TECHNICAL DATA

LED Driver IC IK2102

Description

The IK2102 are cathode-grid LED display drives with output size - 4 digits x13 segments
or 7 digits x 10 segments and addition key scan function.
Serial interface provide connection with microprocessor.

Features
» Wide operation Voltage : 3.0V ~ 5.5V
* Display Size : PKG option IKs%gzzng

« 8-Step Dimming Circuitry

* Process Rate : 500kHz with

* OSC: built in (with external resistor)

* Pulse Segment Current: 10mA type (8mA — 12mA) @ 2;"5
Vpp= 3.3V - 5.5V

* Pulse Segment Current: 20mA type (16mA — 24mA) @
VDD= 5.0V

» Key scanning: 10x2 matrix

« Serial Interface

» Operation Temperature : -40 ~ 85°C

* PKG option
IK2102 (28Pins) : 4 digits x13 segments
to 7 digits x 10 segments with key scan function

IK2102TSD
TSSOP-28

Ta=-40 ~ 85T

Application For all package

» Micro-computer Peripheral Device
* VCR set

ORDERING INFORMATION

. Operating I
« DVD Combo set Device Temperature Range Package Shipping
* DMB Player IK2102DW e . SOP 28 tube
IK2102TSD Ta=-40"1085"C TSSOP 28 | tube

Pin Description 1K2102 (28Pins)

(@]
RCUR [1] 28] GND
DI/O [2] 27] GR1
CLK [3] 26] GR2
STB [4] 28] GND
K1 [5] 24] GR3
K2 [5] 23] GR4
VDD [ IK2102 22] GND
SG1/KS1 [2] 21] VDD
SG/Ks2 [@] 20] 3G13/GR5
SG3/KS3 [10] 12] SG12/GRE
SG4A/KS4 [11] 18] SG11/GR7
SG5/KS5 [12] [17] SE10/KS10
SG6/KS6 [13] [16] SGI/KSS
SG7/KS7 [14] 15] SGR/KSS

(?l(Semlcon

January 2010, Ver.06



IK2102

Pin Name I/10 Description Pin No.
A resistor is connected to this pin to determine the output
RCUR I currents and oscillation frequency. 1
Data Input - Output Pin
This pin inputs serial data at the rising edge of the shift clock
(starting from the bit)
DI/O /o Data Output Pin - N-Channel, Open-Drain 2
This pin outputs serial data at the falling edge of the shift
clock
Clock Input Pin
CLK [ This pin reads serial data at the rising edge and output data 3
at the falling edge.
Serial Interface Strobe Pin
STB I The data input after the STB has fallen is processed as a 4
command.
When this pin is HIGH, CLK is ignored.
Key Data Input Pins
K1 to K2 [ The data sent to these pins are latched at the end of the 56
display cycle. (Internal Pull-Low Resistor)
VDD - Power Supply 7,21
Segment Output Pins (P-Channel, Open Drain) -
SG1/KS1 to SG10/KS10 O Also acts as the Key Source 8~17
SG11/GR7 to SG13/GR5 O | Segment/ Grid Output Pins 18 ~ 20
GND - Ground Pins 22,25, 28
. . 23,24
Grid Output P DA
GR4 to GR1 @] rid Output Pins 26. 27
BLOCK DIAGRAM
SG1E
Contral
SGAKED
SGAKES
Dilic Sarial SGANKS4
Data .
CLk o, Display . SGAMkES
5TH fle rmory v SGAMSE
F 3 Segment SGTIET
1 Driver / SGEKER
Key Scan SGOKS
Timing Output /
o5 > EeE ™ Grid Driver SG10S10
T ‘L SGINGRY
RCLUR i ; ; — SG1AGHE
Y| Current Key Matrix Dimming Circuit l_.
Reference Mernory SG1IGRS
% R t t ¢ GR4
T R‘v“?lta ge " GR3
e eference
o GR2
GR1
Pt P Pt T
S L Ry A
k1 k2 YOO GRHD
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IK2102

INPUT / OUTPUT CONFIGURATIONS
The schematic diagrams of the input and output circuits of the logic section are shown below.

Input Pins: CLK, STB & DIN

VDD
o

GND

Input Pins: K1, K2

VDD

GND

Input Pins: RCUR, SG1to SG11

VDD

-
%

757
[
%%
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IK2102

Output Pins: DOUT, GR1 to GR4

@—<
TLE;ZF

~J

GND
Output Pins: SG12_GR7, SG13 GR6 & SG12_GR5
L - VDD
ViN - Z
iy —
-
GND
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IK2102

[ e
FUNCTIONAL DESCRIPTION

Commands

A command is the first byte (b0 to b7) inputted to IK2102 via DIN, DI/O Pin after STB Pin has changed
From "HIGH" to “LOW" state. If for some reason the STB Pin is set “HIGH” while data or commands
Are being transmitted, the serial communication is initialized, and the data/ commands being
transmitted are considered invalid.

COMMAND 1 : DISPLAY MODE SETTING COMMANDS

IK2102 provides 4 display mode setting as shown in the diagram below: As stated earlier a command
is the first one byte(b0 to b7) transmitted to IK2102 via the DIN, DI/O Pin when STB is “LOW”".
However, for these commands, Bit 3 & Bit 8 (b2 to b7) are given a value of “0".

The Display Mode Setting Commands determine the number of segments and grids be used (14 to 9
segments, 4 to 7 grids). A display command “ON” must be executed in order to resume display. If the
same mode setting is selected, no command execution is take place, therefore, nothing happens.

When Power is turned “ON”, the mode 11 is selected.

M5B LSE

a a a a 1l o t1 ]l ‘

S

Display Mode Settings :

00 : 4 Grids, (13 Segments-28pin)
01 : 5 Grids, (12 Segments-28pin)
10 : 6 Grids, (11 Segments-28pin)
11 : 7 Grids, (10 Segments-28pin)
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IK2102

COMMAND 2 : DATA SETTING COMMANDS

The Data Setting Commands executes the Data Write Mode for IK2102. The Data Setting Command,
the bits5 and 6 (b4, b5) are given the value of “0”. , bit7 (b6) is given the value of “1” while bit8 (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".

M= B LB

a 1 a o | b3 |b2|b1 (b0

S

—*[ata VWrite & Read Mode Settings
00 Write Data to Display Mode
10 Read kKey Data
— Address Increment Mode Settings (Display Mode:
0 Increment Address after Data has been Written
1. Fixes Address

— Mode Settings
0 : Mormal Operation Mode
1: Test Mode

COMMAND 3 : 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 “O0H” 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.

M5B LB

1 1 O |0 |b3|B2])hbt|bo
o 4

— Address : 00H to ODH
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(Semlcon



IK2102

Display Mode and RAM Address

Data transmitted from an external device to IK2102 via the serial interface are stored in the Display
RAM and are assigned addresses. The RAM Addresses of IK2102 are given below in 8 bit unit.

SG1 SG4 SG5  SG8 SG9  SG12SG13
00HL 00HU 0LHL 01HU DIG1
02HL 02HU 03HL 03HU DIG2
04HL 04HU 05HL 05HU DIG3
06HL 06HU 07HL 07HU DIG4
08HL 07HU 09HL 09HU DIG5
OAHL 0AHU OBHL OBHU DIG6
OCHL OCHU ODHL ODHU DIG7
b0 b3 b4 b7
XXHL xxHU

Lower 4 bits Higher 4 bits

COMMAND 4 : 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.

M= B LB

1 1l 1l 0 (b3 | b2 (b1 |bo

e

Dimming Quantity S ettings :
000 : Pulse width = 116
001 : Pulse width = 216
010 : Pulse width = 416
011 Pulse width = 10/16
100 : Pulse width = 11/16
101 : Pulse width = 12/16
110 : Pulse width = 13/16
111 Reserved

Display Settings -
0: Display OFF (Key Scan Continues)
1: Display ON

q' 7 January 2010, Ver.06
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IK2102

KEY MATRIX & KEY INPUT DATA STOREGE RAM

Key Matrix consists of 10 x 2 array as shown below:

K l F ol F " Pl i F o™ F ™ Pl F ™ e N
Nt o e Tl et el g Yo’ el g e

Kz P £y Pt P P oy o P oy P
g gt St Yo T’ gt o gt N oot

SG1/ SG2/ SG3/ SG4/ SG5/ SG6/ SG7/8G8/ SGY/SG10/
KS1  KS2 KS3 KS4 KS5 KS6 KS7 KS8 KS9 KSI10

Each data entered by each key (or any combination of keys) 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.

KI K2 XKI K2 XX X
SG1/KS1 SG2/KS2 X
SG3/KS3 SGA/KSA X READING
SG5/KS5 SG6/KS6 X N
SG7/KST SGB/KSS X
SGI/KS9 SGL0/KS10 X
v
b0 b2 b3..... bSb6...... b7

Note: b2, b5, b6 and b7 do not care.
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IK2102

Tomas=512us

F 3
b

SCANNING AND DISPLAY TIMING

=G Output| DIGHT

D=2

DI=3

DIGn

Hey Scan

DIG1

=1

52

=3

=n

1 Frame = Tdisplay x (n+1)

(?l(Semlcon
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IK2102

SERIAL COMMUMICATION FORMAT
The following diagram shows the serial communication format.

Reception (Data/Command Write)

If data continues.

STB | 7L
DIN X 00 X b X b Kowmweeeeee- M b X b

CLK 1] |2 3 7 |8

Transmission (Data Read)

STB | B
DIO E-EWW W. :).'
CLK 4 f f ﬂ_ﬂ_ﬂ_ﬂﬂ_ﬂ_ﬂ_ﬂ_ﬂ % W

wait

l¢ »| l¢

) Data Read Command is set o Data Reading :

Where: t 5 (Waiting time) 2 1us

q' 10 January 2010, Ver.06
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IK2102

SWITCHING CHARACTERISTIC WAVEFORM

Switching Characteristics Waveform is given below.

PWsr
«—
ST j
tCLK—STB
PWeco PWcL
«—
o / O\
tsetUP ¢ thold N
DIN or > <
trzL | triz ,
DOUT
or
DI/O
. Ll trz trs 4
— on L
90 \ /r
trzw <« truz
4 A
/ 90
10 |
s T 5

PW ¢k (Clock Pulse Width) = 400ns PWsrg (Strobe Pulse Width) = 1us

t setup (Data Setup Time) = 100ns thold (Data Hold Time) = 100ns

t cukste (Clock - Strobe Time) = 1us t vz (Fall Time) = 104s

t1zn (Rise Time) < 148 fosc = Oscillation Frequency

trz <1us t 11z <10us
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IK2102

APLICATIONS

Display memory is updated by incrementing addresses. Please refer to the following diagram.

STE

CLk

DM ar commane
Ol

Camm aid2 Commaid3 Datal Daaz Cammadi

Where : Command 1 : Display Mode Setting
Command 2 : Data Setting Command
Command 3 : Address Setting Command

Data 1to n : Transfer Display Data (14 Bytes max.)
Command 4 : Display Control Command

The following diagram shows the waveforms when updating specific addresses.

=TE ] ]

DI
or DO

Lk comimand? | | corrmand3 Data cormmand3 Data

Where : Command 2 -- Data Setting Command
Command 3 -- Address Setting Command
Data -- Display Data

q' 12 January 2010, Ver.06
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IK2102

RECOMMENDED SOFTWARE PROGRAMMING FLOWCHART

START

SET
COhAbdAMD

!

SET
CohdbdAND 2

4, I T1AL

ppin SETTING
COhdbdAMD 3
Clear Display RaAhd
[zee Mote &)

!

SET
COMbAND 4

!

A Al
PROGRAM

!

SET
CObiAND

!

SET

co I'u'l'uiﬁNDZ Wl AL

LOOP

SET
COhbbAND 2

!

SET
CObbAND 4

EMD

Note : 1. Command 1 : Display Mode Setting
2. Command 2 : Data Setting Commands
3. Command 3 : Address Setting Commands
4. Command 4 : Display Control Commands
5. 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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IK2102

POWER DISSIPATION CURVE

[N]

=

SOA

Power Dissipation (W)

0 25 50 75 100 125 150 175

Ambient Temperature (°C)
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ABSOLUTE MAXIMUM RATINGS
(Unless otherwise stated, Ta=25T, GND=0V)

IK2102

Parameter Symbol Rating Units
Supply Voltage Voo -0.51t0 +6.0 V
Logic Input Voltage \ -0.5 to Vpp+0.5 V
loLer 300 mA
Driver Output Current/Pin
lousc -24 mA
Maximum Driver Output
Current/Total IrotaL 300 mA
Operation Temperature Topr -40 ~ +85 T
Storage Temperature Tstg -65 ~ 150 (@
RECOMMENDED OPERATING RANGE
(Unless otherwise stated, Ta=-40 to +85C, GND=0V)
Parameter Symbol Min Typ Max Unit
Logic Supply Voltage Vbp 3.0 3.3 5.5 vV
Dynamic Current (see Note) Iobayn 1 mA
High-Level Input Voltage Vin 0.7Vop Vob V
Low-Level Input Voltage Vi 0 0.3 Vop \/

Note : Test Condition : Set Display Control Commands = 80H (Display Turn OFF State)

January 2010, Ver.06
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IK2102

ELECTRICAL CHARACTERISTICS
(Unless otherwise stated, Vpp=3.3~5.5V, GND=0V, Ta=-40 ~ 85C)

Parameter Symbol Test Condition Min Typ Max Unit
(VDD =3.3 "‘55V) VLED =2.3V
R =12.1KOhm
lowset SG1to SG11 8 10 12 mA
High-Level Output SG12/GR7 to SG14/GR5
Current (VDD = 5V) VLED =2.3V
R =8.07KOhm
lonsa2 SG1to SG11 12 15 18 mA
SG12/GR7 to SG14/GR5
Digital Input
Current lDG - -0.2 - +0.2 uA
Low-Level Digital _
Output Current lotpe Vo =0.4V 4 ) i mA
Segment High- Vo= Vpp =2.3V
Level Output | R =12.1KOhm ) ) 45 o
Current TOLSG SG1 TO SG11 = 0
Tolerance SG12/GR7
High-Level Input i )
Low-Level Input
o (Vpp=3.3 ~5.5V) R=
E;C|taet;]?:n fosc]_ 12.1kOhm 400 500 600 kHz
quency fosce (Vop = 5V) R = 8.07KOhm 500 750 900
K1 to K2 Pull K1 to K2
Down Resistor Reo Vpp =5.0V 40 ) 100 KQ
High-Level Output Current Oscillation Frequency
20 800
\\
15 600 —
\\\\ \\
z \\ ~
E 10 I < 400
5 200
0 0 T T
8 8,5 9 9,5 10 10,5 11 11,5 12 12,5 8 8,5 9 9,5 10 10,5 11 11,5 12 12,5
R (KOhm) R (KOhm)

Remark : graphs are only Vdd=5V
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IK2102

Mote 5

APPLICATION CIRCUIT

T R1, 412k

MCu

[l Fl M1 4]

FS.EI"-.-"I"-.-"::IEiF R2,

i

=i
i

Note :

—,
+
o
=
|

EEE; EI

0

RCUR
Do
CLK

STB

K1

K2

VDD
SG1HS1
SG2ME2
SGIKS3
SG4KSE
SGEKSS
SGEKSE
SGTKST

GND
GR1
GR2

GND

GR3 [24F

GR4

GND |22

VDO
SG1Y¥GRI
SG12/GRG
SG11/GR7?

SE10VKS10 [1I7F

SGEKSE
SGa/KsE

DIGIT1

= DIGIT2

DiGITa
eI

SEG13
SEG12

— SEGN
4 SEG10

SEG9

S8 cEcs

SEGT
SEGH
SEGS
SEG4
BEG3
SEG2
SEGT

4-GRID X 13-5EGMENT LED

{COMMOM CATHODE)

1. Circuit is for Vpp =5V
When Vpp =3.3V, Recommend R1 = 12.1kOhm

2. The capacitor (0.1uF) connected between the GND and Vpp Pins must be located

as near as possible to the IK2102 chip.
3. 1IK2102 power supply is separate from the application system power supply
4. For increase stability if IC and reduce noise, C1 & C2 should be placed closer to 7 pin and C3
should be placed closer to 21pin.

5. Ground of R1 should be routed directly to pin (28), not though common GND.

Recommend value
C1&C3. 0.1uF-ceramics
Cc2 470uF ~ 1000uF

(?l(Semlcon
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IK2102

APPLICATION CIRCUIT
(IK2102, key scan with diodes)

1 DG
DIGF’2 :
Note 5 eJDIGN3 |
DlGF4 i l
B
stGta =z O
o _ 62 ooy 4 9
& W1 IRCUR GND |28 519 SEG1 1 oK
R1, 412k — a1 E SEGI10 W <
21 ouo GR1 s8] 2rcis 2 O
MEU 3]eik ar? ek ﬁ SEGB  « é
[Z]sTa GND 25— 500, - O =
] R2, 1L| 5| K1 cra a2 E SEGS % O
+5.wauf —8]K2 GR4 [231* /5 SEas
5.0 | [EN—,
£z voo e —oicp lll E
l l e | sG1UKS VoD 2l
Iﬂ Icz 5 |sG2KS2  SGIIGRS [Z81 A
= 3 0]8GIKEY  3Gi12GRE (3P
| BOT|sGaKEd  SGIUGR7 [18H
|| JPOE)sesKss  SGIoKS10 [1ITER
| Pl scexss SGo/KsQ [181
"74] 3GTIKST SGa/Kss 15
i 2 ;
| s | 8§ 83 |& g | E % g
| o s - = o
i - i " -
e c — * Q o 2
‘ AR AR AR BB AR i PE| f5 | 5 b
Lo ki ke s n ko LLF ‘7 -
RN

Note :

1. Circuit is for Vpp =5V

When Vpp =3.3V, Recommend R1 = 12.1kOhm
2. The capacitor (0.1uF) connected between the GND and Vpp Pins must be located

as near as possible to the IK2102 chip.
3. 1IK2102 power supply is separate from the application system power supply
4. For increase stability if IC and reduce noise, C1 & C2 should be placed closer to 7 pin and C3
should be placed closer to 21pin.
5. Ground of R1 should be routed directly to pin (28), not though common GND.

Recommend value
C1&C3. 0.1uF - ceramics

Cc2

470uF ~ 1000uF

Niemicon
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APPLICATION CIRCUIT (IK2102 without key scan)

Mote 5

1. 812 | g
——W—T1[T | RCUR
+—(&]owo
—+——T[]sT8

Rz 1~10

+5.EI"-.-".-'""-.-"|:II:I¥
T

K [E|Kt
[e] k2
Lo 1 f—
[*=4=1vbD

|
P

Note :
1. Circuit is for Vpp =5V

SGE1/KE1
SGE2/KS2
0| SGAKS3
SEAKSY
12| SGEKES
SGEKSE
SGTKST

GHND
GR1
GR2Z
GND
GR3 |24
GR4
GND |2
VDD
SG1¥GR5
SG12/GRS
S5G11GRT

sci1uKs10 [TFF

SEEHST
SEAKSS

When Vpp =3.3V, Recommend R1 = 12.1kOhm

2. The capacitor (0.1uF) connected between the GND and Vpp Pins must be located

as near as possible to

3. 1IK2102 power supply is separate from the application system power supply

the 1K2102 chip.

IK2102

DHSIT 1

5| DIGITZ

MGEIm3
oGImd

BEG13
EEG12

= BEGT1

EEG10
EEGR
SECHE
SEGT
BEGE
BEGS
BEG4
BEGS
BEGEZ
BEGT

4-GRID X 13-SEGMENT LEO
{COMMON CATHODE}

4. For increase stability if IC and reduce noise, C1 & C2 should be placed closer to 7 pin and C3

should be placed closer t

0 21pin.

5. Ground of R1 should be routed directly to pin (28), not though common GND.

Recommend value
C1&C3. 0.1uF-ceramics

Cc2 470uF ~ 1000uF

(?l(Semlcon
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IK2102

Recommended Layout for GND and Vcc buses

__ C2470u
- 10v

C3100n
0805

|;||;||:||:||:|I i
|

|

|

|

|

|

o

o X

B __ C1100n
= -ﬂ = 0805
[9] sG2/ks2 SG13/GR5 [20]
[10] SG3/KS3 SG12/GR6 [19]
[11] SG4/KS4 SG11/GR7[ 18]
[12] sG5/KS5 SG10/KS10[17]
[13] SG6/KS6 SGI/KS9[ 16
[12] SG7/KS7 SG8/KS8 | 15]

Layout considerations

0. 20 January 2010, Ver.06
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IK2102

COMMON CATHODE TYPE LED PANEL

COMSDIG TALGRID)

(?l(Semlcon
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IK2102

Package Dimensions

HHHHHHHAHHHAHAN ;\j‘ﬂ“%
] -

IRERRE:

7.0
] :
SO O PO O T T 8 om0 10 ata
[0.075 Max]
i 0.4
1.27 TP .

Note

1. These Dimensions Do not include Mold Protrusion.

2. *( )" is Reference.

n "
3. [ ] is Assembly Out Quality.
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IK2102

28TSSOP
8, 74+0.1 3} | _
i U0
DOOAnamaamann IT | T
| [
e S R ([
o R 0 A
: T —
—|_| u |_|||_| |_| |_| |_| |_| |_| —| |5 —l I—'HE
4 AL LEAD TIPS
L_piy #1 1DENT.
D PA i
1.0 BAK,
_'I'IF"E 0.4 g;ﬁ - fSEE DETAIL A
—— ] |IF  re— 0,08 -0.20
_ 1 RAAAAAAAAAAAAT I  — W |
= H 0.1020.05-1 Pt f
| |-—- -—0.18—0.30
IR EE S ] ll'l"‘*-—':l.t'ru' TOF & BOTTOM
e '# | —CAGE PLANE
DMENSIONS ARE 14 MILLIWETERS RO31 xc |: Z{
o Mt
TG_E.;-;T-{_* ‘ \\_ W
Notes : T SEATING PLAME
N —1 00—

COHFORKS TO JECES RECETRATION MO-—153, VWERISTIOH AR,
REF. NOTE 6, DATED 7,93,
, DIMENSICNS ARE IN MLLIVETERS,
. DIMENZIONS ARE EXCLUSKNVE OF BURRS, MOLD FLASH
AND TIE BAR EXTRUSI0MS.
. DIMENSICNS AND TOLERAMCES PER ANSI Y1454, 1882,

o Ow
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