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1/4- to 1/7- Duty LED Controller/Driver           AP6928 

DESCRIPTION 
AP6928 is an LED (light-emitting diode) 

Controller driven on a 1/4 to 1/7 duty factor. 

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.  

It is applicable for the LED display driving of 

VHS, DVD PLAYER and Home Theatre etc.  

We used unique technique to steady the 

LED driving and key-scan.  

 

 

 

FEATURES 
• Built reset circuit to resist disturber from 

power 

• Deep sub-micrometer CMOS Technology 

• Low Power Consumption design 

• Multiple Display Modes (13-Segment & 

4-Grid to 10-Segment & 7-Grid) 

• Key Scanning (10 x 2 Matrices) 

• 8-Step Dimming Circuitry 

• Serial Interface for CLK, DI/O, Strobe pins 

• Available in 28-pin, SOP Package 

APPLICATIONS 
• VHS, DVD PLAYER 

• Display of Industry use
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ORDERING INFORMATION 

Package Lead Free Part Mark 

28-Pin SOP Package YES AP6928 

 
PART MARK INFORMATION 

AP6928
XXX

Batch NO.  
 
PIN CONFIGURATION 
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PIN DESCRIPTION 
Pin No. Symbol Pin Name Description 

2 DI/O Data input/output 

Input serial data at the rising edge of the shift 

clock, starting from the low order bit. 

Output serial data at the falling edge of the shift 

clock, starting from low order bit. This is an 

NMOS open-drain output pin. 

4 STB Strobe 

Initializes serial interface at the rising or falling 

edge of the AP6928. Then it waits to receive a 

command. Data input after STB has fallen is 

processed as a command. While command 

data is processed, current processing is 

stopped, and the serial interface is initialized. 

While STB is high, CLK is ignored. 

3 CLK Clock input 
Reads serial data at the rising edge, and 

outputs data at the falling edge. 

1 OSC Oscillator pin 
Connected an external pull-low resistor to this 

pin or an RC oscillator circuit. 

5 ~ 6 K1 to K2 Key data input 
Key scan data input to these pins is latched at 

the end of display cycle. 

8 ~ 17 
SG1/KS1 to 

SG10/KS10 

High level output 

(segment) 

Segment or key source output pins (dual 

function). This is PMOS open-drain output. 

27 ~ 26 GR1 to GR2 
Low level output 

(grid) 

Grid driver output pins (Grid only). This is 

NMOS open-drain output. 

24 ~ 23 GR3 to GR4 
Low level output 

(grid) 

Grid driver output pins (Grid only). This is 

NMOS open-drain output. 

18 ~ 20 
SG12/GR7 to 

SG14/GR5 

High level output 

(segment)/Low level 

output (grid) 

These pins are selectable for segment or grid 

output. This is PMOS open-drain(as Segment) 

or NMOS open-drain(as Grid) output. 

7,21 VDD Logic power Positive power supply. 

22,25,28 VSS Logic ground Power supply, ground. 
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Display RAM Address and Display 
Mode 
The display RAM stores the data 

transmitted from an external device to the 

AP6928 through the serial interface, and is 

assigned addresses as follows, in units of 8 

bits: 
Seg1     Seg8 Seg9 Seg16

00 HL 00 HU 01 HL 01 HU  DIG1

02 HL 02 HU 03 HL 03 HU  DIG2

04 HL 04 HU 05 HL 05 HU  DIG3

06 HL 06 HU 07 HL 07 HU  DIG4

08 HL 08 HU 09 HL 09 HU  DIG5

0A HL 0A HU 0B HL 0B HU  DIG6

0C HL 0C HU 0D HL 0D HU  DIG7

b0     b3 b4       b7    

XX HL XX HU    

Lower 4 bits Higher 4 bits    

Key Matrix and Key-Input Data 
Storage RAM 
The key matrix is of 10 × 2 configuration, as 

shown below.  
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The data of each key is stored as below, 

and is read by a read command, starting 

from the least significant bit. 

KEY1  KEY2 KEY1    KEY2  

Seg1/KS1 Seg2/KS2  

Seg3/KS3 Seg4/KS4  

Seg5/KS5 Seg6/KS6  

Seg7/KS7 Seg8/KS8  

Seg9/KS9 Seg10/KS10 Reading sequence

b0      b1 b3       b4  

 
 
 

Command 
A command sets the display mode and 

status of the LED driver. 

The first 1 byte input to the AP6928 through 

the DI/O pin after the STB pin has fallen is 

regarded as a command. 

If STB is made high while a command/ data 

is transmitted, serial communication is 

initialized, and the command/data being 

transmitted is invalid (however, the 

command/data already transmitted remains 

valid). 

(1) Display mode setting command 
This command initializes the AP6928 and 

selects the number of segments and 

number of grids (1/4 to 1/7 duty, 10 

segments to 13 segments). 

When this command is executed, display is 

forcibly turned off, and key scanning is still 

on. To resume display, a display ON 

command must be executed. If the same 

mode is selected, however, nothing is 

performed. 

0 0 – – b1 b0

MSB LSB

Selects display mode
00 : 4 digits, 13 segments
01 : 5 digits, 12 segments
10 : 6 digits, 11 segments
11 : 7 digits, 10 segments

Don’t care

 
On power application, the 7-digit, 

10-segment mode is selected. 

(2) Data setting command 
This command sets data write and data 

read modes.  

0 1 – – b3 b2 b1 b0

MSB LSB

Selects data write and read mode
00 : Writes data to display memory.
01 : Reads key data
1x : Don’t care.

Don’t care

Sets address increment mode (display memory).
0 : Increments address after data has been written.
1 : Fixes address.

Sets test mode.
0 : Normal operation
1 : Test mode  
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On power application, the normal operation 

mode and address increment mode are set. 

(3) Address setting command 
This command sets an address of the 

display memory. 

1 1 b3 b2 b1 b0

MSB LSB

Address (00H - 0DH)
Don’t care

 
If the address 0EH or higher is set, data is 

ignored, until a valid address is set. 

On power application, the address is set to 

00H. 

(4) Display control command 

1 0 – – b3 b2 b1 b0

MSB LSB

Sets dimming quantity.
000 : Sets pulse width to 1/16.
001 : Sets pulse width to 2/16.
010 : Sets pulse width to 4/16.
011 : Sets pulse width to 10/16.
100 : Sets pulse width to 11/16.
101 : Sets pulse width to 12/16.
110 : Sets pulse width to 13/16.
111 : Sets pulse width to 14/16.

Don＇t care

Turns on/off display.
0 : Display off (key scan continues*)
1 : Display on

 
On power application, the 1/16-pulse width 

is set and the display is turned off. 

*: On power application, key scanning is on. 

 
Key Scanning and Display Timing 
 

DIG1DIGnDIG3DIG2DIG1 …SEG Output

Grid1

Grid3

Grid2

Gridn

Key scan data

1 frame = TDISP X ( n + 1 )

TDISP = 500us

1/16
TDISP
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Serial Communication Format 

Reception (command/data write) 

STB

DIN

CLK

b0

1

b1

2

b2

3

b6

7 8

b7

If data is contiguous

 
Transmission (data read) 

STB

CLK

b0 b1 b2 b3 b4 b5 b6 b7

1 2 3 4 5 6 7 8 tWAIT 1 2 3 4 5 6

b0 b1 b2 b3 b4 b5

Data reading command is set Data reading starts

Din

Dout

 
Because the DI/O pin is an NMOS open-drain output pin when it is used as output pin, be 

sure to connect an external pull-up resistor to this pin (1 kΩ to 10 kΩ). 

 
*: When data is read, a wait time tWAIT is necessary since the rising of the eighth clock that has set the 

command, until the falling of the first clock that has read the data. 
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Absolute Maximum Ratings (Ta = 25 , V℃ SS = 0 V) 

Characteristic Symbol Value Unit 
Logic Supply Voltage VDD -0.5 ~ +7.0 V 

Logic Input Voltage VI1 -0.5 ~ VDD+0.5 V 

LED Seg Driver Output Current IO1 -50 mA 

LED Grid Driver Output Current IO2 +200 mA 

Power Dissipation PD 400 mW 

Storage temperature TSTG -65 ~ +150 ℃ 

Operating Ambient Temperature TOPT -40 ~ +80 ℃ 
 

Recommended Operating Conditions (Ta = –20 to +70 , V℃ SS = 0 V) 

Parameter Symbol Min. Typ. Max. Unit 
Logic Supply Voltage VDD 4.5 5 5.5 V 

High-Level Input Voltage VIH 0.7*VDD -- VDD V 

Low-Level Input Voltage VIL 0 -- 0.2*VDD V 

 
Electrical Characteristics (Ta = –20 to +70 ℃, VDD = 4.5 to 5.5 V, VSS = 0 V) 
 

Parameter Symbol Test conditions Min. Typ. Max. Unit 

IOH1 VO = VDD-2V, SG1to SG10

SG12/GR7 to SG14/GR5 
-30 -45 -60 mA 

High-level Output Current 

IOH2 
VO = VDD-3V, SG1to SG10

SG12/GR7 to SG14/GR5 
-40 -55 -70 mA 

Low-level Output Current IOL1 VO = 0.3V, GR1~GR7 80 140 -- mA 

Low-level Output Current IDOUT VO = 0.4V, DI/O 4 -- -- mA 

High-level Output Drive 

Capability 
ITOLSG 

VO =VDD-3V, SG1to SG10 

SG12/GR7 to SG14/GR5 
-- -- 5 % 

Output Pull-down Resistor RL K1~K2 30 60 120 kΩ 

Input Current II VI = VDD or VSS -- -- ±1 uA 

High-level Input Voltage VIH CLK, DI/O, STB 0.7VDD -- -- V 

Low-level Input Voltage VIL CLK, DI/O, STB -- -- 0.2VDD V 

Hysteresis Voltage VH CLK, DI/O, STB -- 0.5 -- V 

Dynamic Current Consumption IDDdyn 
Under No Load, 

Display Off 
-- -- 5 mA 
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Switching Characteristics (Ta = –20 to +70 ℃, VDD = 4.5 to 5.5 V, VSS = 0 V) 
 

Parameter Symbol Test conditions Min. Typ. Max. Unit

Oscillation Frequency fOSC R=51kΩ -- 450 -- KHz

TPLZ -- -- 300 ns 
Propagration Delay Time

TPZL 

CLK → DI/O 

CL=15pF, RL=10kΩ -- -- 100 ns 

TTZH1 
SG1~SG10 

SG12/GR7 to SG14/GR5 
-- -- 2 us 

Rise Time 

TTZH2 

CL = 

300pF GR1~GR4 

SG12/GR7~SG14/GR5 
-- -- 0.5 us 

Fall Time TTHZ CL = 300pF, SGn, GRn -- -- 120 us 

Max Clock Frequency FMAX Duty = 50% 1 -- -- MHz

Input Capacitance CI -- -- -- 15 pF 
 

Timing Conditions (Ta = －20 to ＋70 , V℃ DD = 4.5 to 5.5 V, VSS=0V) 

Parameter Symbol Test conditions Min. Typ. Max. Unit 

Clock pulse Width PWclk -- 275 -- -- ns 

Strobe Pulse Width PWstb -- 550 -- -- ns 

Data Setup Time Tsetup -- 5 -- -- ns 

Data Hold Time Thold -- 5 -- -- ns 

Clock-Strobe Time Tclk-stb CLK ↑ → STB↑ 70 -- -- ns 

Wait Time Twait CLK↑ → CLK↓ 275 -- -- ns 

 
Switching Characteristic Waveform 
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Applications 
Updating display memory by incrementing address 

 
STB

CLK

DIN Command 1 Command 2 Command 3 Data 1 Data n Command 4  
 
Command 1:  sets display mode 

Command 2:  sets data 

Command 3:  sets address 

Data 1 to n :   transfers display data (14 bytes max.) 

Command 4:  controls display 

 
Updating specific address 
 

STB

CLK

DIN Command 1 Command 2 Data Command 2 Data
 

 

Command 1:  sets data 

Command 2:  sets address 

Data:       display data 
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Application Circuit 
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COMMON CATHODE TYPE LED PANEL: 
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NOTE:  
The capacitor (0.1µF) connected between the VSS and the VDD pins must be located as 

close as possible to the AP6928 chip. 
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PACKAGE 
28-Pin SOP Package  

 

Dimensions in Millimeter 
Symbols 

Min. Nom. Max. 
A 2.35  2.65 
A1 0.10  0.30 
B 0.33  0.51 
C 0.23  0.32 
D 18.30 18.50 18.70 
E 7.40  7.60 
e  1.27bsc.  
H 10.00  10.65 
h 0.25  0.75 
L 0.40  1.27 
R 0o  8o 

Notes: 1. Dimensioning and tolerancing per ANSI Y14.5-1982. 
2. Dimension “D” does not include mold flash, protrusions or gate burrs. Mold Flash, 

protrusion or gate burrs shall not exceed 0.15mm (0.006 in) per side. 
3. Dimension “E” does not include interlead flash or protrusions. Interlead flash or 

protrusions shall not exceed 0.25 mm (0.010 in) per side. 
4. The chamfer on the body is optional. It is not present, a visual index feature must 

be located within the crosshatched area. 
5. “L” is the length of the terminal for soldering to a substrate. 
6. The lead width “B” as measured 0.36 mm (0.014 in) or greater above the seating 

plane, shall not exceed a maximum value of 0.61 mm (0.24 in). 
7. Controlling dimension: MILLIMETER 
8. N=Number of terminal positions (N=”28”) 
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Cantontek (H.K.)CO., LTD. 

ShenZhen Office: 
First Unit 1405,Chunhui Bld.,No.1106,ShenNan Road,ShenZhen,China  
Tel: +86-755-82863495 
Fax:+86-755-82863497 
 

Copyright © 2006 by Cantontek (H.K.) CO., LTD. 
The information appearing in this Data Sheet is believed to be accurate at the time of 
publication. However, Cantontek assumes no responsibility arising from the use of the 
specifications described. The applications mentioned herein are used solely for the 
purpose of illustration and Cantontek makes no warranty or representation that such 
applications will be suitable without further modification, nor recommends the use of its 
products for application that may present a risk to human life due to malfunction or 
otherwise. Cantontek’s products are not authorized for use as critical components in life 
support devices or systems. Cantontek reserves the right to alter its products without 
prior notification. 
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