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LD1071

|
..LDI 16 Channel Output LED Driver with 14 bit PWM Controller

DESCRIPTION

The LD1071 is specifically designed for LED and LED display applications using PWM(Pulse Width
Modulation) control with 14 bit color depth. The LD1071 provides a constant output current for driving the
LEDs against for the variation of LED forward voltage( Vf ). The constant output current can be preset
through an external resistor. Moreover, the preset output current with external resistor can be
programmed up to 256 levels for LED global brightness adjustment. The LD1071 consists of 16 bit shift
registers, latches, and-gates, constant current driver and 14 bit PWM controller.

FEATURES
PIN CONFIGURATION
e OQOutput current : set-up at 5mA to 45mA with an external |_|
resistor GND []1 24 [] vDD
(when VDD=3.3V, lout : 5mA ~ 30mA ) pIN []2 23 [ REXT
¢ Include error detection circuit cLock [13 22 ] pouT
« 16 constant current output channels STROBE []4 21 [] pwMCK
* 14 bit gray scale PWM control ouTto 15 20 [ ouT1s
* 8 bit programmable output current control ouT1 16 191 ouT14
« Constant current accuracy out? 17 18 [] ouT13
- Pin to pin deviation : < 3% (Max) outs []8 17 [ ouT12
- Chip to chip deviation : < 6% ( Max) outsa ]9 16 1 ouT11
e 3.3V /5V CMOS compatible input ouTs [ 10 15 [ ouT10
. Pacl_<age : LD107.1-SP (SOP-24), LD1071-SS (SSOP-24) oute 11 14 ouTe
. Max!mum CLOCK |.nput frequency : 25MHz outr 12 1307 ouTs
¢ Maximum PWMCK input frequency : 25MHz
PIN DESCRIPTION
PIN NO. PIN NAME DESCRIPTION
1 GND Ground signal
2 DIN Serial input data
3 CLOCK Shift input clock for serial input data DIN( Rising Edge Clocking)
4 STROBE Data strobe signal. This pin is a pull-down type.
5-12 OuUTn Constant current outputs, n=0~15
13-20 puts, n=
21 PWMCK PWM gray scale clock signal. This pin is a pull-up type.
22 DOUT Serial data output
REXT Connect the resistor between this pin and GND to set up the constant
23 output current for all the OUTn.
24 VDD Power supply signal (3.3V/5V)
3
|
LDT ING. mpiaza3F, 538, Dujeang—tang, Secbuk—gu, Cheonan, Chungnam, J31-358, Korea Verl.0

B2 41 520 7300 B2 41 520 TAAT  www dioo ke



=LDT

LD1071

BLOCK DIAGRAM

16 Channel Output LED Driver with 14 bit PWM Controller
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

16 Channel Output LED Driver with 14 bit PWM Controller

(Ta = 25°C)
PARAMETER SYMBOL RATING UNIT
Supply Voltage Vbbp 0~7.0 \%
Output Voltage Vout -0.5~13.5 \
Output Current louT 450 mA
Input Voltage VIN -0.4~Vpp+0.4 \%
GND Terminal Current IecND 960 mA
CLOCK Frequency fck 25 MHz
PWMCK Frequency fPwmck 25 MHz
SOP 1.67
Power Dissipation Pbo W
SSOP 1.48
o R - w
Operating Temperature Topr -40~85 °C
Storage Temperature Tstg -55~150 °C
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16 Channel Output LED Driver with 14 bit PWM Controller

RECOMMENDED OPERATING CONDITIONS

DC CHARACTERISTICS SYMBOL MIN. TYP. [ MAX. [ UNIT
Supply Voltage Voo 45 5 5.5 \%
LED Driver Output Voltage Vour 135 \%
Input “H” Level 7 0.8Vop | - VS v
Voltage “L” Level Vi GND - |o.2ve
\?glttgléte DOUT VoL - - 0.2Vpp v
Vou 0.8Vpp - -
High Level Output Current lon -1 mA
Low Level Output Current lou 1 mA
LED Driver Output Current lout 20 mA
Operating Free-air Temperature Range -40 85 °C
AC CHARACTERISTICS SYMBOL MIN. TYP. [ MAX. UNIT

CLOCK Frequency fek 25 MHz

@5V fowmck 25 MHz
PWMCK Frequency

@3.3V fowmck 20 MHz

CLOCK twro/ twio 20 ns
Pulse Width PWMCK twh1 40 ns

STROBE tyz 40 ns
Setup Time tsetup 15 ns
Hold Time thotd 15 ns
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16 Channel Output LED Driver with 14 bit PWM Controller

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

Parameter Symbol Test Condition Min. Typ. Max. Unit
H Level VIH - 0.7vDD VDD
Input v
Voltage L Level VIL - GND 0.3VDD
Output Leakage Current 10z VOH=6.0V 1 UuA
Output VOL IOL=1mA 0.2vDD
| DOUT \Y,
Voltage VOH IOH=1mA 0.8VDD
Output C t1 REXT=500Q
. " pu- urre_n. IOLPP1 +1.5 +3.0 %
Pin to Pin Deviation IOUT=40 ,VOUT=1.5V
Output Currentl REXT=500Q
IOLCC1 +3.0 +6.0 %
Chip to Chip Deviation IOUT=40 ,VOUT=1.5V °
Output Current vs. REXT=500Q
P . %/\VDD +05 | +10 | v
Supply Voltage Regulation IOUT=40 ,VOUT=1.5V
Pull Up Resistor RINUP - 100 200 400
Pull Down Resistor RINDN - 100 200 400
IOFF1 REXT=0Open, OUTn=0OFF i 04 08
REF=FFh, PWM=Gray0
Supply Current mA
REXT=500Q, OUTn=0OFF
IOFF2 - 4.5 7.0
REF=FFh, PWM=Gray0

(Note ) REF : Constant Current Control Value ( CR[7:0] of Configuration Register )

DC CHARACTERISTIC TEST CIRCUIT

IN

||H ——/CLOCK

IDDl #
VoD ouTOo —>
; -«
loL
PWMCK LD1071 :
STROBE OUT15 f—
DIN DOUT |—
REXT GND

!
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16 Channel Output LED Driver with 14 bit PWM Controller

ELECTRICAL CHARACTERISTICS

(VDD = 3.3V, Ta = 25°C)

Parameter Symbol Test Condition Min. Typ. Max. Unit
Input H Level VIH - 0.7vDD VDD v
Voltage
L Level VIL - GND 0.3vDD
Output Leakage Current 10z VOH=6.0V 1 UA
VOL IOL=1mA 0.2vDD
Output
utpu DOUT \Y,
Voltage VOH IOH=1mA 0.8VDD
Output Currentl REXT=500Q
+ + 9
Pin to Pin Deviation IOLPP1 IOUT=36 ,VOUT=1.5V *1.5 +3.0 &
Output Currentl REXT=500Q
. P . L IOLCC1 +3.0 +6.0 %
Chip to Chip Deviation IOUT=36 ,VOUT=1.5V
Output Current vs. %/\VDD REXT=500Q 405 +10 oy
. 0 xU. a1,
Supply Voltage Regulation IOUT=36 ,VOUT=1.5V >
Pull Up Resistor RINUP - 150 300 500
Pull Down Resistor RINDN - 150 300 500
REXT= Tn=OFF
IOFF1 Open, OUTn=0 - 0.4 0.6
REF=FFh, PWM=Gray0
Supply Current mA
IOFF2 REXT=500Q, OUTn=0OFF 45 70
REF=FFh, PWM=Gray0 ' '
(Note ) REF : Constant Current Control Value ( CR[7:0] of Configuration Register )
DC CHARACTERISTIC TEST CIRCUIT
Iop
| %
I Voo ouTO f—=
CLOCK loL
PWMCK LD1071 f
STROBE OuUT15|——
DIN DOUT|—
REXT GND
Iref j 7/L
8
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LD1071

16 Channel Output LED Driver with 14 bit PWM Controller
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AC CHARACTERISTIC TEST CIRCUIT

[ L
Y &
RL
VDD———| VDD ouTo
CLOCK
STROBE L
SW-MATRIX ;
—
DIN DOUT [
GN REXT GND CL VL=
= | 1)

SWITCHING CHARACTERISTICS

(Ta= 25°C unless otherwise noted)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Propagation CLOCK-DOUT| - 10 20
Delay Time tpLH ns
(“L” to “H") PWMCK-OUTn - - 50
Propagation CLOCK-DOUT| - 10 20
Delay Time toHL ns
(“H” to “L") PWMCK-OUTn - - %
Maximum CLOCK Frequency fokmax (¥1) - 10 25 MHz
Maximum PWMCK Frequency frwmckmax (*1) - 8 25 MHz
CLOCK twho/ twio 15 20 - ns
Pulse Width PWMCK twh1 15 20 - ns
VDD =5.0vV
STROBE tynz Vin = VDD 15 20 - ns
V||_ =GND
Data Set Up Time fex = 10MHz 15 B
P {setup ©) Rexr = 1590Q 0 ne
- lout = 19.1mA
Data Hold Time thold (D) C. = 10.0pF 10 15 -
LH R =150Q 15
STROBE t sresetup VL = 4.5V 10 -
f sTB ns
Set Up Time L 10 15 .
STROBE LH hold 10 ) -
Hold Time tstsho ns
HL 10 ; ;
Maximum Clock Rise Time tr - - 30
ns
Maximum Clock Fall Time tf - - 30
Output Rise Time (OUTn) tor - - 30
ns
Output Fall Time (OUTn) tor - - 30
Global Latch Set Up Time tglc 20 - - ns

*1: Cascade Operation
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| 3
..LD' 16 Channel Output LED Driver with 14 bit PWM Controller

TIMING WAVEFORM
CLOCK-DIN-DOUT

tr tf
T o T [ twio N
CLOCK
tsetu thold
H 5
DIN 50% 50%
L ;—/
H
DOUT L
—p

CLOCK-STROBE

H
CLOCK Z50% XKSO% £50% \ 509
L/ |

tETBsefFP twH2  t$TBhold
STROBE : o0% GO%
L
tEJ’Bse up tRTBrgtd

Z50% 3

H
STROBE / KSO%
L

PWMCK-OUTn
H
PWMCK 7 0% 0% 7— 50%
L twH1
off
OUTn 50% 0%

on

tpLH ToHL .

< >|

10
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16 Channel Output LED Driver with 14 bit PWM Controller

EQUIVALENT CIRCUIT OF INPUTS AND OUTPUTS

1. PWMCK terminal

VDD © *

PWMCK

GND © ¢

3. CLOCK, DIN terminal

VDD © *

CLOCK,
DIN

GND © ¢

2. STROBE terminal
VDD © .

STROBE

GND O A v g

4, DOUT terminal

VDD © *

(DATA){: DOUT

GND © ¢ *
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16 Channel Output LED Driver with 14 bit PWM Controller

FUNCTIONAL DESCRIPTION

COMMAND TABLE
Command Command Description
Name Value s
Software Reset This command_should _be |s§ued after p.)ower_supply.lnput. . .
0001h The Configuration Register, internal shift register, Display Data Register will
Command A
be cleared with ‘0’ states.
Conflguratlon Register 0034h This command is used to update the contents of Configuration Register.
Write Command
Configuration Register 0038h This command is used to read the status of Configuration Register.
Read Command
Error Status Read
003Ch This command is used to check the ‘Open/Short’ error status of LED.
Command
Display Data Write 0084h This command is used to write the display image data into LED driver IC for
Command display system.
This command is used to deliver the internal display data register outputs
latched by Display Data Write Command to the
internal PWM comparator to make an rrent.
Global Latch terna comparator to make an output current .
- The Global Latch Command should be transferred after sending
Command

the final display data you want.

The Global Latch Command has no command value but it needs a special
execution sequence.

BZ 41 520 7300
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LD1071

SLDT
TIMING DIAGRAM OF COMMAND CONTROL
Software Reset Command (0001h)

16 Channel Output LED Driver with 14 bit PWM Controller

CLOCK 1] ]2 34 s|_|s6 7] el ol Jwol Jaal 12| Ja3| 14| Jis[ J1e )
STROBE — ! #
—
DIN co N c1 fc2 N ca fTca Ncs Nce Ncr N e Nce Jcio Ncur [ crz)cis) cia Kcask oo ) o1 o2 [ |/ foe fois ) ois p17 [ D18
1 0 0 0 O O O 0O 0 0 O 0O 0 0 0O O
LSB MSB
- i
DOUT Previous Data C0 X C1 x Cc2 K ] XCM x C15 A DO D1 X D2
Configuration Register Write Command (0034h)
CLOCK 1 2 3 4 5 6 7 8 9 10 Jar| J12| Ja3[ Jaa[ Jis ;l 1 2 3 1415 16 718
STROBE — # \\'_l
DIN co et fc2 f ca fca fcs Nce N7 J e Nce Jcio Neu [ ciz i) cia Neas) oo ) i) o2 1T fowa Jois [ pis D17 [ D18
0O 0 1 o0 1 1 0o O O O O O O o o o
LSB MSB
.
DOUT Previous Data co fct Jc2 ) ‘I‘! Y c14 Y cis Do o1 { b2
Configuration Register Read Command (0038h)
CLOCK 1 2 3 4 5 6 7 8 9 10 _Juil_J12 13| J1a]_Jis[ 16 1 2 3 14_hs 16
STROBE — i
DIN co Jc1 fc2 cafca Nes N ce Nc7 fles fco fcro Nou [ ciz)cia) cua fcs ,: Don't Care
0 00 1. 1 1 0 0O0O0O0 0 O0 0 0 0 !
LSB MSE
N
DOUT Previous Data cris) crigf crizf ﬁ X cri)f cro
Error Status Read Command (003Ch)
CLOCK 1 2 3 4 5 6 7 8 9 10 _Jaal Ja2{ Ji3| _Jiua|l Jis El 1 2 3 1415 16
STROBE —— 1
DIN co Jct Nz N ca Jca Nos J e N7 Ncs Yco Jcwo feu [ cizfcis) cua fcis :; Don't Care
0 01 1 1 1 0 0 0 0 0O 0 0 0 0 O i
LSB MSE
oy
DOUT Previous Data Er15 Jer14[ER13 ) ‘P" fEr1 XEro
13
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a LD1071
..LDT 16 Channel Output LED Driver with 14 bit PWM Controller

Display Data Write Command (0084h)

CLOCK 1 2 3| [a 5 6 7 8 o [LJol Jaual Ja2[ Jas| Jaal Jasl laef 2 2 3lplaal_hs[ Jie h7[_Jisl —— "
ye \
( |
STROBE —! W M1 ~
LSB MSB
oy
DOUT Previous Data cofct ez ) “? c14 N ci5 §_po D1 )\ D2

CLOCK 1 2 3| |4 5 6 7 8 9 10 _Jua| Ji2|_J13[ Jaa] J1s| Jie 17 2l JzsdJzsel dzssl s 25125
TN ) SN
STROBE | Ly L
total 16 STROBES for 16 output ports data
DIN pi6 X)) Xp252XD253KD254 KD255 K DO
N N
DOUT Previous Data E:‘ D240
OUTO Display Data OUT1 ~ OUT15 Display Data
One Chip Data Case *1)

[ Note *1 ] For the cascaded multi-chip configuration case, refer to “Display Data Write” timing diagram, please.

Global Latch Command

*1)
crock _Jellsl Jol Mol fel Tl Jal fsl Jiel [ 1 sl el TsL el f7L e L]
3 tglc tglc tglc
DIN _D7X_D8 X D9} D10 D11 X D12 X D13 X D14 X D15) Don't Care
OUTO Display Data
Nth Chip Display Data Write Command Global Latch Command
[ Note *1 ] The number of CLOCKSs in Global Latch Command can be extended from 8 t016.

14
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A LD1071
..LDT 16 Channel Output LED Driver with 14 bit PWM Controller

CONFIGURTION REGISTER ( CR[15:0] )

| bit15 | bit14 | bit13 | bit12 | bit1a | bit1o | bito | bits | bit7 | bite | bits | bita | bit3 | itz | bitx | bito |

~~ 1 |
Reserved Global Error Constant Current Control (REF)
Latch  Detection
Mode Mode

Constant Current Control (cr[7:0] Default 00h )

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Current Value
0 0 0 0 0 0 0 0 IOUT/256
0 0 0 0 0 0 0 1 I0UT*2/256
0 1 1 1 1 1 1 1 10UT*128/256
1 1 1 1 1 1 1 0 I0UT*255/256
1 1 1 1 1 1 1 1 IOUT

The IOUT is a constant current of OUTn port which is determined by REXT resistor.

Error Detection Mode  ( cr[9:8] Default 00b )

bit9 bit8 Error Mode
0 0 Check Disable

Open Check

1 0 Short Check
1 1 Check Disable

Global Latch Mode ( cr[10] Default 0b )

bit10 Global Latch Mode
0 One Shot
1 Automatic Synchronization
15
|
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SYNCHRONIZATION FOR PWM COUNTING

The LD1071's Global Latch Command supports two kinds of synchronization mode for PWM
counting. The default mode is One Shot Mode( Configuration Register bit10=0) and the other
mode is Automatic Synchronization Mode( Configuration Register bit10=1).

One Shot Mode ( Default )

16 Channel Output LED Driver with 14 bit PWM Controller

When Global Latch Command is executed in this mode, the LD1071 will update the next image data into output
ports immediately, no matter what the counting status of previous image data is. The 14 bit internal PWM
Counter is initialized with 0000h and the internal PWM counter starts counting with PWMCK clock. When the
internal PWM counter value is reached to FFFFh, the internal PWM counter stops the counting even next
PWMCK clock is inputting continuously. As a result, all the outputs will be stopped after finishing one internal
PWM display cycle (16384 PWMCK clocks). Only the next Global Latch Command can initialize the counting

again.
Global Latch Command Global Latch Command
Execution Execution
(internal ) [ [
N  N+1 N+2 1 0 1 2 n 1638216383 16384- - —_I\i 16383 16384 16385 16386
Pwmek M\ MM\ S\ |_/_\_/_\_/_\

All outputs are disabled.'

‘All outputs are disabled.

internal 14 bit
PWM counter 0 (oY1 Y 2)||te3sX 16383 » o 1 N 2 )|ee382K_ 16383
OouUTn | | | |

All butputs are disabled.

Automatic Synchronization Mode

When Global Latch Command is executed in this mode( Global Latch Mode=1), the LD1071 will update the
next image data into output ports immediately, no matter what the counting status of previous image data is.

When the internal PWM counter value is reached to FFFFh

, if there is no Global Latch Command, the LD1071

automatically loads the previous image data into output ports at next 16384"" PWMCK clock again. So in this
mode, output ports will be automatically updated at every 16384 PWMCK clocks with previous data.

OUTn

internal 14 bit( N
PWM counter )

Global Latch Command

YN+ )l o X 1 X

Execution
(internal ) [l
1
N N+l 0 1 2 p----- N+2 16383 16384 16385 16386 16387 16388 16389
Nl TaVatal =walalla

DA G| @ o)

1
» 1
» ']

1
» 1d

All outputs are disabled. Output ports are switching according to next data value. » Output ports are automatically loading
according to the previous data value.

16
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LD1071

16 Channel Output LED Driver with 14 bit PWM Controller

WRITING THE DISPLAY DATA

With the 16 bit data, all output ports can be built with 16,384 gray scales. The 16-bit input shift register
latches 16 times of gray scale data into each data buffer with Display Data Write Command sequentially .
Finally Global Latch Command will load the 256 bit internal data buffers with LSB first into from output port
15( OUT15) to output port O( OUTO ). Even 16 bit display data for each port should be transferred, only 14
bits data are valid for gray scale image ( bit[13:0] ) and the high 2bits( bit[15:14] ) are reserved. For the detail
timing and sequence, refer to “Display Data Write Command” and “Global Latch Command” which is
described on page 14, please.

PWM DISPLAY CYCLE

The LD1071 implements the 14 bit gray level of each output port using the 4 PWM sub cycles. Each PWM
sub cycle is consisted of 12 bit PWMCK clocks. This enhancement provides a excellent energy
distribution in lighting the LED and increases the visual refresh rate and reduces the flickers.

D[15:14] : Reserved
D[13:0] : Display Data( 14 bit Gray Scale Data )
bit[13:2] : 12bit PWM Comparing Data
bit[ 1: 0] : PWM Insert data
11 :one pulseis inserted in 1st, 2nd and 3rd PWM Sub Cycle
10 :one pulseis inserted in 1st and 2nd PWM Sub Cycle
01 :one pulseis inserted in 1st PWM Sub Cycle
00 : Not inserted
1st PWM Sub Cycle 2nd PWM Sub Cycle 3rd PWM Sub Cycle 4th PWM Sub Cycle
12bit PWM 12bit PWM 12bit PWM 12bit PWM
4096 PWMCK clocks 4096 PWMCK clocks 4096 PWMCK clocks 4096 PWMCK clocks
OUT[15:0] ON OFF ON OFF ON OFF ON OFF
1 PWM Cycle (14 bit PWM Display = 16384 PWMCK clocks = 4096 x 4)

LDT ING. mpiaza3F, 538, Dujeang—tang, Secbuk—gu, Cheonan, Chungnam, J31-358, Korea
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LD1071

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

16 Channel Output LED Driver with 14 bit PWM Controller

(Casel)
1st PWM Sub Cycle 2nd PWM Sub Cycle 3rd PWM Sub Cycle 4th PWM Sub Cycle
D[15:0] = 0001_1111 1111 1111b (16'h1FFF)
OUT[15:01
OFF OFF OFF ON OFF
<>
2048 PWMCKs 2048 PWMCKs 2048 PWMCKs 2047 PWMCKs

OUT[15:01

D[15:0] = 0001 1111 1111 1110b (16'h1FFE)

OUT[15:01:|7

2048 PWMCKs

D[15:0] = 0001_1111 1111 1101b (16'h1FFFD)

2048 PWMCKs

D[15:0] =0001_1111 1111 1100b (16'h1FFFC)

oums:o‘;;

2047 PWMCKs

1 PWM Sub Cycle ( 4096 PW

2048 PWMCKs

2047 PWMCKs

2047 PWMCKs

MCKs)

_

L

2047 PWMCKs

2047 PWMCKs

]

2047 PWMCKs

2047 PWMCKs

2047 PWMCKs

2047 PWMCKs

1 PWM Cycle ( = 16384 PWMCKs = 4096 x 4 )
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LD1071
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16 Channel Output LED Driver with 14 bit PWM Controller

(Case2)
1st PWM Sub Cycle 2nd PWM Sub Cycle 3rd PWM Sub Cycle 4th PWM Sub Cycle
D[15:0] = 0000_0000_0000;0111b (16'h0007)
OUT[15:0] U U J
| 2 PWMCKs 2 PWMCKs 2 PWMCKs 1PWMCK
| D[15:0] = 0000_0000_0000;0110b (16'h0006)
OUT[15:0] |_| |_|
2 PWMCKs 2 PWMCKs 1PWMCK 1PWMCK
| D[15:0] = oooo_oooo_oooo‘_mom (16'h0005)
OUT[15:0] U H
| 2 PWMCKSs 1PWMCK 1PWMCK 1PWMCK
| D[15:0] = 0000_0000_0000_0100b (16'h0004)
OUT[15:0] U |_|
. 1PWMCK 1PWMCK 1PWMCK 1PWMCK
1 PWM Sub Cycle ( 4096 PWMCKs)
1 PWM Cycle ( = 16384 PWMCKs = 4096 x 4 )
(Case 3)

1st PWM Sub Cycle 2nd PWM Sub Cycle 3rd PWM Sub Cycle

D[15:0] = 0000_0000_0000_0011b (16'h0003)

4th PWM Sub Cycle

OUT[15:0]

———

J

1PWMCK 1PWMCK

D[15:0] = 0000_0000_0000_0010b (16'h0002)

1PWMCK

OUT[15:0] J J
1PWMCK 1PWMCK

D[15:0] = 0000_0000_0000_0001b (16'h0001)

OUT[15:0] J
1PWMCK

D[15:0] = 0000_0000_0000

0000b (16'h0000)

OUT[15:0]

1 PWM Sub Cycle ( 4096 PWMCKs )

1 PWM Cycle (= 16384 PWMCKs = 4096 x 4 )

BZ 41 520 7300 AN B2 40 BP0 TAAT  www dLoo ki
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16 Channel Output LED Driver with 14 bit PWM Controller

(Case4)
1st PWM Sub Cycle 2nd PWM Sub Cycle 3rd PWM Sub Cycle 4th PWM Sub Cycle
D[15:0] = 0011 1111 1111 1111b (16'h3FFF)
OUT[15:0] 4096 PWMCKs 4096 PWMCKs 4096 PWMCKs 4095 PWMCKs H
D[15:0] = 0011_1111 1111 1110b (16'h3FFE)
OUT[15:0] 4096 PWMCKs 4096 PWMCKs 4095 PWMCKs 4095 PWMCKs |_|
D[15:0] = 0011_1111 1111 1101b (16'h3FFD)
OUT[15:0] 4096 PWMCKs 4095 PWMCKs 4095 PWMCKs 4095 PWMCKs H
D[15:0] =0011_1111 1111 1100b (16'h3FFC) ‘
OUT[15:0] 4095 Pwmcks | 4095 PWMCKs 4095 PWMCKs 4095 Pwmcks ||
1 PWM Sub Cycle (4096 PWMCKs )
1 PWM Cycle (= 16384 PWMCKs = 4096 x 4 )
(Caseb)
1st PWM Sub Cycle 2nd PWM Sub Cycle 3rd PWM Sub Cycle 4th PWM Sub Cycle
D[15:0] = 0011 1111 1111 1011b (16'h3FFB)
OUT[15:0] 4095 PWMCKs H 4095 PWMCKs 4095 PWMCKs 4094 PWMCKs H
D[15:0] = 0011_1111 1111 1010b (16'h3FFA)
OUT[15:0] 4095 PWMCKs ﬂ 4095 PWMCKs 4094 PWMCKs 4094 PWMCKs |_|
D[15:0] = 0011 1111 1111 1001b (16'h3FF9)
OUT[15:0] 4095 PWMCKs H 4094 PWMCKs 4094 PWMCKs 4094 PWMCKs H
D[15:0] = 0011 1111 1111 1000b (16'h3FF8)
OUT[15:0] 4094 PWMCKs |_| 4094 PWMCKs 4094 PWMCKs 4094 PWMCKs |_|
1 PWM Sub Cycle (4096 PWMCKs )
1 PWM Cycle (= 16384 PWMCKs = 4096 x 4)
aYal
yav)
|
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16 Channel Output LED Driver with 14 bit PWM Controller

ERROR DETECTION

The LD1071 will be able to detect the error status of LED such as open/short error. This function can be

entered by setting the bits of Error Detection Mode( CR[9:8] ) as 01b( Open Detection ) or 10b( Short

Detection ). The correct meaning of error is defined as follows;

- Open Error : Output port( OUTn ) is not connected to LED.

- Short Error :

Output port( OUTn ) is shorted to GND.

Error Detection Code
Output Port status Error Detection Voltage Meaning
OUT Voltage > 0.8V Normal
Open Check OFF
OUT Voltage < 0.8V Open Error
OUT Voltage > 0.8V Normal
Short Check OFF
OUT Voltage < 0.8V Short Error

Error Status Register (ER[1

5:0])

OUT15 OUT14 OUT13 OUT12 OUT11 OUT10 OUT9 OUT8 OUT7 OUT6 OUT5 OUT4 OUT3 OUT2 OUT1 OUTO

| bit15 | bit14 | bit13 | bita2 | bit11 | bit1o | bito | bits | bit7 | bite | bits | bita | bit3 | bit2 | bitt | bito |

—>] |
v v v v v v v v \ 4 v v v \ 4 v v v
| 16 bit Shifter Register |
Error Status Read Command ——————» DOUT 0 : Normal

1 : Open or Short Error

Timing Diagram of Error Status Check

The next timing diagram shows the sequence of error status read operation. The actual error status is

read with MSB first after execution of Error Status Read Command. First of all, in order to read the error

status, all the output ports (OUT15~0UTO) should be off. So you need some pre-processing for error

status read. The flow chart will be provided on next page.

Set Error Detection Mode

CLOCK ! 1 2 ) 15| 16 1 2 151 J16 ! 1 2 3 4 13 |14 Jas[ Jie ' [a 2 3 14_J1s|_Jie
1 : ) 1 1

STROBE " l_!_l t Lt 2 :
1 0034h D[9:8] *1) 1 003Ch 1 1

DIN (Cco X1 YT Xcs X oo X o X I Xo1s X+ coXct X ca Xca X || XcisXciaXcis ;Don't Care i |
1 1 1 1

1 1

PWMCK __TT , [N S Y S B
1 1 1 1

OUTn ] 1 1 1
1 [ 1 1
1 1 1 1

DOUT 1 Previous Data | ] (Er1sXER14XERBY_ T K Er1 XERT

Note *1) In order to keep the Constant Current Value( CR[7:0] ) and Global Latch Mode( CR[10] ) correctly, maybe you need to
read the Configuration Register through the Configuration Register Read Command( 0038h ) prior to set Error

Detection Mode.
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ST

v
Set All Output Ports OFF

1) Set Display Data Write Command( 0084h ) with 0000h Data
2) Run totally 16 times for all the 16 output ports OFF ( 1 Chip)
3) If N-chips are cascaded, repeat 1) and 2)’s operations N times

v
Run Global Latch Command

v
Set Error Detection Mode

1) Set Configuration Register Write Command( 0034h )
- CR[9:8] = 01 : Open Detection, 10 : Short Detection
2) If N-chips are cascaded, repeat 1)'s operations N times

v
Run Error Status Read Command

1) Set Error Status Read Command( 003Ch )
2) If N-chips are cascaded, repeat 1)’s operations N times

\ 4

Input CLOCKSs
1) Input 16 CLOCKS to read the error status of chipl.
The error status of port15 will be outputted at fall edge first.
2) If N-chips are cascaded, input N x 16 CLOCKSs to read error

status of all ports( N x 16 ports ). The data of last chip( Nth
chip ) will be outputted first.

l

< End >

Flow Chart of Error Status Check

22
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COMMAND SETTING GUIDE FOR MULTI-CHIP CASCADE CONFIGURATION

STROBE
CLOCK . . ' .
L CLOCK L cLocK L CLOCK L CLOCK
» STROBE —»| STROBE —»| STROBE —»| STROBE
DIN —» DIN  DOUT » DIN  DOUT—| DIN  DOUT » DIN  DOUT
1st chip 2nd chip 3rd chip 4th chip
DOUT <
Configuration Register Write( Current Control )
DIN | 0034h | | 0034h || 0034n | [ 003an | [ oo01ah | |o0028h | |oosch | [ oo4pn |
STROBE ﬂ
cLock WL OO TOTOU TUEET JECEEL EAOE EATRTE TR
DOUT [ ooxh | [ xooh | | ooxh | | xooh || 003ah | | 003ah | [ 0o3an | | oozan |

Configuration Register Read

DIN | 0o3sh | | 0ossh | | oossh | [ oossn | | ooooh | | oooon | | oooon | [ oooon |
STROBE |
cLocK 0 AT AT

DOUT | ooh || sooh | | oooh | [ ooon | [ 0o1ah | | ooz2eh | | oosch | [ ooaDh |

Configuration Register Write (Error Detection Enable)

LDT ING. mpiaza3F, 538, Dujeang—tang, Secbuk—gu, Cheonan, Chungnam, J31-358, Korea

B2 41 520 7300

B2 41 520 T3A7  www ldt

[ooaan | [ooaan | [ooman ] [ooman] [osaan ] [ozzen] [osacn] [ozeon]
STROBE [ ] |
1 T FTRRTEYT
pouT (oo | [ooot | [Jocots | oo | [[o0aan | [oosan | [ooaan | [oozan |
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Error Status Read

16 Channel Output LED Driver with 14 bit PWM Controller

DIN | oo3ch | | oosch | | 0o3ch | | oosch | | ooooh | | ooooh | | ooooh | | oooon |
STROBE |
cLOCK WL O TOEEE O EUEOE CTECERE OUTEE (R

DOUT | oooh | | xooh || ooxh | | xooh | | ERR4 | | ERR3 | | ERR2 | | ERR1 |

Display Data Write

OUTO Display Data of each chip

DIN | 0o84n || 0osan || oosan | [ oosan | | data1 | | data2 | | data3 | [ datas |
STROBE ﬂ
cLock 01 T

DOUT | xxxxh || xxxxh || xxxxh || xxxxh | | 0084h | | 0084h | | 0084h | | 0084h |

Software Reset & NOP Operation

Software Reset

| ooo1h | | oooth || ooo1n || ooo1n |

NOP Operation

| 0oooh | | oooon | | oooon | [ oooon |

DIN
STROBE I_
cLock I T T A T T
DOUT | xxxxh || xxxxh || xxxxh || xxxxh | | xxxxh || xxxxh || xxxxh || xxxxh |
24
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RECOMMENDATION OF GLOBAL SEQUENCE

Power Up

Software Reset Command

Configuration Register Write
(Set Constant Current)

Display Data Write

Global Latch

Graphics is displayed

Display Data Write

Global Latch

Graphics is displayed

The first command should be issued after 0.1ms from Power-Up.
25
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SETTING OUTPUT CURRENT

16 Channel Output LED Driver with 14 bit PWM Controller

The output current is determined by an external resistor. The relationship between Ioyr and Reyy is as follows;

When VDD =5V

When VDD = 3.3V

lout[A] = {1.06/(120+Rgy 1)} * S * 61.4
where S = (REF+1)/512

lout[A] = {1.06/(150+Rgx 1)} * S * 57.6
where S = (REF+1)/512

- Rexr © External Resistor[Q]

- REF : Constant Current Control (0 ~ 255, CR[7:0] of Configuration Register)

Because the default REF value( CR[7:0] ) of Configuration Register( 0034h ) for current control is

00h, if you want to set the output current through changing the REXT value with following graph, do

not forget to write the CR[7:0] of Configuration Register with ‘FFh’, please.

70.00

60.00

50.00

40.00

| OUT(MA)

30.00

20.00

10.00

0.00

400 500 600 800

VvDD=5.0V

Vout = 2.0V

1000 1200 1400 1600 1800

REXT(Q)

2000

45.00
40.00
35.00
30.00

25.00

| OUT(mA

20.00
15.00
10.00

5.00

0.00

600 800 1000

vDD=3.3V

1200

1400 1600 1800
REXT(Q)

2000

[ Note ] When VDD is 3.3V, in order to guarantee the accurate output current, do not set the lout to over

40mA,

please.

LDT InG. mpiazadr, 538, Dujeong—donsg, Secbuk—gu, Cheonan, Chungnam, 331-958, Kaorea
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CONSTANT OUTPUT CURRENT

The LD1071 provides a constant current output characteristics for LED display application. The pin to
pin deviation is max +/- 3% and chip to chip deviation is max +/- 6%.

Constant Current Output

IOUT (mA)

CONSTANT CURRENT CONTROL

The LD1071 provides a excellent lout linearity by setting the Configuration Register for global
brightness control. The following graph shows the linearity example under the condition at VDD=5V,
REXT=400 ohms and Vout = 2.0V.

Linearity of Constant Current Control
70.000
VDD=5V, REXT=400, Vout = 2.0V
60.000 |
,. 50.000 |
40.000
Nr
g 30.000 |
"~ 20.000 f
10.000
O.m L ]
1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256
Configuration Register Value( CR[7:0] )
27
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LED SUPPLY VOLTAGE( VLED )

Vieo Vieo

Vorop o Vorop T
L

\i \i \

vou & @ v @ D

LD1071 LD1071

It is very important to select the proper value of Load Resistor( RL ). Because the optimal VOUT 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=5V, lout=20mA, LED Forward Voltage(Vf)=3V.

1) The full current of LD1018 = 20mA x 16 (channels) = 320mA
2) The power consumption is 320mA x VOUT voltage.
-when VOUT =1V, the power consumption is 320mW.
-when VOUT= 2V, the power consumption is 640mW.

Therefore, the Load Resistor (RL) = (VLED — VOUT- Vf) / lout

= (5V - VOUT - 3V) / 20mA
= 40Q (When VOUT = 1.2V)

28
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PACKAGE POWER DISSIPATION( PD)

The LD1071 provides many package options such as 24-SOP package and 24-SSOP package. The
maximum allowable package power dissipation is determined as PD(max) = (Tj — Ta) / R_Theta_JA. When

16 output ports are turned on simultaneously, the actual power package dissipation is PD(act) = (IDD x

VDD) + (IOUT x Duty x VOUT x 16). Therefore, to keep that PD(act) is less equal than PD(max).

The maximum allowable output current as a function of duty cycle is:

IouT = {[(Tj — Ta) / R_Theta_JA] — (IDD x VDD)} / VOUT / Duty / 16  where Tj = 150C

lout vs Duty (24-SOP)

R

.~ 30
25
20 —_— Ta
15 —Ta
10 + —Ta =55
Ta=25 || (R Theta JA=75C/W)

mA

85

lout(

%
10% -
15% -
20% |
2% |
30% |
30 |
40% -
4% L
5096 |
55% |
6020 |-
65% |
T70% |-
7% |
80% |
85% |
A% |

Duty

9o
100%

lout vs Duty (24-SSOP)

ol
40
o~ 30 |
E 25 {{—Ta=85
3 20 [—Ta=70
= 151 Ta=55
20 | —Ta=o25/| (R Theta JA=85CW) |
=l
0

Package Power Dissipation

Poner Osspation (W

0.4 -
0.2

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Ambient Temperature (C)

—— 24SOP
—— 24SSOP
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16 Channel Output LED Driver with 14 bit PWM Controller

APPLICATION CIRCUIT 1 (16x2 Static Type)

VDD

DIN

STROBE

PWM

CLOCK

A 4

VLED =5V

LR

CLOCK DIN VDD

OuUTO0

[ ]

[ ]

»| STROBE LD1071 ouT?

[ ]

> [ ]

AINE ouT15
REXT DOUT  GND
VDD
A 4 v _T_
CLOCK DIN VDD

OouTOo

[ ]

[ ]

L»| STROBE LD1071 ouTr

[ ]

[ ]

PWMCK OUT15
R-EXT DOUT GND

3

|

Data & Control Signal Connection for 16x2 Static Type Application
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16 Channel Output LED Driver with 14 bit PWM Controller

TIMING DIAGRAM FOR APPLICATION CIRCUIT 1 (Default One Shot Mode)

( Display Data Write Command ) ( 1st Frame Data ) ( Global Latch.)
16 Clocks 16 Clocks 16 Clocks 16 Clocks 16 Clocks
CLOC
LOCK ‘ . ‘ . ‘ .- ‘ . . ‘ .- HHHHf
w [T] [T1 [T [T] =[]
(0084h) (0084h) D10 D00 D015
N A J N
(Chip1) (Chip0) Y Y 2\
OUTO[15:0] OQUTO[15:0]; *==="" OUT15[15:0]
(Chip1) (Chip0) | ==a=s: (Chip0)
STROBE | i
(16 STROBES)
PwMCK | [{[[ LT DT EE P CO TP LT CUIEPPEC TR
ouTn (1st Frame Display)
( Display Data Write Command ) (2nd Frame Data ) ( Global Latch,)
16 Clocks 16 Clocks 16 Clocks 16 Clocks 16 Clocks
‘ - ‘ .- ‘ . ‘ .- . ‘ . HHHHf
(0084h) (0084h) D10 D00 D015
—> A J o\
(Chip1) (Chip0) Y e 2\
OUT15[15:0] OUTO[15:0]; *="==*' OUT15[15:0]
(Chip1) (Chip0)  =sswm: (Chip0)

I

1

(16 STROBES)

16384 PWMCLKs

A 4

(1st Frame Display)

’4_ 16384 PWMCLKs

(2nd Frame Display)
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APPLICATION CIRCUIT 2 (16x16 Dynamic Type)

VDD VLED =5V
[~ ] p
° ° [ I BN Q15
o o PNP
[ ) [ ) "
s15 — ’
Ny pnp
p
RL RL RL
D00 | Dol D015 : RL = RL Ru
RL RL RL o0 XX
D150 [D151 D1515
[ I BN
D10 D11 D115
Controller .
[ )
[ )
DATA vbD
A 4
DIN VDD
[ I BN )
CLK CLOCK OuUTO0 |«
OUT1 |«
o °
STB »| STROBE LD1071 : :
[ ) [ )
L] °
o °
PWM PWMCK OUT15 |«
R-EXT DOUT GND
.l
Data & Control Signal Connection for 16x16 Dynamic Type Application
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TIMING DIAGRAM FOR APPLICATION CIRCUIT 2 (Default One Shot Mode)

( Display Data Write

( Display Data Write

Command (1stLine Data) ( Global Latch ) Command (2nd Line Data) (Global Latch )
< P >« > > <+—>
16 Clocks (16 Clocks 16 Clocks 16 Clocksl6:Clocks 16 Clocks
cLock! ||| == [=e]] ee []] = s (] ][] ] == oo |[]ne . ‘H_
DIN m m - m m : (

(0084h) D00 D015 (0084h) D10 D115
. L H_J Y N v
OuUTO0[15:0] =" OUT15[15:0] OUTO[15:0]:"" QUT15[15:0] >
swosel | — KT — e T
(16 STROBES) (16 STROBES)
PWMCKHHH\M\HHHHHHHHHHHHHHH\M\HM\HHHHHHHHHHHHHHHHH\M\HHHHHH)HHHHHHMHHMHHM\M
‘«— 16384 PWMCLKs —> <«
OUTn 1st Line Display
S0 ‘
. [
S2
( Display Data Write (3rd Line Data) ( Global Latch ) ( Display Data Write (4th Line Data) ( Global Latch )
« Command ) . Command ) > <
16 Clocks {16 Clocks 16 Clocks 16 Clocksl6 Clocks 16 Clocks
‘ . ‘ . e ‘ . e ‘ﬂ ‘ . ‘ . . H .n e ‘m_
(0084h) D20 D215 (0084h) D30 D315
e H_/ » N v
OUTO[15:0] == OUT15[15:0] OUTO[15:0] ;== QUT15[15:0]
I R IS iTH e L]
%/—/ g\/—/
(16 STROBES) (16 STROBES)
LLLLLLLELEELEEEEEEEEEPECEEELEEECEEEEEEECEEELECEELEEE L EEEEEEE L EEERE A
16384 PWMCLKs —————»| — 16384 PWMCLKs ——»f |+
2nd Line Display Srd Line Display
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PACKAGE INFORMATION

LD1071-SP (SOP 24)

16 Channel Output LED Driver with 14 bit PWM Controller

IARRRARARART 7

‘HHHHHHHHHHHH—_

0.016typ.

0. 050tvp.

0,010

.

| I P
3 A
=
1 — 1

GALUGE PLANE

SEATING PLANE

LDT ING. mpiaza3F, 538, Dujeang—tang, Secbuk—gu, Cheonan, Chungnam, J31-358, Korea
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(=l ]

SYMBOLS MIN, NOIM MAK.
A - - 0,104
Al 0.004 = =
D 0.612 0.618 0.624
E 0,292 0,296 0,298
H 0.405 0.412 0.419
L 0.021 0.037 0.041
8" 0 4 &
UNIT ¢ INCH
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LD1071-SS (SSOP 24 — 150)

16 Channel Output LED Driver with 14 bit PWM Controller

[ampp— | (Y B ——
|
1
I
I

 GALGE PLAME

=

0%

-

#.

oy

i [y
L SEATING PLAME Y. b
L~
- DETALL : A
SYMBOLS [l [ MO A,
A 0.053 0.064 0.068
al 0.004 0.0086 0.010
Al - - 0.0589
O 0.337 0,341 0,344
E 0.228 0.236 0.244
E1 0.150 0,154 0157
b 0.008 = 0.012
C 0.007 — 0.010
0.025 BASIC
L 0016 | o025 [ 0.050
L1 0.041 BASIC
D- :I. | — | E|.
UMIT 2 INCH

LDT ING. mpiaza3F, 538, Dujeang—tang, Secbuk—gu, Cheonan, Chungnam, J31-358, Korea
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The products listed herein are designed for ordinary electronic applications, such as electrical applications,
audio-visual equipment, communications devices and so on. Hence, it is advisable that the devices should

not be used in medical instrument, surgical implants, aerospace machinery, nuclear power control systems,
disaster/crime-prevention equipment and the like. Misusing those products may directly or indirectly endanger
human life, or cause injury and property loss.

LDT will not take any responsibilities regarding the misusage of the products mentioned above. Anyone who
purchases any products described herein with the above-mentioned intention or with such misused application
should accept full responsibility and indemnify. LDT and its distributors and all their officers and employees
shall defend jointly and severally against any and all claims and litigation and all damages, cost and associated
with such intention and manipulation.
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