
MPU and is HIGH-active. This is the enable clock input terminal of the 6800 Series MPU.
* When connected to 8080 series MPU, this pin is treated as the “/WR” signal of the 8080
WR MPU and is LOW-active. The signals on the data bus are latched at the rising edge of the
RW) I /WR signal.
* When connected to 6800 series MPU, this pin is treated as the “R/W” signal of the 6800
MPU and decides the access type:When R/W="“H":Read.When R/W="“L": Write.
This is the MPU interface selection pin.
C86 I C86="H":6800 Series MPU interface.
C86="L":8080 Series MPU interface.
This pin configures the interface to be parallel mode or serial mode.
P/S=“H”:Parallel data input/output.
P/S=“L":Serial data input.
The following applies depending on the P/S status:
P/S Data/Command Data Read/Write 4-line SPI Clock
Pis ! H A0 DO to D7 /RD,/WR X
L A0 SI (D7) Write only SCL (D6)
When P/S=“L”, DO to D5 must be fixed to “H”.
/RD (E) and /WR (R/W) are fixed to either “H” or “L”.
The serial access mode does NOT support read operation.
Selection pin to enable or disable the internal display clock oscillator circuit.
CLS="H":use internal oscillator circuit .
CLS ! CLS="L":use external clock input (internal oscillator is disabled).
When CLS=“L”,input the external display clock through the CL terminal.
This is the display clock input terminal
The following is true depending on the CLS status.
CL /O CLS CL
“H” Output
“L” Input
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FR 0] This is the liquid crystal alternating current signal terminal.
/DOF 0] This is the LCD blanking control terminal.
This terminal selects the resistors for the VO voltage level adjustment.
IRS I IRS="“H":Use the internal resistors
IRS=“L":Do not use the internal resistors. The VO voltage level is
regulated by an external resistive voltage divider attached to the VR terminal
This is the power control terminal for the power supply circuit for liquid crystal drive.
/HPM I /HPM="“H":Normal mode
/HPM=“L"":High power mode (suggested)
These pins are DUTY selection.
SEL3,2,1 DUTY BIAS
0,0,0 1/65 1/9 or 1/7
SEL3 0,0,1 1/49 1/8 or 1/6
SEL2 I
SEL1 0,1,0 1/33 1/6 or 1/5
0,1,1 1/55 1/8 or 1/6
1,0,0 1/53 1/8 or 1/6
1,X,X - -
These are terminals for IC testing.
TESTO0~7 I TESTO0~6: left them open.
TEST7 must connected to VDD
These are the LCD segment drive outputs. Through a combination of the contents of the
display RAM and with the FR signal, a single level is selected from VSS, V3, V2, and VO.
Output Voltage
RAM DATA FR - -
Normal Display Reverse Display
SEG0~ 0 H H Vo V2
SEG131
H L VSS V3
L H V2 Vo
L L V3 VSS
Power save VSS
Through a combination of the contents of the scan data and with the FR signal, a single
level is selected from VSS, V4, V1, and VO.
Scan Data FR Output Voltage
COMO~ H H VSS
COM63 0 H L Vo
L H V1
L L V4
Power save VSS
COMSI, These are the COM output terminals for the indicator. Both terminals output the same
COMS2 o signal.
(COMS) Leave these open if they are not used.
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2.3+ 1/O Pin ITO Resister Limitation

PAD Name ITO Resister
CL,FR,/DOF,C86,P/S,/HPM,SEL1~3,CLS,IRS No Limitation
TEST0~7,VRS Floating
VDD,VDD2,VSS,VOUT,VR <100Q
V0~4,CAP1P,CAPIN,CAP2P,CAP2N,CAP3P,CAP4P,CAP5P <300Q
csl1 ,CS2,/RD(E),/WR(R/W),A0,D0~7 <1kQ
/RES <10kQ

Note:

1. To prevent the ESD pulse resetting the internal register, applications should increase the resistance of
/RES signal(add a series resistor or increase ITO resistance). The value is different from modules.

2. The option setting to be “H” should connect to VDD.

3. The option setting to be “L” should connect to VSS.
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3+ Electrical Parameter
3.1. Absolute Maximum Ratings (T,=25°C,VSS=0V, unless otherwise specified)

Characteristic Symbol Conditions Value Unit
Digital Power Supply Voltage VDD - -0.3~+3.6 A%
Analog Power supply voltage VDD2 - -0.3~+3.6 A%
LCD Power supply voltage V0,vOUT - -0.3~+13.5 A%
LCD Power supply voltage V1,V2,V3,V4 - -0.3~V0 \Y
Logic input voltage Vin -0.3~VDD+0.3 v
Operating temperature Topr - -30~+80 °C
Soldering Temperature Bare chip Tstr - -55~+125 °c
VO
-\II
'|
|
b VA~V4
II
Voo e e Voo - ‘
|
)
Veg — L Ves Vee
System (MPU) side Chip side

Notes

1. Stresses above those listed under Limiting Values may cause permanent damage to the device.

2. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with
respect to VSS unless otherwise noted.

3. Insure the voltage levels of VOUT,V0,V1,V2,V3,V4 and VSS always match the correct relation:
VOUT=V0>V1>V2>V3>V4>VSS

Address: Building B4,NO.777,Jianzhu Road,Binhu District, Wuxi City,Jiangsu Province 9/ 49
http://www.i-core. cn P.C.: 214072 VER:2019-12-B1




Tab:835-12

rev:B3

ll Wuxi I-CORE Electronics Co., Ltd.

Number:AiP31565CR-AX-XS-A040EN

3.2+ Electrical Characteristics
3.2.1 DC Characteristics (Tam,=-40~+85°C,VDD=3.0V,VSS=0V, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Operating Voltage(1) | VDD Note 1 2.4 - 33 v
Operating Voltage(2) | VDD2 Relative to VSS,Note 2 2.4 - 33 v

High-level Input
Vi Note 3 0.8VDD | - VDD A%
Voltage
Low-level Input
Vi Note 3 VSS - |02VDD | V
Voltage
High-level Output
Vou Iop=-0.5mA,Note 4 0.8VvDD | - VDD A%
Voltage
Low-level Output
VoL Ior=0.5mA,Note 4 VSS - 02VDD | V
Voltage
Input leakage current Ii; Vin=VDD or VSS,Note 5 -1.0 - 1.0 uA
Output leakage
Iio VOUT=VDD or VSS,Note 6 -3.0 - 3.0 uA
current
Liquid Crystal Driver R V0=13.0V,SEG. COM - 2.0 3.5 kQ
ON Resistance ON V0=8.0V,SEG. COM,Note 7 - 3.2 54 kQ
Static Consumption
Iss V0-VSS=13V,VvDD,VDD2 - 0.01 2 uA
Current
Output Leakage
Iog VO0-VSS=13V - 0.01 10 uA
Current
Input Terminal
fibut fefmina o 25°C,f=1MHz ] 50 | 80 | pF
Capacitance
Internal ¢ 1/65 and 1/33 duty,Note 8 17 20 24 kHz
Oscillator 0s¢ 1/49,1/53,1/55 duty 25 30 35 | kHz
External ¢ 1/65 and 1/33 duty,Note 8 17 20 24 kHz
Input ot 1/49,1/53,1/55 duty 25 30 35 | kHz
Supply Step-up
output VOUT Relative To VSS - - 13.5 v
voltage Circuit
Voltage regulator
Circuit Operating VOUT Relative To VSS 6.0 - 13.5 A%
Voltage
Voltage Follower
Circuit Operating VO Relative To VSS,Note 9 4.0 - 13.5 v
Voltage
Base Voltage VRS 25°C,-0.05%/°C,Note 10 2.07 2.10 2.13 \Y%
Display Pattern I VDD=3V,V0-VSS=11V, OFF - 16 27 uA
OFF (Note 11) PP ["VDD=3V,V0-VSS=11V, Checker - 19 32 uA
Display Pattern I VDD=3.0V, Normal Mode - 90 130 uA
Checker (Note 12) bb Quad step-up High-Power - 128 193 uA
10/ 49
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voltage. Mode
V0-VSS=11.0V
VDD=3.0V Normal Mode - 100 147 uA
ad step-
Qu pup High-Power
voltage. - 135 205 uA
Mode
V0-VSS=11.0V
Sleep mode Ipp VDD=3V - 0.4 4 uA

Note:

1.While a broad range of operating voltages is guaranteed, performance cannot be guaranteed if there are
sudden fluctuations to the voltage while the MPU is being accessed.

2.The operating voltage range for the VSS system and the VO system is. This applies when the external
power supply is being used.

3.The A0,DO to D5,D6(SCL),D7(SI),/RD(E),/ WR(R/W),/CS1,CS2,CLS,CL,FR,C86,P/S,/DOF,/RES,IRS,
and /HPM terminals.

4.The DO to D7, FR, /DOF, and CL terminals.

5.The AO,/RD(E),/WR(R/W),/CS1,CS2,CLS,C86,P/S,/RES,IRS and /HPM terminals.

6.Applies when the DO to D5,D6(SCL),D7(SI),CL,FR, and /DOF terminals are in a high impedance state.

7.These are the resistance values for when a 0.1V voltage is applied between the output terminal SEGn or
COMn and the various power supply terminals (V1,V2,V3 and V4). These are specified for the
operating voltage(3) range.Ron=0.1V/AI (Where A 1 is the current that flows when 0.1V is applied while
the power supply is ON.)

8.The relationship between the oscillator frequency and the frame rate frequency.

9.The VO voltage regulator circuit regulates within the operating voltage range of the voltage follower.

10.This is the internal voltage reference supply for the VO voltage regulator circuit.In the AiP31565CR,
the temperature range approximately —0.05%/°C.

11.1t indicates the current consumed on ICs alone when the internal oscillator circuit and display are
turned on.The AiP31565CR is 1/9 biased.Does not include the current due to the LCD panel capacity
and wiring capacity.Applicable only when there is no access from the MPU.

12.1t is the value on a AiP31565CR having the Vggg temperature gradient is —0.05%/°C when the VO
voltage regulator internal resistor is used.

Current consumption: During Display, without internal power system, current consumed by whole IC
(bare die).

Test Pattern Symbol Conditions Min. Typ. Max. Unit
Display Pattern: VDD=VDD2=3.0V,
SNOW Iss VO0=11.0V, - 19 32 uA
(Static) Tamy=25°C
VDD=VDD2=3.0V,
Display OFF Iss V0=11.0V, - 16 27 uA
Tamy=25°C
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Current consumption: During Display, with internal power system, current consumed by whole IC (bare
die).

Test Pattern Symbol Conditions Min. Typ. Max. Unit
VDD=VDD2=3.0V,
. ’ - 100 147 uA
Display Pattern: I V0=11.0V,
SNOW 58 Booster=x4,
o - 135 205 uA
Tamp=257TC
VDD=VDD2=3 .OV, _ 90 130 uA
Disolay OFF I V0=11.0V,
isplay ss
Booster=X4, _ 128 193 uA
Tamp=25°C
VDD=VDD2=3.0V,
Sleep Mode Iss o - 0.4 4 uA
Tamb:25 C

Note: The Current Consumption is DC characteristics

The relationship between oscillator frequency fosc, display clock frequency fcp and liquid crystal frame

rate frequency fgg.

Item feL fer
Internal Oscillator Circuit fosc/4 fosc/4/65
1/65 Duty - -
External Display Clock External Display Clock (fcr) fc1/260
Internal Oscillator Circuit fosc/8 fosc/4/49
1/49 Duty - -
External Display Clock External Display Clock (fcr) fcr /196
Internal Oscillator Circuit fosc/8 fosc/4/33
1/33 Duty - :
External Display Clock External Display Clock (fcr) fcL /264
Internal Oscillator Circuit fosc/8 fosc/4/55
1/55 Duty - -
External Display Clock External Display Clock (fcr) fc1/200
Internal Oscillator Circuit fosc/8 fosc/4/53
1/53 Duty - -
External Display Clock External Display Clock (fcr) fcr /212
Address: Building B4,NO.777,Jianzhu Road,Binhu District,Wuxi City,Jiangsu Province 12/ 49

http://www.i-core. cn P.C.: 214072 VER:2019-12-B1




Tab:835-12 rev:B3 Number:AiP31565CR-AX-XS-A040EN

ll Wuxi I-CORE Electronics Co., Ltd.

3.2.2. AC Characteristics (Tym,=-40~+85°C,VDD=3.0V,VSS=0V unless otherwise specified)

Parameter ‘ Symbol ‘ Conditions | Min. | Typ. ‘ Max. ‘ Unit
VDD=2.7V,T.mp=25°C
Address hold time tans~ tAH6 0 - - ns
: AOFIG 1. 2
Address setup time taws~s tAws 0 - - ns
System cycle time teyess toves 400 - - ns
Enable L pulse width (WRITE) tcciw~ tEWLw /WR(E),FIG 1. 2 220 - - ns
Enable H pulse width (WRITE) tccuw~ teWhw 180 - - ns
Enable L pulse width (READ) tccLrs tEWIR 220 - - ns
. RD(E),FIG 1. 2
Enable H pulse width (READ) tccur~ t€WHR 180 - - ns
WRITE Data setup time tpss~ tpss 40 4 - ns
DO to D7
WRITE Address hold time tpus~ toHe © 0 - - ns
_ C.=100pF
READ access time taccs~ taccs FIG 1. 2 - - 140 ns
READ Output disable time tous~ tous 10 - 100 ns
4-line SPI Clock Period tscyc 100 - - ns
SCL “H” pulse width tsHw SCL,FIG 3 50 - - ns
SCL “L” pulse width tsLw 50 - - ns
Add tup ti t 30 - -
ress setup .1me SAS AOFIG 3 ns
Address hold time tsAH 20 - - ns
Dat tup ti t. 30 - -
ata setup .1me SDS SLFIG 3 ns
Data hold time tspH 20 - - ns
t 30 - - ns
CS-SCL time cess CS,FIG 3
tesu 60 - - ns
Reset time tr FIG 4 - - 2.0 us
Reset “L” pulse width trw /RES,FIG 4 2.0 - - us
VDD=3.3V,T,m=25°C
Address hold time tanss 0 - - ns
: Ay AT AOFIG 1. 2
Address setup time taws~ tAws 0 - - ns
System cycle time teyess toves 240 - - ns
Enable L pulse width (WRITE) tcoLw~ tewrw WR(E),FIG 1. 2 80 - - ns
Enable H pulse width (WRITE) tccuw~ teWwhw 80 - - ns
Enable L pulse width (READ t . tew 80 - - ns
P : ( ) | ook tewir RD(E),FIG 1. 2
Enable H pulse width (READ) tccur~ t€WHR 140 - - ns
WRITE Data setup time tpss~ tDse 40 - - ns
- DO to D7
WRITE Address hold time tpas~ tous 0 - - ns
. C.=100pF
READ access time taccs~ taccs FIG1. 2 - - 70 ns
READ Output disable time tous~ toue 5 - 50 ns
4-line SPI Clock Period tscyc 50 - - ns
SCL “H” pulse width tsHw SCL,FIG 3 25 - - ns
SCL “L” pulse width tsiw 25 - - ns
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Add tup ti t 20 - -
ress setup .1me SAS AOFIG 3 ns
Address hold time tsAH 10 - - ns

Dat tup ti t 20 - -
ata setup .1me SDS SLFIG 3 ns
Data hold time tspH 10 - - ns
t 20 - - ns

CS-SCL time cess CS,FIG 3

tesu 40 - - ns
Reset time tr FIG 4 - - 1.0 us
Reset “L” pulse width trw /RES,FIG 4 1.0 - - us

4. Testing Circuit
4.1, AC Testing Circuit

AD
«—taws —» —tans
Cs1
(Cs2="1") /l//
L
< tcves >
+—fcoir fcoow——————
WRRD N
—tooHRr fcochw————»
le g 4 tDHa
D0 to D7
(Write)
“ taccs »l le——tors
D0 to D7
(Read)
FIG 1. 8080MPU
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FIG 3. 4-Line Serial Interface
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Reset Timing

RES w

- b -

Internal

status During reset Reset complete

FIG 4. Reset Timing

5. Function Description

5.1y Microprocessor Interface
5.1.1, Chip Select Input

CSland CS2 pins are used for chip selection. When CS1=“L” and CS2="H”, the microprocessor

interface is enabled and AiP31565CR can interface with an MPU.When CS1=“H” or CS2="L", the
inputs of A0, E(/RD) and R/W(/WR) with any combination will be ignored and D7~DO0 are high

impedance. In 4-Line serial interface, the internal shift register and serial counter are reset when CS1="H”
or CS2=“L".

5.1.2. MCU Interface Selection
The interface selection is controlled by C86 and P/S pins. The selection for parallel or serial interface is
shown in Table 1.

Table 1. Parallel/Serial Interface Mode

P/S | C8 | cs1 | CS2 | A0 | E(/RD) | RIW(WR) D7~D0 MPU Interface
“r | e E R/W 6800—.series parallel
interface
D0~D7 .
— 8080-series parallel
“H” “L” | ¢cs1 | CS2 A0 /RD /WR )
interface
«p g Refer to serial 4-Line SPI
interface. interface

Note:The un-used pins are marked as “-” and should be fixed to “H” by VDD.

5.1.3. Parallel Interface

When P/S= “H”, the 8-bit bi-directional parallel interface is enabled and the type of MPU is selected by
“C86” pin as shown in Table 2. The data transfer type is determined by signals on A0, E(/RD) and
R/W(/WR) as shown in Table 3.
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Table 2. Microprocessor Selection for Parallel Interface

P/S | C8 | cs1 | CS2 | A0 | E(/RD) | RIW(WR) DO0~D7 MPU Interface
6800-series parallel
“Hn E R/W )
S interface
“H” cs1 | CS2 A0 D7~DO0 -
8080-series parallel
“L /RD /WR )
interface
Table 3. Parallel Data Transfer Type
Common Pins 6800-Series 8080-Series .
— Description
CSs1 Cs2 A0 E R/W /RD IWR
“H” “H” “H” “L” “H” Display data read out
“L” “H” LLH” ‘CH” CCL” LLH” ‘6L’7 Display data Write
“L” “H” “H” “L” “H” Internal status read
“L” “H” “L” “H” “L” Writes to internal register (instruction)

5.1.4, Setting Serial Interface

Serial —
Mode P/S | C86 CS1 CS2 A0 E(/RD) | RIW(/WR) | D7 D6 D5~D0
4-Line SPI S
. “L” X CS1 CS2 A0 - - SI SCL -
interface

Note: The un-used pins are marked as “-”” and should be fixed to “H” by VDD.
C86 is marked as “X” and can be fixed to “H” or “L”.

1. The option setting to be “H” should connect to VDD.

2. The option setting to be “L” should connect to VSS.
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5.1.5. 4-line SPI interface (P/S="*L”, C86="H" or “L”)
When AiP31565CR is active (@ =“L” and CS2="“H"), serial data (SI) and serial clock (SCL) inputs are

enabled. When AiP31565CR is not active (@:“H” or CS2=“L"), the internal 8-bit shift register and
3-bit counter are reset. Serial data on SI is latched at the rising edge of serial clock on SCL. After the 8th
serial clock, the serial data will be processed to be 8-bit parallel data. The address selection pin (AO0),
which is latched at the 8th clock, indicates the 8-bit parallel data is display data or instruction. The 8-bit
parallel data will be display data when AOQ is “H” and will be instruction when A0 is “L”. The read feature
is not available in this mode. The DDRAM column address pointer will be increased by one automatically
after each byte of DDRAM access. Please note that the SCL signal quality is very important and external
noise maybe causes unexpected data/instruction latch.

cs1 \

cs2

/.

: 0000000000000

- LU L UL L UL
N

ho \
Note:
Some MPU will set the interface to be Hi-Z (high impedance) mode when power saving mode or after
hardware reset.This is not allowed when the VDD of AIP31565CR is turned ON. Because the floating
input (especially for those control pins such as csl1 , CS2, /RES, R/W(/WR) or E(/RD)...) maybe cause

abnormal latch and cause abnormal display.

5.1.5. Data Transfer

AiP31565CR uses bus latch and internal data bus for interface data transfer. When writing data from MPU
to the DDRAM, data is automatically transferred from the bus latch to the DDRAM.When reading data
from the on-chip DDRAM to MPU, the first read cycle reads the content in bus latch (dummy read) and
the data that MPU should read will be output at the next read cycle.That means:after setting the target
address, a dummy read cycle is required before the following read-operation.Therefore, the data of the
specified address cannot be read at the first read of display data right after setting the address, but can be
read at the second read of display data.
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=
DATA N N+1 N+2 N+3
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> P
E Bus >< N >< N+1 >< N+2 >< N+3
= Latch
S| wite i y Iy J
% Signal
Reading
WR
D | = |
o | RD |
= |
' >
| B Dummy Data Read Data Read
) Read #n #n+1
8
|
(A
Y
Address
Preset
2
E| Gond i [
i= ignal :
©
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@ | Address X Preset N X Increment N+1 >< N+2 ><
o

D G G €

5.2, Display Data RAM (DDRAM)

AiP31565CR is built-in a RAM with 65x132 bit capacity which stores the display data. The display data
RAM (DDRAM) store the dot data of the LCD. It is an addressable array with 132 columns by 65 rows
(8-page with 8-bit and 1-page with 1-bit).The X-address is directly related to the column output number.
Each pixel can be selected when the page and column addresses are specified. The rows are divided into: 8
pages (Page-0~Page-7) each with 8 lines (for COM0~63) and Page-8 with only 1 line (COMS, for icon).
The display data (D7~D0) corresponds to the LCD common-line direction and DO is on top. All pages can
be accessed through D7~D0 directly except icon page. Icon RAM uses only 1-bit of data bus (D0). The
microprocessor can write to and read from (only Parallel interfaces) DDRAM by the 1/O buffer. Since the
LCD controller operates independently, data can be written into DDRAM at the same time as data is being
displayed without causing the LCD flicker or data-conflict.
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DO 0 0 1 0 0 COMO
D1 0 0 1 0 1 COM!1
D2 0 1 0 0 0 COM2
D3 1 0 0 1 1 COM3
D4 1 0 1 1 0 COM4
Display Data RAM Liguid Crystal Display
LSB

Do \
%

MSB

NN RWN 2O
Y-address

1-bit ICON / Lo X-address 131 —

5.3, Addressing

Data is downloaded into the Display Data RAM matrix in AiP31565CR as byte-format. The Display Data
RAM has a matrix of 65 by 132 bits. The address ranges are: X=0~131(column address), Y=0~8(page
address). Addresses outside these ranges are not allowed.

5.3.1. Page Address Circuit

This circuit provides the page address of DDRAM.It incorporates 4-bit Page Address Register which can
be modified by the “Page Address Set” instruction only.The Page Address must be set before accessing
DDRAM content. Page Address “8” is a special RAM area for the icons with only one valid bit:DO.

5.3.2. Column Address Circuit

The column address of DDRAM is specified by the Column Address Set command. The column address is
increased (+1) after each display data access (read/write). This allows MPU accessing DDRAM content
continuously. This feature stops at the end of each page (Column Address “83h”) because the Column
Address and Page Address circuits are independent.For example, both Page Address and Column Address
should be assigned for changing the DDRAM pointer from (Page-0, Column-83h) to (Page-1, Column-0).
Furthermore, Register MX and MY makes it possible to invert the relationship between the DDRAM and
the outputs (COM/SEG). It is necessary to rewrite the display data into DDRAM after changing MX
setting.
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5.3.3. Line Address Circuit

The Line Address Circuit incorporates a counter and a Line Address register which is changed only by the
“Display Start Line Set” instruction. This circuit assigns DDRAM a Line Address corresponding to the
first display line (COMO). Therefore,by setting Line Address repeatedly,AiP31565CR can realize the
screen scrolling without changing the contents of DDRAM. The last common is always the COMS
(common output for the icons). That means the icons will never scroll with the general display data.

5.4, Display Data Latch Circuit

The display data latch circuit latches temporarily display data of each segment output which will be output
at the next clock.The special functions such as reverse display, display OFF and display all points ON only
change the data in the latch and the content in the Display Data RAM is not changed.

5.5, Oscillation Circuit
The built-in oscillation circuit generates the system clock for the liquid crystal driving circuit. The
oscillation circuit is enabled after initializing AiP31565CR.The clock will not be output to reduce the

power consumption.

5.6, Liquid Crystal Driver Power Circuit

The built-in power circuits generate the voltage levels which are necessary to drive the liquid crystal. The
built-in power system has voltage booster,voltage regulator and voltage follower circuits.The functionality
of voltage booster,voltage regulator and voltage follower circuits can be turned ON and OFF
individually.AiP31565CR is possible to use built-in power circuit and external power supply through the
command “Power Control Set”.The relationship of command setting and power using is shown below.
Before power AiP31565CR OFF,a Power OFF procedure is needed (please refer to the OPERATION

FLOW section).
Power Built-in Circuit Power Supply

Control Set

VB | VR | VF | Booster | Regulator | Follower | VOUT VO V1 V2 V3 V4
1 1 1 ON ON ON Internal | Internal | Internal | Internal | Internal | Internal
0 1 1 OFF ON ON External | Internal | Internal | Internal | Internal | Internal
0 0 1 OFF OFF ON External | External | Internal | Internal | Internal | Internal
0 0 0 OFF OFF OFF External | External | External | External | External | External

5.6.1. Booster Circuit
Base on VDD2-VSS,AiP31565CR is able to product step-up voltages of x2,x3,x4,x5 and x6 through

hardware and software setting.
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o1 N \/bp2 or Vss o1 I Vob2 or Vss o1 I Vob2 or Vsas
= Vour g Vout J E— Vour
CAP3P CAP3P I s
L CAPIN e CAP1N . }:— CAP1IN
. CAP1P L IcapP1p L lcapPtp
CAP2P o1 I CAP2P o s CAP2P
OPEN | CAP2N L cAP2N L cAP2N
OPEN | CAP4P OPEN | CAP4P OPEN | CAP4P
OPEN | CAP5P OPEN | CAP5P OPEN | CAP5P

2x voltage booster circuit 3x voltage booster circuit 4x voltage booster circuit

Vour<=3xVbp2 Vout<=4x\/oo2

Vour<=2x\/op2 — —
'S
Do NOT over voltage J Do NOT over voltage 1 Do NOT over voltage
limitation limitation limitation
Vop2 Vbb2 Voo
\Vas I— \ss I— Vas I_
2x boost voltage relationship 3x boost voltage relationship 4x boost voltage relationship
o1 N Vo2 or Vss o1 e Vbb2 or Vss
| Vour L Vour
o1 N CAP3P o N CAP3P
b CAPIN t CAP1N
C1 C1
L _capip L___fcapip
o1 N CAP2P o B CAP2P
} CAP2N } CAP2N
C1 C1
[ lcAP4P L |cAP4P
OPEN | CAPSP 1L capsp

5x voltage booster circuit 6x voltage booster circuit

VouT<=6xVDD? eemm—

Vour<=5x\/op2 _r
J:
Do NOT over voltage Do NOT over voltage
limitation limitation
Vb2 Vb2

5x boost voltage relationship 6x boost voltage relationship

External Component of Booster Circuit
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5.6.2. Regulator Circuit

AiP31565CR provides two kinds power supply for LCD driving voltage V0. Built-in regulator circuit or
external power supply for VO is available for LCD driving. The built-in high accuracy regulation circuit
has 8 regulation ratios and each one has 64 EV-levels for voltage adjustment. Without additional external
component, the output voltage can be changed by instructions such as “Regulation Ratio” and “Set EV”.
The detailed setting method can be found in the Instruction Description section.

® Built-in Resistor Is Used For Regulator Circuit

The internal regulator circuit can be controlled by built-in regulation ratio and the electronic volume

setting.
& L VSS
i\—T Vev (Constant Voltage Supply + Electronic \Volume)
Internal R, §
+
L VO
. P
Internal R, §
@
VOZ( 1 +Rb/Ra)><VEV
:(1+Rb/Ra)X(1 -0/1 62)XVREG
VEV:( 1-0/1 62)XVREG
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Ve is built-in constant voltage supply for regulator circuit. The voltage level of Vggg is 2.1V at
temperature 25°C. o is determined by command “Set EV”. Base on command “Set EV”, the relationship
between EV5~EV0 and a is shown below.

EV5 EV4 EV3 EV2 EV1 EVO a
0 0 0 0 0 0 63
0 0 0 0 0 1 62
0 0 0 0 1 0 61
0 0 0 0 1 1 60
1 1 1 1 0 0 3
1 1 1 1 0 1 2
1 1 1 1 1 0 1
1 1 1 1 1 1 0

(1+Ry/R,) is internal regulation ratio for regulator circuit. The relationship between regulation ratio and
RR2~RRO is shown below.

RR2 RR1 RRO 1+Ry/Ra
0 0 0 3.0
0 0 1 35
0 1 0 4.0
0 1 1 4.5
1 0 0 5.0
1 0 1 5.5
1 1 0 6.0
1 1 1 6.5

® External Resistor Is Used For Regulator Circuit
Through hardware setting IRS="L” and external resistor, AiP31565CR is able to use external regulation
ratio to control the voltage level of VO.
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¢ VS8

i\;_ Vey (Constant Voltage Supply + Elecironic Volume)
External R,

+

External Ry’

VO=(1+Ry/Ry)*Viy
:( 1 JFRb'/I(a')X ( 1-a/1 62) XVREG
VEV:( 1-0/1 62) XVREG

The setting condition of AiP31565CR for external regulation ratio is V0=8.0V, 0=31 and Vggg=2.1V. The
current consumption through R,” and Ry’ is limited to SuA. Base on above condition, the relationship of R,’
and Ry’ is R;’+Ry,’=1.6MQ.
VO=(1+R,/R,)*(1-0/162)x Vg  (1.1)
8V=(1+Ry/R,)*x(1-31/162)x2.1  (1.2)
R.+ Ry'=1.6MQ (1.3)
According to equation (1.2) and (1.3)
Ry/R,=3.71
R,'=340kQ
Ry'=1260kQ

5.6.3. High Power Mode

AiP31565CR has two kinds of power mode for driving LCD. When /HPM pin is connected to “H” by
VDD,AiP31565CR will enter normal power mode. Normal power mode has lower power consumption for
driving. If the panel loading or size is larger,normal power mode may cause display quality to reduce. For
improve display quality,AiP31565CR provides high power mode through connect /HPM pin to “L” by
VSS.I-CORE recommends that whether using high power mode or normal power mode is determined by
actually display quality. Besides, if improvement is unsatisfactory after using high power mode, external
power supply for LCD driving is necessary.

5.6.4. Power System Set
The following sections illustrate the connection of typical application.
® Built-in Booster, Regulator and Follower Circuit are used
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1.Built-in regulation ratio is used with x4 step-up 2. Built-in regulation ratio is not used with x4 step-up

f\.I’r:.& Vas Voo
— 1
IRS M/S IRS MS
Voo or vaEs Voo2 orvas
T b b I
Vo2 o vas C1 Vo2 o vas C1
T—Jvour T—vom
—— CAP3P CAP4P — CAP3P CAP4P
c1 c1
%-GAP!N CAPSP } CAPIN CAPsP
C1 C1
| CAP1P T CAP1P
] CAP2N 1 CAP2N
C1 C1
L-CAPZP f Gl CAP2P
Wss Vss
Ve R2 +—\Vr
R1 R3
S ly . M Vo
ez, |y, 1 €2, |y
| o2, |y, e, |,
ez, Leay s
._|C2 —va __|C22 4
Y "
VDD2 or Vss VDD2 or Vss

1. Built-in regulation ratio is used

® Built-in Regulator and Follower Circuit are alone used

2. Built-in regulation ratio is not used

Was Voo T‘h’m:a
1 —
IRS Ms IRS M/s
i ooz or vEs i WDo2 or vEs
Voozor ves Vooz orvss
Wour Wourt
External External I
power power
CAP3P CAP4P CAP3P CAP4P
supply supply
CAP1IN CAPSP CAP1IN CAPSP
CAP1P CAP1P
CAP2N CAP2N
CAP2P CAP2P
Was Was
& +«—Vn Wr
R1 R3
i{ VO £| |_ VD
ez, 1y, e, |,
| ez, |, Le, |,
L c2y fys ez L
._|CQ — w4 -—|C2 — 4
A
WDD2 or Vss VDD2 or Vss
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® Built-in Follower Circuit is alone used

T\Jm
| I
IRS M/
I Vooz or vss
Voozorvas
Vewr
CAP3P CAP4P
CAPIN CAPSP
CAP1P
CAP2N
CapPzp
Vas
Extemnal
power VR
supply
G2y Vo
 E TR Y
ﬂi |_ W2
L2 —va
2 lva
L
VDD2 or Vas

® Built-in Booster, Regulator and Follower Circuit are not used

TV:IL‘

IRS MIS

CAP3IP CAP4P

CAP1TN CAPSP

CAP1P

CAPZN

CAPZP

Vss

VR

Vo
V1
External power supply — V2

p—{ V3

VDD2 or Vss —1 V4
! VDD2 or Ves
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The optimum values of C1 and C2 are determined by panel loading and actually display quality. The
values of capacitor should be determined by user. User should check display quality of used pattern and
power stability after capacitor value is determined. The following table is a quick reference for the initial

setting.
Symbol Type Reference Value (uF)
Cl Capacitor for step-up and LCD voltage stabilization 1.0~4.7
C2 Capacitor for LCD voltage stabilization 0.1~4.7

5.7. Reset Circuit

Setting /RES to “L” can initialize internal function. While /RES is “L”, no instruction except read status
can be accepted./RES pin must connect to the reset pin of MPU and initialization by /RES pin is essential
before operating. Please note the hardware reset is not same as the software reset. When /RES becomes
“L”, the hardware reset procedure will start. When RESET instruction is executed, the software reset
procedure will start. The procedure is listed below:

Procedure Hardware Reset | Software Reset

Display OFF:D=0, all SEGs/COMs output at VSS v X

Normal Display:INV=0, AP=0

SEG Normal Direction:MX=0

Clear Serial Counter and Shift Register (if using Serial Interface)

Bias Selection:BS=0

Booster Level BL=0

Exit Power Saving Mode

Power Control OFF:VB=0, VR=0, VF=0

Exit Read-modify-Write mode

Static Indicator OFF

Static Indicator Register SIR[1:0]=(0,0)

Start Line S[5:0]=0

Column Address X[7:0]=0

Page Address Y[3:0]=0

COM Normal Direction: MY=0

V0 Regulation Ratio RR[2:0]=(1,0,0)

EV[5:0]=(1,0,0,0,0,0)

<< << <<l <L« gl <
< << <] < <] << <] < R R R R R | AR

Exit Test Mode

After power-on, RAM data are undefined and the display status is “Display OFF”. It’s better to initialize
whole DDRAM (ex:fill all 00h or write the display pattern) before turning the Display ON. Besides, the
power is not stable at the time that the power is just turned ON. A hardware reset is needed to initialize
those internal registers after the power is stable.
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5.8+ Instruction Table

Command Byte

Instruction A0 R/W Description
D7 D6 D5 D4 D3 D2 D1 DO
Displ D=1, display ON
1Spray 0 0 I 0 1 0 I 1 | D > C1spay
ON/OFF D=0, display OFF
Set Start Line 0 0 0 1 S5 S4 S3 S2 S1 SO | Set display start line
Set Page
0 0 1 0 1 1 Y3 Y2 Y1 YO0 Set page address
Address
. . Set column address
Set Column 0 0 0 0 0 X7 X6 X5 X (MSB)
Address Set column address
0 0 0 0 0 0 X3 X2 X1 X0 (LSB)
Read Status 0 1 BUSY MX D RST 0 0 0 0 Read IC Status
) Write display data to
Write Data 1 0 D7 D6 D5 D4 D3 D2 D1 DO
RAM
Read display data
Read Data 1 1 D7 D6 D5 D4 D3 D2 D1 DO
from RAM
Set scan direction of
SEG
. . MX=1, reverse
SEG Direction 0 0 1 0 1 0 0 0 0 MX . .
direction
MX=0, normal
direction
INV =1, inverse
) display
Inverse Display 0 0 1 0 1 0 0 1 1 INV
INV =0, normal
display
AP=1, set all pixel
. ON
All Pixel ON 0 0 1 0 1 0 0 1 0 AP
AP=0, normal
display
Select bias setting
Bias Select 0 0 1 0 1 0 0 0 1 BS | 0=1/9;
1=1/7 (at 1/65 duty)
Col dd
Read-modify- . O address
. 0 0 1 1 1 0 0 0 0 0 increment:
Write .
Read:+0 , Write:+1
Exit
END 0 0 1 1 1 0 1 1 1 0 Read-modify-Write

mode
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RESET 0 0 1 1 1 0 0 0 1 0 Software reset
Set output direction
of COM
. . MY=1, reverse
COM Direction 0 0 1 1 0 0 MY - - - . .
direction
MY=0, normal
direction
Control built-in
Power Control 0 0 0 0 1 0 1 VB VR VF | power circuit
ON/OFF
Regulation Select regulation
) 0 0 0 0 1 0 0 RR2 | RR1 | RRO . .
Ratio resistor ratio
0 0 1 0 0 0 0 0 0 1 Double command!!
Set
Set EV .
0 0 0 0 | EVS | EV4 | EV3 | EV2 | EVI | EVO [ electronic volume
(EV) level
Power Save 0 0 1 0 1 0 1 1 0 MD | MD=0, sleep mode
Mode Set 0 0 0 0 0 0 0 0 0 0 MD=1, normal
Display OFF + All
Power Save 0 0 Compound Command .
Pixel ON
0 0 1 1 1 1 1 0 0 0 Double command!!
Set booster level:
BL[1:0]=(0,0),x2,x3
Set Booster
0 0 0 0 0 0 0 0 | BL1 | BLO |-*4
BL[1:0]=(0,1),x5
BL[1:0]=(1,1),x6
NOP 0 0 1 1 1 0 0 0 1 1 No operation
Do NOT use.
Test 0 0 1 1 1 1 - - - - .
Reserved for testing.
Note: Symbol “-”” means this bit can be “H” or “L”.
5.9. Instruction Description
® Display ON/OFF
The D flag selects the display mode.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 0 1 0 1 1 1 0
Note:
D=1: Normal Display Mode.
D=0: Display OFF. All SEGs/COM:s output with VSS.
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® Set Start Line
This instruction sets the line address of the Display Data RAM to determine the initial display line. The
display data of the specified line address is displayed at the top row (COMO) of the LCD panel.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 1 S5 S4 S3 S2 S1 SO
S5 S4 S3 S2 S1 SO Line address
0 0 0 0 0 0 0
0 0 0 0 0 1 1
0 0 0 0 1 0 2
0 0 0 0 1 1 3
1 1 1 1 0 61
1 1 1 1 1 0 62
1 1 1 1 1 1 63

® Set Page Address
Y [3:0] defines the Y address vector address of the display RAM.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 0 1 1 Y3 Y2 Y1 YO
Y3 Y2 Y1l YO Page address Valid bit

0 0 0 0 Page0 D0~D7

0 0 1 Pagel D0~D7

0 1 0 Page2 D0~D7

1 1 0 Page6 D0~D7

Page7 D0~D7

0 0 0 Page8 (icon page) DO

® Set Column Address

The range of column address is 0...131. The parameter is separated into 2 instructions. The column
address is increased (+1) after each byte of display data access (read/write). This allows MPU accessing
DDRAM content continuously. This feature stops at the end of each page (Column Address “83h”).

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 1 X7 X6 X5 X4

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 0 X3 X2 X1 X0
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X7 X6 X5 X4 X3 X2 X1 X0 Column address
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 1
0 0 0 0 0 0 1 0 2
0 0 0 0 0 0 1 1 3
1 0 0 0 0 0 0 1 129
1 0 0 0 0 0 1 0 130
1 0 0 0 0 1 1 131

® Read Status
Read the internal status of AiP31565CR. The read function is not available in serial interface mode.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 1 BUSY MX 0 RST 0 0 0 0

Flag Description

BUSY=0: Command can be accepted
BUSY .

BUSY=1: Command or reset procedure is executed

MX MX=0: Reverse direction (SEG131->SEGO0)
MX=1: Normal direction (SEGO->SEG131)

D D=0: Display ON

D=1: Display OFF

RST RST=1: During reset (hardware or software reset)
RST=0: Normal operation

® Write Data

8-bit data of Display Data from the microprocessor can be written to the RAM location specified by the
column address and page address. The column address is increased by 1 automatically so that the
microprocessor can continuously write data to the addressed page. During auto-increment, the column
address wraps to 0 after the last column is written.

A0 R/W D7 | D6 \ D5 | D4 | D3 | D2 | D1 \ DO
1 0 Write Data
® Read Data

8-bit data of Display Data from the RAM location specified by the column address and page address can
be read to the microprocessor. The read function is not available in serial interface mode.

A0 R/W D7 D6 D5 D4 D3 D2 D1 ‘ Do
1 1 Read Data
® SEG Direction
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 0 1 0 0 0 0 MX
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Flag Description

MX=0: Normal direction (SEGO->SEG131)
MX=1: Reverse direction (SEG131->SEG0)

MX

® Inverse Display
This instruction changes the selected and non-selected voltage of SEG. The display will be inversed (white
->Black, Black->White) while the display data in the Display Data RAM is never changed.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 0 1 0 0 1 1 INV
Flag Description

INV=0: Normal display

INV .
INV=1: Inverse display

® All Pixel ON
This instruction will let all segments output the selected voltage and make all pixels turned ON.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 0 1 0 0 1 0 AP
Flag Description

AP=0: Normal display
AP=1: All pixels ON

AP

® Bias Select
Select LCD bias ratio of the voltage required for driving the LCD.

A0 R/W D7 D6 D5 D4 D3 D2 D1 Do
0 0 1 0 1 0 0 0 1 BS
Duty Bias
BS=0 BS=1
1/65 1/9 1/7
1/49 1/8 1/6
1/33 1/6 1/5
1/55 1/8 1/6
1/53 1/8 1/6
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Reference LCD Bias Voltage (1/65 Duty with 1/9 Bias)

Symbol Bias Voltage
Vo Vo
\%! 8/9xV0
V2 7/9xV0
V3 2/9xV0
V4 1/9xV0
VSS VSS

® Read-modify-Write

This command is used paired with the “END” instruction. Once this command has been input, the display

data read operation will not change the column address, but only the display data write operation will

increase the column address (X[7:0]+1). This mode is maintained until the END command is input. This

function makes it possible to reduce the load on the MPU when there are repeating data changes in a

specified display region, such as a blanking cursor.

A0 R/W D7

D6

D5

D4

D3

D2

D1

DO

0 0 1

1

1

0

0

0

0

0

Note: In Read-modify-Write mode, other instructions aside from display data read/write commands can

also be used.

C

Read-Modify-\Write

)

Page Address Set

v

Column Address Set

v

( Read-Modify-Write Cycle )&

Dummy Read

v

Data Read

v

Modify Data

v

| Data Write (at same Address) |

No
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® END
When the END command is input, the Read-modify-Write mode is released and the column address

returns to the address it was when the Read-modify-Write instruction was entered.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 1 1 0 1 1 1 0

Return to original address

v Address increased by Data Write I

Column X N X N X NiD X e X ............ X v X ;J ><

Address
T— Read-Modify-Write Start |
Exit Read-Modify-Write

® RESET
This instruction resets Start Line (S[5:0]), Column Address (X[7:0]), Page Address (Y[3:0]) and COM
Direction (MY) to their default setting. Please note this instruction is not complete same as hardware reset
(/RES=L) and cannot initialize the built-in power circuit which is initialized by the /RES pin. The detailed
information is in “Section RESET CIRCUIT”.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO

0 0 1 1 1 0 0 0 1 0

® COM Direction
This instruction controls the common output status which changes the vertical display direction.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 1 0 0 MY - - -
Flag Description
MY MY=0: Normal direction (COMO0->COM®63)
MY=1: Reverse direction (COM63->COMO)

® Power Control
This instruction controls the built-in power circuits. Typically, these 3 flags are turned ON at the same

time.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 1 0 1 VB VR VF
Flag Description
VB VB=0: Built-in Booster OFF
VB=1: Built-in Booster ON
VR VR=0: Built-in Regulator OFF
VR=1: Built-in Regulator ON
VF VF=0: Built-in Follower OFF
VF=1: Built-in Follower ON
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® Regulation Ratio
This instruction controls the regulation ratio of the built-in regulator.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 1 0 0 RR2 RR1 RRO
RR2 RR1 RRO Regulation Ratio (RR)
0 0 0 3.0
0 0 1 3.5
0 1 0 4.0
0 1 1 4.5
1 0 0 5.0
1 0 1 5.5
1 1 0 6.0
1 1 1 6.5

The operation voltage (VO0) calculation formula is shown below:(RR comes from Regulation Ratio, EV
comes from EV[5:0])

VO=RRx[1-(63-EV)/162]x2.1, or VO=RRx[(99+EV)/162]x2.1

Symbol Register Value
RR RR2~RRO 3.0,3.5,4.0,4.5,5.0,5.5,6.0 and 6.5
EV EV5~RV0 0~63
® SetEV

This is double byte instruction. The first byte set AiP31565CR into EV adjust mode and the following
instruction will change the EV setting. That means these 2 bytes must be used together. They control the
electronic volume to adjust a suitable VO voltage for the LCD.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 0 1
0 0 EV5 EV4 EV3 EV2 EV1 EV0

( Electronic Volume Set )

Set EV (byte-1)
(0x81) Nl
Set EV (byte-2) No
(depends on requirement)

Set Complete?

Yes

( Done )
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The maximum voltage that can be generated is dependent on the VDD2 voltage and the loading of LCD
module. There are 8 VO voltage curve can be selected. It is recommended the EV should be close to the
center (1FH) for easy contrast adjustment. Please refer to the “Selection of Application Voltage” section
for detailed information.

Vo (V)

A

15
14
13
12
11
10

O -=2NWhOO WO

Ta = 25°C with internal power circuit and VDD=3V

Regulation Ratio
(RR[2:0])

— — > 1M
110
101
100
011
010
001
000

00H

1FH

® Power Save Mode Set

This is double byte instruction to set power save mode. This instruction used to set mode of power save

only. AiP31565CR can not enter sleep mode after this instruction is executed.

= EVI5:0]

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 1 MD
0 0 0 0 0 0 0
Flag Description
MD=0: Sleep Mode
MD
MD=1: Normal Mode

® Power Save (Compound Instruction)
This is compound instruction. The 1st instruction is Display OFF (D=0) and the 2nd instruction is All
Pixel ON (AP=1). The Power Save mode starts the following procedure: (the display data and register
settings are still kept except D-Flag and AP-Flag)

1. Stops internal oscillation circuit;

2. Stops the built-in power circuits;

3. Stops the LCD driving circuits and keeps the common and segment outputs at VSS.
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( Normal Mode )

Power Save Mode Set
(Sleep Mode)

Display OFF |

v

Display all points ON |

v

( Power Save )

v

Display all points OFF |

v

( Power Save Mode Set )

| Preceding Command Set I(—‘

| Following Command Set | No

le_ D0 B[S 187U m—

Set Complete? l’ | Power Save Mode Set (Normal Mode) |
y
Yes Normal Mode
( Done ) (Exit Power Save)
Power Save Mode Set Procedure Power Save Procedure

After exiting Power Save, the settings will return to be as they were before.

® Set Booster

This is double byte instruction. The first byte set AiP31565CR into booster configuration mode and the
following instruction will change the booster setting. That means these 2 bytes must be used together.
They control the built-in booster circuit to provide the power source of the built-in regulator. Hardware
connection should be changed according to booster level setting. If the hardware connection and software
setting is not corresponding, AiP31565CR will cause extra power consumption. AiP31565CR will not

damage through the extra power consumption.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0
0 0 0 0 0 0 BL1 BLO
BL1 BLO Boost Level

0 0 X2 %3, x4

0 1 x5
1 X6
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C Booster Ratio Set )

Set Booster (byte-1)
(F8H)

A

Set Booster (byte-2)
(depends on requirement)

Set Complete?

Yes

( Done )

® NOP
“No Operation” instruction. AiP31565CR will do nothing when receiving this instruction.
A0 R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 1 1 0 0 0 1 1
® Test

The test mode is reserved for IC testing. Please don’t use this instruction. If the test mode is enabled
accidentally, it can be cleared by: issuing an “L” pulse on /RES pin, issuing RESET instruction or issuing
NOP instruction.

A0 R/W D7 D6 D5 D4 D3 D2 D1 DO

0 0 1 1 1 1 - - - -

Note: “-” means “1” or “0”.

5.10. The MPU Interface

Voo
3
[ |
Vce Voo
AD » AD C86
A1to A7 [ » CS1
o) IORQ > » CS2
o
2|  DOtoD7« » DO to D7
RD > RD
WR > WR
RES |« » RES P/S
GI‘I\ID RESET VTS
J_Vss
8080 Series MPUs
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TVDD
I |
Vce Voo
A0 » AD C86 |—
Alto A15 > » CS1
= VMA w Desoder »{ CS2
o
= DO to D7 ¢ » DO to D7
E » E
RAW > RIW
RES (< » RES P/S
GTD RESET Vs
| Vss
6800 Series MPUs
TVED orVss
| | '
Veeo Voo
AD » AD CB6
CS1
- Al to AY Decoder » CS2
o
=
Port 1 » Sl
Port 2 » SCL
RES = » RES P/S
L ReSeT e —l
l I I ]
| Vss
Using the 4-line SPI Interface
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COMB3
COM42
coma2 |-
ki LCD Panel 128 x 64
coMs
COMO Ot R TR R T RESes SEG127
COM8 .- CONID . BEG v s A e v e s e e R SEG127 COM32.-..COM41
COMg COom42 —
— COM31 COMB3
WOw_F_on {OQQQ"*:.:{{ :u% IO
EEEﬁg_"gE% g;g%%g%gggggq aEgRE= D%%gmﬁgp
Connections Between LCD Drivers
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6~ Typical Application Circuit And Application Note

6.1. Application Circuits

BNOD=—

0 [
g. ] g g
&= =] L e —wzan
=7 25 = B= =7
= wa—{ % =] EE%&: —E?E‘EEEW
— AT = *‘ﬁ’ : “"""”m_f
== ﬁ_ = = co<
— gl = el — i
= w-om-{J = et ] = G )
= ro—ieom—{] = ro—om—{] = N=om— |
= ] A ~—om—{] = >
= o—nm—{] = o—anm—{] = o=tnm={]
E MEE% % NDD-dD E Mg%
= o<1 = z<0 = 2<0
= 20| o = e = A
= o< " == o< ! = oM A
= =R | = =B = h—a
= ra< [ o2 — g 2 = N< T L2y
—_— ro<z [ I — o< [ 1 = pae [0 )
— w< @ G2 — w< [ c2y — w< ] G2
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4-line interface 8080 interface 6800 interface
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7~ Recommend LCD Setting

ltem Set value unit Item Set value unit
C1 1~2.2 uF C1 1~22 uF
c2 0.1~-1 uF Cc2 0.1~1 uF
Recommend Setting: Recommend Setting 1:
VDD =VDD2 = 3.0V VDD =VDD2 = 3.0V
Booster = X3 Booster = X3
BIAS = 1/6 BIAS = 1/6
Vop = 5.5~6.7V Vop = 6.0~7.0V
Duty = 1/33 Duty = 1/49
Recommend Setting: Recommend Setting 2:
VDD =VDD2 = 3.0V VDD =VDD2 = 3.0V
Booster = X3 Booster = X4
BIAS = 1/5 BIAS = 1/8
Vop = 5.0~6.1V Vop = 7.0~8.5V
Duty = 1/33 Duty = 1/49
ltem Set value unit Item Set value unit
C1 1~2.2 uF C1 1~22 uF
c2 0.1~-1 uF Cc2 0.1~1 uF
Recommend Setting 1: Recommend Setting:
VDD =VDD2 = 3.0V VDD =VDD2 = 3.0V
Booster = X3 Booster = X4
BIAS = 1/6 BIAS = 1/7
Vop = 6.0~7.5V Vop = 7.0~8.5V
Duty = 1/55 Duty = 1/65
Recommend Setting 2:
VDD =VDD2 = 3.0V
Booster = X4
BIAS = 1/8
Vop = 7.0~8.5V
Duty = 1/55
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8. PAD Diagram And PAD Location

8.1, PAD Diagram

=85 BDADDDDDDDDD%%DDDDgGD?D I T DDDDDDDDDDDDDDDDDDDDDDDDDDDD? 282=

= v o v £
=" e e o nn o oun ot onsmua W=
| 10 ! | 10 !
S L — 20 P
4 10 | 10
(-2562,265) Y — Y
| (2574,254) |
40 40
10/10 . 10/10 .
\ o \ -
- o » e P o
20 40 20 "20 20
iﬁ[: um
PAD Size:
PAD NO. PAD Size
001~067 42umx54um
068~073 56umx54um
074~084 42umx54um
085~282 17umx118um
Bump Pitch: 34um (Min.)
Bump Height: 9um
Chip Thickness: 480um
Chip Size: 5852umx962um
8.2 PAD Location
PAD No. PAD Name X Y PAD No. PAD Name X Y
1 TEST[6] 2575 392 142 SEG[24] -1411 -360
2 FR 2515 392 143 SEGI[25] -1377 -360
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3 CL 2455 392 144 SEG[26] -1343 -360
4 /DOF 2395 392 145 SEG[27] -1309 -360
5 VSS 2335 392 146 SEG[28] -1275 -360
6 CcSl1 2275 392 147 SEG[29] -1241 -360
7 CS2 2215 392 148 SEG[30] -1207 -360
8 VDD 2155 392 149 SEG[31] -1173 -360
9 /RES 2095 392 150 SEG[32] -1139 -360
10 A0 2035 392 151 SEG[33] -1105 -360
11 VSS 1975 392 152 SEG[34] -1071 -360
12 /WR(R/W) 1915 392 153 SEGI[35] -1037 -360
13 /RD(E) 1855 392 154 SEG[36] -1003 -360
14 VDD 1795 392 155 SEG[37] -969 -360
15 DO 1735 392 156 SEG[38] -935 -360
16 D1 1675 392 157 SEG[39] -901 -360
17 D2 1615 392 158 SEG[40] -867 -360
18 D3 1555 392 159 SEG[41] -833 -360
19 D4 1495 392 160 SEG[42] -799 -360
20 D5 1435 392 161 SEG[43] -765 -360
21 D6 1375 392 162 SEG[44] -731 -360
22 D7 1315 392 163 SEG[45] -697 -360
23 VDD 1255 392 164 SEG[46] -663 -360
24 VDD2 1195 392 165 SEG[47] -629 -360
25 VDD2 1135 392 166 SEG[48] -595 -360
26 VSS 1075 392 167 SEG[49] -561 -360
27 VSS 1015 392 168 SEG[50] -527 -360
28 VSS 955 392 169 SEG[51] -493 -360
29 VSS 895 392 170 SEG[52] -459 -360
30 VOUT 821 392 171 SEG[53] -425 -360
31 VOUT 761 392 172 SEG[54] -391 -360
32 CAPSP 701 392 173 SEG[55] -357 -360
33 CAP5SP 641 392 174 SEG[56] -323 -360
34 CAPIN 581 392 175 SEG[57] -289 -360
35 CAPIN 521 392 176 SEG[58] -255 -360
36 CAP3P 461 392 177 SEG[59] -221 -360
37 CAP3P 401 392 178 SEG[60] -187 -360
38 CAPIN 341 392 179 SEG[61] -153 -360
39 CAPIN 281 392 180 SEG[62] -119 -360
40 CAPIP 221 392 181 SEG[63] -85 -360
41 CAPIP 161 392 182 SEG[64] -51 -360
42 CAP2P 101 392 183 SEG[65] -17 -360
43 CAP2P 41 392 184 SEG[66] 17 -360
44 CAP2N -19 392 185 SEG[67] 51 -360
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45 CAP2N -79 392 186 SEG[68] 85 -360
46 CAP4P -139 392 187 SEG[69] 119 -360
47 CAP4P -199 392 188 SEG[70] 153 -360
48 VSS -273 392 189 SEG[71] 187 -360
49 VSS -333 392 190 SEG[72] 221 -360
50 VRS -408 392 191 SEG[73] 255 -360
51 VRS -468 392 192 SEG[74] 289 -360
52 VDD2 -542 392 193 SEG[75] 323 -360
53 VDD -602 392 194 SEG[76] 357 -360
54 V4 -676 392 195 SEG[77] 391 -360
55 V4 -736 392 196 SEG[78] 425 -360
56 V3 -796 392 197 SEG[79] 459 -360
57 V3 -856 392 198 SEG[80] 493 -360
58 V2 -916 392 199 SEG[81] 527 -360
59 V2 -976 392 200 SEG[82] 561 -360
60 Vi -1036 392 201 SEG[83] 595 -360
61 \"2! -1096 392 202 SEG[84] 629 -360
62 Vo -1156 392 203 SEG[85] 663 -360
63 Vo -1216 392 204 SEG[86] 697 -360
64 VR -1276 392 205 SEG[87] 731 -360
65 VR -1336 392 206 SEG[88] 765 -360
66 VDD -1410 392 207 SEG[89] 799 -360
67 VDD2 -1470 392 208 SEG[90] 833 -360
68 TEST[0] -1537 392 209 SEG[91] 867 -360
69 TESTI[1] -1611 392 210 SEG[92] 901 -360
70 TESTI[2] -1685 392 211 SEG[93] 935 -360
71 TESTI[3] -1759 392 212 SEG[94] 969 -360
72 TEST[4] -1833 392 213 SEG[95] 1003 -360
73 TESTI[5] -1907 392 214 SEG[96] 1037 -360
74 VDD -1974 392 215 SEG[97] 1071 -360
75 TESTI[7] -2034 392 216 SEG[98] 1105 -360
76 CLS -2094 392 217 SEG[99] 1139 -360
77 C86 -2154 392 218 SEG[100] 1173 -360
78 P/S -2214 392 219 SEG[101] 1207 -360
79 /HPM -2274 392 220 SEG[102] 1241 -360
80 IRS -2334 392 221 SEG[103] 1275 -360
81 SEL1 -2394 392 222 SEG[104] 1309 -360
82 SEL2 -2454 392 223 SEG[105] 1343 -360
83 SEL3 -2514 392 224 SEG[106] 1377 -360
84 VSS -2574 392 225 SEG[107] 1411 -360
85 COM[31] -2810 373 226 SEG[108] 1445 -360
86 COM[30] -2810 339 227 SEG[109] 1479 -360
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87 COM[29] -2810 305 228 SEG[110] 1513 -360
88 COM[28] -2810 271 229 SEG[111] 1547 -360
89 COM[27] -2810 237 230 SEG[112] 1581 -360
90 COM[26] -2810 203 231 SEG[113] 1615 -360
91 COM[25] -2810 169 232 SEG[114] 1649 -360
92 COM[24] -2810 135 233 SEG[115] 1683 -360
93 COM[23] -2810 101 234 SEG[116] 1717 -360
94 COM[22] -2810 67 235 SEG[117] 1751 -360
95 COM[21] -2810 33 236 SEG[118] 1785 -360
96 COM[20] -2810 -1 237 SEG[119] 1819 -360
97 COM[19] -2810 -35 238 SEG[120] 1853 -360
98 COM[18] -2810 -69 239 SEG[121] 1887 -360
99 COM[17] -2810 -103 240 SEG[122] 1921 -360
100 COM[16] -2810 -137 241 SEG[123] 1955 -360
101 COM[15] -2810 -171 242 SEG[124] 1989 -360
102 COM[14] -2810 -205 243 SEG[125] 2023 -360
103 COM[13] -2810 -239 244 SEG[126] 2057 -360
104 COM[12] -2810 -273 245 SEG[127] 2091 -360
105 COMJ[11] -2810 -307 246 SEG[128] 2125 -360
106 COM[10] -2810 -341 247 SEG[129] 2159 -360
107 COM[9] -2810 -375 248 SEG[130] 2193 -360
108 COM[8] -2573 -360 249 SEG[131] 2227 -360
109 COM[7] -2539 -360 250 COM]J32] 2267 -360
110 COMJ6] -2505 -360 251 COM]J33] 2301 -360
111 COM[5] -2471 -360 252 COM[34] 2335 -360
112 COM[4] -2437 -360 253 COM[35] 2369 -360
113 COM[3] -2403 -360 254 COM[36] 2403 -360
114 COM[2] -2369 -360 255 COM[37] 2437 -360
115 COM[1] -2335 -360 256 COM[38] 2471 -360
116 COM][0] -2301 -360 257 COM[39] 2505 -360
117 COMS2 -2267 -360 258 COM[40] 2539 -360
118 SEGJ0] -2227 -360 259 COM[41] 2573 -360
119 SEGJ1] -2193 -360 260 COM[42] 2810 -375
120 SEGJ[2] -2159 -360 261 COM[43] 2810 -341
121 SEGJ[3] -2125 -360 262 COM[44] 2810 -307
122 SEG[4] -2091 -360 263 COM[45] 2810 -273
123 SEGI5] -2057 -360 264 COM[46] 2810 -239
124 SEGJ[6] -2023 -360 265 COM[47] 2810 -205
125 SEGI[7] -1989 -360 266 COM[48] 2810 -171
126 SEGI8] -1955 -360 267 COM[49] 2810 -137
127 SEG[9] -1921 -360 268 COM[50] 2810 -103
128 SEG[10] -1887 -360 269 COM[51] 2810 -69
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129 SEG[11] -1853 -360 270 COM[52] 2810 -35
130 SEG[12] -1819 -360 271 COM[53] 2810 -1
131 SEG[13] -1785 -360 272 COM[54] 2810 33
132 SEG[14] -1751 -360 273 COM[55] 2810 67
133 SEG[15] -1717 -360 274 COM[56] 2810 101
134 SEG[16] -1683 -360 275 COM[57] 2810 135
135 SEG[17] -1649 -360 276 COM[58] 2810 169
136 SEG[18] -1615 -360 277 COM[59] 2810 203
137 SEG[19] -1581 -360 278 COM[60] 2810 237
138 SEG[20] -1547 -360 279 COM[61] 2810 271
139 SEG[21] -1513 -360 280 COMJ[62] 2810 305
140 SEG[22] -1479 -360 281 COMJ[63] 2810 339
141 SEG[23] -1445 -360 282 COMSI 2810 373

Unit:um

Address: Building B4,NO.777,Jianzhu Road,Binhu District, Wuxi City,Jiangsu Province 48/ 49

http://www.i-core. cn P.C.: 214072 VER:2019-12-B1




Wuxi I-CORE Electronics Co., Ltd.

Tab:835-12 rev:B3 Number:AiP31565CR-AX-XS-A040EN

9., Statements And Notes

9.1. The name and content of Hazardous substances or Elements in the product

Hazardous substances or Elements

Mercur | €24 Hexaval Polybro
Lead ium ] Dibutvl Butylbe | pj_p_et .
y and ent Polybro | minate 1buty 1 Diisobu
and and ) . hthal nzy hylhex
Part name mercur .| chromiu | minated | d phthala hthala tyl
lead cadmi . . te P yl
y m biphenyl | biphen ¢ phthala
compou um © phthala
compo compoun| s yl e te
com
nds unds P ds ethers
ounds
Lead frame o o o o o o o o o o
Plastic resin o o o o o o o o o o
Chip o o o o o o o o o o
The lead o o o o o o o o o o
Plastic sheet
. o o o o o o o o o o
installed
o: Indicates that the content of hazardous substances or elements in the detection limit
. of the following the SJ/T11363-2006 standard.
explanation
x: Indicates that the content of hazardous substances or elements exceeding the SJ/T11363-2006
Standard limit requirements.
9.2. Notion

Recommended carefully reading this information before the use of this product;

The information in this document are subject to change without notice;

This information is using to the reference only, the company is not responsible for any loss;

The company is not responsible for the any infringement of the third party patents or other rights of

the responsibility.
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