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LD1512

DESCRIPTION

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

The LD1512 is specifically designed for LED lighting or display applications. The 12-channel constant output
current is controlled by 3 external resistors (IOUT = 5mA to 60mA). The device consists of 16 x 12 bit shift

register, latches, built-in OSC, 12 constant current drivers and 8/12/16 bit PWM controller.
The main applications are decorative LED lighting, indoor/outdoor LED video or message display systems.

FEATURES

+ 12 constant output channels
* 8/12/16bit grayscale PWM control
¢ Output current : set-up at 5SmA to 60mA

with three external resistors
» Maximum sinking output voltage : 40V
* CMOS compatible input
» Package : SOP28, SSOP28, 28QFN
+ Maximum serial input frequency : 20MHz
» Builtin internal RC oscillator : 10MHz
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PIN DESCRIPTION

LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

PIN NO. PIN NAME DESCRIPTION
28SOP 28QFN
2 5 CLKI Clock input pin for Data shift
When MOD2=1, MOD1=1
Clk Pin be to connet to vss
13 16 DI Serial data input terminal or Output Enable/Disable
Serial data input
When MOD2=0, MOD1=0
MOD2=0, MOD1=1
MOD2=1, MOD1=0
Output Enable/ disable
When MOD2=1, MOD1=1
DI=1 is Output Disable. DI=0 is Output Enable
MOD Pin must be connected vss or VDD_R.
14 17 0SC Test Only Pin.
TEST pin should be not connected
26,25 2,1 MOD2,1 Input data transfer mode selection
0, 0 : 8bit luminance data transfer
0, 1: 12bit luminance data transfer
1, 0 : 16bit luminance data transfer
1,1 : All LED driver are only on /off by DI signal.
MOD Pin must be connected vss or VDD_R.
24 28 VDD_R Regulator output voltage
5.4.3 8,7,6 R_REX,G_REX,B_REX External resistors connected between those pins and GND
for driver current setting.
1 Thermal DGND GND terminal
Pad
8,7,6 11,10,9, ROUT1,GOUT1,BOUT1 Constant current output terminals
11,109 14,13,12, ROUT2,GOUT2,BOUT2
20,19,18 | 242322, ROUT3,GOUT3,BOUT3
23,22,21 | 2726:25 ROUT4,GOUT4,BOUT4
15 18,19 AGND Power Ground
28 4 VCC LED driving voltage

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
82 41 520 7337 www.Idt.co.kr

82 41 520 7300

Ver0.7



A LD1512
..LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

PIN DESCRIPTION

PIN NO. PIN NAME DESCRIPTION
28S0OP 28QFN
12,17 15,21 CH2,CH1 LED driver channel mode selection
0,0: 12 Channel
0,1: 6 Channel

(ROUT1=ROUT2,GOUT1=GOUT2, BOUT1=BOUT2
ROUT3=ROUT4, GOUT3=GOUT4, BOUT3=BOUT4 )
1,0: 3 Channel (ROUT1=ROUT2=ROUT3=ROUT4
GOUT1=GOUT2=GOUT3=GOUT4
BOUT1=BOUT2=BOUT3=BOUT4 )

1,1 : Inhibit
CH Pin must be connected vss or VDD_R.
27 3 CLKO Serial clock output terminal
16 20 DO Serial data output when CLKI is ‘Rising”, strobe transmit

after 10us from CLKI rising edge
When MOD2=1, MOD1=1
DO pin become Output Enable Output pin

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea Ver0.7
82 41 520 7300 82 41 520 7337 www.ldt.co kr "



A LD1512
..LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

BLOCK DIAGRAM
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LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

2L DT
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (Ta = 25°C)

PARAMETER SYMBOL RATING UNIT
Supply Voltage Vce 0~40 \%
Regulator Voltage VD 0~6.5 \%
Output Voltage Vout -0.5~30 \%
Output Current lout 60 mA
Input Voltage VIN -0.4~Vpp+0.4 Y
GND Terminal Current IcND 960 mA
CLKI Frequency fck 20 MHz
Internal PWM Clock Frequency fPWMCK 12 MHz
Power Dissipation Pp 1.4 w
Operating Temperature Topr -40~85 °C
Storage Temperature Tstg -55~150 °C
(Note ) Ambient temperature delated above 25°C in the proportion of 14.2mW/ °C
RECOMMENDED OPERATING CONDITIONS

DC CHARACTERISTICS SYMBOL MIN. TYP. MAX. | UNIT
VCC Supply Voltage Ve 45 - 40 \%
LED Driver Output Voltage Vour 40 \Y
VDD Regulator Voltage or External Supply Voltage Voo 45 5.0 5.5 \%
Input “H” Level ViH 0.7Vop - Vop v
Voltage “L” Level ViL GND - |03vm
Sglttp;;te :DO?-IiuigmA VoL - - 0.2Vpp v

IOL = 10mA Vou 0.8Vpp - -

High Level Output Current, VO = 0.8VDD lon -10 mA
Low Level Output Current, VO = 0.2VDD lou 10 mA
LED Driver Output Current lout 60 mA
Operating Free-air Temperature Range -40 85 °C

AC CHARACTERISTICS SYMBOL MIN TYP. MAX. | UNIT
CLKI Frequency fex 20 MHz
Internal PWM Clock Frequency fowmek 8 10 12 MHz
Pulse Width CLKI twio! twio 20 ns
Setup Time tsetup -10 ns
Hold Time thold 40 ns
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12 Channel Output LED Driver with 8/12/16 bit PWM Controller

ELECTRICAL CHARACTERISTICS (VDD = VDD_R =5V, Ta = 25°C)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. | UNIT
VCC Supply Voltage VCC 45 - 40 \%
VDD Regulator Voltage or
External Supply Voltage vbD 45 50 55 v
Input H Level VIH - 0.7VDD VDD y
Voltage L Level VIL - GND 0.3VDD
Output Leakage Current 102 VOH=6.0V 1 uA
VOL IOL=10mA 0.2VDD
utput DO,CLKO Y,
oftage VOH IOH=-10mA 0.8VDD
Output Currentl REXT=1.6KQ
Pin to Pin Deviation IOLPP1 | |ouT=60m, VOUT=1.5V +1.5 +3.0 %
Output Current2 REXT=3.2KQ
Pin to Pin Deviation IOLPP2 1 |ouT=30m, VOUT=1.5V +1.5 +3.0 %
Output Currentl REXT=1.6KQ o
Chip to Chip Deviation IOLCCL | |ouT=60m, VOUT=1.5V +3.0 +6.0 %
Output Currentl REXT=3.2kQ
Chip to Chip Deviation IOLCC2 | jouT=30m, VvOUT=1.5v +30 | 6.0 %
REXT=Open, OUTn=0OFF
loes PWM=Gray0 - 1.0 2.0
| REXT=1.6KQ, OUTn=0OFF i 20 15.0
Supply Current ccz PWM=Gray0 : : mA
REXT=3.2KQ, OUTn=0OFF
lees PWM=Gray0 - 5.0 10.0
DC CHARACTERISTIC TEST CIRCUIT
lec § <
‘T = =
VDD_R Vcc ROUT*—
" Tour
I — cLki GouT—°
— O——
DI BOUT [ °
— 0scC LD1512
ViH CLKO|—
ViL loL/Ion
pof—
REXT* AGNDDGND
Iref l é
y Y & &
*) REXT = RREX,GREX,BREX, ROUT = ROUT1~4, GOUT=GOUT1~4, BOUT= BOUT1~4 7
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12 Channel Output LED Driver with 8/12/16 bit PWM Controller

AC CHARACTERISTIC TEST CIRCUIT

| <
DD l )
RL
VDD——— vons ROUT® _E:Wc
CLKI
GOUT* —ﬂw
Signal DI —e
Generator LD1512 BOUT* —ﬂ’\'
osC T v=
GND—
MOD
7
REXT* GND__DGND 7
R
*) REXT = RREX,GREX,BREX, ROUT = ROUT1~4, GOUT=GOUT1~4, BOUT= BOUT1~4
SWITCHING CHARACTERISTICS (Ta= 25°C unless otherwise noted)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Propagation
Delay Time CLKI-DO tPLH - 20 30 ns
(“L” to “H")
Propagation
Delay Time CLKI-DO tPHL - 20 30 ns
(“H” to “L”)
Maximum CLKI Frequency fckmax (*1) - 8 20 MHz
CLKI twho! t 25 - - ns
Pulse Width S
twha Vpp = 5.0V 25 - - ns
Data Setup Time tsetup Vii = VDD -10 *1) -
ViL=GND ns
Data Hold Time thold fck = 10MHz 40 ' .
twsh Rexr = 3.2k2 200 - .
_ louT = 30MA
DI Width twsl CL=10.0pF 200 - - ns
RL =100Q
twss * R }
VL= 45V 10,000 (*2)
Clock Delay | CLKO texo - 13 - ns
Clock Width | CLKO tw - 25 - ns
Clock Cycle | CLKO tey 100 - 2000 ns
Maximum Clock Rise Time tr - - 10
ns
Maximum Clock Fall Time tf - - 10
Minimum Output Rise Time tor - 50
ns
Minimum Output Fall Time tof - 50

*1: DI should be set at the rising of CLKI .

*2 : N= 1000ea
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TIMING WAVEFORM

CLKI, DI, DO (Data Transmit)

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

CLKI
DI
90% 90%
DO 1 50% 50%
_T10% 10% _—— GND
—  letotH , |e—toHr
CLKI, CLKO
fwh1 -
Z—S ------------------------ VDD_R
CLKI 50% 50%
_7 K GND
tckDlle W, tcKD
i e il VDD_R
CLKO 50% Rso b
GND
« tcy
CLKI, DI (Strobe Transmit)
—! /— - VDD_R
CLKl —50% 500/1)7_
\ -f--- GND
twshy twsl | twsh| twsl[twsh| twsl [twsh] twsl | twsh| tws]
TWSS WS S WS S WS WS WS WS
---4---- VDD_R
DI 509 500 09 50
41---- GND
9
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LD1512
.:LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

EQUIVALENT CIRCUIT OF INPUTS AND OUTPUTS

1. CLKI, DI terminal 2. DO, CLKO terminal
VDD © VDD ©
_l b
DATA [ o DO,
CLKO
*—]
o
CLKI, o o yp——t GND
DI, +—i
MOD1,2
CH1,2 =
ENB _'%A
GND © .

3. MOD1, MOD2, CH1, CH2 terminal

VDD © ) ¢
—
x
‘I—I
CLKI, o 4 yr— 4
DI, —i
MOD1,2
CH1,2 x
ENB _'":_t_l
GND © -
10
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LD1512
.:LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

ADJUSTING OUTPUT CURRENT

The output current is determined by an external resistor. The relationship between |5, and Ry is as follows;

When VDD_R =5V

loutlAl = {1.16/(30+Rexq)} * 82

OUTPUT CURRENT AND REXT RESISTOR

IOUT vs REXT
60—=
55 \
50
a5t
40

35
30 \\‘
25

I
\\
20 - VOUT = 1.0V
[~
15 - S
—q—
10 4 ——o—ge
5
0
Y X v X X X ¥ X X X ¥ X X X X X X X X
— ol Al N MO < T 00 0 O O© © M~ M~ 00O o
KOhm
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A LD1512
..LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

CONSTANT OUTPUT CURRENT

The LD1512 provides a constant current output characteristics for LED display application. ;

60
55 Wa
50 / o—o—o
y /f
45 A
40 ’/ 4 o o 4 o o o o o o o
35 / 72l
30 /’/ o
< / a
c 25
20 > & o o o S o o o o o o o
15 LA
10 / s o o o S o o o o o o o
4
5 1/
0 = > > > >
I 22333 3233323333333
00O 0o O+~ - T <& v N AN NO®m® g 0
KOhm
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LD1512
.:LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

LED SUPPLY VOLTAGE( VLED)

\Y4i

vV v ¥
\V4i

VvV v v
\Y4i

Vout CD CD CD LD1512

It is very important to select the proper value of Load Resistor( RL ). Because the optimal Vourt value
guarantees the constant output current and long life time of LED driver IC without over power consumption.

For example, let’s calculate the Load Resistor value at VLED=12V, lout=50mA, LED Forward Voltage(Vf)=3V
and LED = 3ea.

1) The full current of LD1512 = 50mA x 12 (channels) = 600mA
2) The power consumption is 600mA x VouT voltage.

- when Vour = 1V, the power consumption is 600mW.

- when Vout= 2V, the power consumption is 1200mW.

Therefore, the Load Resistor (RL) = (VLED — VouT- V{x3) / lout
= (12V - Vout — 9V) / 50mA

= 40Q (When VouT = 1V) 13
|
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LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

FUNCTIONAL DESCRIPTION

COMMUNICATION MODE TIMING DIAGRAM

8bit Mode, 12 Channel (MOD2 =L, MOD1=L,CH2 =L, CH1=1L)

CLKI — 1 s 8 9 Sg 16 17 S 24 25 SS 73 1 74 Sg
DI : RO7 ) iR00 GO7 ) iG0o B07 N i BOO Ri7 X Ri6 \y ir37 X iR36 § -Ta
1 1
DO :x XXX X SXX X XXX x\\x X XXXX :
ST | C |
(Internal) : D) :
| |
1
1
= = e
1
1
1
1
1 1
E E 80 81 Ss 88 89 S 9 97
:__> i R30 G37 GBO: B37 \ B30 |—|_|—|_|—|_|—|_|—| R47
T ) 3 CRD S o Y o Y O o Ty W G2
: 10us \ DO is same DI signal
\ m
'
When 2 chips are connected in series, strobe signal shall be applied after 192ea of clock input.
When more than 2 chips are connected in series, strobe signal shall be applied
after N x 96ea of clock input. (‘N’ is the number of chip.)
**Note) Apply the strobe signal after minimum 10us from the last clock (e.g. 192t clock in 2 chips)
14
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FUNCTIONAL DESCRIPTION

LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

COMMUNICATION MODE TIMING DIAGRAM

8bit Mode, 6 Channel (MOD2 =L, MOD1=L,CH2 =L, CH1=H)

CLKI —] 1 s 8 9 Ss 16 17 S 24 25 SS 32 | 33 ss
DI : RO7 ) iR00 GO7 ) iG0o B07 N i BOO Ri7 X R16 Ny iR10 X iG17 § -Ta
1 1
DO :X X XXX X X SXX X XXX X XXX X XXXX :
ST : C :
(Internal) , 2 '
| |
1
1
= = e
1
1
1
1
1 1
E E 40 a1 S 48 49
:__> : G10 B17 \  iB10 T N e O O R27
R 5 X XX XX M o
E 10US \ DO is same DI signal -
!
When 2 chips are connected in series, strobe signal shall be applied after 96ea of clock input.
When more than 2 chips are connected in series, strobe signal shall be applied
after N x 48ea of clock input. (‘N’ is the number of chip.)
**Note) Apply the strobe signal after minimum 10us from the last clock (e.g. 96™ clock in 2 chips)
ROUT1=ROUT2, GOUT1=GOUT2, BOUT1=BOUT2
ROUT3=R0OUT4, GOUT3=GOUT4, BOUT3=BOUT4
15
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FUNCTIONAL DESCRIPTION

LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

COMMUNICATION MODE TIMING DIAGRAM

8bit Mode, 3 Channel (MOD2 =L, MOD1=L,CH2 =H,CH1=L)

CLKI —] 1 s 5 6 Ss 8 9 S 12 13 SS 16 | 17 ss
DI : RO7 ) iR03 R02 ) iR00 Go7 N | Goa co3X c02\\i co im0z § -Ta
1 1
DO :x X XXX X X SXX X XXX \\x X XXXX :
ST : C :
(Internal) , 2 '
| |
1
1
= = e
1
1
1
1
1 1
E E 19 20 S 24 25
:__> : BOS5 B04 \  1B00 T N e O O R17
. SR ST B Y L B B S G S
1
! 10US \ DO is same DI signal -
'
When 2 chips are connected in series, strobe signal shall be applied after 48ea of clock input.
When more than 2 chips are connected in series, strobe signal shall be applied
after N x 24ea of clock input. (‘N’ is the number of chip.)
**Note) Apply the strobe signal after minimum 10us from the last clock (e.g. 48™ clock in 2 chips)
ROUT1=ROUT2=ROUT3=ROUT4
GOUT1=GOUT2=GOUT3=GOUT4
BOUT1=BOUT2=BOUT3=BOUT4
16
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LD1512

FUNCTIONAL DESCRIPTION

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

COMMUNICATION MODE TIMING DIAGRAM

12bit Mode, 12 Channel (MOD2=L, MOD1=H,CH2=L,CH1 =L)

CLKI T C 12 13 C 24 25 1L CC 36 37 « 109 | 1m0l €€
1 ) S) ) P2 P
1
DI 1 Ro1z )y iR00 Go11 ) i Goo BO11 YEE Ri11X R110 \ : R311{  iR310 § -=A
r H I
! 1
DO I X X XX X X Sx X X X XX X X x\ X X X XX X 1
k 1
1 1
ST ! « 1
(Internal) , 2 '
1 1
1 1
1
1
g
1
1
1
1
. 1
' ; 120 121 Ss 132 133 S 144 145
. 1
' \ R30 G311 G30 B311 \  iB30 e I s O s O O R411
i |
L —
S G €3 ) A RND Sy Wy Yy TN gy O gy W
I
1
: 10us \ DO is same DI signal

When 2 chips are connected in series, strobe signal shall be applied after 288ea of clock input.

When more than 2 chips are connected in series, strobe signal shall be applied

after N x 144ea of clock input. (‘N’ is the number of chip.)

**Note) Apply the strobe signal after minimum 10us from the last clock (e.g. 288th clock in 2 chips)
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LD1512

FUNCTIONAL DESCRIPTION

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

COMMUNICATION MODE TIMING DIAGRAM

12bit Mode, 6 Channel (MOD2=L, MOD1 =H, CH2 =L, CH1 = H)

CLKI — 1 s 12 13 Ss 24 25 S 36 37 SS 8 | 49 ss
DI : Ro1z )y i R0O ot )) iGoo BO11 ) i B00 Ri11X R110 \ : R100 Gl11 § -Ta
| H H .
DO :X X XXX X X SXX X X XXX X X XXX X XXXX :
ST | C |
(Internal) , 2 '
| |
1
1
= = e
1
1
1
1
1 1
E E 60 61 S 72 73
' \ G10 Buz ) iB100 T N e O O [ron1
ke
R 5 X X X X K Ll L AR
E 10US \ DO is same DI signal -
!
When 2 chips are connected in series, strobe signal shall be applied after 144ea of clock input.
When more than 2 chips are connected in series, strobe signal shall be applied
after N x 72ea of clock input. (‘N’ is the number of chip.)
**Note) Apply the strobe signal after minimum 10us from the last clock (e.g. 144t clock in 2 chips)
ROUT1=ROUT2, GOUT1=GOUT2, BOUT1=BOUT2
ROUT3=ROUT4, GOUT3=GOUT4, BOUT3=BOUT4
18
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A LD1512
..LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

FUNCTIONAL DESCRIPTION

COMMUNICATION MODE TIMING DIAGRAM

12bit Mode, 3 Channel (MOD2=L, MOD1=H,CH2=H,CH1=L)

CLKI — 1 s 9 10 Ss 12 13 S 20 21 SS 24 | 25 )s
DI i Ro1z )y i Ro03 R02 ) i R0O o1 )y iGo4 cos  co2 \§ i coof imoi1 § -Ta
1 : 1
DO IX X XXX X X SXX X X XXX X X XXX X XXXX :
ST : C :
(Internal) : e :
| |
1
1
= = e
1
1
1
1
1 1
E E 31 32 S 36 37 |
: . BO5 BO4 ) iB0O i e O s O e O {Ri11
ke
RIS Y IS S o T o T Y o Y o N T
1
! 10US \ DO is same DI signal -
'
When 2 chips are connected in series, strobe signal shall be applied after 72ea of clock input.
When more than 2 chips are connected in series, strobe signal shall be applied
after N x 36ea of clock input. (‘N’ is the number of chip.)
**Note) Apply the strobe signal after minimum 10us from the last clock (e.g. 72 clock in 2 chips)
ROUT1=ROUT2=ROUT3=ROUT4
GOUT1=GOUT2=GOUT3=GOUT4
BOUT1=BOUT2=BOUT3=BOUT4
19
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=LDT

FUNCTIONAL DESCRIPTION

LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

COMMUNICATION MODE TIMING DIAGRAM

16bit Mode, 12 Channel (MOD2=H, MOD1=L,CH2=L,CH1=L)

CLKI
DI
DO

ST
(Internal)

P C 16 17 C 32 33 LCC 48 49 « 145 | 146 (€
; ) $ ) p); p);
1
! Ro1sX )y  iR00 G015 ) i Goo Bo15{ )y : BOO Ri15X R1i14 \ : R315{  iR314 § -=A
r H I
! 1
I X\ X X\ X X XN x XX X X X XX X 1
k 1
1 1
! (¢ !
T p)) 1
! 1
1 1
! 1
1
1
g
1
! C C
r 160 161 176 177 192 193
, S )
\ R30 G315 G30 B315 \  iB30 e I s O s O O R415
1
L —
' x ) A RND Sy Wy Yy N gy O gy W
I
1 '\ ) )
: 10Us DO is same DI signal A

When 2 chips are connected in series, strobe signal shall be applied after 384ea of clock input.

When more than 2 chips are connected in series, strobe signal shall be applied

after N x 192ea of clock input. (‘N’ is the number of chip.)

**Note) Apply the strobe signal after minimum 10us from the last clock (e.g. 284th clock in 2 chips)

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
82 41 520 7337 www.Idt.co.kr

82 415207300 F/
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LD1512

FUNCTIONAL DESCRIPTION

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

COMMUNICATION MODE TIMING DIAGRAM

16bit Mode, 6 Channel (MOD2=H, MOD1=1L,CH2=L,CH1=H)

CLKI — 1 s 16 17 Ss 32 33 S 48 49 SS 64 | 65 ss
DI : Ro1sX )y i ROO co1sf )y  :G0o BO15 ) i B00 Ro15X R214 \y iR20 X G215 § -Ta
1 : 1
DO :X X XXX X X SXX X X XXX X X XXX X XXXX :
ST | C |
(Internal) , 2 '
| |
1
1
= = e
1
1
1
1
1 1
E E 80 81 S % 97
: ; G20 B215; B20 |_|_|_|_|_|_|_|_|_| }ES
ke
. S ISR S gy W oy L o WYy WY oy WY G
E 10US \ DO is same DI signal -
!
When 2 chips are connected in series, strobe signal shall be applied after 192ea of clock input.
When more than 2 chips are connected in series, strobe signal shall be applied
after N x 96ea of clock input. (‘N’ is the number of chip.)
**Note) Apply the strobe signal after minimum 10us from the last clock (e.g. 192t clock in 2 chips)
ROUT1=ROUT2, GOUT1=GOUT2, BOUT1=BOUT2
ROUT3=ROUT4, GOUT3=GOUT4, BOUT3=BOUT4
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A LD1512
..LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

FUNCTIONAL DESCRIPTION

COMMUNICATION MODE TIMING DIAGRAM

16bit Mode, 3 Channel (MOD2=H, MOD1=1L,CH2=H,CH1=L)

CLKI —] 1 s 13 14 Ss 16 17 S 28 29 SS 32 | 33 ss
DI : Ro1sX )y i RO3 R02 ) i R0O co15{ )y :Go4 cos  co2 \§ i coof imois § -Ta
1 ; 1
DO : X X XXX X X SXX X X XXX X X x\ X X X XX X :
ST : C :
(Internal) , 2 '
| |
|
= = e
1
1
1
1
1 1
E E 43 44 S 48 49 |
R G TS R B W B W (Fazs
== 1
I R W O S S B L8 o W e W o B CC
: 10US \ DO is same DI signal
\ m
!
When 2 chips are connected in series, strobe signal shall be applied after 96ea of clock input.
When more than 2 chips are connected in series, strobe signal shall be applied
after N x 48ea of clock input. (‘N’ is the number of chip.)
**Note) Apply the strobe signal after minimum 10us from the last clock (e.g. 96™ clock in 2 chips)
ROUT1=ROUT2=ROUT3=ROUT4
GOUT1=GOUT2=GOUT3=GOUT4
BOUT1=BOUT2=BOUT3=BOUT4
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A LD1512
..LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

COMMUNICATION MODE TIMING DIAGRAM
Case of N chips
8bit Mode, 12 Channel (MOD2=L, MOD1 =L, CH25L,CH1 =)
1 1 .

96 Clocks i 96 Clocks 96 Clocks

CLKI E [LI1] eee [1]11] : [LLLIL oo L1 : SS LI eee L1
o TTTTTUTITITE [T (i

I .
N<1:96> ; (N-1)<1:96> D1<1:96> ! .
h ~ 20N ~ 4 ———<10us
Nth chip data (N-1)th chip data 1st chip data

12bit Mode, 12 Channel (MOD2 =L, MOD1=H,CH2=L,CH1=L)

1 ! !
. . 144 Clocks . 144 Clocks ! 144 Clocks !
- R < LI eee I
1 | . .
- . i i TRQBE
o 3 O O
. . i [ E 1 /
b N<L:144> : (N-1)<1:144% D1<1:144>, i
< ~ s v vy — ——<10us
Nth chip data (N-1)th chip data 1st chip data

16bit Mode, 12 Channel (MOD2 = H, MOD1=L,CH2 =L, CH1 =L)

1 ! !
1 192Clocks 1 192 Clocks ! 192 Clocks !
CLKI U oo HITEE * THLITL weo [T : SS IIIIII---IIIIIIIE
1 1
. . i X TRQBE
o I A O I I
. . ; 1 - : 1 /
Y N<L192> : (N-1)<1:1923% D1<1:192> ™ .
\ ~ s1X ~ v ———<10us
Nth chip data (N-1)th chip data 1st chip data

When multichips are connected in series, strobe signal shall be applied after Nchip X Nbit X 12 ea
of clock input.

**Note) Apply the strobe signal after minimum 10us from the rising edge of last clock
ROUT1, ROUT2, ROUT3, ROUT4

GOUT1, GOUT2, GOUT3, GOUT4
BOUT1,BOUT2, BOUT3, BOUT4

23

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea Ver0.7
82 41520 7300 FAX 82 41 520 7337 www.ldt.co.kr "



LD1512

=LDT

COMMUNICATION MODE TIMING DIAGRAM

Case of N chips

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

8bit Mode, 6 Channel (MOD2=L, MOD1 =L, CH2=|,CH1 = H)
1 1 .

1
1 48 Clocks | 48Clocks ! 48 Clocks !
CLKI R SS LI oee [
1 1
. : i i TRQBE
; 3 O I
. . i - >| /
: N<1:48> (N-1)<1:48>, D1<1:486> | .
- ~ s\ ~ v ———<10us

Nth chip data

(N-1)th chip data

1st chip data

12bit Mode, 6 Channel (MOD2 =L, MOD1=H, CH2 =L, CH1=H)

1 1 ! !
g 72 Clocks i 72 Clocks ! 72 Clocks !
CLK R < IIIIIImIIIIIIIE
1 1 . .
. . i i TRQBE
o TTTTTETTITL  [TTTT (i
. . | I EI /
: N<1:72> (N-1)<1:72>; Di<172> .
\ ~ s v v’ — ——<10us

Nth chip data

(N-1)th chip data

1st chip data

16bit Mode, 6 Channel (MOD2 = H, MOD1=L, CH2 =L, CH1 = H)

I I ! !
g 96 Clocks i 96 Clocks ! 196 Clocks !
CLKI R SS IIIIII---IIIIIIIE
1 1
. - ; ; TRQBE
oI TTITTRITT I  [TTTTH L1l
. . I 1 - :| /
' N<l:96> (N-1)<1:96>; D1<1:96> |
\ ~ s1X ~ s ———<10us

Nth chip data

(N-1)th chip data

1st chip data

When multichips are connected in series, strobe signal shall be applied after Nchip XNbit X 6 ea

of clock input.

**Note) Apply the strobe signal after minimum 10us from the rising edge of last clock

ROUT1= ROUT2, ROUT3= ROUT4
GOUT1= GOUT2, GOUT= GOUT4
BOUT1=BOUT2, BOUT3=BOUT4
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LD1512

=LDT

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

COMMUNICATION MODE TIMING DIAGRAM

Case of N chips

8bit Mode, 3 Channel (MOD2=L, MOD1=L, CH2:H|CH1 =L) .
1 1 . .
i 24 Clocks . 24 Clocks ! 24 Clocks !
CLKI UL woo LIEEL * IILHL oo HIILL SS [T eoe [T
] 1 J [ ~ROBE
. . 1 1
. S o o
. . I - 1
b N<Luss (N-1)<1:48>; D1<1:486>, * i
< ~ VAN ~ v H_'/<10us

Nth chip data

(N-1)th chip data

1st chip data

12bit Mode, 3 Channel (MOD2 =L, MOD1=H, CH2=H, CH1=L)

1 1 ! !
i 36 Clocks . 36 Clocks ! 36 Clocks !
CLK R < IIIIIImIIIIIII:
1 1 . .
- . i X TRQBE
o 2 O I
. . | I EI /
L N<L:36> (N-1)<1:36> D1<1:36> , .
\ ~ s v v’ — ——<10us

Nth chip data

(N-1)th chip data

1st chip data

16bit Mode, 3 Channel (MOD2 = H, MOD1=L, CH2 =H, CH1 =1L)

I I ! !
g 48 Clocks i 48 Clocks ! 48Clocks !
CLKI R SS IIIIII---IIIIIIIE
1 1
. : ; ; TRQBE
oI LTI TTTTIE ; L1l
. . I 1 - 1
' N<lis> (N-1)<1:48>, D1<1:48> |
\ ~ s1X ~ v ———<10us

Nth chip data

(N-1)th chip data

1st chip data

When multichips are connected in series, strobe signal shall be applied after Nchip X Nbit X 3 ea

of clock input.

**Note) Apply the strobe signal after minimum 10us from the rising edge of last clock

ROUT1= ROUT2=ROUT3= ROUT4
GOUT1= GOUT2=GOUT= GOUT4
BOUT1=BOUT2=BOUT3= BOUT4
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LD1512

.:LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

PWM DISPLAY CYCLE

The LD1512 implements the 8bit/12bit/16bit gray level of each output port using the 4 PWM sub cycles. Sub-cycle is

consisted of 4096 fPWMCK clocks. This enhancement provides a excellent energy distribution in lighting the LED and

increases the visual refresh rate and reduces the flickers.

8hit Operation

D[7:0] : Display Data( 8 bit Gray Scale Data)

PWM Cycle

8bit PWM
16384 fPWMCK

ROUT*

GOUT ON OFF
BOUT*

N

*) ROUT = ROUT1~4, GOUT=GOUT1~4, BOUT= BOUT1~4

64 fPWMCK=1Bit

12bit Operation

D[11:0] : Display Data( 12 bit Gray Scale Data)

The following examples show the PWM timing diagram for different display data.

1st PWM Sub Cycle

12bit PWM
16384 fPWMCK

ROUT* I
GOUT: ON OFEE
BOUT* | X

1 1

:\ /:

! 1

*)ROUT = ROUT1~4, GOUT=GOUT1~4, BOUT= BOUT1~4

4 fPWMCK=1Bit

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
82 41520 7300 FAX 82 41520 7337 www.ldt.co.kr
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=LDT

LD1512

16bit Operation

D[15:0] : Display Data( 16 bit Gray Scale Data)

The following examples show the PWM timing diagram for different display data.
1PWM Cycle is made by 16 sub cycle.

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

1st PWM Sub Cycle 2nd PWM Sub Cycle

D[15:0] = 16'h0010

15th PWM Sub Cycle

16th PWM Sub Cycle

I

———————---

——————e - - -

1
1
1
1
ROUT* |_|
GOUT* 1 1 1
BOUT* ! 1 fPWMCKs ; 1 fPWMCKs 1 fPWMCKs 1 fPWMCK !
! D[15:0] = 16'10020 !
ROUT* 1
GOUT* I_I J :
BOUT* 1 2 fPWMCKs 1 2 fPWMCKs ! 1 2 fPWMCK 1 2 fPWMCK 1
1 1 1 1 1
1
! D[15:0] = 16'hOFFO | : :
ROUT* 1
GOUT* 1
BOUT* 4 4|. : L | _l
| 255 fPWMCKs I 255 fPWMCK . | 255 fPWMCK | 255 fPWMCK |
1 1 1 1 1
1 D[15:0] = 16'hFFFO 1 1 1 1
ROUT* ! ]
GOUT* |_| [ ]_I
BOUT* | .
; 4095 fPWMCK | 4095 fPWMCK 4095 fPWMCK 4095 fPWMCK .
I\ 7 !
1 1 PWM Sub Cycle (4096 fPWMCK ) '
1 ~ 1
1 PWM Cycle = 65,536 TPWMCK clocks
*) ROUT = ROUT1~4, GOUT=GOUT1~4, BOUT= BOUT1~4

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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=LDT

LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

TYPICAL APPLICATION

1) VLED =24V, 8bit/12bit/16bit PWM, 12Channel (if RLED VF=3.4V, GLED VF=2.8V, BLED VF=2.6V)

VLED = 24V

VDD
——
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
System CLKI CLKO
Controller DI LD1512 DO
OSC RREX GREX BREX VDD_R ENB PGND AGNDMOD1 MOD2 CH1 CH2

*% *k

Il
| c
4.7u -|_
=)
8bit PWM Mode
MOD2=GND, MOD1=GND
12 bit PWM Mode
MOD2=GND, MOD1=VDD_R
16 bit PWM Mode
MOD2=VDD_R, MOD1=VDD_R

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea

82 415207300 F/
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=LDT

LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

TYPICAL APPLICATION

2) VLED = 24V, 8bit PWM, 12Channel (if RLED VF=3.4V, GLED VF=2.8V, BLED VF=2.6V)

VDD VLED = 24V
jeepeoECTTCE
rr D e Y e
System [ ] €K LD1512 CLKO
Controller [ D! Do
| OSC PRV GREXBREXOD B ENB RGNO AGNOMOBA MOD2 Chl  CLi2

=)
8bit PWM Mode

MOD2=GND, MOD1=GND
12 bit PWM Mode

MOD2=GND, MOD1=VDD_R
16 bit PWM Mode

MOD2=VDD_R, MOD1=VDD_R

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea

82 415207300 F/
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=LDT

LD1512

TYPICAL APPLICATION

3) VLED =12V, 8bit PWM, 12 Channel (if RLED VF=3.4V, GLED VF=2.8V, BLED VF=2.6V)

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

VDD
-+ VLED = 12V_ ~ _ - _
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
System * CLKI CLKO
Controller " bi LD1512 DO
OSC RREX GREX BREX VDD_R ENB PGND AGND MOD1 MOD2 CH1 CH2
]
ey T
ET3 *k
C
4.7uF-|_
VDD VLED = 12V
. . T o . .| . .| . I ] i
R1 R2®R R R2®R3 R1 RiéR Rl;RZ@R
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
CLKI CLKO
System LD1512
Controller DI DO
OSC RREX GREX BREX VDD_R ENB PGND AGND MOD1 MOD2 CH1 CH2
|
*%k *%x
C
4.7u-|_
(%)
8bit PWM Mode
MOD2=GND, MOD1=GND
12 bit PWM Mode
MOD2=GND, MOD1=VDD R
16 bit PWM Mode
MOD2=VDD_R, MOD1=VDD R
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=LDT

LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

TYPICAL APPLICATION

4) VLED = 8V, 8bit/12bit/16bit PWM, 12 Channel (if RLED VF=3.4V, GLED VF=2.8V, BLED VF=2.6V)

VDD VLED = 8V
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC1
System CLKI CLKO
Controller DI LD1512 po —
OSC RREX GREX BREX VDD_R ENB PGND AGND MOD1 MOD2 CH1 CH2
' 1
C
4.7uF-l_
VDD VLED = 8V
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
*| CLKI CLkKO |—
System | LD1512
Controller DI DO
OSC RREX GREX BREX ENB PGND AGND MOD1 MOD2 VDD R CH1 CH2
|
I ** I ** J_
C
4.7uF-|_
=(**)

8bit PWM Mode

MOD2=GND, MOD1=GND
12 bit PWM Mode

MOD2=GND, MOD1=VDD_R
16 bit PWM Mode

MOD2=VDD_R, MOD1=VDD_R

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea

82 415207300 F/
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LD1512

TYPICAL APPLICATION

5) VLED = 24V, All on by DI, 12 Channel (if RLED VF=3.4V, GLED VF=2.8V, BLED VF=2.6V)

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

VLED = 24V
VDD
——
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
System CLKI CLKO
Controller ] bi LD1512 po |—
OSC RREX GREX BREX DI CLKI PGND AGND MOD1 MOD2 VDD_R CH1 CH2
' L[
=cC
-|:1.7uF
VDD VLED = 24V
‘9@ é ém é é ® @RlﬁERZ'R
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
CLKI
System CLKO
Controller DI LD1512 DO |—s
OSC RREX GREX BREX DI CLKI PGND AGND MOD1 MOD2 VDD_R CH1 CH2
' I
=cC
-FIUF

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea

82 415207300 F/
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=LDT

LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

TYPICAL APPLICATION

6) VLED =12V, All on by DI, 12 Channel (if RLED VF=3.4V, GLED VF=2.8V, BLED VF=2.6V)

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea

82 41520 7300 FAX 82 41 520 7337 www.ldt.co kr

VDD
-+ VLED = 12V_
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
System CLKI CLKO
Controller DI LD1512 Do }—»
OSC RREX GREX BREX DI CLKI PGND AGND MOD1 MOD2 VDD _R CH1 CH2
= = = L {
—=c
-|:1.7uF
VDD VLED = 12V
Rlé R2® Ré Ré R2® R?é Rlé Rié Ré Rlé R2® Ré
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
System CLKI CLKO
Controller DI LD1512 DO +—
OSC RREX GREX BREX DI CLKI PGND AGND MOD1 MOD2 VDD_R CH1 CH2
' I
=cC
-F.7UF
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A LD1512
..LDT 12 Channel Output LED Driver with 8/12/16 bit PWM Controller

TYPICAL APPLICATION

7) VLED =8V, All on by DI, 12 Channel (if RLED VF=3.4V, GLED VF=2.8V, BLED VF=2.6V)

VDD VLED = 8V

ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC

CLKI
System CLKO

Controller ] DI LD1512 Do +—

OSC RREX GREX BREX DI CLKI PGND AGND MOD1 MOD2 VDD_R CH1 CH2

L] e

16) VLED =5V, All on by ENB, 12 Channel (if RLED VF=3.4V, GLED VF=2.8V, BLED VF=2.6V)
VDD VLED = 5V
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC

VDD_R

MOD1

MOD2

System CLKI

Controller DI LD1512

CLKO

po [—
OSC RREX GREX BREX DI CLKI PGND AGND CHL CH2
= = =

34
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LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

TYPICAL APPLICATION

8) VLED =12V, 8bit PWM, 6 Channel (if RLED VF=3.4V, GLED VF=2.8V, BLED VF=2.6V)

VLED = 12V_

VDD
——
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
System »| CLKI CLKO [—
Controller " b LD1512 po —
OSC RREX GREX BREX VDD_R ENB PGND AGND MOD1 MOD2 CH1 CH2

s = = |

C
4.7uF-|_

*** ED current (i) can be flowed the twice of setting current.

_ R VLED = 12V_ _
VDD
——
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
System CLKI CLkKO [—
Controller DI LD1512 oo —
OSC RREX GREX BREX VDD _R ENB PGND AGND MOD1 MOD2 CH1 CH2

c =
4.7uF-|_

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller

TYPICAL APPLICATION

9) VLED =12V, All on by DI, 3 Channel (if RLED VF=3.4V, GLED VF=2.8V, BLED VF=2.6V)

VDD
- VLED = 12V
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
System CLKO
Controller ] bi LD1512 DO +—
OSC RREX GREX BREX DI CLKI PGND AGND MOD1 MOD2 VDD_R CH1 CH2
: L4
=C
F.?uF
VLED = 12V
VDD !
——
1 I [
ROUT1 GOUT1 BOUT1 ROUT2 GOUT2 BOUT2 ROUT3 GOUT3 BOUT3 ROUT4 GOUT4 BOUT4 VCC
System CLKO
Controller DI LD1512 oo L,
OSC RREX GREX BREX DI CLKI PGND AGND MOD1 MOD2 VDD_R CH1 CH2
' L ¢
=cC
F.?uF
*** | ED current (i) can be flowed 4 times of setting current

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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LD1512

12 Channel Output LED Driver with 8/12/16 bit PWM Controller
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O

EITTLE
1L

b

BIEEE__|

N

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea

TEL 82415207300 FAX 82 41520 7337 www.ldt.co.kr

/ \ 0.25
N Nt
c%:% Lf
|

(= g~ o

—

BASE METAL (1 T
WTH PLATING

SECTION B-B

MILLIMETER
SYMBOL

MIN NOM | MAX
A | |27
Al 0.10 | __ | 028
A2 225 | 230 | 235
A3 0.97 | 1.02 | 1.07
b 039 | __ | 048
bl 038 | 041 | 0.43
¢ 025 | _ | 031
cl 0.24 | 025 | 026
D 17.89 | 18.09 | 18.29
E 10.10 | 10.30 | 10.50
El 730 | 7.50 | 7.70

¢ 1.27BSC
L 070 | — | 1.00

Ll 1.40BSC
0 0 _ 8
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12 Channel Output LED Driver with 8/12/16 bit PWM Controller
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BASE METAL Z | T
WITH PLATING

SECTIONB-B
synsor, | MILLIMETER

MIN | NOM [ MAX
A | _ |200
Al | 005 | — | 025
A2 | 1.65|1.75 | 1.85
A3 | 075|080 | 0.85
b 029 | _ | 037
bl 028 | 0.30 | 0.33
c 015 | __ | 020
cl 0.14 | 0.15 | 0.16
10.00 | 10.20 | 10.40
7.60 | 7.80 | 8.00
El 5.10 | 5.30 | 5.50

0.65BSC
L |o7s| — |10

L1 1.25BSC
0 o | _| ¢
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QFN 28
QFNWE4 X 4-28L (PO, 40T0. 75/0. 85) PACKAGE OUTLINE DIMENSIONS
i e B
waz [ | N28 |
o guguuutl_ 4
- = - —in1 1
)] C
- —]
w —
T =AE =
— —_
N1R[ —_
COnnnnn
b k]
Top View Bottom View
) {_=':‘:‘D'D'D‘D‘Ei=F
Slde View
Dimensions In Millimeters Dimensions In Inches
S |
ymbo Min. Max. Min. Max.
A 0.700/0.800 | 0.800/0.900 | 0.028/0.031 0.031/0.035
Al 0.000 0.050 0.000 0.002
A3 0. 203REF. 0 00BREF.
D 3.950 4 050 0.156 0.159
E 3.950 4 050 0.156 0.159
D1 2200 2.400 0.087 0.094
E1 2200 2.400 0.087 0.094
k 0.200MIN. 0.008MIN.
b 0.150 | 0250 0.006 | 0010
e 0.400TYP. 0.016TYP.
L 0324 | 0476 0013 | 0019
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