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1. General Description

AiP1638 is an LED Controller driven on a 1/8 duty factor.10 segment output lines,8 grid output lines, one
display memory, control circuit, key scan circuit are all incorporated into a single chip to build a highly
reliable peripheral device for a single chip microcomputer. Serial data is fed to AiP1638 via a three-line
serial interface. Housed in a 28 pins SOP package, AiP1638 pin assignments and application circuit are
optimized for easy PCB Layout and cost saving advantages.

Features:

CMOS technology

Low power consumption

Display modes(10 segment*8 grid)

Key scanning(3>8 matrix)

8-step dimming circuitry

Serial interface for clock, data input, data output, strobe pins
Built-in RC oscillator

Mode of packaging: SOP28

Ordering Information:
Tube packing specifications:

. . Boxed
Packaging | Marking Tube Boxed
Part number . tube . Notes
form code guantity . quantity
quantity
Dimensions of
lastic enclosure:
AiP1638SA28.TB SOP28 AiP1638 25 80 2000 E? 9mmx7.5mm
' PCS/tube | tube/box | PCS/box | —.° -
Pin spacing:
1.27mm
Reel packing specifications:
Packagin Markin Reel Boxed reel
Part number ging g . . Notes
form code guantity quantity
Dimensions of plastic
AiP1638SA28.TR SOP28 AiP1638 1250 1250 enclosure:
' PCS/reel PCS/box | 17.9mm>7.5mm
Pin spacing: 1.27mm

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, Pin Configurations

1 28
— KI STB —5=
— K2 CLK —5=
‘4 K3 DIO —;5
= VDD GND —=3
3 - SHG1/KS1 GR1 f),%
= SHG2/KS2 GR2 f) 2
2 SHEG3/KS3 GR3 f) T
5 SHEG4/KS4 GR4 f) 0

T0 SEL:%S /KS5 GR35 I 0

11 SELT6 /KS6 GR6 T3

B SEL_%? /KS7 GND — 1
T SHEG8/KSS8 GR7 T6

l;l | SEL_%9 GRS 15

SEG10 VDD
2.2, Pin Description
Pin No. Pin Name Description
Key Data input Pins
1 K1 The data sent to these pins are latched at the end of the display

cycle.(Internal Pull-Low Resistor)

Key Data input Pins
2 K2 The data sent to these pins are latched at the end of the display
cycle.(Internal Pull-Low Resistor)

Key Data input Pins

3 K3 The data sent to these pins are latched at the end of the display
cycle.(Internal Pull-Low Resistor)

4 VDD Power Supply

5 SEGL/KS1 Segment Output Pins(p-channel, open drain)

Also acts as the Key Source

Segment Output Pins(p-channel, open drain)

6 SEG2/KS2
Also acts as the Key Source
Segment Output Pins(p-channel, open drain
7 SEG3/KS3 g but Pins(p P )
Also acts as the Key Source
Segment Output Pins(p-channel, open drain
8 SEG4/KS4 g P (b P )
Also acts as the Key Source
Segment Output Pins(p-channel, open drain
9 SEG5/KS5 g P (b P )
Also acts as the Key Source
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10 SEGE/KSS Segment Output Pins(p-channel, open drain)
Also acts as the Key Source

1 SEGT/KS? Segment Output Pins(p-channel, open drain)
Also acts as the Key Source

12 SEGS/KSS Segment Output Pins(p-channel, open drain)
Also acts as the Key Source

13 SEG9 Segment Output Pins

14 SEG10 Segment Output Pins

15 VDD Power Supply

16 GRS Grid Output Pins

17 GRY7 Grid Output Pins

18 GND Ground Pin

19 GR6 Grid Output Pins

20 GR5 Grid Output Pins

21 GR4 Grid Output Pins

22 GR3 Grid Output Pins

23 GR2 Grid Output Pins

24 GR1 Grid Output Pins

25 GND Ground Pin
Data input Pin

26 DIO This pin inputs serial data at the rising edge of the shift clock (starting
from the lower bit)
Data Output pin(N-Channel, Open-Drain)

97 CLK Clock input Pin .This pin reads serial data at the rising edge and outputs
data at the falling edge.
Serial Interface Strobe Pin

28 STB The data input after the STB has fallen is processed as a command.
When this pin is “HIGH”, CLK is ignored.

3. Electrical Parameter

3.1, Absolute Maximum Ratings
(Tamb=25°C, GND=0V, unless otherwise specified.)

Characteristic Symbol Conditions Value Unit
Supply Voltage VDD - -0.5t0+7.0 \%
Input Voltage VN - -0.5to VDD+0.5 \%
. lo1 GRID +150 mA
Drive output current
lo2 SEG -50 mA
Ambient Temperature Tamb - -40~+85 c
Storage Temperature Tstg - -65~+150 c
Soldering Temperature TL 10s 260 T
Address: Building B4,NO.777,Jianzhu Road,Binhu District,Wuxi City,Jiangsu Province 6/ 17
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3.2, Recommended Operating Range

Parameter Symbol Min. Typ. Max. Unit
Logic supply voltage VDD 3 5 55 \Y
High-level input voltage ViH 0.7vDD - VDD \%
Low-level input voltage ViL 0 - 0.2vDD \%
3.3+ Electrical Characteristics
3.3.1. DC Characteristics
(Tamp=-40°C~+85°C, VDD=5V, GND=0V.)
Parameter Symbol Conditions Min. Typ. Max. Unit
. lor1 SEG1~SEG10,Vo=VDD-2V -20 -25 -40 mA
High-level output current
loHz SEG1~SEG10,Vo=VDD-3V -20 -30 -50 mA
Low-level output current loL1 GR1~GRS, Vo= 0.3V 80 100 - mA
Low-level output current Ibio Vo0=0.4V, DIO 8 - mA
Segment High-level
J J lrorss | Vo=VDD-3V,SEG1~SEG10 . 5 %
output current tolerance
High-level input voltage ViH CLK, DIO, STB 0.7vDD - - \
Low-level input voltage ViL CLK, DIO, STB - 0.2vDD \Y/
Hysteresis Voltage VH CLK, DIO, STB 0.35 - \Y/
Input current I V,=VDD/GND - + UuA
Static current lop No load, V\n=VDD 120 150 180 uA
Pull-down
. RL K1~K3 3 - kQ
Resistor
3.3.2. Switching Characteristics
(Tamp=-40°C~+85°C, VDD=4.5V~5.5V.)
Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Oscillation frequency fosc - - 400 - kHz
. trLz CLK—DIO - - 300 ns
Propagation delay
tpzL CL=15pF, R =10kQ - - 100 ns
. - trzm SEG1 ~SEG10 - - 2 us
Rise Time CL=300pF
trzh2 GR1~GR8 - - 0.5 us
Fall Time tThz CL=300pF, SEGn, GRn - - 120 us
Maximum clock frequency Trmax Duty=50% 1 - - MHz
Address: Building B4,NO.777,Jianzhu Road,Binhu District, Wuxi City,Jiangsu Province 7117
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3.3.3. Timing Characteristics
(Tamb=-40"C~+85°C, VDD=4.5V~5.5V.)

Parameter Symbol Conditions Min. Typ. | Max. Unit

Clock pulse width PWcLk - 400 - - ns
STB pulse width PWstg - 1 - - us
Set-up time for data tseTup - 100 - - ns
Hold time for data tHoLD - 100 - - ns
Propagation delay CLK to STB tcLk-sTe CLK1—STB?t 1 - - us
Wait time twait CLKT—CLK| 1 - - us

PWsip (o

S

STB \ //_\_
¢ PWork >;< Ploik TCLR-STB e

CLK

tsprup >§< thoLp

DIO X

A

Sn/Gn

4, Function Description

4.1, Display Mode And RAM Address
Data transmitted from an external device to AiP1638 via the serial interface are stored in the Display RAM
and are assigned addresses. The RAM addresses of AiP1638 are given below in 8 bits unit.

2R RIR|A(R A IR|IR|E
le|gle|glg|(a|e e8| |||
xxHL({& PO fz) xxHU (7 PG fir) xxHL(fEKPU4z) xxHU (7 P9 )
Bo\Bl\Bz\Bs 54\35\56\57 Bo\Bl\Bz\Bs 84\55\56\57
00HL 00HU 01HL 01HU GR1
02HL 02HU 03HL 03HU GR2
04HL 04HU 05HL 05HU GR3
06HL 06HU 07HL 07HU GR4
08HL 08HU 09HL 09HU GR5
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OAHL 0AHU OBHL 0BHU GR6
0CHL 0CHU ODHL ODHU GR7
OEHL OEHU OFHL OFHU GRS

Note: When power up, first transfer data to RAM, and then setup display on.

4.2, Key Matrix & Key Input DATA Storage RAM
Key Matrix consists of 8>3 array as shown below:

7 £ -~
e e e
1— o/ 1= o— 1= = KsS1
L e | O—I L e O_.l .- O_.l =
- 1 O—I - a) O—_l - O—_l =SS
-— O—I -— O—l -—a O—l =Sl
+— o/ 1T o— 1T S | KSS
-—y C)—I - O_l - C}—l =S5
L e | O—I L e | O—‘l L e | O—‘l =T
e ———— — e

Each data entered by each key is stored as follows and read by a READ Command, starting from the last
significant bit. When the most significant bit of the data (b0) has been read, the least significant bit of the
next data (b7) is read, b7 do not care.

BO Bl B2 B3 B4 B5 B6 B7

K3 K2 K1 X K3 K2 K1 X
KS1 KS2 BYTE1
KS3 KS4 BYTE2
KS5 KS6 BYTES
KS7 KS8 BYTE4

4.3, Commands Description
A command is the first byte (b0 to b7) inputted to AiP1638 via the DIO Pin after STB Pin has changed
from HIGH to LOW State. If for some reason the STB Pin is set to HIGH while data or commands are
being transmitted, the serial communication is initialized, and the data/commands being transmitted are
considered invalid.

B7 B6 Commands

Data setting commands

Display control commands
Address setting commands

Address: Building B4,NO.777,Jianzhu Road,Binhu District,Wuxi City,Jiangsu Province 9/ 17
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4.3.1, Data Setting Commands

The Data Setting Commands executes the Data Write or Data Read Modes for AiP1638. The data Setting
Command, the bits 5 and 6 (b4, b5) are ignored, bit 7 (b6) is given the value of 1 while bit 8 (b7) is given
the value of 0. Please refer to the diagram below.

When power is turned on, bit 4 to bit 1 (b3 to b0) are given the value of 0.

MSB LSB
\0\1\-\-\b3\b2\b1\b0|

ot Relevagt
l | \ L1 Data write & read mode setting;

00: Write data to display mode
Mode settings: 10: Read key data
0: Normal operation mode

1: Test mode

A 4

Address increment mode settings(Display mode):
0: Increment address after data has been written
1: Fixed address

4.3.2, Address Setting Commands

Address Setting Commands are used to set the address of the display memory. The address is considered
valid if it has a value of 00H to ODH. If the address is set to OEH or higher, the data is ignored until a valid
address is set. When power is turned ON, the address is set at O0H.

Please refer to the diagram below:

MSB LSB
1 1 - - b3 b2 bl b0

Iﬁot Ralﬂt |

p Address:00H to 0FH
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4.3.3. Display Control Commands

The Display Control Commands are used to turn ON or OFF a display. It also used to set the pulse width.
Please refer to the diagram below. When the power is turned ON, a 1/16 pulse width is selected and the
displayed is turned OFF (the key scanning is started).

MSB LSB
1 0 - - b3 | b2 | bl | bO
l‘iot relevan[ |
h 4

Display settings: Dimming quantity settings:
0: Display off(Key scan continues) 000: Pulse width=1/16
1: Display on R 001: Pulse width=2/16

010: Pulse width=4/16

011: Pulse width=10/16
100: Pulse width=11/16
101: Pulse width=12/16
110: Pulse width= 13/16
111: Pulse width= 14/16

4.4, Serial Communication Format

The following diagram shows the AiP1638 serial communication format. The DIO Pin is an N-channel,

open-drain output pin, therefore, it is highly recommended that an external pull-up resistor (1kQ to 10kQ)
must be connected to DIO.

4.4.1, Reception Data (COMMAND WRITE)

CIK HENENERERERERE
DIO X B X B X B2 X B3 X B X BSXB;p'Xm

Address: Building B4,NO.777,Jianzhu Road,Binhu District,Wuxi City,Jiangsu Province 11/ 17
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4.4.2, Transmission (DATA READ)

sTB |
DIO :.‘(bD}{tﬂ}'{bEKbS}{bd}(bS}(bSKb?X \bDKmYbZIbBKbd}be
!ﬁ .
Data Read Command is set Data Reading Starts

Where: twait (waiting time) >1us
It must be noted that when the data is read, the waiting time (twait) between the rising of the eighth clock
that has set the command and the falling of the first clock that has read the data is greater or equal to 1us.

4.5, The Serial Data Transfer In The Applications
4.5.1. Address Increasing Mode
Display memory is updated by incrementing addresses. Please refer to the following diagram.

5187 H n r

DIO  |commandl || Command2 || Datat || Data2 | | Datan [| Command3 |

Where:

Command 1: Data setting command.

Command 2: Address setting command.

Data 1 to n: Transfer display data (16 bytes max.).
Command 3: Display control command.

4.5.2, Fixing Address
The following diagram shows the waveforms when updating specific addresses.

sTB | ] [ ] [
etk WU UUTTUUT UTuuuur v vripuuy- tupuutoe—

DIO | Commandl || Command2 || Datat | | Command3|| Datan || Command4 |

Where:

Command 2: Data setting command.
Command 3: Address setting command.
Data: display data.
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4,6 Recommended Software Flowchart

START
A 4
Delay 200 ms

A4

SET
COMMAND 1

v
SET

INITIAL
COMMAND 2
{Wirte Data) SETTING

h 4
SET
COMMAND 3
Clear Display RANMN
(see Note 4)

v

Main Program -y

v
SET
COMMAND 1

MAIN
b 4 LOOP
SET
COMMNMAND 2
{(Read Key & Write Daza
Inciuded)

v

SET
COMMAND 3

END

Note:

[1] COMMANDZ1: Data setting commands.

[2] COMMAND?2: Address setting commands.

[3] COMMANDS: Display Control commands.

[4] When IC power is applied for the first time, the contents of the Display RAM are not defined; thus, it is
strongly suggested that the contents of the Display RAM must be cleared during the initial setting.
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5. Typical Application Circuit And Application Note
5.1, Common Cathode Type LED Panel

e 7 7 S r Y
(g%i_; oY NGRL[, oY [\GRL[, oY hNGRL[, ©DOY
el | REE e | R | RER
P | 3 { :R3 P B3
RS 1 el | s Aas Tel |so A el | s AG]s Tef | s
\_Gie g I R A d e GRS | Al |,_ NGRS |, gl_I;
G| | d | GRS, (.d | GRS | 4| GRE | [ 4]
G| GET | [ NGE |, NG|, b
GEE d:, S GRE E:_, GRE & [ GRB o
LEDT LEDE LI
GRL[, DFY GRL[, Doy GRL[, DBY
G2 |y ] [NGRD | 2 NCGE2 |y 1
GRilg 1 2 2 NGB g | B 5 By | E 8
ﬁe EII e \‘J_E_e gll le S M
s | TR PR
Nes gd_j \oa}i—ﬁ? \(ﬁ;
LECH LEDl4 LEDIS
G2 [,  DPY Rl [,  DeY \CRl [, CPY
Gl |y ] R |y 2 GRIfp 2
PG5 CpEsl RGN P
hGEE ]y |2 5 /\g% 4 LEJ o] \EE d |_§_|I ey
Rawts a0 | Rafdel | Ramdaf
& |5 G |2 i G| i
[ GEE S [ GRE E._, I GRE &
£ g g » g g g
5l by -3 Sl Sla a7 m 5B
| e 5o et el
)—| — U_l O (8 J_ ) [)—l — [)—1 . [)—1 — K
bt Ej El all 13 Sig ] [
e BB e T S el L .
— U—| 0 (J—l p—1) (J—l p—0 ()—l p—i3 ()—1 —0 0—1 —— O—l —_ l)—l K
55 ] 7 [ 59 530 51
— e -
— O—| —0 '-')—l —0 R‘-'—l —0 O—J O E}—l —0 U—l — D_J —0 D—J K3
WL
B3
2 ——m——p
101 5B 8 E’I'-B(‘
Eim'lc: oy @) D
14 o o
| (-1%'_1 Rl (5
Vv @® e
GRY e, 1
@ ot sl
Y28 B |
e RV
VD ——
/
Note: The external capacitor (0.1uF) that is connected between the GND and the VDD pins must be
located as close to the AiP1638 chip as possible.
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5.2 Common Anode Type LED Panel

mo b 4
w0 H.tL:H.I :HH i
M3 PEC ! oD
LFAE W TR. N ik U NR O
e e 3 2
}Lj::‘:::jt: L] ] ] ] ] ] ]
\
4 ]
i —:E'—\,], !
IR
1
il i
|—_i|C] I:_ Kl 5B 0
=l i o E % = oD
2 ;&.ﬂ 1D @D = s LB
—SEE G J—{
b L e R LI o
V /B | e &/ K
mbsls Gl :
LTl P V) wo ¥
/_sc F ot o /]
/f— woers e
o S8 @D
| EGES Gl o %7
emEs R —\‘
610 oD ——
L
\ /
£ & £ g £ £ & '5'
- 1 o ) 4 o
9 5 ] 5l 5 b | 0
L T o} 5 o f—0 5|5 o —1a _3'3_1 -—tT-Ta—l
= ] ] S K
§ % ] G T G il 1
. . . e .. e e e il
—0 ()—|I—EJ (‘J—ll—ﬂ ()_ll_oil—ln—() (‘J—ll—U D—J-—ﬂt)—ln—il D—l.{l
i ) il G ] o il 5
- - - - - - e -
Note: The external capacitor (0.1uF) that is connected between the GND and the VDD pins must be
located as close to the AiP1638 chip as possible.
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6. Package Information

6.1, SOP28
[ D _}11
I 1, ]
iinininlainiainininininininliAEgeNy |
TM A2 JTL
iganaagaagagdn T
mim
O
JUHEHOUOOOREE
ey
2023/12/A Dimensions In Millimeters
Symbol Min. Max.
A 2.15 2.75
Al 0.03 0.30
A2 2.05 2.44
b 0.35 0.51
c 0.20 0.36
D 17.70 18.30
E 10.00 10.65
El 7.30 7.70
e 1.27
L 0.40 1.27
0 0< 8°
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7~ Statements And Notes
7.1, 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 lurg ent Polybro | minate | Dibutyl nzyl Ellﬁ € | Diisobu
Part name mercur | @ | chromiu | minated | d phthala | ol YINEX 1yl
lead cadmi ; : te yl
y m biphenyl | biphen te hthal phthala
compou | compo | UM compoun| s yl phthaia | e
nds unds comp ds ethers te
ounds
Lead
frame o] () o () ] 0] (@) 0] () ]
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
explanatio of the following the SJ/T11363-2006 standard.
n x: Indicates that the content of hazardous substances or elements exceeding the SJ/T11363-2006
Standard limit requirements.

7.2+ 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. I-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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