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1. General Description

AiP16C22 is a kind of LCD controller/driver .The device provides a display mode: 1/4 duty display mode.
The display segments of the device are 176 patterns (44>4, LQFP52) or 160 patterns (40>4, LQFP48).
AiP16C22 has a built-in clock generator, LCD bias voltage generation module, LCD drive voltage
follower and standard 12C interface.

Features:
Operating voltage: 2.4 to 5.5V

I°C interface

Display Mode:
LQFP52:

Low power consumption
Versatile blinking modes
Internal clock generator

44>4 patterns: 44 SEG and 4 COM

LQFP48:

40>4 patterns: 40 SEG and 4 COM

Bias: 1/2 or 1/3
Duty: 1/4

Ordering Information:
Tube packing specifications:

Internal LCD bias generator with voltage follower

LCD drive voltage can be adjusted by external resistor
V| cp voltage adjustable
Two selectable LCD frame frequencies: 80Hz or 160Hz
Packaging information: LQFP48/LQFP52

3 i Boxed
Part number Packaging | Marking Tubg tibe Boxe_d Notes
form code guantity quantity quantity
Dimensions of
_ _ 250 10 2500 plastic enclosure:
AiP16C22L.A48.TB | LQFP48 | AiP16C22 pCS/plate | plate/box | PCS/box 7..0mmx-7_ornm
Pin spacing:
0.5mm
Dimensions of
160221 D52 , P16C22 90 10 900 plastic enclosure:
AP LD52.TB | LQFPS AlP1 PCS/plate | plate/box | PCS/box éz_l.Omm?qzl..Omm
in spacing:
1.0mm

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

product.
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2. Block Diagram And Pin Description
2.1, Block Diagram

VLCD
?
VLCD Low power
selection follower COM O COMn
SDA Inc
. IRC
scL interface L
Display
control SEG —O sEGn
RAM
VDDi
VSS Power on
reset
2.2+ Pin Configurations
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2.3, Pin Description

Pin No. .
Pin Name Type Description
LQFP48 | LQFP52
2 2 SDA 110 Serial data input/output for 12C interface
3 3 SCL | Serial clock input for I°C interface
1 1 Vbp - Positive power supply
4 4 Vss - Negative power supply, ground
5~8 5~8 COMO~COM3 O LCD COM outputs
9~47 - SEGO~SEG38 - LCD SEG outputs
LCD drive voltage input/output
48 - ViLcp/SEG39 - Multiplexed pin with LCD SEG39
Pin function selectable via command
- 9~51 SEGO~SEG42 O LCD SEG outputs
LCD drive voltage input/output
- 52 Vcp/SEG43 - Multiplexed pin with LCD SEG43
Pin function selectable via command

3. Electrical Parameter
3.1, Absolute Maximum Ratings

(Tamob=25"C, Al voltage referenced to Vss, unless otherwise specified)

Characteristic Symbol Conditions Value Unit
supply voltage - - Vss-0.3 10 Vss+6.5 \YJ
input voltage Vin - Vss-0.3 10 Vpp+0.3 \YJ
operating temperature Tamb - -40 to +85 T
storage temperature Tstg - -55 to +150 T
3.2, Electrical Characteristics
3.2.1, DC Characteristics 1
(Tamb=-40 to +85°C, Vpp=2.4 to 5.5V, Vss=0V, unless otherwise specified)
Conditions . )
Parameter | Symbol — Min. | Typ. | Max. Unit
Vb Conditions
operating i i i
voltage Vbb 2.4 55 \%
operating ) ) ) )
voltage Vico Vb \%
3V no load, Vico=Vop, 1/3 bias, } 18 27 UA
operating | fLco=80Hz, LCD display on,
current Y internal system oscillator on,
SV | DA0O~DAS3 are set to “0000” - 25 40 UA
3V no Ioad, Vico=Vop, 1/3 bias, _ 2 5 uA
operating | fLco=80Hz, LCD display off,
current pp1 internal system oscillator on,
SV | DA0-~DA3 are set to “0000” - 4 10 UA
standby 3V no load, Vi.co=Vop, LCD - - 1 uA
curent Iste display off, internal system
SV oscillator off - - 2 uA
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HIGH level
intput current ViH - SDA, SCL 0.7Vop - Vb Vv
LOW level
intput current Vie ) SDA, SCL 0 - 0.3Vop \%
input leak
Inp%uriitage I - Vin=Vss or Vpp -1 - 1 UA
LOW level 3V 3 - - mA
output loL VoL=0.4V, SDA
current 5V 6 - - mA
LCD COM | 3V Vicp=3V, Vo.=0.3V 250 400 - UA
sink current ot 5V Vico=5V, VoL=0.5V 500 | 800 - UA
LCD COM 3V Vicp=3V, Vou=2.7V -140 -230 - uA
source lon1
current 5V Vicp=5V, Von=4.5V -300 -500 - uA
LCD SEG | 3V Vicp=3V, Vo.=0.3V 250 400 - uA
sink current oL 5V Vicp=5V, Vo =0.5V 500 | 800 - uA
LCD SEG 3V Vicp=3V, Von=2.7V -140 -230 - uA
source lon2
current 5V VLCD:5V, VOH:4.5V -300 -500 - UA

3.2.2. AC Characteristics 1
(Tamp=-40 to +85°C, Vpp=2.4 t0 5.5V, Vss=0V, unless otherwise specified)

Conditions
Parameter Symbol N Min. Typ. Max. Unit
y Vb Conditions yp

LCD frame =

frequency fLeos 4v 1/4 duty, Tamy=+25C - 80 - Hz

LCD frame ~ ]

frequency fLep2 4V 1/4 duty, Tamb=-40 to +85°C - 80 . Hz

LCD frame _ )

frequency fieps av 1/4 duty, Tamp=+25C - 160 . Hz

LCD frame _ )

frequency fLcpa 4V | 1/4 duty, Tamp=-40 to +85°C . 160 . Hyz
Vpp off time torr - Vpp drop down to OV 20 - - ms
Vpp 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 Vpp voltage drops below the specified minimum operating voltage, the
power-on reset sequence conditions must be satisfied. In other words, the Vpp voltage must drop to 0V
and must maintain a OV voltage of at least 20ms before rising to the normal operating voltage.
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3.2.3. AC Characteristics 2 (12C Interface)

Vpp=2.4V to 5.5V

Vpp=3.0V t0o 5.5V

Parameter Symbol Conditions Min. Mo, Min. Mo, Unit
clock
frequency fsc|_ - - 100 - 400 kHz
during this period the
bus free time teur bus must be frge l.mt” 4.7 - 1.3 - us
a new transmission
starts
Start condition t a::f;ttglscﬁ)(ermgétige 4.0 - 0.6 - us
hold time HD: STA P ' '
generated
SCL LOW
time tLow - 4.7 - 1.3 - us
SCL HIGH
time tHIGH - 4.0 - 0.6 - us
- only relevant for
Startcondition | | repeated START 47 \ 0.6 - us
setup time o
condition
data hold time tHD: DAT - 0 - 0 - ns
data setup time | tsu:pat - 250 - 100 - ns
SDAandSCL | i i 1 i 0.3 us
rise time
SDAandSCL | i : 03 i 0.3 us
fall time
Stop condition
setup time tsu: sTo i 4 i 0.6 i us
effective clock
output time tan - - 3.5 - 0.9 us
input filter noise suppression
time constant tsp tirﬁ]% - 100 - 50 ns
(SDA, SCL)
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4, Timing Diagrams
4.1, 1°C Timing
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5. Precautions When Powering On

An internal reset circuit automatically initializes AiP16C22 when power is turned on.

Tips:

1. When the power is off, the power drop time is recommended to be >1ms

2. After the power is turned off, the voltage on the power supply is recommended to be <0.1V
3. Itis recommended to keep the power off for >100ms before powering it back on

4. When the power is powered on, it is recommended that the power rise time be >1ms
When the power is applied, the device is initialized by an internal power-on reset circuit. The status of

the internal circuits after initialization is as follows:

Function Reset status
LCD display OFF
System oscillator OFF
Blinking function OFF
LCD bias generator OFF
VLCD adjustment function OFF
VLCD pin VLCD output disable

COMY/SEG output VLCD
Frame frequency 80Hz

Duty 1/4 duty

VLCD bias 1/3 bias
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6. Function Description

6.1, I12C Interface

The chip provides a standard I1°C serial interface that include two PADs, a serial data line SDA and a serial
clock line SCL. Each of these lines is connected to the positive power supply via a pull-up resistor with a
typical value of 4.7KQ. Both lines are high when the 12C bus is idle. The microcontroller connected to the
12C interface must have an open drain output to achieve wired-or function.

6.2. Data Validity
The start and stop signs of the clock signal are detected at high power level:

SCL _—I_ ------ _r_
SDA __I ...... I__

start stop
Therefore, in the data transmission phase, during SCL=1, the data bit of the SDA pin must remain stable,
and only when SCL=0, the level of the SDA pin is allowed to change. Otherwise, an incorrect start or stop
flag will be detected, resulting in transmission interruption.
The chip can detect the restart (repeat start) flag by typing the START flag again at any moment before the
stop flag. Restart stops the current communication cycle directly, while restarting a new communication
cycle.

6.3, Byte Format

Refer to the standard 1°C format for 8 data clocks and 1 answer clock per communication cycle. The
sender sends 8 bits of data each time, after which the receiver sends 1bit of low level answer signal (ACK)
in the ninth, informing the sender that the data is sent and can continue to send data.

sDA | \ | [ COMMAND | flRam pATA 1o\ [T
S VAT AT T AV AWAN SR AW,

start ACK ACK

stop
or or
restart restart

In the reply phase, the data receiver may also send a 1bit high level No answer signal (NACK) to inform
the sender of the end of the data transmission. In this case, the host should generate either a stop signal or a
restart signal.
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6.4, Slave Address

Referring to the standard I12C format, after the host sends the START signal, it first sends the slave address
bytes to match the slave. The AiP16C22 address bit is "0111111".

The addressing byte 8bit of data is the read/write control bit (R/W), which is used to indicate whether the
subsequent operation is a read or write operation. R/W is 1 for subsequent read operations, and R/W is 0

for subsequent write operations.
MSB LSB

of1{1f1]|1|1|1]1|RW

7+ Command Set

. MSB LSB .
No. Function Description
B7 | B6 | B5 | B4 B3 B2 B1 BO
1 Mode settin Rescigighe:
g 1 0 0 F El EO 0 B 0x80
. Reset value:
2 Address pointer 0| 0| 0| A4 A3 A2 Al A0
0x00
: Reset value:
3 Blink frequenc
q y 1 1 0 0 0 0 B1 BO 0xCO
Internal voltage :
4 ) g 0 | 1 SIS0 DA3 | DA2 DAL | Dao || Resetvalue:
adjustment setting 0x70
7.1. Command Description
. MSB LSB .
No. Function Description
B7 | B6 | B5 | B4 B3 B2 Bl BO
1 Mode settin Reset value:
g 1 0 0 F El EO 0 B 0x80
Reset value: 0
F =0, frame rate 80Hz
=1, frame rate 160Hz
Reset value: 00
=0X, internal clock off, display off
E1, EO . .
=10, internal clock on, display off
=11, internal clock on, display on
Reset value: 0
B =0, 1/3 bias
=1, 1/2 bias
Address:Building B4,NO.777,Jianzhu Road,Binhu District, Wuxi City,Jiangsu Province 11/ 22
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) MSB LSB o
No. Function Description
|87 B6 B5 B4 B3 | B2 | BL [ BO ||
. Reset value:
2 Address pointer 0 0 0 | A4 | A3 A2 Al
0x00
Reset value: 00000
Memory-mapped start address of display data, configurable range:
Ad-AQ 00090~10101 _ _ -
During read/write operations to the memory, the memory address is
automatically incremented by 1 after the operation is completed.
If the address reaches 15H, the pointer resets to 00H
. MSB LSB R
No. Function Description
B7 | B6 | B5 | B4 B3 B2 B1 BO
. Reset value:
3 Blink frequenc
q Yy 1 1 0 0 0 0 B1 BO 0xCO
Reset value: 00
=00, blink off
B1, BO =01, blink on, 2Hz
=10, blink on, 1Hz
=11, blink on, 0.5Hz
) MSB LSB o
No. Function Description
B7 | B6 | B5 | B4 B3 B2 B1 BO
Internal voltage :
4 ) J 0 | 1 |SL| SO DA3 DA2 DAL  Dao || Resetvalue:
adjustment setting 0x70
Reset value: 00
=00, VLCD/SEG39 pin configured as VLCD, VLCD voltage is input
through the VLCD pin
=01, VLCD/SEG39 pin configured as VLCD, VLCD voltage is generated
S1,S0 internally and controlled by DA bit
=10, VLCD/SEG39 pin configured as SEG39, VLCD voltage equals the
power supply (VDD) voltage
=11, VLCD/SEG39 pin configured as SEG39, VLCD voltage is generated
internally and controlled by DA bit
Reset value: 0000
Used to adjust VLCD when S=01 or 11
DA[3:0] =0000, VLCD voltage highest, VLCD voltage follower off
=1111, VLCD voltage lowest, VLCD voltage follower on
See the VLCD \oltage Adjustment section for specific information
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8. Display RAM

AiP16C22 has static RAM for storing LCD display data. Write "1" to it and the corresponding LCD will
light up, write "0" and the corresponding LCD will dim.

The RAM data content is mapped directly to the LCD. The SEGs in column 1 of RAM work with its
corresponding COMO. In complex LCD applications, the SEGs in columns 2, 3, and 4 are
time-multiplexed with their COM1, COM2, and COM3 counterparts, respectively. RAM data is mapped to
LCD mode as follows:

RAM Display point

Address D7 D6 D5 D4 D3 D2 D1 DO

00H C3x51 C2x51 Clxs1 C0>S1 C3>30 C2>30 C1>50 C0>S0

01H C3>53 C2>S53 C1>53 C0>S3 C3>52 C2>52 C1>52 C0>52

02H C3>55 C2>55 C1x55 C0>55 C3x54 C2>54 C1x54 C0>x54

03H C3x57 C2>57 Cl1x57 CO>S57 C3>56 C2>56 C1>56 C0>56

04H C3>59 C2>59 C1>89 C0>59 C3>58 C2>58 C1>58 C0>S8

05H C3>811 | C2>811 | C1>811 | CO>S11 | C3>S810 | C2>x810 | C1>810 | C0>S10

06H C3>813 | C2>5813 | C1>x813 | C0>S13 | C3>x812 | C2x812 | C1>812 | C0>S812

07H C3>815 | C2>5815 | C1>x815 | CO>S15 | C3>814 | C2>5814 | C1>x814 | C0>S14

08H C3>817 | C2>817 | C1>x817 | C0>S17 | C3>816 | C2>5816 | C1>816 | C0>S16

09H C3>819 | C2>5819 | C1>x5819 | CO0>S19 | C3>S818 | C2x5818 | C1>818 | C0>S18

Cn x Sn indicates the pixel points controlled by COMn and SEGn.
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9. VLCD Generator

VDD
DA[3:0]—» .
Rs|
‘—
VLCD pin 06— v
E —~Bpal
— VLCD
B —>\ R Pa2| lselection
+ ; module
R —~0pa3

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

following table:

Bias .
DA3~DAQ 1/3 1/2 Description
O00H 1.000=Vpp 1.000%Vpp Reset value
01H 0.944%Vpp 0.9375%Vpp
02H 0.894x%/pp 0.882%V/pp
03H 0.849%/pp 0.833%V/pp
04H 0.808>V/pp 0.789%/pp
05H 0.771%/pp 0.750%V/pp
06H 0.738%/pp 0.714%Vpp
07H 0.707x/pp 0.682%Vpp
08H 0.678>\/pp 0.652%Vpp
09H 0.652>/pp 0.652%V/pp
0AH 0.628>/pp 0.600%Vpp
0BH 0.605%V/pp 0.577xVpp
OCH 0.584>%/pp 0.556%Vpp
ODH 0.565%V/pp 0.536%Vpp
OEH 0.547xVpp 0.517%Vpp
OFH 0.529%Vpp 0.500=Vpp
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http://www.i-core. cn P.C.. 214072

VER: 2024-07-B1




ll Wuxi I-CORE Electronics Co., Ltd.

Tab: 835-12-B7

10, SEG Drive Output

SEG should be directly connected to the LCD panel. Generate SEG output signals based on the
multiplexed COM signal and the data inside the display latch, and the unused SEG output should remain
open.

11, COM Drive Output

COM should be directly connected to the LCD panel. Generate a COM output signal according to the
selected LCD driver mode, and the unused COM output should remain open.

12, LCD Driver Mode Waveform

When the LCD driver mode is selected 1/2 bias, its waveform and LCD display are as shown in the
following figure:

1
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froo:

s s —0-0-0—@-

o0 e — —0-0-0—0-

SEGO Vicol2

\V'es —L_

Wien N
SEG1 VicofZ? —

Vs

Vit — —_—
SEGZ VieolZ2

Ve

Wien — —
SEG3 Vieoyz

Vs

Address:Building B4,NO.777,Jianzhu Road,Binhu District, Wuxi City,Jiangsu Province 15/ 22

http://www.i-core. cn P.C.: 214072 VER: 2024-07-B1



ll Wuxi I-CORE Electronics Co., Ltd.

Tab: 835-12-B7

When the LCD driver mode is selected 1/3 bias, its waveform and LCD display are as shown in the image
below:
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13. Recommend Workflow

13.1. Initialization

1. Power-on

2. Delay until the power supply is stable
3. Set VLCD bias and duty cycle

4. Set the frame rate

5. Set the VLCD/SEG shared pin function
6. Set the flicker function

13.2. Display Data Read/Write (Address Setting)
1. Set the RAM address

2. Read/write RAM data

3. Turn on the internal clock and display

13.3. Power Supply Sequence

If the VLCD and VDD pins are powered separately, it is highly recommended to follow the power supply
sequence requirements:

1. Power on VDD first when starting, and then power on VLCD after VDD stabilizes

2. Shutdown VLCD first power off, VLCD reduced to 0.3V below, and then make VDD power off

If the startup process violates the above power supply voltage supply sequence, it may cause initialization
errors.

If the shutdown process violates the above power supply voltage supply sequence, it may cause confusion
during the power failure process.
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14, Typical Application Lines and Instructions
14.1, When SEG/VLCD Pin Configured As SEG Pin

The internal voltage adjustment function is disabled, and the bias voltage is supplied by the internal Vpp

power supply.

Voo »—l—livw COMO~COM3
1™
4.7KQ < 4.7KQ — —
COMO~COM3
Voo . scL
MCU AIP16C22 LCD pagel
Vss SDA SEGO~SEGX

The internal voltage adjustment function is enabled, and the bias voltage is supplied by the internal

adjustment module.

Voo »—l—livm COMO~COM3
™
4.7kQ < 4.7KQ— —
COM0~COM3
Vop @ SCL
MCU AIP16C22 LCD panel
Vss SDA SEGO~SEGX
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14.2. When SEG/VLCD Pin Configured As V. cp Pin
The internal voltage adjustment function is disabled, and an external resistor must be connected between
the V' .cp and Vpp pins to adjust the bias voltage.

Vbp
VDD
COMO~COM3
1uF 0.1uF
Vico
4.7kQ < 4.7KQ— — VR
COMO~COM3
Voo . scL
MCU AP16C22 LCD panel
Vss SDA SEGO~SEGX
Vs oe J Ve sEco-sEox J

The internal voltage adjustment function is enabled, and the Vicp pin voltage can be detected by
connecting it to the MCU.

Voo »—l—livm COM0O~COM3
IUF 0.1uF
4.7KQ ~ 4.7KQ — —

COMO~COM3
Voo @ SCL
MCU SDA  AIP16C22 LCD panel
Vss Vieo SEGO~SEGX
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15, Package Information

15.1. LQFP48
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2023/12/A Dimensions In Millimeters
Symbol Min Max
A 1.45 1.65
Al 0.05 0.20
A2 1.30 1.50
b 0.17 0.27
c 0.09 0.20
D 8.80 9.20
D1 6.90 7.10
E 8.80 9.20
El 6.90 7.10
e 0.50
L 0.43 | 0.80
L1 1.00
0 0° | 10°
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15.2. LQFP52
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2023/12/A Dimensions In Millimeters

Symbol Min Max
A — 1.60
Al 0.05 0.15
A2 1.35 1.45
b 0.38 0.46
c 0.13 0.17
D 15.80 16.20
D1 13.90 14.10
E 15.80 16.20
El 13.90 14.10
e 1.00
L 0.45 | o075
L1 1.00
0 0° | 7°
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16, Statements And Notes
16.1. The name and content of Hazardous substances or Elements in the product

Hazardous substances or Elements
Cadm
Mercur | ! Hexaval Polybro .
Lead ) . Butylbe 9. B
and y and 2#3 ent Polybro | minate | Dibutyl nzyl Ellﬁeit Diisobu
Part name mercur |~ imi | chromiu | minated | d phthala phthala ?’ tyl
lead y m biphenyl | biphen | t€ te yhth |a | phthala
compou | compo | UM compoun| s yl phthaia | e
nds unds comp - g ethers te
ounds
Lead
O O O o O 0] O o O O
frame
Plastic
. [} o (@] @] @] o o o o @]
resin
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
explanatio the SJ/T11363-2006 standard.
n x: Indicates that the content of hazardous substances or elements exceeding the SJ/T11363-2006
Standard limit requirements.
16.2. Notes

We recommend you to read this chapter carefully before using this product.

The information in this chapter is provided for reference only and i-Core disclaims any express or implied
warranties, including but not limited to applicability, special application or non-infringement of third party
rights.

This product is not suitable for critical equipment such as life-saving, life-sustaining or safety equipment.
It is also not suitable for applications that may result in personal injury, death, or serious property or
environmental damage due to product malfunction or failure. 1-Core will not be liable for any damages
incurred by the customers at their own risk for such applications.

The customer is responsible for conducting all necessary tests i-Core’s application to avoid failure in the
application or the application of the customer’ s third party users. I-Core does not accept any liability.

The Company reserves the right to change or improve the information published in this chapter at any time.
The information in this chapter are subject to change without notice. We recommend the customer to
consult our sales staff before purchasing.

Please obtain related materials form i-Core’s regular channels and we are not responsible for its content if
it is provided by sources other than our company.

In case of any conflict between the Chinese and English version, the version is subject to the Chinese one.
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