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1 General Description

AiP16C22 is a standard I2C interface communication LCD controller/driver. The device provides one 

display mode: 1/4 duty display modes. The maximum display segments of the device are 176 patterns 

(44×4).

AiP16C22 has a built-in clock generator, LCD bias voltage generation module, LCD drive voltage 

follower and standard I2C interface. 

Features: 

Operating voltage: 2.4 to 5.5V

I2C interface 

Low power consumption 

Versatile blinking modes 

Read/Write address auto increment 

Internal 32kHz RC oscillator 

Bias: 1/2 or 1/3; duty: 1/4 

16-step VLCD voltage adjustable 

44×4 bit display data register 

Internal LCD bias generator with voltage follower 

Two selectable LCD frame frequencies: 80Hz or 160Hz 

LCD drive voltage can be adjusted by external resistor 

Maximum display pattern 44×4 44 SEGs×4 COMs

Packaging information: LQFP48/LQFP52 

Ordering Information: 

Tube packing specifications: 

Type number
Packaging 

form

Marking 

code
Tube 

quantity

Boxed 
tube 

quantity

Boxed 
quantity

Packing 
box

number

Packing 
quantity

Notes

AiP16C22LA.TB LQFP48 16C22 250
PCS/plate

10
plate/box

2500
PCS/box

6
box/pack

15000
PCS/pack

Dimensions of 
plastic enclosure: 
7.0mm×7.0mm  
Pin spacing:
0.5mm

AiP16C22LD.TB LQFP52 16C22 90
PCS/plate

10
plate/box

900
PCS/box

6
box/pack

5400
PCS/pack

Dimensions of 
plastic enclosure:
14.0mm×14.0mm  
Pin spacing:
1.0mm

Note: If the physical information is inconsistent with the ordering information, please refer to the actual 

product. 

Internal LCD bias generator with voltage follower Internal LCD bias generator with voltage follower 

Two selectable LCD frame frequencies: 80Hz or 160Hz Two selectable LCD frame frequencies: 80Hz or 160Hz 

LCD drive voltage can be adjusted by external resistor LCD drive voltage can be adjusted by external resistor 

Maximum display pattern 44×4 44 SEGs×4 COMsGs×4 COMs

Packaging information: LQFP48/LQFP52 

Ordering Information: 

Tube packing specifications: 

Type number
Packaging 

form

Marking Marking 

code
Tube Tube 

quantityquantity

Boxed Boxed 
tube tube 

quantityquantity

16C22LA.TB LQFP48LQFP48 16C16C22 250
PCS/plate

LQFP5252 16C2216C22
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2 Block Diagram And Pin Description

2.1 Block Diagram
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2.3 Pin Description

Pin No.
Pin Name Type Description

LQFP48 LQFP52
2 2 SDA I/O Serial data input/output for I2C interface

3 3 SCL I Serial clock input for I2C interface

1 1 VDD - Positive power supply

4 4 VSS - Negative power supply, ground

48 52 VLCD -

One external resistor is connected between the 
VLCD pin and the VDD pin to determine the bias 
voltage for the VLCD pin. Internal voltage adjustment 
function is disabled.

Internal voltage adjustment function can be used to 
adjust the VLCD voltage. If the VLCD pin is used as 
voltage detection pin, an external power supply 
should not be applied to the VLCD pin.

An external MCU can detect the voltage of the 
VLCD pin and program the internal voltage 
adjustment for the packages with a VLCD pin.

6~8 6~8 COM0~COM3 O LCD COM outputs

9~48 9~48 SEG0~SEG39 O LCD SEG outputs

- 49~52 SEG40~SEG43 O LCD SEG outputs

3 Electrical Parameter

3.1 Absolute Maximum Ratings

(Tamb=25 , All voltage referenced to Vss, unless otherwise specified)  

Characteristic Symbol Conditions Value Unit
supply voltage - - VSS-0.3 to VSS+6.5 V

input voltage VIN - VSS-0.3 to VDD+0.3 V

operating temperature Tamb - -40 to +85

storage temperature Tstg - -55 to +150

3.2 Electrical Characteristics

3.2.1 DC Characteristics 1

(Tamb=-40 to +85 , VDD=2.4 to 5.5V, VSS=0V, unless otherwise specified) 

Parameter Symbol 
Conditions 

Min. Typ. Max. Unit 
VDD Conditions

operating 
voltage

VDD - - 2.4 - 5.5 V

operating 
voltage

VLCD - - - - VDD V

operating 
current

IDD

3V no load, VLCD=VDD, 1/3 bias,
fLCD=80Hz, LCD display on, 
internal system oscillator on, 
DA0~DA3 are set to 0000

- 18 27 uA

5V - 25 40 uA

operating 
current

IDD1 3V
no load, VLCD=VDD, 1/3 bias,
fLCD=80Hz, LCD display off, 

- 2 5 uA

Negative power supply, ground
One external resistor is connected between the 

pin and the VDD pin to determine the bias 
voltage for the VLCD pin. Internal voltage adjustment al voltage adjustment 
function is disabled.

Internal voltage adjustment function can be used to Internal voltage adjustment function can be used to 
adjust the VLCD voltage. If the Vvoltage. If the VLCDLCD pin is used as pin is used as 
voltage detection pin, an external power supply voltage detection pin, an external power supply 
should not be applied to the Vshould not be applied to the VLCDLCD pin.

An external MCU cAn external MCU can detect the voltage of the an detect the voltage of the 
VLCD pin and program the internal voltage pin and program the internal voltage 
adjustment for the packages with a Vadjustment for the packages with a VLCDLCD pin.pin.

O LCD COM outputLCD COM outputs

SEG39 O LCD SEG outputLCD SEG outputs

SEG43 O LCD SEG outputLCD SEG output

arameter

aximum Ratings

, All voltage referenced to Vss, unless otherwise specified)  , All voltage referenced to Vss, unless otherwise specified)  

Characteristic SymbolSymbol ConditionsConditions
upply voltage - -

input voltage VVIN -

perating temperature TTambamb --

storage temperature TTstgstg -

3.23.2 Electrical Characteristicsharacteristics

3.2.1 DC CDC Characteristicsharacteristics 11

amb=-40 to +85-40 to +85 , VDD=2.4=2.4 to 5.5V, V

Parameter Symbol Symbol 
VDD

VDDDD
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5V
internal system oscillator on,
DA0~DA3 are set to 0000 - 4 10 uA

standby 
curent

ISTB

3V no load, VLCD=VDD, LCD
display off, internal system 

oscillator off

- - 1 uA

5V - - 2 uA

HIGH level 
intput current

VIH - SDA, SCL 0.7VDD - VDD V

LOW level 
intput current

VIL - SDA, SCL 0 - 0.3VDD V

input leakage 
curent

IIL - VIN=VSS or VDD -1 - 1 uA

LOW level 
output 
current

IOL

3V
VOL=0.4V, SDA

3 - - mA

5V 6 - - mA

LCD COM 
sink current

IOL1
3V VLCD=3V, VOL=0.3V 250 400 - uA

5V VLCD=5V, VOL=0.5V 500 800 - uA

LCD COM 
source 
current

IOH1

3V VLCD=3V, VOH=2.7V -140 -230 - uA

5V VLCD=5V, VOH=4.5V -300 -500 - uA

LCD SEG
sink current

IOL2
3V VLCD=3V, VOL=0.3V 250 400 - uA

5V VLCD=5V, VOL=0.5V 500 800 - uA

LCD SEG 
source 
current

IOH2

3V VLCD=3V, VOH=2.7V -140 -230 - uA

5V VLCD=5V, VOH=4.5V -300 -500 - uA

3.2.2 AC Characteristics 1

(Tamb=-40 to +85 , VDD=2.4 to 5.5V, VSS=0V, unless otherwise specified) 

Parameter Symbol 
Conditions

Min. Typ. Max. Unit 
VDD Conditions

LCD frame 
frequency

fLCD1 4V 1/4 duty, Tamb=+25 72 80 88 Hz

LCD frame 
frequency

fLCD2 4V 1/4 duty, Tamb=+25 52 80 124 Hz

LCD frame 
frequency

fLCD3 4V 1/4 duty, Tamb=-40 to +85 144 160 176 Hz

LCD frame 
frequency

fLCD4 4V 1/4 duty, Tamb=-40 to +85 104 160 248 Hz

VDD off time tOFF - VDD drop down to 0V 20 - - ms

VDD slew rate tSR - - 0.05 - - V/ms
Note: 

1. During the power on/off period, if the conditions of the power-on reset sequence are not met, the 

internal power-on reset (POR) circuit cannot work normally.  

2. During operating, if the VDD voltage drops below the specified minimum operating voltage, the 

power-on reset sequence conditions must be satisfied. In other words, the VDD voltage must drop to 0V 

and must maintain a 0V voltage of at least 20ms before rising to the normal operating voltage.  

0 -

-1 - 11

SDA
3 - --

6 - - mAmA

=3V, VOL=0.3V 250250 400400 - uAuA

=5V, VOL=0.5V 500500 800800 -- uAuA

VLCD=3V, VOH=2.7V --140140 -230 --

VLCD=5V, VOH=4.5V --300300 -500

VLCD=3V=3V,, VVOLOL=0.3V=0.3V 250250 400400

5V VLCD=5V=5V, VOL=0.5V=0.5V 500 800800

3V VLCD=3V=3V, VOH=2.7V --140

5V VLCD=5V=5V,, VVOOH=4.5V --300

haracteristics 1

-40 to +85 , VDD=2.4 to 5.5V5.5V, VSS=0V, unless otherwise specified) unless otherwise specified) 

Parameter Symbol 
ConditionsConditions

VDDDD ConditionsConditions
LCD frame LCD frame 
frequencyfrequency

fLCDf 1 4V4V 1/4 duty, 1/4 duty, 

LCD frame 
frequencyfrequency

fLCDLCDf 22 4V 1/4 duty, 

LCD frame LCD frame 
frequencyfrequency

fLCDf 3 4V

LCD frame LCD frame 
frequency

ffLCDLCDfff 4 4V

off time ttOFFOFF

ttSRSR
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3.2.3 AC Characteristics 2 (I2C Interface)

Parameter Symbol Conditions
VDD=2.4V to 5.5V VDD=3.0V to 5.5V 

Unit
Min. Max. Min. Max.

clock 
frequency

fSCL - - 100 - 400 kHz

bus free time tBUF

during this period the 
bus must be free until 

a new transmission
starts

4.7 - 1.3 - us

Start condition 
hold time

tHD: STA 

after this period, the 
first clock pulse is 

generated
4.0 - 0.6 - us

SCL LOW 
time

tLOW - 4.7 - 1.3 - us

SCL HIGH 
time

tHIGH - 4.0 - 0.6 - us

Start condition 
setup time

tSU: STA

only relevant for 
repeated START 

condition
4.7 - 0.6 - us

data hold time tHD: DAT - 0 - 0 - ns

data setup time tSU: DAT - 250 - 100 - ns

SDA and SCL
rise time

tR - - 1 - 0.3 us

SDA and SCL
fall time

tF - - 0.3 - 0.3 us

Stop condition 
setup time

tSU: STO - 4 - 0.6 - us

effective clock 
output time

tAA - - 3.5 - 0.9 us

input filter 
time constant
(SDA, SCL)

tSP
noise suppression 

time
- 100 - 50 ns

1.3

- 0.6

4.7 - 1.31.3 -

4.0 - 0.60.6 - usus

for 
repeated START 

condition
4.7 -- 0.6 --

- 00 - 0

- 250 -- 100100

R - - 11

tF -- -- 0.30.3

condition 
setup time

tSU: STO - 4

effective clock 
output time

tAAt -

iinput nput filter f
ttime ime constant
(SDA, SCL)(SDA, SCL)

tSP
nnoise suppression oise suppression 

time
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4 Timing Diagrams

4.1 I
2
C Timing

tHD:STA
tHD:DAT tHIGH

tAA

tSU:STA

tHD:STA

tSU:DAT

trtLOW

tf

tSP

tSU:STO

tBUF

P SSrS

SDA

SCL

SDA
OUT

Note: The write cycle time tWR is the time from a valid Stop condition of a write sequence to the end of the 

valid Start condition of a sequential command. 

4.2 Power-on Reset Timing

VDD

tSR

tOFF

5 Function Description

5.1 Power-on Reset

After power-on, the device is initialized by the internal power-on reset circuit. The state of the internal 

circuit after initialization is as follows: 

All COM/SEG outputs are set to VLCD.

 The drive mode 1/4 duty output and 1/3 bias is selected. 

Both the system oscillator and LCD bias generator are off state.

 The LCD display is off sate. 

The internal voltage adjustment function is enabled.

The detection switch function of the VLCD pin is disabled.

The frame frequency is set to 80Hz.

 The blinking function is switched off. 

After power-on, Data transfers on the I2C bus within 1ms should be avoided to complete the reset action. 

tSP

tSU:STOO

PP S

is the time from a valid Stop condition of a write sequence to the end of the condition of a write sequence to the end of the 

condition of a sequential command. 

tOFFFF

Function Description

5.15.1 Power-on Reset

After power-on, the device is initialized by the internal power-on reset circuit. The state of the internal After power-on, the device is initialized by the internal power-on reset circuit. The state of the internal 

circuit after initialization is as follows: circuit after initialization is as follows: 

All COM/SEG outputs are set to VAll COM/SEG outputs are set to VLCD.

 The drive mode 1/4 duty output and 1/3 bias is selected.  The drive mode 1/4 duty output and 1/3 bias is selected. 

Both the system oscillator and LCD bias generator are off Both the system oscillator and LCD bias generator are off 

LCD display is off sate. LCD display is off sate. 

The internal voltage adjustment function is enabled.The internal voltage adjustment function is enabled.

The detection switch function of the VThe detection switch function of the V
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5.2 Display Memory RAM Structure

AiP16C22 has a 44×4-

the corresponding LCD. 

The contents of the RAM data are directly mapped to the LCD. The 44 SEGs in the first column of RAM 

operate together with their corresponding COM0. In multiplexed LCD applications, SEGs in columns 2, 3, 

and 4 are time-multiplexed with their corresponding COM1, COM2, and COM3, respectively. The 

mapping relationship between RAM data and LCD pattern is as follows:

Output COM3 COM2 COM1 COM0 Output COM3 COM2 COM1 COM0 Address
SEG1 SEG0 00H

SEG3 SEG2 01H

SEG5 SEG4 02H

SEG7 SEG6 03H

SEG9 SEG8 04H

SEG11 SEG10 05H

SEG43 SEG42 21H

D7 D6 D5 D4 D3 D2 D1 D0 Data
Display data transfer format for I2C interface 

5.3 Address Pointer

Display RAM addressing technology is realized by address pointer. This mechanism allows single or 

multiple display data bytes to be loaded at any location in the display RAM. The address pointer sequence 

is initialized by the address pointer command.

5.4 System Oscillator

The internal oscillator provides timing for the internal logic and LCD drive signals. The system clock 

frequency (fSYS) determines LCD frame frequency. During the system power-on initialization, the system 

oscillator will be in the stop state.

5.5 Frame Frequency

The AiP16C22 provides two frame frequencies, which can be selected by the mode setting command to be 

80Hz or 160Hz. 

COM2 COM1

SEG8 04H04H

SEG10 05H05H

SEGSEG4242

D5 D4 D3D3 D2 D1D1
Display data transfer format for IDisplay data transfer format for I2C interface C interface 

Address Pointer

Display RAM addressing technology is realized by address pointer. This mechanism allows single or Display RAM addressing technology is realized by address pointer. This mechanism allows single or 

multiple display data bytes to be loaded at any location in the display RAM.multiple display data bytes to be loaded at any location in the display RAM.

is initialized by the address pointer command.is initialized by the address pointer command.

5.4 System Oscillator

The internal oscillator provides timing for the internal logic and LCD drive signals. The system clock The internal oscillator provides timing for the internal logic and LCD drive signals. The system clock 

frequency (fSYSfrequency (f ) determines LCD frame frequency. During the system power-on initialization, the system ) determines LCD frame frequency. During the system power-on initialization, the system 

oscillator oscillator wilwill be in the stop state.l be in the stop state.

Frame FrequencyFrame Frequency

The AiP16C22 provides two frame frequencies, which can be selected by the mode setting command to be The AiP16C22 provides two frame frequencies, which can be selected by the mode setting command to be 
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5.6 Blinker Function

The device contains versatile blinking modes. The whole display can be blinked at frequencies selected by 

blink command. The ratio between the system frequency and the blinking frequency depends on the 

blinking mode, as shown in the following table:

Blinking Mode Operating Mode Ratio Blinking Frequency (Hz) 
0 0 blink off

1 fSYS/16384Hz 2

2 fSYS/32768Hz 1

3 fSYS/65536Hz 0.5

5.7 LCD Bias Generator

LCD full voltage (VOP) comes from (VLCD-VSS). The LCD voltage can be externally compensated for 

temperature through the voltage provided by the VLCD pin.  

1/2 or 1/3 bias voltage can be obtained from an internal voltage divider of four series resistors connected 

between VLCD and VSS. The centre resistor can be switched out of circuits to provide a 1/4, 1/2 bias 

voltage . 

5.8 Internal VLCD Voltage Adjustment

 The internal VLCD adjustment contains four series resistors and a 4-bit programmable analog switch 

which can provide 16-level voltage adjustment options using the VLCD voltage adjustment command. 

The internal VLCD adjustment as shown below: 

VLCD pin

IVA

VDD

R

R

R

LCD Bias
generator

5.9 SEG Drive Output

The LCD drive module contains 44 SEG outputs SEG0~SEG43, these SEGs should be directly connected 

to the LCD panel. The SEG output signals are generated according to the multiplexed COM signals and 

the data in the display latch. If the number of SEG used is less than 44, the unused SEG outputs should be 

left open-circuit. 

0.5

). The LCD voltage can be externally compensated for ). The LCD voltage can be externally compensated for 

pin.  

1/2 or 1/3 bias voltage can be obtained from an internal voltage divider of four series resistors connected 1/2 or 1/3 bias voltage can be obtained from an internal voltage divider of four series resistors connected 

 The centre resistor can be switched out of circuits to provide a 1/4, 1/2 bias  The centre resistor can be switched out of circuits to provide a 1/4, 1/2 bias 

Voltage Adjustment

 adjustment contains four series resistors and a 4-bit programmable analog switch  adjustment contains four series resistors and a 4-bit programmable analog switch 

which can provide 16-level voltage adjustment options using the Vwhich can provide 16-level voltage adjustment options using the VLCDLCD voltage adjustment command. voltage adjustment command. 

adjustment as shown below: 

VLCD pinn

IVAA

VDD
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5.10 COM Drive Output

The LCD drive section contains 4 COM outputs (COM0~COM3). These COMs should be directly 

connected to the LCD panel. The COM output signals are generated according to the selected LCD drive 

mode. If the number of COMs used is less than 4, the unused COM output should be left open-circuit. 

5.11 LCD Drive Mode Waveforms

When the LCD drive mode selects 1/4 duty, AiP16C22 can select 1/2 or 1/3 bias, the waveform and 

LCD display is shown as follows: 

VLCD

VLCD+VSS/2

VSS

COM0

COM1

COM2

COM3

SEG n

SEG n+1

SEG n+2

SEG n+3

State 1
(on)

State 2
(off)

LCD segment
tLCD

VLCD

VLCD+VSS/2

VSS

VLCD

VLCD+VSS/2

VSS

VLCD

VLCD+VSS/2

VSS

VLCD

VLCD+VSS/2

VSS

VLCD

VLCD+VSS/2

VSS

VLCD

VLCD+VSS/2

VSS

VLCD

VLCD+VSS/2

VSS

1/4 duty and 1/2 bias drive mode waveform (VOP=VLCD-VSS) 

When the LCD drive mode selects 1/4 duty, AiP16C22 can select 1/2 or 1/3 bias, the waveform and 

n

SEG n+1

2

Statee 11
(onn))

SState 22
(offf )

LLCCDD sseg

S/2

VSS

VLCD

VLCD+VSS/2

VSS

VLCD

VLCD+VSS/2

VSS

VLCD

VLCDD++VVSSSS//22

VSSSS

VLCD
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COM0

COM1

COM2

COM3

SEG n

SEG n+1

SEG n+2

SEG n+3

State 1
(on)

State 2
(off)

LCD segmenttLCD

VLCD

VLCD-Vop/3

VSS

VLCD-2Vop/3

VLCD

VLCD-Vop/3

VSS

VLCD-2Vop/3

VLCD

VLCD-Vop/3

VSS

VLCD-2Vop/3

VLCD

VLCD-Vop/3

VSS

VLCD-2Vop/3

VLCD

VLCD-Vop/3

VSS

VLCD-2Vop/3

VLCD

VLCD-Vop/3

VSS

VLCD-2Vop/3

VLCD

VLCD-Vop/3

VSS

VLCD-2Vop/3

VLCD

VLCD-Vop/3

VSS

VLCD-2Vop/3

1/4 duty and 1/3 bias drive mode waveform (VOP=VLCD-VSS) 

The relationship between the 4-bit programmable analog switch and VLCD output voltage is shown in the 

following table:

Bias
DA3~DA0 1/2 1/3 Note

00H 1.000×VDD 1.000×VDD default value

01H 0.9375×VDD 0.957×VDD

02H 0.882×VDD 0.918×VDD

03H 0.833×VDD 0.882×VDD

04H 0.789×VDD 0.849×VDD

05H 0.750×VDD 0.818×VDD

06H 0.714×VDD 0.789×VDD

07H 0.682×VDD 0.763×VDD

08H 0.652×VDD 0.738×VDD

09H 0.625×VDD 0.714×VDD

0AH 0.600×VDD 0.692×VDD

0BH 0.577×VDD 0.672×VDD

0CH 0.556×VDD 0.652×VDD

off

LCD

Vop/3

VSS

CD-2Vop/3

1/4 duty andand 1/3 bias drive mode waveform (V1/3 bias drive mode waveform (V

The relationship between the 4-bit programmable analog switch and VThe relationship between the 4-bit programmable analog switch and V

following table:following table:

Bias
DA3~DA0DA0~ 1/2

00H00H 1.000×V

01H01H 0.9375

02H02H 0.882

03H
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0DH 0.536×VDD 0.634×VDD

0EH 0.517×VDD 0.616×VDD

0FH 0.500×VDD 0.600×VDD

5.12 I2C Serial Interface

The device provides I2C serial interface, and the device is only used as a slave for I2C communication. The 

I2C interface is for bidirectional, two-line communication between different ICs or modules, that is, a 

serial data line SDA and a serial clock line SCL. These two lines are respectively connected to the positive 

power supply through a pull-  When the I2C bus is free, both lines 

are HIGH. The microcontroller connected to the I2C interface must have an open-drain or open-collector 

output to realize the wired-or function. Data transmission starts only when the I2C interface is not busy. 

5.13 Data Validity

When SCL=1, the data on the SDA pin must be stable. Only when SCL=0, the level of the SDA pin will 

change, as shown in the diagram below:

SDA

SCL

Data line stable,
Data valid

Change of data
allowed

5.14 START And STOP Conditions

When SCL=1, a high to low transition on the SDA line defines a START condition.  

When SCL=1, a low to high transition on the SDA line defines a STOP condition. 

START and STOP conditions are always generated by the master. The I2C interface is considered to be 

busy after the START condition. The I2C interface is considered to be free again a certain time after the 

STOP condition.  

The I2C interface stays busy if a repeated START (Sr) is generated instead of a STOP condition. In 

some respects, the START and repeated START (Sr) conditions are functionally identical. 

SDA

SCL

S P

SDA

SCL

START condition STOP condition

 is only used as a slave for I

C interface is for bidirectional, two-line communication between different ICs or modules

serial data line SDA and a serial clock line SCL. These two lines are respectively connected to the positive 

 When the I2C bus is 

C interface must have an open-drain or open-collector C interface must have an open-drain or open-collector 

output to realize the wired-or function. Data transmission starts only when the I2C interface C interface is not busy. is not busy. 

When SCL=1, the data on the SDA pin must be stable. Only when SCL=0, the level of the SWhen SCL=1, the data on the SDA pin must be stable. Only when SCL=0, the level of the SDADA pin will  pin will DADA

Daattaa lliinnee ssttaable,
DDaattaa vvaalliidd

CChhaannggee oof data
aalllloowweedd

START And STOP Conditionsonditions

When SCL=1, a high to low transition on the SDA line defines a START condition.  SCL=1, a high to low transition on the SDA line defines a START condition.  

When SCL=1, a low to high transition on the SDA line defines a STOP condition. SCL=1, a low to high transition on the SDA line defines a STOP condition. 

START and STOP conditions are always generated by the master. The ISTART and STOP conditions are always generated by the master. The I

busy after the START condition. The Ibusy after the START condition. The I22C interface is considered to be free again a certain time after the 

STOP condition.  STOP condition.  

The IThe I22CC interface stays busy if a repeated START (Sr) is generated instead of a STOP condition. In interface stays busy if a repeated START (Sr) is generated instead of a STOP condition. In 

some respects, the START and repeated START (Sr) conditions are functionally identical. some respects, the START and repeated START (Sr) conditions are functionally identical. 

A
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5.15 Byte Format

Every byte on the SDA line must be 8-bit long. The number of bytes that can be transmitted at a time is 

unlimited. Each byte has to be followed by an acknowledge bit. Data transmission starts from the highest 

bit. 

5.16 Acknowledge (ACK)

 Each bytes of eight bits is followed by one acknowledge bit. This acknowledge bit is a LOW level 

placed on the I2C interface by the receiver. The master generates an extra acknowledge related clock 

pulse. 

 A slave receiver which is addressed must generate an acknowledge, ACK, after the receiving each byte.

The device that acknowledges must pull down the SDA line during the acknowledge clock pulse so that 

it remains stable LOW during the HIGH period of this clock pulse.

 A master receiver generates a not-acknowledge (NACK) when the slave sends the last byte and has told 

the slave to end data transmission. In this case, the master receiver must leave the data line HIGH 

during the 9th pulse to not acknowledge. The master will generate a STOP or repeated START 

condition.

5.17 Slave Addressing

The slave address byte is the first byte received following the START condition form the master device. 

The first seven bits of the first byte make up the slave address. The eighth bit defines a read or write 

operation to be performed. When the WR/

WR/ , then a write operation is selected. 

AiP16C22 address bit is 111111 . When an address byte is sent, the device compares with its internal 

address. If they match, the device outputs an acknowledge on the SDA line.

 Each bytes of eight bits is followed by one acknowledge bit. This acknowledge bit is a LOW level  Each bytes of eight bits is followed by one acknowledge bit. This acknowledge bit is a LOW level 

C interface by the receiver. The master generates an extra acknowledge related clock C interface by the receiver. The master generates an extra acknowledge related clock 

 A slave receiver which is addressed must generate an acknowledge, ACK, after the receiving each byte. A slave receiver which is addressed must generate an acknowledge, ACK, after the receiving each byte.

The device that acknowledges must pull down the SDA line during the acknowledge clock pulse so that The device that acknowledges must pull down the SDA line during the acknowledge clock pulse so that 

during the HIGH period of this clock pulse.period of this clock pulse.

 A master receiver generates a not-acknowledge (NACK) when the slave sends the last byte and has told  A master receiver generates a not-acknowledge (NACK) when the slave sends the last byte and has told 

the slave to end data transmission. In this case, the master receiver must leave the data line HIGH the slave to end data transmission. In this case, the master receiver must leave the data line HIGH 

during the 9th pulse to not acknowledge. The master will generate a STOP or repeated START during the 9th pulse to not acknowledge. The master will generate a STOP or repeated START 

Slave AddressingSlave Addressing

The slave address byte is the first byte received following the START condition form the master device. The slave address byte is the first byte received following the START condition form the master device. 

The first seven bits of the first byte make up the slave address. The eighth bit defines a read or write The first seven bits of the first byte make up the slave address. The eighth bit defines a read or write 

operation to be performed. When the operation to be performed. When the 
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5.18 Write Operation

5.18.1 Byte Writes Operation

Command Byte

A Command Byte write operation consists of a START condition, a slave address with an WR/ bit, a 

valid register byte, a data byte and a STOP condition. After each of the three bytes, the device responds 

with an ACK.

Command Byte Received 

Single data Byte Received 

Note: If the byte following the slave address is a command code, the byte following the command code

will be ignored.  

5.18.2 Display RAM Page Write Operation

After a START condition the slave address with the WR/ bit is sent to the I2C interface followed with the 

Register Address of which the contents are written to the internal address pointer. The data to be written to 

the memory will be transmitted next and then the address pointer will be automatically incremented by 1, 

so it can write to the next address after receiving an acknowledge. After the internal address pointer

reaches the maximum address, which is 15H, the address pointer will be reset to 00H. 

N Data Bytes Received

Command Byte Received 

Single data Byte Received 

Note: If the byte following the slave address is a command code, the byte following the command Note: If the byte following the slave address is a command code, the byte following the command 

Display RAM Page Write OperationDisplay RAM Page Write Operation

After a START condition the slave address with the After a START condition the slave address with the WWR/R/ bit is sent bit is sent toto

Register Address of which the contents are written to the internal address pointer. The data to be written to Register Address of which the contents are written to the internal address pointer. The data to be written to 

the memory will be transmitted next and then the address pointer will be automatically incremented by 1, the memory will be transmitted next and then the address pointer will be automatically incremented by 1, 

so it can write to the next address after receiving so it can write to the next address after receiving anan acknowledge. After the internal address point

reaches the maximum address, which is 15H, the address pointer will be reset to 00H. reaches the maximum address, which is 15H, the address pointer will be reset to 00H. 
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5.19 Read Operation

 In this mode, the master reads the AiP16C22 data after setting the slave address. Following the 

WR/ bit (= is an acknowledge bit, a command byte and the register address byte which is written to 

the internal address pointer. After configuring the start address of the Read Operation, another START 

condition and the slave address are transferred on the I2C interface followed by the WR/ bit (=

Then the MSB of the data which was addressed is transmitted first on the I2C interface. The address 

pointer is incremented by 1 after the receiving an acknowledge. That means that if the device sends the

data at the address of AN+1, the master will read and acknowledge the transferred new data byte and the 

address pointer is incremented to AN+2. After the internal address pointer reaches the maximum address, 

which is 15H, the address pointer will be reset to 00H. 

The cycle of reading consecutive addresses will continue until the master sends a STOP condition.

Reading N Data Bytes

Then the MSB of the data which was addressed is transmitted first on the I

pointer is incremented by 1 after the receiving an acknowledge. That means that if the device sends 

, the master will read and acknowledge the transferred new data byte and the 

. After the internal address pointer reaches the maximum address, 

e cycle of reading consecutive addresses will continue until the master sends a STOP condition.e cycle of reading consecutive addresses will continue until the master sends a STOP condition.

Reading N Data BytesReading N Data Bytes
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5.20 Command Summary

Drive Mode Command

These commands are set to the frame frequency output, internal system oscillator on/off and display on/off 

and driver mode. 

Function
(MSB)
Bit 7

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
(LSB)
Bit 0

Note Def

mode set 1 0 0 F S E 0 M0 - 80H

Bit 0
Bias

M0
0 1/3 bias

1 1/2 bias

Bit 3 Bit 2 Internal System 
Oscillator

LCD Display
S E
0 X off off

1 0 on off

1 1 on on

Bit 4 Frame 
FrequencyF

0 80Hz

1 160Hz

Power on status: The drive mode 1/3 bias is selected. Display off and disable internal system oscillator. Frame 
frequency is set to 80Hz.

If the command is not defined, the function will not be affected.

Display Data Input Command

This command is used to send data from MCU to memory map of the AiP16C22.

Function
(MSB)
Bit 7

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
(LSB)
Bit 0

Note Def

address pointer 0 0 0 A4 A3 A2 A1 A0

Display data 
start address 
of memory 

map

00H

Note:
Power on status: The address is set to 00H.
If the address pointer reaches 15H, the pointer will reset to 00H.
If the command is not defined, the function will not be affected.

0

Display

off

off

on

Frame 
Frequency

80Hz

160Hz

Power on status: The drive mode 1/3 bias is selectedThe drive mode 1/3 bias is selected.. Display off and disable Display off and disable 
frequency is set to 80Hz.

If the command is not defined,If the command is not defined, the function will not be affected.the function will not be affected.

Display Data Input CommandDisplay Data Input Command

This command is used to send data from MCU to memory map of the AiP16C22.This command is used to send data from MCU to memory map of the AiP16C22.

Function
(MSBMSB))
Bit 7Bit 7

Bit 6 Bit 5Bit 5

address pointeraddress pointer 0 0

Power on status: The address is set to 00H.Power on status: The address is set to 00H.
pointerpointer reaches 15reaches 15

If the command is not defined, the function will not be affected.If the command is not defined, the function will not be affected.
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Blinking Frequency Command 

This command defines the blinking frequency of the display modes.

Function
(MSB)
Bit 7

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
(LSB)
Bit 0

Note Def

blinking 
frequency 
command

1 1 0 0 0 0 BK1 BK0 - C0H

Bit 1 Bit 0 Blinking 
FrequencyBK1 BK0

0 0 Blinking off 

0 1 2Hz

1 0 1Hz

1 1 0.5Hz
Power on status: Blinking function is switched off. 
If the command is not defined, the function will not be affected.

Internal Voltage Adjustment (IVA) Setting Command 

The internal voltage (VLCD) can provide sixteen kinds of regulator voltage adjustment options by setting the 

LCD operating voltage adjustment command. 

Function
(MSB)
Bit 7

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
(LSB)
Bit 0

Note Def

internal 
voltage 
adjust
setting

0 1 DE VE DA3 DA2 DA1 DA0

SEG/VLCD

shared pin can 
be set via the 

used to enable 
or disable the 
internal voltage 
adjustment. 
The DA3~DA0 
bits can be used 
to adjust the 
VLCD output 
voltage. 

70H

Note:
Bit 
5

Bit 
4

SEG/VLCD

Shared Pin 
Select

Internal 
Voltage

Adjustment 
Note

DE VE

0 0 VLCD pin off

LCD pin is set as the VLCD pin. 
The LCD drive voltage is input from the external to the VLCD

pin.
Disable the internal voltage adjustment function 
If an external resistor is connected between the VLCD pin and 
the VDD pin, the resistor can be used to adjust the bias voltage, 
and the A3~A0 bits must be set as the value other than .
If the VLCD pin is connected to VDD pin, the DA3~DA0 bits 
must be set as .

0 1 VLCD pin on LCD pin is set as the VLCD pin. 

Power on status: Blinking function is switched off. 
If the command is not defined, the function will not be affected.If the command is not defined, the function will not be affected.

Internal Voltage Adjustment (IVA) Setting Command 

) can provide sixteen kinds of regulator voltage adjustment options by setting the ) can provide sixteen kinds of regulator voltage adjustment options by setting the 

LCD operating voltage adjustment command. 

Bit 6 Bit 5 Bit 4Bit 4 Bit 3 Bit 2Bit 2 Bit 1Bit 1
((LSBLSB

nternal 
oltage 
adjust
setting

0 1 DEDE VE DA3DA3

Bit SEG/VSEG/VLCDLCD

Shared Pin Shared Pin 
SelectSelect
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The LCD drive voltage is independently generated internally.
Enable the internal voltage adjustment function. 
The VLCD pin is an output pin of which the voltage can be 
detected by the external MCU host.

1 0 SEG pin off

LCD pin is set as the SEG pin.
Disable the internal voltage adjustment function.
The bias voltage is supplied by the internal VDD.

~DA0 can be any value.

1 1 SEG pin on
SEG/VLCD pin is set as the SEG pin.
The LCD drive voltage is independently generated internally.
Enable the internal voltage adjustment function.

-follower (OP3) is disabled. When the DA0~DA3 

follower (OP3) is enabled. 

Power on status: Disable the internal voltage adjustment and the SEG/VLCD pin is set as the SEG pin.

If the command is not defined, the function will not be affected.

5.21 Operation Flow Chart

The flow charts of the access procedures are shown below. 

Initialization

Power On

Internal LCD bias setting

Internal LCD frame frequency
setting

Segment/VLCD shared pin setting

LCD blinking frequency setting

Next prcessing

can be any value.
pin is set as the SEG

The LCD drive voltage is independently
Enable the internal voltage adjustment function.

follower (OP3) is disabled. When the DA0~DA3 ) is disabled. When the DA0~DA3 

follower (OP3) is enabled. ) is enabled. 

Power on status: Disable the internal voltage adjustment and the SEG/VLCD pin is set as the pin is set as the SEGSEG pin.pin.

If the command is not defined, the function will not be affected.

procedures are shown below. 

er On

LCD

fra
ettin
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Display Data Read/Write (Address Setting)

Start

Address setting

Display RAM data write

Display on and enable internal system clock

Next prcessing

SEG/VLCD Shared Pin And Internal Voltage Adjustment Setting 

Start

Segment/VLCD share 
pin setting

The bias voltage is supplied by 
Programmable Internal voltage 

adjustment

Internal voltage 
adjustment

enable?

Internal voltage 
adjustment

enable?

The external 
MCU can detect 

the voltage of 
VLCD pin

Next processing

One external resistor 
must be connected 

between to VLCD pin and 
VDD pin to determine the 

bias voltage

The bias voltage is 
supplied by internal VDD

power

Set as Segment pin Set as VLCD pin

yesyes

no no

Shared Pin And Internal Voltage Adjustment Setting Shared Pin And Internal Voltage Adjustment Setting 

Start

share 
pin setting

Internal voltage Internal voltage 
adjustment

enable?

Set as Segment pinSet as Segment pin

yesyes
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5.21 Power Supply Sequence

 If the LCD and VDD pin are powered separately, it is strongly recommended to follow the power supply 

sequence requirements. 

 Failure to follow the requirements of the power supply sequence may cause malfunctions. 

Power supply sequence requirements: 

1. Power-on sequence: First turn on the logic power supply voltage VDD, then turn on the LCD drive 

voltage VLCD. 

2. Power-off sequence: First turn off the LCD drive voltage VLCD, then turn off the logic power supply 

voltage VDD.

3. Regardless of whether the VLCD voltage is higher than the VDD voltage, the power supply sequence must 

be followed. 

, then turn off the logic power supply 

 voltage, the power supply sequence must  voltage, the power supply sequence must 
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6 Typical Application Circuit And Application Note

6.1 Set As SEG Pin

Disable internal voltage adjustment. The bias voltage is supplied by internal VDD power. 

4.7K 4.7K

0.1uF

VDD

VSS

VSS

VDD SCL

SDA

VSS

VDD COM0~COM3

COM0~COM3

SEG0~SEGX

SEG0~SEGX

MCU AiP16C22
LCD panel

1uF

Enable internal voltage adjustment. The bias voltage is supplied by internal adjustment. 

4.7K 4.7K

0.1uF

VDD

VSS

VSS

VDD SCL

SDA

VSS

VDD COM0~COM3

COM0~COM3

SEG0~SEGX

SEG0~SEGX

MCU AiP16C22
LCD panel

1uF

VSS SEG

0~S

able internal voltage adjustment. The bias voltage is supplied by internal adjustment. able internal voltage adjustment. The bias voltage is supplied by internal adjustment. 

4.77KK 4.7K

0.1uF

VDD

1uF
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6.2 Set As VLCD Pin

Disable internal voltage adjustment. One external resistor must be connected between VLCD pin and VDD

pin to determine the bias voltage 

4.7K 4.7K

0.1uF

VDD

VSS

VSS

VDD SCL

SDA

VSS

VDD

COM0~COM3

COM0~COM3

SEG0~SEGX

SEG0~SEGX

MCU AiP16C22
LCD panel

1uF
VLCD

VR

Enable internal voltage adjustment. The external MCU can detect the voltage of VLCD pin. 

4.7K 4.7K

0.1uF

VDD

VSS

VSS

VDD SCL

SDA

VSS

VDD COM0~COM3

COM0~COM3

SEG0~SEGX

SEG0~SEGX

MCU AiP16C22
LCD panel

1uF

VLCD

VSS

G0

able internal voltage adjustment. The external MCU can detect the voltage of VThe external MCU can detect the voltage of VLCD

4.77KK 4.7K

00..11uuFF

C

1uF
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7 Package Information

7.1 LQFP48
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7.2 LQFP52
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8 Statements And Notes

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

Part name

Hazardous substances or Elements

Lead 
and 

lead 
compou
nds

Mercur
y and 
mercur
y
compo
unds

Cadm
ium 
and 
cadmi
um 
comp
ounds

Hexaval
ent 
chromiu
m
compoun
ds

Polybro
minated 
biphenyl
s

Polybro
minate
d
biphen
yl 
ethers

Dibutyl 
phthala
te

Butylbe
nzyl 
phthala
te

Di-2-et
hylhex
yl 
phthala
te

Diisobu
tyl 
phthala
te

Lead 
frame

Plastic 
resin

Chip 

The lead

Plastic 
sheet 
installed

explanatio
n

Indicates that the content of hazardous substances or elements in the detection limit 

of  the following the SJ/T11363-2006 standard.

× Indicates that the content of hazardous substances or elements exceeding the SJ/T11363-2006 
Standard limit requirements.

8.2 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. 

te

Indicates that the content of hazardous substances or elements in the detection limit Indicates that the content of hazardous substances or elements in the detection limit 

of  the following the SJ/T11363-2006 standardstandard..

Indicates that the content of hazardous substances or elements exceeding the ardous substances or elements exceeding the 
Standard limit requirements.

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

The information in this document are subject to change without noticeThe 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 lossThis 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 company is not responsible for the any infringement of the third party patents or other rights of  

the responsibility. 


