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24-Channel, 12-Bit PWM LED Driver with 7-Bit Dot Correction
and 3-Group, 8-Bit Global Brightness Control

Check for Samples: TLC5951

FEATURES » 33-MHz Grayscale Control Clock

e 24-Channel Constant-Current Sink Output e Continuous Base LED Open Detection (LOD)

e Current Capability: 40 mA e Continuous Base LED Short Detection (LSD)

e Selectable Grayscale (GS) Control with PWM: e Thermal Shutdown (TSD) with Auto Restart
12-Bit (4096 Step), 10-Bit (1024 Step), 8-Bit « Grouped Delay to Prevent Inrush Current
(256 Step) e Operating Air Temperature: —40°C to +85°C

* Three Independent Grayscale Clocks for Three . Packages: HTSSOP-38, QFN-40
Color Groups

» Dot Correction (DC): 7-Bit (128 Step) APPLICATIONS
e Global Brightness Control (BC) for Each Color » Full-Color LED Displays
Group: 8-Bit (256 Step) « LED Signboards
e Auto Display Repeat Function
e Independent Data Port for GS and BC/DC Data DESCRIPTION
e Communication Path Between Each Data Port The TLC5951 is a 24-channel, constant-current sink
« LED Power-Supply Voltage up to 15 V driver. Each channel has an individually-adjustable,

. V..=30V1055V 4096-step, pulse width modulation (PWM) grayscale
cc— = ' (GS) brightness control and 128 step constant-current

« Constant-Current Accuracy: dot correction (DC). The dot correction adjusts
— Channel-to-Channel = +1.5% brightness deviation between channels and other

_ Device-to-Device = +3% LED drivers. The output channels are grouped into
) three groups of eight channels. Each channel group

« CMOS Logic Level I/0 has a 256-step global brightness control (BC) function

e Data Transfer Rate: 30 MHz and an individual grayscale clock input.
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Typical Application Circuit (Multiple Daisy-Chained TLC5951s)

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
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DESCRIPTION (CONTINUED)

GS, DC, and BC data are accessible via a serial interface port. DC and BC can be programmed via a dedicated
serial interface port.

The TLC5951 has three error detection circuits for LED open detection (LOD), LED short detection (LSD), and
thermal error flag (TEF). LOD detects a broken or disconnected LED while LSD detects a shorted LED. TEF
indicates an over-temperature condition.

www.ti.com

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
‘ appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

Table 1. ORDERING INFORMATION®

TRANSPORT MEDIA,

PRODUCT PACKAGE-LEAD ORDERING NUMBER QUANTITY

TLC5951DAPR Tape and Reel, 2000
TLC5951 HTSSOP-38 PowerPAD™

TLC5951DAP Tube, 40

TLC5951RHAR Tape and Reel, 2500
TLC5951 6 mm x 6 mm QFN-40

TLC5951RHAT Tape and Reel, 250

(1) Forthe most current package and ordering information see the Package Option Addendum at the end of this document, or see the Tl
web site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS® @

Over operating free-air temperature range, unless otherwise noted.

PARAMETER TLC5951 UNIT
Vee Supply voltage VCC -0.3to +6.0 \
lout Output current (dc) OUTRO to R7, OUTGO to G7, OUTBO to B7 50 mA
GSSIN, GSSCK, GSLAT, GSCKR, GSCKG,
VN Input voltage range GSCKB, DCSIN. DCSCK, XBLNK. IREF -0.3t0 Ve + 0.3 \
GSSOUT, DCSOUT —-0.3t0 Ve + 0.3 \Y,
Vourt Output voltage range
OUTRO to 7, OUTGO to 7, OUTBO to 7 -0.3to +16 \Y,
Tymaxy Operation junction temperature +150 °C
Tste Storage temperature —55 to +150 °C
. Human body model (HBM) 2000 \%
ESD rating -
Charged device model (CDM) 500 \%

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to network ground terminal.
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DISSIPATION RATINGS

DERATING FACTOR
ABOVE T, = +25°C

Ta < +25°C
POWER RATING

Tp = +70°C
POWER RATING

Tp = +85°C

PACKAGE POWER RATING

HTSSOP-38 with

PowerPAD soldered @ 38.8 mW/°C 4845 mw 3101 mw 2519 mw
bowioanor-38 Wil ) 19.9 mw/°C 2490 mw 1594 mw 1295 mw
QFN-40©) 26.7 mW/°C 3342 mwW 2139 mwW 1738 mwW

(1) With PowerPAD soldered onto copper area on printed circuit board (PCB); 2-0z. copper. For more information, see SLMAO002 (available
for download at www.ti.com).

(2) With PowerPAD not soldered onto copper area on PCB.

(3) The package thermal impedance is calculated in accordance with JESD51-5.

RECOMMENDED OPERATING CONDITIONS
At T, = —40°C to +85°C, unless otherwise noted.

TLC5951
PARAMETER MIN NOM MAX UNIT
DC CHARACTERISTICS: Vcc =3V to 55V
Ve Supply voltage 3.0 55 \%
Vo Voltage applied to output 88$§888I§77 OUTGO-0UTGY, 15 \%
Viy High level input voltage 0.7 x Ve Vee \Y
Vi Low level input voltage GND 0.3 x Ve \Y
loH High level output current GSSOUT, DCSOUT -1 mA
loL Low level output current GSSOUT, DCSOUT 1 mA
loLc Constant output sink current 88¥§888¥§77 OUTGO-0UTGY, 40 mA
T Speratng e 0 @
T tomperatte 40 25| oc
AC CHARACTERISTICS, V¢ = 3V to 5.5V
feLk (sck) Data shift clock frequency GSSCK, DCSCK 30 MHz
feLk Grayscale clock frequency GSCKR, GSCKG, GSCKB 33| MHz
(GSCKR/G/B)
Twro/Twio GSSCK, DCSCK 10 ns
Twha/Twir Pulse duration GSLAT 30 ns
Twiz XBLNK 30 ns
Tsuo GSSIN — GSSCKt, DCSIN — DCSCK? 5 ns
Tsu1 XBLNK?1 — GSCKR?, GSCKG1, or GSCKB? 10 ns
Tsu2 GSLAT?t — GSSCK? 150 ns
. Setup time GSLAT? for GS data — GSCKR?, GSCKGT,
su3 or GSCKB?* when display timing reset mode 40 ns
is disabled
GSLAT? for GS data — GSCKR?, GSCKGT,
Tsua or GSCKB?* when display timing reset mode 100 ns
is enabled
Tho GSSIN — GSSCKt, DCSIN — DCSCK? 5 ns
T Hold time GSLAT?t — GSSCK? 35 ns
Tho GSLAT| — GSSCK? 5 ns
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ELECTRICAL CHARACTERISTICS

At T, =—-40°C to +85°C, Vo =3V t0 5.5V, and V gy =5V, unless otherwise noted. Typical values are at T, = +25°C and
VCC =3.3V.

TLC5951
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Von High level output voltage | At GSSOUT, DCSOUT, lpy = -1 mA Vee - 0.4 Vee \%

Voo Low level output voltage | At GSSOUT, DCSOUT, I, =1 mA 0.4 \%

At GSSCK, GSLAT, DCSIN, DCSCK, GSCKR/G/B with V, = Vcc,
I Input current At GSSIN, GSSCK, GSLAT, DCSIN, XBLNK, DCSCK, -1 1 pA
GSCKRI/G/B with V, = GND

GSSIN, GSSCK, GSLAT, DCSIN, DCSCK = low, XBLNK = low,
| GSCKRI/G/B = Iow, Vourrwenen = 1 V, BCRIG/B = FFh,

cc1 DCRn/Gn/Bn = 7Fh with DC high adjustment range,

Rirer = 24 kQ (loutr/en/en = 2 MA target)

GSSIN, GSSCK, GSLAT, DCSIN, DCSCK = low, XBLNK = low,
| GSCKRIG/B = Iow, Vourrenen = 1 V, BCRIG/B = FFh,

ce2 DCRn/Gn/Bn = 7Fh with DC high adjustment range,

Rirer = 2.4 KQ (loutrnicrien = 20 MA target)

Supply current GSSIN, GSSCK, GSLAT, DCSIN, DCSCK = low, XBLNK = high,
GSCKR/G/B = 33 MHz, Voytrn/gnen = 1V,

lces GSRn/Gn/Bn = FFFh, BCR/G/B = FFh, 12 27 mA
DCRn/Gn/Bn = 7Fh with DC high adjustment range,

Rirer = 2.4 KQ (louTrn/cnen = 20 MA target), auto repeat on

GSSIN, GSSCK, GSLAT, DCSIN, DCSCK = low, XBLNK = high,
GSCKR/G/B = 33 MHz, Voytrn/gnen = 1 V,

lcca GSRn/Gn/Bn = FFFh, BCR/G/B = FFh, 21 55 mA
DCRn/Gn/Bn = 7Fh with DC high adjustment range,

Rirer = 1.2 kQ (loutrnicnen = 40 MA target), auto repeat on

At OUTRO-OUTR7, OUTGO0-OUTG7, OUTB0O-OUTB?7,
All OUTRN/Gn/Bn = on, BCR/G/B = FFh,

loLc Constant output current DCRn/Gn/Bn = 7Fh with DC high adjustment range, 35 40 45 mA
Voutrnienen = 1V, Voyrix = 1V,

Rirer = 1.2 KQ (loutrnicrien = 40 MA target)

At OUTR0-OUTR7, OUTGO0-OUTG7 and OUTB0-OUTB?7,

loLke Leakage output current XBLNK = low, Vourgmonen = Vouti = 15 V, Riger = 1.2 kQ 0.1 uA
At OUTR0-OUTR7, OUTGO0-OUTG7 and OUTB0-OUTB?7,
Constant-current error® | All OUTRn/Gn/Bn = on, BCR/G/B = FFh,
A (channel-to-channel in DCRn/Gn/Bn = 7Fh with DC high adjustment range, +1.5 +4 %

same color group) Voutrnienen = 1V, Vourix =1V,
Rirer = 1.2 KQ (loutrnien/en = 40 MA target)

(1) The deviation of each output in the same color group from the average of the same color group (OUTR0O-OUTR7, OUTGO0-OUTG?7, or
OUTBO0-OUTBY7) constant current. The deviation is calculated by the formula (X = R, G, or B; n = 0-7):

lourxa (N = 0-7)
A (%) = oumn -1] x100

(loutxo * loutxt + - + loutxs + louTx?)
8
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ELECTRICAL CHARACTERISTICS (continued)

At T, =—-40°C to +85°C, Vo =3V t0 5.5V, and V gy =5V, unless otherwise noted. Typical values are at T, = +25°C and
VCC =3.3V.

TLC5951
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
At OUTRO-OUTR7, OUTGO0-OUTG7 and OUTB0-OUTB7,
Constant current error® | Al OUTRn/Gn/Bn = on, BCR/G/B = FFh,
Aloic1 (color group to color DCRn/Gn/Bn = 7Fh with DC high adjustment range, +1 +3 %
group in same device) Voutrnienen = 1V, Vourik =1V,
Rirer = 1.2 KQ (loutrnicnien = 40 MA target)
At OUTRO-OUTR7, OUTGO0-OUTG7 and OUTB0-OUTB7,
@ | AllOUTRN/Gn/Bn = on, BCR/G/B = FFh,
AloLco Con;tam currgnt error DCRn/Gn/Bn = 7Fh with DC high adjustment range, +1 +6 %
(device to device)
Voutrnienen = 1V, Vourix =1V,
Rirer = 1.2 KQ (loutrnicnien = 40 MA target)
At OUTRO-OUTR7, OUTGO0-OUTG7 and OUTB0-OUTB7,
All OUTRN/Gn/Bn = on, BCR/G/B = FFh,
Aloics Line regulation® DCRN/Gn/Bn = 7Fh with DC high adjustment range, +0.5 +2 %IV
Voutrnenen = 1V, Vourix =1V,
Rirer = 1.2 KQ (loutrnienen = 40 MA target)
At OUTRO-OUTR7, OUTGO0-OUTG7 and OUTB0O-OUTB7,
All OUTRN/Gn/Bn = on, BCR/G/B = FFh,
Aloica Load regulation® DCRn/Gn/Bn = 7Fh with DC high adjustment range, *1 £3 %IV
Voutrnienen = 1V, Voutix =1V,
Rirer = 1.2 KQ (loutrnien/en = 40 MA target)
Trer ;2:;?3' d%r)r or flag Junction temperature 150 163 175 °C
T Thermal error flag J . 5 10 20 oc
HYS hysteresis© unction temperature
Vioo £ open detection All OUTRN/GN/Bn = on 0.20 0.25 030 Vv
Viso tLhEreDsm” detection All OUTRN/GN/Bn = on 24 25 26 v
ViRer Reference voltage output | Rirgr = 1.2 kQ 1.17 1.20 1.23 \%
Reown Pull-down resistor At XBLNK, GSSIN 250 500 750 kQ

(2) The deviation of each color group in the same device from the average of all constant current. The deviation is calculated by the formula
(X=R, G, or B):
(loutxo * loutx1 * - + loutxe * louTx?)

A (%) = 8 -1] x 100

(loutro*---+loutr? + loutao*---*+louta7 + loutso™*---+louts?)
24

(3) The deviation of the all constant-current average from the ideal constant-current value. The deviation is calculated by the formula:

(loutro*---+loutr? + loutao*---+loutar + loutso*---+louts?)
- (Ideal Output Current)
24

A (%) = x 100
Ideal Output Current

Ideal current is calculated by the following equation:

1.20
IOUT(IDEAL, mA) = 40 x —R

IREF (Q)
(4) Line regulation is calculated by the following equation (X = R, G, or B; n = 0-7):
(loutsn @t Vg = 5.5 V) = (lourxn @t Ve = 3.0 V)
A %N) = OUTX cC OUTX cc 100

X
(loumxn @t Ve =3.0V) 55V-3V

(5) Load regulation is calculated by the following equation (X = R, G, or B; n = 0-7):
(loutxn @t Vourxn = 8 V) = (loumxn @t Vourxn = 1V) 100

A (V) = <
(loutxn @t Vourxn =1V) 3V-1vVv

(6) Not tested; specified by design.
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SWITCHING CHARACTERISTICS

At Tp =—-40°C to +85°C, Vc =3V t0 5.5V, C, =15 pF, R. =100 Q, Rgee = 1.2 kQ, and V,gp = 5.0 V, unless otherwise
noted. Typical values are at T, = +25°C and Voc = 3.3 V.

PARAMETER TEST CONDITIONS MIN  TYP MAX|UNIT
tro GSSOUT, DCSOUT 6 15| ns
Rise time OUTRO-OUTR7, OUTGO-OUTG7, OUTBO-OUTBY7,

tr1 with BCR/G/B = FFh and DCRn/Gn/Bn = 7Fh with DC high adjustment 10 30| ns
range

tro GSSOUT, DCSOUT 6 15| ns

Fall time OUTRO-OUTR7, OUTGO0-OUTG7, OUTBO-OUTBY7,

=% with BCR/G/B = FFh and DCRn/Gn/Bn = 7Fh with DC high adjustment 10 30| ns
range

too GSSCK1 to GSSOUT, DCSCK?t to DCSOUT 15 25| ns

tp1 GSLAT? to GSSOUT 50 100| ns

tp2 XBLNK| to OUTRO/G0/B0, OUTR4/G4/B4 off 20 40| ns
GSCKR/G/B? to OUTRO/G0/B0, OUTR4/G4/B4 on,

tp3 with BCR/G/B = FFh and DCRn/Gn/Bn = 7Fh with DC high adjustment 5 18 40| ns
range
GSCKR/G/B? to OUTR1/G1/B1, OUTR5/G5/B5 on,

tpa with BCR/G/B = FFh and DCRn/Gn/Bn = 7Fh with DC high adjustment 20 42 73| ns
range
GSCKR/G/B? to OUTR2/G2/B2, OUTR6/G6/B6 on,

tps Propagation delay with BCR/G/B = FFh and DCRn/Gn/Bn = 7Fh with DC high adjustment 35 66 106| ns
range
GSCKR/G/B? to OUTR3/G3/B3, OUTR7/G7/B7 on,

tpe with BCR/G/B = FFh and DCRn/Gn/Bn = 7Fh with DC high adjustment 50 90 140| ns
range

tp7 Internal latch pulse generation delay from DCSCK 3 5 7| ms
GSLAT? to loutrnian/ien changing by dot correction control

tps (control data are 0Ch — 72h or 72h — 0Ch with DC high adjustment 30 50| ns
range), BCR/G/B = FFh
GSLAT? to loutrnian/ien Changing by global brightness control

tbg (control data are 19h = E6h or E6h = 19h with DCRn/Gn/Bn = 7Fh with 100 300| ns
DC high adjustment range)
tOUT_ON - TGSCKR/G/B: GSDATA = 001h, GSCKR/G/B = 33 MHz,

ton_ERR Output on-time error®® | with BCR/G/B = FFh and DCRn/Gn/Bn = 7Fh with DC high adjustment -15 5| ns
range

(1) Output on-time error (ton_grr) iS calculated by the formula ton_grr (NS) = tout on — Tesckricie- tout on indicates the actual on-time of
the constant current driver. Tgsckr IS the period of GSCKR, Tgsckg IS the period of GSCKG, and Tgsckg is the period of GSCKB.
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FUNCTIONAL BLOCK DIAGRAM
vee 33rd GSCKR/G/B After XBLNK I
VCC O__f Goes High or Internal Blank Signal” [
I LOD/LSD Data Latch for R/G/B
216 48
\ LSB MSB
GSSIN O
% I/ 288-Bit Common Shift Register O GSSOUT
\ 0 288 287
GSSCK O T Lower 216
/ LSB MSB
\ Latch Grayscale Data Latch
- (12 Bits x 24 Channels)
GSLAT O I Select
/ 0 Higher 17 287 A
\ LSB l MSB
DCSIN O
I/ 216-Bit DC/BC/FC/UD Shift Register O DCSOUT
288 0 216 Lower 199 215
DCSCK O I b LSB | MSB
Dot Correction (7-Bit x 24-Channels)/
. Auto Latch Brightness Control (8-Bit x 3 Group)/
= Pulse Gen Function Control (7-Bit)/User-Defined (17-Bit) Data Latch
0 216 215
216
_G_ TMGRST
3 Lower 198
96
GSCKR O GS Counter [—®
for RED 12 12-Bit PWM DSPRPT/PWMMODE 3 3
| Timing Control
96
GSCKG © GS Counter [—® 12
¢—| for GREEN 12-Bit PWM 3
Timing Control
96
8 8 3
GSCKB O GS Counter [—
¢~ forBLUE 12 12:Bit PWM ||
Timing Control
= B
XBLNK & Ir 195
l/ 4-Grouped 4-Grouped 4-Grouped
Switch Delay Switch Delay Switch Delay
Reference 8 8 8y 24
IREF O J_ Current 8 8 8
Control
= 171 Thermal
8-Bit Brightness 8-Bit Brightness 8-Bit Brightness Detection
Control Control Control
24-Channel Constant-Current Driver with 7-Bit Dot Correction 48
GND O—j
=~ GND | | | | | |
LED Open Detection (LOD)/LED Short Detection (LSD)

oo ]

OUTRO -+ OUTR7 OUTGO --- OUTG7 OUTBO --- OUTB7

(1) The internal blank signal is generated when GSLAT is input for GS data with display timing reset enabling. Furthermore, the signal is
generated at the 4096th GSCK when auto repeat mode is enabled. XBLNK can be connected to V¢ when the display timing reset or auto
repeat is enabled.
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PIN CONFIGURATIONS
DAP PACKAGE RHA PACKAGE
HTSSg%gBVTé’VV&)efPAD 6 mm x 6 mm QFN-40
(TOP VIEW)
38 aE o8 2 3 Y
GSSIN | 1 38| DCSIN 5 85 5 5 5§55 59
© 0 0o o o o ©o o &
GSSCK | 2 :' """""" ! 37| DCSCK o @@@UU@U@@U
H 1 < (<] [} (s (3 (<] L3 [} (3] (s
GSLAT | 3 : : 36 | XBLNK
i 1 OUTG3 [ 1) ;e 30 | GSCKR
GSCKG | 4 | ! 1 |85| vee e | : —
1 i OUTR3 i i1 (29 ascka
GSCKR |5 | ! ! |34| IREF ! !
i i OUTB3 i i (28| asLar
GSCKB | 6 : 1 ]33] GND - | : (27| essck
1 1 | 1
ouTGO [ 7 | 1 1 [82] outar GSSOUT ! Thermal Pad : (26 | GssIN
! .
outRo | 8 | | i 31| outR? pcsout [6) ! (Bottom Side) | (25 bcsi
1 1 o) 1 1
ouTBo |9 | ! ! |30| outs? NC ! 1 (24] posck
' Thermal Pad | ouTB4 ! ' 23 | XBLNK
ouTGt [10[ | Botomsiae) | |29] OUTGE ! &
! H OUTR4 [9) ! I (22 vee
OUTR1 [11] | 1 | 28| OUTRe ' i
! ! oUTG4 [10) ==========-mmmmm oo (21| IRefF
OUTB1 |12] 1 1 | 27| ouTBe
a4 B AAAARRRAAR
OUTG2 E 1 ! E' OUTG5 I I B
i 1 a2 8 82 88 £ &5 2
outee [14 ! | [25] oures 55555555553
1 : O O 0o O O o O o o
outs2 |15 ! i |24 outss
! ! (1) NC = no connection.
OUTG3 |16 | 1 |23 ouTG4
1
ouTRs |17 1 1 |22 outra
1
OUTB3 18| Lococcmcaood i | 21| ouTBa
GSSOUT |19 20 | DCSouUT
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TERMINAL FUNCTIONS

TERMINAL

NO.

NAME

DAP

RHA

110

DESCRIPTION

GSSIN

26

Serial data input for the 288-bit common shift register for grayscale (GS), dot
correction (DC), global brightness control (BC), and function control (FC) data.
GSSIN is connected to the LSB of the 288-bit common shift register. This pin is
internally pulled to GND with a 500-kQ resistor.

GSSCK

27

Serial data shift clock for the 288-bit common shift register for GS/DC/BC/FC data.
Data present on GSSIN are shifted into the LSB of the shift register with the rising
edge of GSSCK. Data in the shift register are shifted toward the MSB at each
rising edge of GSSCK. The MSB data of the shift register appear on GSSOUT.

GSLAT

28

Data in the 288-bit common shift register are copied to the GS data latch or to the
DC/BC/FC data latch at the rising edge of GSLAT. The level of GSLAT at the last
GSSCK before the GSLAT rising edge determines which of the two latches the
data are transferred into. When GSLAT is low at the last GSSCK rising edge, all
288 bits in the common shift register are copied to the GS data latch. When
GSLAT is high at the last GSSCK rising edge, bits 0-198 are copied to the
DC/BC/FC data latch and bits 199-215 are copied to the 216-bit DC/BC/FC/UD
shift register. The GSLAT rising edge for a DC/BC/FC/UD data write must be input
more than 7 ms after a data write through the DCSIN pin.

GSSOUT

19

Serial data output of the 288-bit common shift register. LED open detection (LOD),
LED short detection (LSD), thermal error flag (TEF), and 199-bit data in the
DC/BC/FC data latch can be read via GSSOUT. GSSOUT is connected to the
MSB of the shift register. Data are clocked out at the rising edge of GSSCK.

DCSIN

38

25

Serial data input for the 216-bit DC/BC/FC/UD shift register. DCSIN is connected
to the LSB of the shift register.

DCSCK

37

24

Serial data shift clock for the 216-bit DC/BC/FC/UD shift register. Data present on
DCSIN are shifted into the LSB of the shift register with the DCSCK rising edge.
Data in the shift register are shifted toward the MSB at each DCSCK rising edge.
The MSB data of the register appear on DCSOUT. The 216-bit data in the shift
register are automatically copied to DC/BC/FC/UD data latch 3 ms to 7 ms after
the DCSCK rising edge is not input.

DCSOUT

20

Serial data output of the 216-bit shift register. DCSOUT is connected to the MSB of
the shift register. Data are clocked out at the rising edge of DCSCK.

GSCKR

30

Reference clock for the GS pulse width modulation (PWM) control for the RED
LED output group. When XBLNK is high, each GSCKR rising edge increments the
RED LED GS counter for PWM control.

GSCKG

29

Reference clock for the GS PWM control for the GREEN LED output group. When
XBLNK is high, each GSCKR rising edge increments the GREEN LED GS counter
for PWM control.

GSCKB

31

Reference clock for the GS PWM control for the BLUE LED output group. When
XBLNK is high, each GSCKR rising edge increments the BLUE LED GS counter
for PWM control.

XBLNK

36

23

When XBLNK is low, all constant-current outputs (OUTR0-OUTR?7,
OUTGO0-OUTG7, OUTBO0-OUTB?7) are forced off. The grayscale counters for each
color group are reset to '0', and the grayscale PWM timing controller is initialized.
When XBLNK is high, all constant current outputs are controlled by the grayscale
PWM timing controller for each color LED. This pin is internally pulled to GND with
a 500 kQ resistor.

IREF

34

21

110

A resistor connected between IREF and GND sets the maximum current for all
constant current outputs.

OUTRO-
OUTR7

8, 11, 14,
17, 22, 25,
28, 31

2,9, 12, 15,

18, 33, 36,
39

Constant-current outputs for the RED LED group. These outputs are controlled
with the GSCKR clock signal.

The RED LED group is divided into four subgroups: OUTRO/OUTR4,
OUTR1/OUTR5, OUTR2/OUTR6, and OUTR3/OUTRY.

Each paired output turns on/off with 24 ns (typ) time delay between other paired
outputs. Multiple outputs can be tied together to increase the constant current
capability. Different voltages can be applied to each output.
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TERMINAL FUNCTIONS (continued)

TERMINAL
NO.
NAME DAP RHA 110 DESCRIPTION
Constant-current outputs for the GREEN LED group. These outputs are controlled
with the GSCKG clock signal.
OUTGO- 7, 10, 13, 1, 10, 13, The GREEN LED group is divided into four subgroups: OUTG0/OUTGA4,
OUTG7 16, 23, 26, | 16, 19, 32, (0] OUTG1/0UTG5, OUTG2/0UTG6, and OUTG3/OUTG?7.

29, 32 35,38 Each paired output turns on/off with 24 ns (typ) time delay between other paired
outputs. Multiple outputs can be tied together to increase the constant current
capability. Different voltages can be applied to each output.

Constant current outputs for the BLUE LED group. These outputs are controlled
with the GSCKB clock signal.

OUTRO- 9, 12,15, | 3,8, 11, 14, The BLUE LED group is divided into four subgroups: OUTB0/OUTB4,

OUTRB? 18, 21, 24, | 17, 34, 37, (0] OUTB1/0UTB5, OUTB2/0UTB6, and OUTB3/OUTBY.

27,30 40 Each paired output turns on/off with 24 ns (typ) time delay between other paired
outputs. Multiple outputs can be tied together to increase the constant current
capability. Different voltages can be applied to each output.

VCC 35 22 — Power supply
GND 33 20 — Power ground
NC — 4,7 — No internal connection
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PARAMETER MEASUREMENT INFORMATION
PIN EQUIVALENT INPUT AND OUTPUT SCHEMATIC DIAGRAMS

VCC — VCC ’ —
INPUT }--- INPUT }———
GND o . 1 GND —
Figure 1. GSSCK, GSLAT, DCSIN, DCSCK, GSCKR, Figure 2. GSSIN, XBLNK
GSCKG, GSCKB
— 11 VCC oUTn
--- sout - GND
e e— GND
Figure 3. GSSOUT, DCSOUT Figure 4. OUTRO/G0/BO Through OUTR7/G7/B7

TEST CIRCUITS

(2) C_ includes measurement probe and jig capacitance.
(3) X=R, G, orB; n=0-7.

(4) C_ includes measurement probe and jig capacitance.

VCC Ry VCC
VCC

(2 — p—
pu— |IREF OUTXn o -T- Vieo VCC SOuUT j_
Rirer GND TCL GND T ¢

Figure 5. Rise Time and Fall Time Test Circuit for Figure 6. Rise Time and Fall Time Test Circuit for
OUTRnN/Gn/Bn GSSOUT and DCSOUT

VCC OUTRO |—

= IREF outxn™
Riger GND OUTB7
1 T Vourix —|_

Figure 7. Constant-Current Test Circuit for OUTRn/Gn/Bn

VOUTRn/Gn/Bn

(1) X=R, G, orB; n=0-7.

Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 11

Product Folder Link(s): TLC5951


http://focus.ti.com/docs/prod/folders/print/tlc5951.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS127BB&partnum=TLC5951
http://focus.ti.com/docs/prod/folders/print/tlc5951.html

TLC5951 .

I3 TEXAS
INSTRUMENTS
SBVS127B —MARCH 2009—REVISED DECEMBER 2009 www.ti.com
TIMING DIAGRAMS
Twhor Twior Twars Twitr Twiz!
: === Vee
1
1
1
INPUT 50% --
--------- GND
TSUO' TSU1' TSU2' TSU3' TSU4' THO' TH1' TH2:
=== VCC
1 1
1 1
CLOCK { 1
() 50% —====mmm oY
INPUT | h
| |
! ! --- GND
: TSU : : TH 1
- e~
1 1
: : --- Veo
1 1
DATA/CONTROL ' i
@y 50% —===—= =Yoo -
INPUT . !
1 1
1 1
--- GND
(2) Input pulse rise and fall time is 1 ns to 3 ns.
Figure 8. Input Timing
tro tr1s tros tr1s toos to1s tpes toss toas tpss toer to7: Togs tog!
=== VCC
INPUT™
--- GND

=== Vou O VoutRmGnBnH

90% - - - -

OUTPUT  50% —==== Y -

L e e e
A === VoL o VoutanansnL
"; :<_ trorte
(3) Input pulse rise and fall time is 1 ns to 3 ns.
Figure 9. Output Timing
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TIMING DIAGRAMS (continued)

GSSIN

GSSCK

GSLAT

XBLNK

GSCKR
(GSCKG)
(GSCKB)

Grayscale Data Latch
(Internal)

Dot Correction/

Brightness Control Function
Control Data Latch (Internal)

Common Shift Register
Bit O (Internal)

Common Shift Register
Bit 1 (Internal)
Common Shift Register
Bit 286 (Internal)

GSSOUT

OUTRO, OUTR4
(OUTGO, OUTG4)
(OUTBO, OUTBA4)

OUTR1, OUTR5
(OUTG1, OUTGS)
(OUTB1, OUTB5)

OUTR2, OUTR6
(OUTG2, OUTGS)
(OUTB2, OUTBE6)

OUTR3, OUTR7
(OUTG3, OUTG?)
(OUTB3, OUTBY?)

“ TWHO

fou (SCLK)

285 286 287 288
TWLO

DEDDE X EDEEEEED
3B 2B 1B 0B 8C

Ty
1

1 2 3 4

(&)

GsB7
3c___

6 7

TH1 TWH1
l
£ --
TSUQ’ TSU4
" L |
Shift Register Data Are Transferred to GS Data Latch - fok (GSCKR/G/B)
Tour = |- e Ty o

)Y .
« Previous Data X

Latest Data

GSB7\/GSB7\/GSB7\/GSB7 GSRO\/GSR0\/GSR0\/GSR0\/ DCRO
BitO 11B 10B 9B 8B 4B 3B 2B 1B Bit 1

. .
LOD \/ LOD \/ LOD \/'LOD \/ LOD DCRO\/ DCRO \/ GSRO\/GSR0\/ LOD
B6A /\ B5A B4A B3A B2A 1A 0A 11B 10B B6B

GSB7\[GSB7 @ GSB7 -
sc N\ 7c 8C
0B 8C

BSB B4B B3B B2B

LOD
B1B

BOB G7B G6B
B2B B1B BOB G7B

: top
‘ o] 1y

i E =
SID Data Are Transferred to
OFF Voutrnt) 288-Bit Common Shift Register b
)y
ON (VOUTRnL) ON
| [ g
OFF e
ON ON
—- L tps -
OFF (;)
ON \T\ ON
— [ tps
OFF «
ON 7 \ ON
—] H tos

Figure 10. Grayscale Data Write Timing
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TIMING DIAGRAMS (continued)

NO NO
\VAL69/\VALES,
-

GSSIN

DCRO\/DCRO\/DCRO\/DCRO NO \/ NO NO NO \/ NO
3B 2B 1B 0B \VAL69/\VAL6ES, VAL66, \VAL64/\VAL63 _ _ _
= To Toy
*Tsuzj
1
|

GSSCK
285 286 287 288 1 2 3 4 5 6 7 8 9
TWL1
£ [ -
GSLAT ‘
I Tho = -
XBLNK §
Shift Register Data Are Transferred - [~ oLk (GSCKR/G/B)
GSCKR Tsuy == e to DC/BC/FC/UD Data Latch e Ty o — _
(GSCKG) o
(GSCKB) Lea
Grayscale Data Latch -
(Internal) £ .
Dot Correction/ <)<) -
Brightness Control Function Previous Data Latest Data

Control Data Latch (Internal) D}

Common Shift Register
Bit O (Internal)

Common Shift Register
Bit 1 (Internal)

Common Shift Register
Bit 286 (Internal)

NO NO
\VAL65/\VAL64,

GSSOUT

troftrg = SID Data Are Not Transferred to

t
OUTRo, oUTRa _OFF _ (MVourmar) 288-Bit Common Shift Register -~ 02
(OUTGO, OUTG4) _ ON \ . ON y \ -

OUTBO, OUTB4 Vourrnl) 55
¢ ) " - }*toa

OUTR1, OUTRs _OFF

(OUTG1,0UTGS)  ON « ON —
OUTR2, OUTR6 _OFF

(OUTG2, OUTG6)  ON . ON / |\

(OUTB1, OUTBS)
(OUTB2, OUTBE) [ N R

1=
\

OUTR3, OUTR7 _OFF

(OUTG3, OUTG7)  oN \ ON / \

L
(OUTB3, OUTBY) - l e tog - F=- tpg tpg

Figure 11. Dot Correction/Global Brightness Control/Function Control/User-Defined
Data Write Timing from GS Data Path
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TIMING DIAGRAMS (continued)

DCRO\/DCRO\/DCR0\/ DCRO i USER
3B A 28 A 1B 08 10 A .

Tsuo ] — TwHo
DCSCK |||||||||||

1 2 3 ‘i‘ ﬁ 213 214 215 216 1 2 3 4 5 6 7
Twio tor
Auto Generated -
Latch Pulse « |

(Internal) —_— -

Grayscale I

Data Latch (’(’
(Internal) o E— e B L T T

DC/BC/FC/UD (

Data Latch : Previous Data X Latest Data

(Internal) G-

DCR0\/DCR0\/DCR0\/DCR0\/ USER @ USER @Eﬁ USER\/ USER
3A 2A 1A 0A 168 14B 10B 9B

totro

DCSOUT

Figure 12. Dot Correction/Global Brightness Control/Function Control
Data Write Timing from DC Data Path

so T XXX XXX X XXX XX T
287 288 = Tg,—=1 2 3 4 5 46 47 48 49 93 94 95 96 286 287 288
I

S I ) I I Y A A I

|
: Th 'TWH1:

GSLAT | (¢ (¢ (¢

) )) )

I
(¢ (¢ (¢
) )) )

Data Latch A
GS Data Late Previous Data D( Latest Data
1

(Internal) I I (R
\ )) )) )
DC/BC/FC/UC : ()c) ()() — -
Data Latch ! . « .
(Internal) | V) S S ——————
. i
Common Shift o b e o o o ol e e e S et e e o e e e
B B GSRO\/ GSRO\/ GSRO DCRO GSB7 GSB6 GSB6 GSG5 GSRO
EICES G G Gl 6 9 3 ) B O Wi 0 D 0 61 6 0D & G Gl
. i
Common Shift /oS = = se\/ese\ /e~ M\ /s e /as— - - -
. - RO RO\/ GSRO DCRO DCRO' B6 5 GSRO
R G G Gl G G, ) D 0 0 i G ) 1 e D 5 ) G
nternal
. I . .
Common Shift : : : :
H B GSB7 LOD LOD LOD LOD LOD LSD FUNC BCB A
rease 1230 YT EX B XEX R EX B EEEC DD
I
GSSOUT o
. GSB7 V LOD LOD LOD LOD LOD LSD LSD FUNC A
lCommon St R XTER_sze X e X s X X oo K A o K e X720 Ky KT XTIXTO R KPP
egister Bi
Figure 13. Status Information Data Read Timing
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TYPICAL CHARACTERISTICS
At T, = +25°C and V¢ = 3.3 V, unless otherwise noted.
REFERENCE RESISTOR vs OUTPUT CURRENT POWER DISSIPATION vs TEMPERATURE
100 6000
g S 5000
g E
S = TLC5951DAP, Soldered
2 24 4
o 424000 T 4000
i \ « TLC5951RHA
[0} Qo
S 10 ——x = 3000
5 9600 & ™~~~ N
o 4800 8 2000 .
N 3200 5 TLC5951DAR, Not Soldered T~
o T~ 2 I~
o 24001 1600 & 1000
1920 1200
. 1371 0
0 10 20 30 40 -40  -20 0 20 40 60 80 100
Maximum Output Current (mA) Free-Air Temperature (°C)
Figure 14. Figure 15.
OUTPUT CURRENT vs OUTPUT VOLTAGE OUTPUT CURRENT vs OUTPUT VOLTAGE
48 Io = 40 mA \ \ | | *
40 \ T T T T 44
\f T, = +25°C, Voo = +3.3 V, BCX = FFh 43
= 35 / DCXn = 7Fh with High Adjustment Range z T, = +85°C
E 30 1 E * N I
5 V lo =30 mA 5 4 -"""""" =+
£ Io = 20 MA S S
3 20 I e 3 % V \ Ty = +25°C
2 15 r 3 % T, = -40°C
3 > 4
3 | - lo=10mA 3 38 |
10 [
_ _ 37
o~ lo=5mA lo =2 mA loLowax = 40 MA, Vg = +3.3 V, BCX = FFh
5 4 1 36 DCXn = 7Fh with High Adjustment Range
0 35 : : : :
0 0.5 1.0 15 2.0 25 3.0 0 0.5 1.0 1.5 2.0 25 3.0
Output Voltage (V) Output Voltage (V)
Figure 16. Figure 17.
OUTPUT CURRENT vs OUTPUT VOLTAGE OUTPUT CURRENT vs OUTPUT VOLTAGE
® Mo-aomA \ \ | *®
40 \ T T T 44
\/ T, = +25°C, Vg = +5 V, BCX = FFh 23
_ 35 DCXn = 7Fh with High Adjustment Range - T, = +85°C
< . < 42
E 30 ! E N\
= r lp = 30 mA Z e
e = : ] i
£ I - lo=20mA S 40 . \
g 20 o V4 \ Tp = +257C
= 5 39 y \
2 45 a f/ T, =-40°C
3 lo=10mA 5 38
& ° © ‘
10 7
_ _ 37
o lo=5mA lo=2mA lotomax = 40 MA, Vg = +5 V, BCX = FFh
5 7 36 DCXn = 7Fh with High Adjustment Range
0 35 : : : :
0 0.5 1.0 15 2.0 25 3.0 0 0.5 1.0 1.5 2.0 25 3.0
Output Voltage (V) Output Voltage (V)
Figure 18. Figure 19.
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TYPICAL CHARACTERISTICS (continued)

At T, = +25°C and V¢ = 3.3 V, unless otherwise noted.

CONSTANT-CURRENT ERROR
vs AMBIENT TEMPERATURE
(Channel-to-Channel, RED Color)

loLcmax = 40 MA

3 | DCRn = 7Fh with High Adjustment Range

BCR = FFh

Algic (%)
o

-2
1 Ve =33V
Il | Veg=5V
" : :
-40 -20 0 20 40 60 80 100
Ambient Temperature (°)
Figure 20.
CONSTANT-CURRENT ERROR
vs AMBIENT TEMPERATURE
(Channel-to-Channel, BLUE Color)
4
loLcwmax = 40 MA
3 [ DCBn = 7Fh with High Adjustment Range
BCB = FFh
2
— 1
3
S
©
<
-2
| Voo =33V
I V=5V
_a : :
-40 -20 0 20 40 60 80 100

Ambient Temperature (°)

Figure 22.

CONSTANT-CURRENT ERROR vs OUTPUT
(Channel-to-Channel, GREEN Color)

4
loLcmax = 2 MA to 40 mA Set By Rger
3 T, = +25°C |
DCGn = 7Fh with High Adjustment Range
2~ BCG = FFh |
—~ 1 —_
&
g 0
el
<
-2
s Ve =33V
e | Vec=5V
L ———
0 10 20 30 40
Output Current (mA)
Figure 24.

Al (%)

Al (%)

CONSTANT-CURRENT ERROR
vs AMBIENT TEMPERATURE
(Channel-to-Channel, GREEN Color)

4
loLcmax = 40 MA
3 | DCGn = 7Fh with High Adjustment Range
BCG = FFh
2
1
0
-1
-2
Vee =33V
I | Veg=5V
4 I I
-40 -20 0 20 40 60 80 100

Ambient Temperature (°)

Figure 21.

CONSTANT-CURRENT ERROR vs OUTPUT
(Channel-to-Channel, RED Color)

4
loLcmax = 2 MA to 40 mA Set By Riper
3 [ To=+25°C
DCRn = 7Fh with High Adjustment Range
2 I BCR=FFh
1 —
0
-1
-2
s Ve =33V
————— Voo =5V
-4 I
0 10 20 30 40
Output Current (mA)
Figure 23.

CONSTANT-CURRENT ERROR vs OUTPUT
(Channel-to-Channel, BLUE Color)

4
loLcmax = 2 MA to 40 mA Set By Rjper
s Tp=+25°C
DCBn = 7Fh with High Adjustment Range
2 BCB = FFh
1
0
A e
-2
Ve =33V
Rl | Vec=5V
-4 I
0 10 20 30 40
Output Current (mA)
Figure 25.
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TYPICAL CHARACTERISTICS (continued)

At T, = +25°C and V¢ = 3.3 V, unless otherwise noted.

CONSTANT-CURRENT ERROR vs OUTPUT
(Channel-to-Channel, RED Color)

CONSTANT-CURRENT ERROR vs OUTPUT
(Channel-to-Channel, GREEN Color)

4 4
Constant Current = 13 mA to 40 mA Constant Current = 13 mA to 40 mA
3 | Set By DCRn with High Adjustment Range 3 | Set By DCGn with High Adjustment Range
Ta = +25°C, | ouax = 40 MA Ta = +25°C, Iy cyax = 40 MA
2 [ BCR=FFh 2 [ BCG =FFh
—~ 1 —~ 1
g S
3 0 g 0
o e
< <
-2 -2
Veg =33V Voo =33V
A Vee =5V [ V=5V
" : : " : :
10 15 20 25 30 35 40 10 15 20 25 30 35 40
Output Current (mA) Output Current (mA)
Figure 26. Figure 27.
CONSTANT-CURRENT ERROR vs OUTPUT CONSTANT-CURRENT ERROR vs OUTPUT
(Channel-to-Channel, BLUE Color) (Channel-to-Channel, RED Color)
4 4
Constant Current = 13 mA to 40 mA Constant Current = 2 mA to 27 mA
3 | Set By DCBn with High Adjustment Range 3 | Set By DCRn with Low Adjustment Range
Tp = +25°C, oy cuax = 40 MA Tp = +25°C, lo| omax = 40 MA
2 [ BCB=FFh 2 ['BCR = FFh
—~ 1 —~ 1
S 0 9 0
o e
< <
-2 -2
Ve =33V Voo =33V
[ Vec=5V [ Voc=5V
4 : : 4 : :
10 15 20 25 30 35 40 0 5 10 15 20 25 30
Output Current (mA) Output Current (mA)
Figure 28. Figure 29.
CONSTANT-CURRENT ERROR vs OUTPUT CONSTANT-CURRENT ERROR vs OUTPUT
(Channel-to-Channel, GREEN Color) (Channel-to-Channel, BLUE Color)
4 4
Constant Current = 2 mA to 27 mA Constant Current = 2 mA to 27 mA
3 | Set By DCGn with Low Adjustment Range 3 | Set By DCBn with Low Adjustment Range
Ta = +25°C, Iy cpax = 40 MA Ta = +25°C, I cpax = 40 MA
2 [ BCG =FFh 2 [ BCB=FFh
—~ 1 —~ 1
& S =
9 0 9 0
el _ el
< <
-2 -2
Vee =33V Voo =33V
| Ve =5V | Voo =5V
4 : : 4 : :
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Output Current (mA) Output Current (mA)
Figure 30. Figure 31.
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TYPICAL CHARACTERISTICS (continued)

At T, = +25°C and V¢ = 3.3 V, unless otherwise noted.
CONSTANT-CURRENT ERROR vs OUTPUT

(Channel-to-Channel, RED Color)

CONSTANT-CURRENT ERROR vs OUTPUT
(Channel-to-Channel, GREEN Color)

4 4
Constant Current = 2 mA to 40 mA Constant Current = 2 mA to 40 mA
3 | Set By BCR with Low Adjustment Range 3 | Set By BCG with Low Adjustment Range
Ta = +25°C, | ouax = 40 MA Ta = +25°C, I cyax = 40 MA
2 [ DCRn =FFh 2 [ DCGn = FFh
—~ 1 —~ 1
S 0 9 0
o e
< T
-2 -2
Veg =33V Voo =33V
A Vee =5V [ V=5V
" : " :
0 10 20 30 40 0 10 20 30 40
Output Current (mA) Output Current (mA)
Figure 32. Figure 33.
CONSTANT-CURRENT ERROR vs OUTPUT DOT CORRECTION LINEARITY
(Channel-to-Channel, BLUE Color) (loLcmax With Upper Range)
4 45
Constant Current = 2 mA to 40 mA High Adjustment Range ‘
3 | Set By BCB with Low Adjustment Range 40 | T, =+25°C, BCx = FFh - 4‘0 A
Ta = +25°C, I cyax = 40 MA 35 |Voc =33V o=4’m
2 [ DCBn = FFh <
1 £ 30 —
g § 2
o S
o 0 3 20
< E .5 — |
» 3 _— lo =20 mA
10
Ve =33V | _—
-3
_____ Vg =5V 5 Io=2mA
4 : 0 :
0 10 20 30 40 0 16 32 48 64 80 96 112 128
Output Current (mA) Dot Correction Data (dec)
Figure 34. Figure 35.
DOT CORRECTION LINEARITY DOT CORRECTION LINEARITY
(loLcmax With Lower Range) (loLcmax With Upper and Lower Range)
45 45
Low Adjustment Range loLcmax = 40 MA ‘ ‘ ‘
40 - o - 40 -
Ta=+25°C, BCx = FFh BCx = FFh High Adjustment Range _|—"
35 |Vec =33V 35 |Vec =33V "
z z T
E 30 E 30
€ €
® 25 g 25
5 5
O 20 O 20
5 lo =40 mA 5
o o
5 15 L —20mA 5 15
° 1 0=20m3 — © ol 1 1 Q- Tp=-40°C
//’ ——— . T,=+25°C
5 5 o
é/ lo=2mA Low Adjustment Range Tp=+85°C
0 1 0 . . .
0 16 32 48 64 80 96 112 128 0 16 32 48 64 80 96 112 128
Dot Correction Data (dec) Dot Correction Data (dec)
Figure 36. Figure 37.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C and V¢ = 3.3 V, unless otherwise noted.
GLOBAL BRIGHTNESS CONTROL LINEARITY GLOBAL BRIGHTNESS CONTROL LINEARITY
(loLemax With Upper Range) (Ambient Temperature with Upper Range)
45 45
High Adjustment Range High Adjustment Range
40 |T,=+25C 40 1o cpax = 40 MA
35 DCXn = 7Fh 35 DCXn = 7Fh /
< Ve =33V < Vg =33V
< cc < cc
E 30 £ 30
€ lp =40 mA =
g 25 g 25
5 5
O 20 S 20
g = 15
5 15 5
o IO =20 mA o _ o
10 wlh-—"—>x5tHf """ T, =-40°C
—==.Ty=425°C
° I = 2 mA s T, = +85°C
0 : 0 . .
0 32 64 96 128 160 192 224 256 0 32 64 96 128 160 192 224 256
Brightness Correction Data (dec) Brightness Correction Data (dec)
Figure 38. Figure 39.
CONSTANT-CURRENT OUTPUT
VOLTAGE WAVEFORM
AR UL B AL DL B S AL ML L i
CH1 (2 V/div) 7
CH2 (2 V/div) E
CH3 (2 V/div) ; |0LC,\;|ax = 46 mA, BCX = 7‘Fh é
[ DCXn = 7Fh with High Adjustment Range : ;
[ T, =+25°C, GSCKR/G/B = 33 MHz R T P
F Vo =83V, Viep=5V,R =100Q, C = 15 pF N : E
TR AN TN AN T TN AT s ST AU A AN M AR AN ANAN AN
Time (25 ns/div)
Figure 40.
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DETAILED DESCRIPTION

MAXIMUM CONSTANT SINK CURRENT VALUE

The TLC5951 maximum constant sink current value for each channel, g cvax: IS determined by an external
resistor, Riger, placed between Rger and GND. The Rgee resistor value is calculated with Equation 1.

Virer (V) % 40

Rinee (kQ) =
nEF loLomax (MA) 1)

Where:
V\rer = the internal reference voltage on IREF (1.20 V, typically)

loLcmax IS the largest current for each output. Each output sinks the lg cmax CUrrent when it is turned on, the dot
correction is set to the maximum value of 7Fh (127d), and the global brightness control data are set to the
maximum value of FFh (255d). Each output sink current can be reduced by lowering the output dot correction or
brightness control value.

Rirer Must be between 1.2 kQ and 24 kQ to keep o cmax between 40 mA (typ) and 2mA (typ); the output may be
unstable when lg cmax 1S Set lower than 2 mA. Output currents lower than 2 mA can be achieved by setting
loLcmax 10 2 mA or higher and then using dot correction and global brightness control to lower the output current.

Figure 14 and Table 2 show the constant sink current versus external resistor, Rrgr, Characteristics. Multiple
outputs can be tied together to increase the constant-current capability. Different voltages can be applied to each
output.

Table 2. Maximum Constant Current Output versus
External Resistor Value

loLcmax (MA, Typical) Rirer (KQ)
40 1.2
35 1.371
30 1.6
25 1.92
20 2.4
15 3.2
10 4.8
5 9.6
24

DOT CORRECTION (DC) FUNCTION

The TLC5951 has the capability to adjust the output current of each channel (OUTRO-OUTR7, OUTGO0-OUTG?7,
OUTBO0-OUTB7) individually. This function is called dot correction (DC). The DC function allows the brightness
and color deviations of LEDs connected to each output to be individually adjusted. Each output DC is
programmed with a 7-bit word for each channel output. Each channel output current is adjusted with 128 steps
within one of two adjustment ranges. The dot correction high adjustment range allows the output current to be
adjusted from 33.3% to 100% of the maximum output current, lo, cvax- The dot correction low adjustment range
allows the output current to be adjusted from 0% to 66.7% of o cmax- The range control bits in the function
control latch select the high or low adjustment range. Equation 2 and Equation 3 calculate the actual output
current as a function of Rigrgr, DC value, adjustment range, and brightness control value. There are three range
control bits that control the DC adjustment range for three groups of outputs: OUTRO-OUTR7, OUTGO0-OUTG7,
and OUTBO-OUTBY7. DC data are programmed into the TLC5951 via the serial interface.

When the IC is powered on, the DC data in the 216-bit common shift register and data latch contain random
data. Therefore, DC data must be written to the DC latch before turning the constant-current output on.
Additionally, XBLNK should be low when the device turns on to prevent the outputs from turning on before the
proper grayscale values can be written. All constant-current outputs are off when XBLNK is low.
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GLOBAL BRIGHTNESS CONTROL (BC) FUNCTION

The TLC5951 has the capability to adjust the output current of each color group simultaneously. This function is
called global brightness control (BC). The global brightness control for each of the three color groups,
(OUTRO-OUTR7, OUTGO-OUTG7, and OUTB0-OUTBY), is programmed with a separate 8-bit word. The BC of
each group is adjusted with 256 steps from 0% to 100%. 0% corresponds to 0 mA. 100% corresponds to the
maximum output current programmed by Rregr and each output DC value. Note that even though the BC value
for all color groups are identical, the output currents can be different if the DC values are different. Equation 2
and Equation 3 calculate the actual output current as a function of Riger, DC adjustment range, and brightness
control value. BC data are programmed into the TLC5951 via the serial interface.

When the IC is powered on, the BC data in the 216-bit common shift register and data latch contain random
data. Therefore, BC data must be written to the BC latch before turning the constant-current output on.
Additionally, XBLNK should be low when the device turns on to prevent the outputs from turning on before the
proper grayscale values can be written. All constant-current outputs are off when XBLNK is low.

Equation 2 determines the output sink current for each color group when the dot correction high adjustment
range is chosen.

1 2
—1 mA) + — | (MA) x
3 'OLCMax (mA) : oLcMax ( [ 127 ]] [ 255 o

Equation 3 determines the output sink current for each color group when the dot correction low adjustment range
is chosen.

lout (MA) =

lout (MA) = ? loLcmax (MA) x

127

255 @)

Where:
loLcmax = the maximum channel current for each channel determined by Rgree
DC = the decimal dot correction value for the output. This value ranges between 0 and 127.
BC = the decimal brightness control value for the output color group. This value ranges between 0 and 255.

Table 3. Output Current versus DC Data and I, cyax With
Dot Correction High Adjustment Range (BC Data = FFh)

DC DATA DC DATA DC DATA BC DATA PERCENTAGE lout, MA lout, MA
(Binary) (Decimal) (Hex) (Hex) OF loLcmax (%) | (loLcmax = 40 MA) | (loLcmax = 2 MA)
000 0000 0 00 FF 33.3 13.33 0.67

000 0001 1 01 FF 33.9 13.54 0.68

000 0010 2 02 FF 34.4 13.75 0.69

111 1101 125 7D FF 99.0 39.58 1.98

111 1110 126 7E FF 99.5 39.79 1.99

111 1111 127 7F FF 100.0 40.00 2.00
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Table 4. Output Current versus DC Data and lg| cpmax With
Dot Correction Low Adjustment Range (BC Data = FFh)

Product Folder Link(s): TLC5951

DC DATA DC DATA DC DATA BC DATA PERCENTAGE lout, MA lout, MA
(Binary) (Decimal) (Hex) (Hex) OF loLcmax (%) | (loLcmax = 40 MA) | (IoLcmax = 2 MA)
000 0000 0 00 FF 0 0 0
000 0001 1 01 FF 0.5 0.21 0.01
000 0010 2 02 FF 1.0 0.42 0.01
111 1101 125 7D FF 65.6 26.25 1.31
111 1110 126 7E FF 66.1 26.46 1.32
111 1111 127 7F FF 66.7 26.67 1.33
Table 5. Output Current versus BC Data and lp cyax With
Dot Correction High Adjustment Range (DC Data = 7Fh)
BC DATA BC DATA BC DATA DC DATA PERCENTAGE louT, MA louT, MA
(Binary) (Decimal) (Hex) (Hex) OF loLcmax (%) | (loLcmax = 40 MA) | (loLcmax = 2 MA)
000 0000 0 00 7F 0 0 0
000 0001 1 01 7F 0.4 0.16 0.01
000 0010 2 02 7F 0.8 0.31 0.02
111 1101 253 FD 7F 99.2 39.69 1.98
111 1110 254 FE 7F 99.6 39.84 1.99
111 1111 255 FF 7F 100.0 40.00 2.00
Table 6. Output Current versus BC Data, DC Data, and lo; cmax With
Dot Correction High Adjustment Range
BC DATA BC DATA DC DATA DC DATA PERCENTAGE | loLcmax = 40 MA | loLcmax = 2 MA
(Hex) (Decimal) (Hex) (Decimal) OF loLcmax (%) (mA, Typical) (mA, Typical)

00 0 20 32 0 0 0

33 51 20 32 10.02 4.01 0.2

80 128 20 32 25.16 10.06 0.5

cC 204 20 32 40.10 16.04 0.8

FF 255 20 32 50.13 13.33 1.0
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GRAYSCALE (GS) FUNCTION (PWM CONTROL)

The TLC5951 can adjust the brightness of each output channel using a pulse width modulation (PWM) control
scheme. The use of 12 bits per channel results in 4096 brightness steps, from 0% up to 100% brightness. The
grayscale circuitry is duplicated for each of the three color groups.

The PWM operation for each color group is controlled by a 12-bit GS counter. Three GS counters are
implemented to control each of the three color outputs, OUTR0O-OUTR7, OUTGO0-OUTG7, and OUTBO-OUTB?7.
Each counter increments on each rising edge of the grayscale reference clock (GSCKR, GSCKG, or GSCKB).
The falling edge of XBLNK resets the three counter values to '0'. The grayscale counter values are held at '0’
while XBLNK is low, even if the GS clock input is toggled high and low. Pulling XBLNK high enables the GS
clock. The first rising edge of a GS clock after XBLNK goes high increments the corresponding grayscale counter
by one and switches on all outputs with a non-zero GS value programmed into the GS latch. Each additional
rising edge on a GS clock increases the corresponding GS counter by one.

The GS counters keep track of the number of clock pulses from the respective GS clock inputs (GSCKR,
GSCKG, and GSCKB). Each output stays on while the counter is less than or equal to the programmed
grayscale value. Each output turns off at the rising edge of the GS counter value when the counter is larger than
the output grayscale latch value.

Equation 4 calculates each output (OUTRN/Gn/Bn) on-time (tout on):
touton (N8) = Tascikriars (NS) x GSN 4

Where:
Tesckriae = One period of GS clock for the color
GSn = the programmed grayscale value for OUTRn/Gn/Bn (GSn = 0d to 4095d)

When new GS data are latched into the GS data latch with the rising edge on GSLAT during a PWM cycle, the
GS data latch registers are immediately updated. This latching can cause the outputs to turn on or off
unexpectedly. For proper operation, GS data should only be latched into the IC at the end of a display period
when XBLNK is low. Table 7 summarizes the GS data value versus the output on-time duty cycle.

When the IC is powered up, the 288-bit common shift register and GS data latch contain random data.
Therefore, GS data must be written to the GS latch before turning the constant-current output on. Additionally,
XBLNK should be low when the device is powered up to prevent the outputs from turning on before the proper
GS values are programmed into the registers. All constant-current outputs are off when XBLNK is low.

If there are any unconnected outputs (OUTRn, OUTGn, and OUTBN), including LEDs in a failed short or failed
open condition, the GS data corresponding to the unconnected output should be set to '0' before turning on the
LEDs. Otherwise, the VCC supply current (lycc) increases while that constant-current output is programmed to
be on.

Table 7. Output Duty Cycle and On-Time versus GS Data

GS DATA GS DATA GS DATA OUTPUT ON-TIME DUTY OUTPUT ON-TIME
(Binary) (Decimal) (Hex) CYCLE (%) (33-MHz GS Clock) (ns)

0000 0000 0000 0 000 0 0

0000 0000 0001 1 001 0.02 30

0000 0000 0010 2 002 0.05 61

0111 1111 1111 2047 7FF 49,99 62030

1000 0000 0000 2048 800 50.01 62061

1000 0000 0001 2049 801 50.04 62091

1111 1111 1101 4093 FFD 99.95 124030

1111 1111 1110 4094 FFE 99.98 124061

11111111 1111 4095 FFF 100 124091
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PWM Counter 12-Bit Mode Without Auto Repeat

XBLNK™

2048
2049
GSCKR 1234 N 0%, '
GSCKG l| e 11y o
GSCKB ~ - i V- '
GS counter starts to count GSCKR/G/B after
OUTRN/Gn/Bn OFF (VoutRn/annH) XBLNK gcie_s_h_ig_h._ __________________________________
(GSDATA = 000h) Drivers do not turn on when Grayscale data are zero.
ON (VOUTHann/BnL)
OFF | |- T=GSCKR/G/B x 1 (Voutrnan/ent)
OUTRn/Gn/Bn —— | [ ~ """ T TTTT T et T T s s s
(GSDATA=001h) gy Moutrn/cnen)
OFF - T = GSCKR/G/B x 2 VoutRn/anenH)
OUTRn/Gn/Bn — | I
(GSDATA = 002h) (o VoutRn/Gnen.)
OFF - T = GSCKR/G/B x 3 Voutrnienent)
OUTRn/Gn/Bn —— | = [~ " - - T s s
(GSDATA = 003h) o Mouran/anen.)

.
.

OFF l———— T = GSCKR/G/B x 2047 ———»] VoutRn/anenH)
OUTRN/GnBn —— T e e
(GSDATA=7FFh) oy — b s Vourrmansn)
OFF |«——— T = GSCKR/G/B x 2048 ————»= (Voutrn/GnenH)
OUTRn/GnfBn — T e
(GSDATA=8000) o — o (Vourrmamen)
OFF le—— T - GSCKR/G/B x 2049— Voutrnansn)
ouTRn/GNBn —— 000 | [T TTTTmEsmEEmEEee s, Tt
(GSDATA=801h) o — s I (Vourmmene)
OFF T = GSCKR/G/B x 4093
OUTRn/Gn/Bn —— IR
(GSDATA =FFDh) - oN SRRy W | (VOUWG”,BHL)I_.___
OFF T = GSCKR/G/B x 4094 (Vourrn/GnenH)
OUTRn/Gn/Bn — L o,
(GSDATA = FFEh)  oN e e Vouramamsn) o
OFF T = GSCKR/G/B x 4095 Moutrnian/snt)
OUTRn/Gn/Bn —————— Il
(GSDATA = FFFh) - o e I(VOUTRH/GH,BHL)I_.___

OUTRN/Gn/Bn turns on at the first rising edge of GSCKR/G/B after OUTRn/Gn/Bn does not turn on again until XBLNK goes low once
XBLNK goes high except when Grayscale data are zero. in case of no auto repeat mode.

(1) The internal blank signal is generated when GSLAT is input for GS data with display timing reset enabled. Also, the signal is generated at
4096th GSCKR/G/B when the auto repeat mode is enabled. XBLNK can be connected to VCC when the display timing reset or auto repeat is
enabled.

Figure 41. PWM Operation 1
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PWM Counter 8-, 10-, or 12-Bit Mode Without Auto Repeat

XBLNK ;--------_-------------_ -------

GSCKR - - - - -
GSCKG Ty oo.. 1y [ i '
e .'JISEI.”_':- _||||$|;||||._

GSCKB
GS counter starts to count GSCKR/G/B after XBLNK goes high.

PWM 8-Bit Mode
(FC Bt 1/0 = 1/1)

OFF (Vouranenent) et = GOCKR/G/B x 255

OUTRn/Gn/Bn ————————— J ...........
(GSDATA = FFFh) L .

ON (VoutRnanen)
OUTRN/Gn/Bn is forced off even if GS data is greater than OFFh.

PWM 10-Bit Mode OUTRN/Gn/Bn does not turn on again until XBLNK goes low.

(FC Bit 1/0 = 1/0)
OFF (VourxnH) |w—— T - GSCKR/G/B x 1023 —— =

OUTRN/Gn/Bn |
(GSDATA = FFFh)

ON (VOUTRn/Gn/Bn) i

PWM 12-Bit Mode
(FC Bit 1/0 = 0/X)

____________________  —

OUTRN/Gn/Bn is forced off even if GS data are greater than 3FFh.
OUTRN/Gn/Bn does not turn on again until XBLNK goes low.

OFF (Vourxnt) T = GSCKR/G/B x 4095
OUTRN/Gn/Bn |
(GSDATA = FFFh)

Figure 42. PWM Operation 2

PWM Counter 8-, 10-, or 12-Bit Mode With Auto Repeat

GSCKR
GSCKG
GSCKB

PWM 8-Bit Mode
(FC Bit 1/0 = 1/1)

OUTRn/Gn/Bn —
(GSDATA = OFFh to FFFh) ON —1 . -

OFF

r=1
1 1
1 1

GS data are greater than OFFh.  is generated. is generated.
PWM 10-Bit Mode
(FC Bit 1/0 = 1/0)

ON Voutmnenen) — = TTTTTTTT o TTmmmmmmmss—————mmmeees

...... S

x15 of

\
OUTRN/Gn/Bn is forced off even if ~ x2 of off period x11 of off period

A

r=-
"L
off period

is generated.

OFF  |a——T = GSCKR/G/B x 1023ﬁ
OUTRN/Gn/Bn — oo oo oo -5 J_L
(GSDATA=3FFhto FFFh) oON Ll . _____ _ l__l_L__' l__l_L__' :__I_L_l L ———

PWM 12-Bit Mode GS data are greater than 3FFh. is generated.

(FC Bit 1/0 = 0/X)
OUTRN/Gn/Bn
(GSDATA = FFFh) ON —L

Figure 43. PWM Operation 3

OFF r-——————— T = GSCKR/G/B x 4095

o % A
OUTRn/Gn/Bn is forced off even if x2 of off period x x3 of off period

is generated.

26 Submit Documentation Feedback
Product Folder Link(s): TLC5951

Copyright © 2009, Texas Instruments Incorporated


http://focus.ti.com/docs/prod/folders/print/tlc5951.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS127BB&partnum=TLC5951
http://focus.ti.com/docs/prod/folders/print/tlc5951.html

. TLCH5951
13 TEXAS
INSTRUMENTS

www.ti.com SBVS127B —MARCH 2009—-REVISED DECEMBER 2009

REGISTER AND DATA LATCH CONFIGURATION

The TLC5951 has two data latches to store information: the grayscale (GS) data latch and the DC/BC/FC/UD
data latch. The GS data latch can be written as 288-bit data through GSSIN with GSSCK. The DC/BC/FC/UD
data latch can be written as data through DCSIN with DCSCK. Also, DC/BC/FC data can be written to the
DC/BC/FC/UD data latch through GSSIN with GSSCK. UD data are written to the upper 17 bits of the 216-bit
DC/BC/FC/UD shift register at the same time. The data in the DC/BC/FC/UC data latch can be read via
GSSOUT with GSSCK. Figure 44 shows the grayscale shift register and data latch configuration.

From LSD/LOD/TEF Data Holder From 216-Bit DC/BC/FC/UD Data Latch

These 49 bits of data are loaded into the These 216 bits of data are loaded into the

upper 49 bits of the 288-bit shift register

lower 216 bits of the 288-bit shift register when

49 216
when GSLAT is low at the last GSSCK GSLAT is low at the last GSSCK rising edge
288-Bit Common Shift Register rising edge before the rising edge of GSLAT. before the rising edge of GSLAT.

V I
1 1
1 MSB LSB 1
N —rr = 1
1 Common | Common | Common | Common | Common | Common

GSSOUT ~+——{ Data Bit | Data Bit | Data Bit | DataBit | DataBit | Data Bit

287 286 285 284 283 282 5 4 3 2 1

Common | Common | Common | Common [ Common | Common |el—— GSSIN
Data Bit | Data Bit | Data Bit | Data Bit | Data Bit | Data Bit :
0 [=T— GSSCK

1
| —_— === 1
1 1
1 1
e e e e e e e e o o o ] 1
288
Lower 216 Bits of 288 Bits
iaes
Grayscale Data Latch (12 Bits x 24 Channels) .
By ST e
V] 287 276 | |47 3 | 35 24 | 23 1201 11 0 I generated
H ———— : when GSLAT
1 |outB? .|outB7| .. | OUTR1| |[OUTR1|OUTBO| [OUTBO|OUTGO| |OUTGO|OUTRO| |OUTRO|_! is low at the
: Bit 11 Bit 0 Bit 11 Bit 0 Bit 11 Bit 0 Bit 11 Bit0 Bit 11 Bit0 : last GSSCK
1 —-——— rising edge
: GS Data for OUTB7} } GS Data for OUTR1 } GS Data for OUTBO } GS Data for OUTGO } GS Data for OUTRO : befo?e th?e
! | GSLAT
S e e e e e e e e e e e e e e e e e e e e e e e e e e e e —————— - ! rising edge.
288
Upper 17 Bits of 216 Bits To PWM Timing Control Block for Each Color
These 17 bits of data are loaded into the upper 17 bits of the 216-bit shift register when GSLAT
is high at the last GSSCK rising edge before the GSLAT rising edge. The other bits remain unchanged.
216-Bit DC/BC/FC/UD Shift Register
5
: MSB :
] 215 214 197 196 195 5 4 3 2 1 0 ]
! —_—= - 1
DCSOUT 1 Data | Data . Data | Data | Data | | Data | Data | Data | Data | Data | Data [=}— DCSIN
: Bit 215 | Bit214 Bit 197 | Bit 196 | Bit 195 Bit5 Bit 4 Bit 3 Bit2 Bit 1 Bit0 |l — DCSCK
- 1
i i
L o e e e e e e e e e e e |
Lower 199 Bits of 216 Bits

These 216 bits of data are automatically loaded into the

216 f Dot Correction (7 Bits x 24 Channels)/
216-bit data latch by the latch pulse generated 3ms-7ms
These 199 bits of data are loaded into the lower 199 bits of the ftor the DOSCK riaing edge is not Input. Global Brightness Control (8 Bits x 3 Group)/
216-bit shift register when GSLAT is high at the last GSSCK Function Control (7 Bits)
rising edge before the GSLAT rising edge. The User Defined User Defined (17 Bits)
bit data in the 216-bit data latch remain unchanged.
216-Bit DC/BC/FC/UD Data Latch
fmmmmmmmmm e e L
I MsB LSB | 1 . -
1 I I I This latch pulse is generated when
1
| |2151991198-1921191-184 183-176 175-168! 167-161 160-154 153147 2721 2014 187 _ 60 | GSLAT i high at the last GSSCK
! User FUNG | BRIGHT | BRIGHT [ BRIGHT [ DOTCOR|DOTCOR|DOTCOR DOTCOR| DOTCOR|DOTCOR|DOTCOR| | rising edge before the GSLAT
H Defined Bits 6-0 Bits 7-0 | Bits 7-0 | Bits 7-0 | Bits 6-0 | Bits6-0 | Bits6-0 | +-+| Bits 6-0 | Bits 6-0 | Bits 6-0 | Bits 6-0 rising edge. Otherwise, the latch
| | Bits 16-0 OUTB0-7 | OUTGO-7| OUTRO-7| OUTB7 | OUTG7 | OUTR7 OUTR1 | OUTBO | OUTGO | OUTRO ! g edge. §
1 - - === : pulse is generated 3 ms to 7 ms
: } Functlon} Global Brightness Control } Dot Correction : after the DCSCK rising edge.
1

Control

7% 24% 21 S)i, 171{,
To GS Counter/PWM Timing  To Global Brightness  To 288-Bit Common To Dot Correction

Control Block Control Block Shift Register Control Block

Figure 44. Grayscale Shift Register and Data Latch Configuration
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288-Bit Common Shift Register

The 288-bhit common shift register is used to shift data from the GSSIN pin into the TLC5951. The data shifted
into this register are used for grayscale data, global brightness control, and dot correction data. The register LSB
is connected to GSSIN and the MSB is connected to GSSOUT. On each GSSCK rising edge, the data on GSSIN
are shifted into the register LSB and all 288 bits are shifted towards the MSB. The register MSB is always
connected to GSSOUT.

The level of GSLAT at the last GSSCK before the GSLAT rising edge determines which latch the data are
transferred into. When GSLAT is low at the last GSSCK rising edge, all 288 bits are latched into the grayscale
data latch. When GSLAT is high at the last GSSCK rising edge, bits 0-198 are copied to bits 0-198 in the
DC/BC/FC/UD data latch and bits 199-215 are copied to bits 199-215 in the 216-bit DC/BC/FC/UD shift register
at the GSLAT rising edge. To avoid data from being corrupted, the GSLAT rising edge must be input more than
7 ms after the last DCSCK for a DC/BC/FC/UD data write. When the IC powers on, the 288-bit common shift
register contains random data.

Grayscale Data Latch

The grayscale (GS) data latch is 288 bits long. This latch contains the 12-bit PWM grayscale value for each of
the TLC5951 constant-current outputs. The PWM grayscale values in this latch set the PWM on-time for each
constant-current driver. See Table 7 for the on-time duty of each GS data bit. Figure 45 shows the shift register
and latch configuration. Refer to Figure 10 for the timing diagram for writing data into the GS shift register and
latch.

Data are latched from the 288-bit common shift register into the GS data latch at the rising edge of the GSLAT
pin. The conditions for latching data into this register are described in the 288-Bit Common Shift Register section.
When data are latched into the GS data latch, the new data are immediately available on the constant-current
outputs. For this reason, data should only be latched when XBLNK is low. If data are latched with XBLNK high,
the outputs may turn on or off unexpectedly.

1
: MsB | | | 1 1 LSB :
! 287 276 | 147 36 1 35 24 1 28 12 1 M 0 H
=-=== 1
i |oute? ...|ouTB? ... | OUTR1| | OUTR1|OUTBO| | OUTBO|OUTGO| |OUTGO|[OUTRO| |OUTRO !
i Bit 11 Bit 0 Bit 11 Bit0 | Bit11 Bit 0 Bit 11 Bit 0 Bit 11 Bit 0 1
H _———— 1
! GS Data for OUTB7: ! GS Data for OUTR1 ! GS Data for OUTBO ! GS Data for OUTGO ! GS Data for OUTRO H
1 1
1 1

Figure 45. Grayscale Data Latch Configuration
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When the IC powers on, the grayscale data latch contains random data. Therefore, grayscale data must be
written to the 288-bit common shift register and latched into the GS data latch before turning on the
constant-current outputs. XBLNK should be low when powering on the TLC5951 to force all outputs off until the
internal registers can be programmed. All constant-current outputs are forced off when XBLNK is low. The data
bit assignment is shown in Table 8.

Table 8. Grayscale Data Bit Assignment

BITS DATA BITS DATA
11-0 OUTRO 155-144 OUTR4
23-12 OUTGO 167-156 OUTG4
35-24 ouTBO 179-168 ouTB4
47-36 OUTR1 191-180 OUTR5
59-48 OUTG1 203-192 OUTGS
71-60 OouTB1 215-204 OuUTB5S
83-72 OUTR2 227-216 OUTRG6
95-84 OUTG2 239-228 OUTG6
107-96 ouTB2 251-240 OuUTB6
119-108 OUTR3 263-252 OUTR7
131-120 OUTG3 275-264 OUTG7
143-132 OuUTB3 287-276 OouTB7

DC/BC/FC/UD Shift Register

The 216-bit DC/BC/FC/UD shift register is used to shift data from the DSSIN pin into the TLC5951. The data
shifted into this register are used for the dot correction (DC), global brightness control (BC), function control (FC),
and user-defined (UD) data latches. Each of these latches is described in the following sections. The register
LSB is connected to DCSIN and the MSB is connected to DCSOUT. On each DCSCK rising edge, the data on
DCSIN are shifted into the register LSB and all 216 bits are shifted towards the MSB. The register MSB is always
connected to DCOUT. When the IC is powered on, the 216-bit DC/BC/FC/UD shift register contains random
data.

DC/BC/FC/UD Data Latch

The 216-bit DC/BC/FC/UD data latch contains dot correction (DC) data, global brightness control (BC) data,
function control (FC) data, and user-defined (UD) data. Data can be written into this latch from the DC/BC/FC/UD
shift register. Furthermore, DC/BC/FC data can be written into this latch from the 288-bit common shift register.
At this time, UD data are written to bits 199-215 in the 216-bit DC/BC/FC/UD shift register data latch. When the
IC is powered on, the DC/BC/FC/UD data latch contains random data.

I | MSB . . LSB | |
1 |215-1991198-1921191-184 183-176 175-168! 167-161 160-154 153-147 146-140 __  27-21 20-14 13-7 6-0 :
- User FUNC | BRIGHT | BRIGHT | BRIGHT | DOTCOR|DOTCOR|DOTCOR [ DOTCOR DOTCOR | DOTCOR|DOTCOR|DOTCOR| I
1 Defined | oo "o | Bits 7-0 | Bits 7-0 [ Bits 7-0 | Bits 6-0 | Bits 6-0 | Bits 6-0 | Bits 6-0 [ -+ | Bits 6-0 | Bits 6-0 | Bits 6-0 | Bits 6-0 H
1 |Bits 160 OUTB0-7 | OUTGO-7| OUTRO-7| OUTB7 | OUTG7 | OUTR7 | OUTB6 OUTR1 | OUTBO | OUTGO | OUTRO 1
== 1
: User :Function: Gilobal Brightness Control : Dot Correction :
1
1

Defined Control

Figure 46. DC/BC/FC/UD Data Latch Configuration

Dot Correction Data Latch

The dot correction (DC) data latch is 168 bits long. The DC data latch consists of bits 0-167 in the DC/BC/FC/UD
data latch. This latch contains the 7-bit DC value for each of the TLC5951 constant-current outputs. Each DC
value individually adjusts the output current for each constant-current driver. As explained in the Dot Correction
(DC) Function section, the DC values are used to adjust the output current from 0% to 66.7% of the maximum
value when the dot correction low adjustment range is selected and from 33.3% to 100% of the maximum value
when the dot correction high adjustment range is selected. The adjustment range is selected by the range control
bits in the function control latch.
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Table 3 and Table 4 show how the DC data affect the percentage of the maximum current each output. See
Figure 46 for the DC data latch configuration. Figure 11 illustrates the timing diagram for writing data from the GS
data path into the shift registers and latches. Figure 12 illustrates the timing diagram for writing data from the DC
data path into the shift registers and DC latches. DC data are automatically latched from the DC/BC/FC/UD shift
register into the DC data latch with an internal latch signal. The internal latch signal is generated in 3 ms to 7 ms
after the last DCSCK rising edge.

When the IC powers on, the DC data latch contains random data. Therefore, DC data must be written into the
TLC5951 and latched into the DC data latch before turning on the constant-current outputs. XBLNK should be
low when powering on the TLC5951 to force all outputs off until the internal registers can be programmed. All
constant-current outputs are forced off when XBLNK is low. The data bit assignment is shown in Table 9.

Table 9. Dot Correction Data Bit Assignment

BITS DATA BITS DATA
6-0 OUTRO 90-84 OUTR4
13-7 OUTGO 97-91 OUTG4
20-14 OuTBO 104-98 ouTB4
27-21 OUTR1 111-105 OUTR5
34-28 OUTG1 118-112 OUTG5
41-35 OuUTB1 125-119 OUTB5
48-42 OUTR2 132-126 OUTR6
55-49 OUTG2 139-133 OUTG6
62-56 OuTB2 146-140 OUTB6
69-63 OUTR3 153-147 OUTRY7
76-70 OUTGS 160-154 OUTG7
83-77 OUTB3 167-161 OuUTB7

Global Brightness Control Data Latch

The global brightness control (BC) data latch is 24 bits long. The BC data latch consists of bits 168-191 in the
DC/BC/FC/UD data latch.

The data of the BC data latch are used to adjust the constant-current values for eight channel constant-current
drivers of each color group. The current can be adjusted from 0% to 100% of each output current adjusted by
brightness control with 8-bit resolution. Table 5 describes the percentage of the maximum current for each
brightness control data.

When the IC is powered on, the data in the BC data latch are not set to a specific default value. Therefore,
brightness control data must be written to the BC latch before turning on the constant-current output. The data bit
assignment is shown in Table 10.

Table 10. Data Bit Assignment

BITS GLOBAL BRIGHTNESS CONTROL DATA BITS 7-0
175-168 OUTRO-OUTRY group
183-176 OUTGO0-OUTG7 group
191-184 OUTBO-OUTB7 group
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Function Control Data Latch

The function control (FC) data latch is 7 bits in length and is used to select the dot correction adjustment range,
grayscale counter mode, enabling of the auto display repeat, and display timing reset function. When the IC is
powered on, the data in the FC latch are not set to a specific default value. Therefore, function control data must
be written to the FC data latch before turning on the constant current output.

Table 11. Data Bit Assignment

BIT DESCRIPTION

Dot correction adjustment range for the RED color output (0 = lower range, 1 = higher range).

When this bit is '0', dot correction can control the range of constant current by 0% to 66.7% (typ) of the maximum current set
192 by an external resistor. This mode only operates the output for the red LED driver group.

When this bit is '1', dot correction can control the range of constant current by 33.3% (typ) to 100% of the maximum current set
by an external resistor.

Dot correction adjustment range for the GREEN color output (O = lower range, 1 = higher range).

When this bit is '0', dot correction can control the range of constant current by 0% to 66.7% (typ) of the maximum current set
193 by an external resistor. This mode only operates the output for the green LED driver group.

When this bit is '1', dot correction can control the range of constant current by 33.3% (typ) to 100% of the maximum current set
by an external resistor.

Dot correction adjustment range for the BLUE color output (0 = lower range, 1 = higher range).

When this bit is '0', dot correction can control the range of constant current by 0% to 66.7% (typ) of the maximum current set
194 by an external resistor. This mode only operates the output for the blue LED driver group.

When this bit is '1', dot correction can control the range of constant current by 33.3% (typ) to 100% of the maximum current set
by an external resistor.

Auto display repeat mode (0 = disabled, 1 = enabled).

When this bit is '0', the auto repeat function is disabled. Each output driver is turned on and off once after XBLNK goes high.
195 When this bit is '1', each output driver is repeatedly toggled on/off every 4096th grayscale clock without the XBLNK level
changing when the GS counter is configured as a 12-bit mode. If the GS counter is configured as a 10-bit mode, the outputs
continue to cycle on/off every 1024th grayscale clock. If the GS counter is set to the 8-bit mode, the output on/off repetition
cycles every 256th grayscale clock.

Display timing reset mode (0 = disabled, 1 = enabled).

When this bit is '1', the GS counter is reset to '0' and all outputs are forced off at the GSLAT rising edge for a GS data write.
This function is identical to the low pulse of the XBLNK signal when input. Therefore, the XBLNK signal is not needed to

196 control from a display controller. PWM control starts again from the next input GSCKR/G/B rising edge.

When this bit is '0', the GS counter is not reset and no outputs are forced off even if a GSLAT rising edge is input. In this
mode, the XBLNK signal should be input after the PWM control of all LED are finished. Otherwise, the PWM control might be
not exact.

Grayscale counter mode select, bits 1-0.

198, 197 The grayscale counter mode is selected by the setting of bits 1 and 0. Table 12 shows the GS counter mode.

Table 12. GS Counter Mode Truth Table

GRAYSCALE COUNTER MODE
BIT 1 BIT O FUNCTION MODE
0 X (don't care) 12-bit counter mode (maximum output on-time = 4095 x GS clock)
1 0 10-bit counter mode (maximum output on-time = 1023 x GS clock)
1 1 8-bit counter mode (maximum output on-time = 255 x GS clock)

The grayscale data latch bit length is always 288 bits in any grayscale counter mode. All constant-current outputs
are forced off at the 256th grayscale clock in the 8-bit mode even if all grayscale data are FFFh. In 10-bit mode,
all outputs are forced off at 1024th grayscale clock even if all grayscale data are FFFh.
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User-Defined Data Latch

The user-defined (UD) data latch is 17 bits in length and is not used for any device functionality. However, these
data can be used for communication between a controller connected to DCSIN and another controller connected
to GSSIN. When the IC is powered on, the data in the UD latch are not set to a specific default value.

Table 13. Data Bit Assignment

BITS USER-DEFINED DATA BITS
215-199 16-0

STATUS INFORMATION DATA (SID)

Status information data (SID) are 288 bits in length and are read-only data. SID consists of the LED open
detection (LOD) error, LED short detection (LSD), thermal error flag (TEF), and the data in the DC/BC/FC/UD
data latch. The SID are shifted out onto GSSOUT with the GSSCK rising edge after GSLAT is input for a GS
data write. These SID are loaded into the 288-bit common shift register after data in the 288-bit common shift
register are copied to the data latch.

LOD/LSD Data Latch (48 Bits)

216-Bit DC/BC/FC/UD Data Latch

! H 1 MSB LSB :
-- -- 1 -- --
H LOD LOD LSD LSD H 1 User Function | BC Data BC Data | BC Data BC Data :
1 Dataof |-++| Dataof | Dataof |--+| Dataof 1 TEF : Defined | Control of “ee of of “ee of 1
: OouTB7 OUTRO | OUTB7 OUTRO : 1 | Bits 16-0 | Bits 6-0 | OUTBn OUTRn | OUTB7 OUTRO :
- b 1 b n -
B N et e e s e 1] eecsdecsccdecsccdaaa= e e ,.--------l
1 1 17 7 1 1
1 1 1 1
e e T e R el - -
! 1 [ [ [ :
! 1 ! 1 1 1 1 1 ! 1 ! 1
: !- H !- H I(Fiesen/ed Da\ta)I H H ]- H _V_ H :
: Common Common | Common Common | Common Common Common | Common | Common Common | Common Common <-=— GSSIN
GSSOUT ~—+—{ DataBit | - -+ | DataBit | DataBit | --+| DataBit | Data Bit Data Bit Data Bit | Data Bit | Data Bit | «++| Data Bit | DataBit |-+ | Data Bit 1
! 287 264 263 240 239 238216 | 215-199 | 198-192 | 191 168 167 0 [+ GSSCK
H MSB I I | | | | | LsB | !
1 1 1 1 1 1 1 1 1
|5

288-Bit Common Shift Register

Figure 47. DC/BC/FC Data Load Assignment
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Table 14. Data Bit Assignment
BITS DESCRIPTION
6-0 Dot correction data bits 6-0 for OUTRO
13-7 Dot correction data bits 6-0 for OUTGO
20-14 Dot correction data bits 6-0 for OUTBO
27-21 Dot correction data bits 6-0 for OUTR1
34-28 Dot correction data bits 6-0 for OUTG1
41-35 Dot correction data bits 6-0 for OUTB1
48-42 Dot correction data bits 6-0 for OUTR2
55-49 Dot correction data bits 6-0 for OUTG2
62-56 Dot correction data bits 6-0 for OUTB2
69-63 Dot correction data bits 6-0 for OUTR3
76-70 Dot correction data bits 6-0 for OUTG3
83-77 Dot correction data bits 6-0 for OUTB3
90-84 Dot correction data bits 6-0 for OUTR4
97-91 Dot correction data bits 6-0 for OUTG4
104-98 Dot correction data bits 6-0 for OUTB4
111-105 Dot correction data bits 6-0 for OUTR5
118-112 Dot correction data bits 6-0 for OUTG5
125-119 Dot correction data bits 6-0 for OUTB5
132-126 Dot correction data bits 6-0 for OUTR6
139-133 Dot correction data bits 6-0 for OUTG6
146-140 Dot correction data bits 6-0 for OUTB6
153-147 Dot correction data bits 6-0 for OUTR7
160-154 Dot correction data bits 6-0 for OUTG7
167-161 Dot correction data bits 6-0 for OUTB7
175-168 Global brightness control data bits 7-0 for OUTRO-OUTR7 group
183-176 Global brightness control data bits 7-0 for OUTG0-OUTG7 group
191-184 Global brightness control data bits 7-0 for OUTB0-OUTB7 group
198-192 Function control data bits 6-0
215-199 User-defined data bits 16-0
238-216 Reserved for Tl test
239 _ Therm_a_l error flag (TEF) B
1 = High temperature condition, 0 = Normal temperature condition
247-240 LED short dete(_:tion (LSD) data for OUTR?-OUTRO
1 = LED is short, 0 = Normal operation
255-248 1= LLESI;Di;j ?str?ofr(t),r(? =U L%ngﬁgpi?ation
263-2560 1= LED s Short 0 = Normal operaion
271-264 LED open detection (LOD) data for OUTR7-OUTRO _
1 = LED is open or connected to GND, 0 = Normal operation
279.972 . LOD data for OUTG7-OUTGO _
1 =LED is open or connected to GND, 0 = Normal operation
287-280 _ LOD data for OUTB7-OUTBO _
1 = LED is open or connected to GND, 0 = Normal operation
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CONTINUOUS BASE LOD, LSD, AND TEF

The LOD data are updated at the rising edge of the 33rd GSCKR/G/B pulse after XBLNK goes high; LOD/LSD
data are retained until the next 33rd GSCKR/G/B. LOD/LSD data are only checked for outputs that are turned on
during the rising edge of the 33rd GSCKR/G/B pulse. A '1' in an LOD bit indicates an open LED or shorted LED
to GND condition for the corresponding output. A '0' indicates normal operation. It is possible for LOD/LSD data
to show a '0" even if the LED is open when the grayscale data are less than 20h (32d).

The TEF bit indicates that the IC temperature is too high. The TEF flag also indicates that the IC has turned off
all drivers to avoid damage by overheating the device. A '1' in the TEF bit means that the IC temperature has
exceeded the detect temperature threshold (T1ge) and all outputs are turned off. A '0' in the TEF bit indicates
normal operation with normal temperature conditions.

The IC automatically turns the drivers back on when the IC temperature decreases to less than (Ttgg — ThysT)-
When the IC is powered on, LOD/LSD data do not show correct values. Therefore LOD/LSD data must be read
from the 33rd GSCKR/G/B pulse input after XBLNK goes high. Table 15 shows a truth table for LOD/LSD and
TEF.

Table 15. LOD/LSD/TEF Truth Table

CONDITION
SID DATA LED OPEN DETECTION (LODn) LED SHORT DETECTION (LSDn) THERMAL ERROR FLAG (TEF)
LED is not opened LED is not shorted De\(lce temperature s lower than
0 . >Viop) . < Visp) high-side detect temperature
OUTRN/Gn/Bn =~ VLOD OUTRN/Gn/Bn = V1.SD (Temperature <Trgr)
. Device temperature is higher than
LED is open or shorted to GND LED is shorted betwgen anode and‘ high-side detect temperature and driver is
1 < cathode or shorted to higher voltage side f i
(VouTrn/Gnien < Viob) . > Visp) orced o
OUTRn/Gn/Bn = VLSD (Temperature > Trg)

(¢ (¢ £

XBLNK" I D D) | I >

4094 4096
GSCKR 1 2 3 4 30 31323334 35 4093 4095 1238 30 313233 34 35
asoce QI T T AU UL
GSCKB 15t GSCLK Period | g !
I I
OFF i !
OUTRnN/Gn/Bn ON i |
(Data = FFFh) g A £ G 1
GND == mmmm e e V QL{T_R_"/_({"/_B']; If the OUTRN/Gn/Bn voltage (Voyrryanen) iS less than VLOD (0.25 V, typ) at the rising edge of the 33rd
GSCKR/G/B after the rising edge of XBLNK or internal blank, the LOD sets the SID bit corresponding
to the output equal to ‘1°.
Also, if the OUTRn/Gn/Bn voltage is greater than than VLSD (2.5 V, typ) at the rising edge of the 33rd
GSCKR/G/B after the falling edge of XBLNK or internal blank, the LSD sets the SID bit equal to ‘1°.
(¢ (¢ (¢
LOD/LSD Data Latch =5\ 7755/ 7sp Data X 7 New LOD/LSD Data 7 X
(Internal) (

(¢ (¢
) )

(1) The internal blank signal is generated when GSLAT is input for GS data with display timing reset enabled. Also, the signal is generated at
the 4096th GSCK when auto repeat mode is enabled. XBLNK can be connected to VCC when the display timing reset or auto repeat is
enabled.

Figure 48. LED Open Detection (LOD) LED Shorted Detection Data Update Timing
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THERMAL SHUTDOWN AND THERMAL ERROR FLAG

The thermal shutdown (TSD) function turns off all constant-current outputs on the IC when the junction
temperature (T,) exceeds the threshold (T+ge = +163°C, typ) and sets the thermal error flag (TEF) to '1'. All
outputs are latched off when TEF is set to '1' and remain off until the next grayscale cycle after XBLNK goes high
and the junction temperature drops below (Ttgg — Tuyst)- TEF remains as '1' until GSLAT is input with low
temperature. TEF is set to '0' once the junction temperature drops below (Ttgr — ThysT), but the output does not
turn on until the first GSCKR/G/B in the next display period even if TEF is set to '0".

GSLAT | ()() (¢ (¢ (l; |

(¢
) ) )

ascK [l Tl T JLTLL

) ) )

(¢ (¢ (¢

(¢
Grayscale Old Latched GS Data - ’ . X New Latched GS [?’éta
)

(¢ (¢ (¢ (
Data Latch ¢ ¢ ¢ ‘ {

£ £ £

XBLNK(1) I ) ) ) | I )

4094 4096
1234 4093 4095 123

ssormce (UM TUMN_ MANT__ N UL
IC Junction T <T ’ \ Ty<Taer - T / Sé
Temperature (T ) JEMER Ty=Trer (O TR e “ To=Trren

)) ))
The TEF bit of SID is rest to ‘0’ at the rising edge of GSSCK
after the falling edge of GSLAT for a GS data write.
|1| \\
{( {(

) )

TEF in SID
(Internal Data) £ R

OUTRN/Gn/Bn is forced off when T, exceeds T e,
Also, the TEF bit is set to ‘1’ at the same time.

OFF 4 OFF

(C
OUTRn/Gn/Bn \ ON i i A\ ON

OUTRN/Gn/Bn is turned off at the rising edge of GSCKR/G/B
after the rising edge of XBLNK.

(1) The following internal signal also works to turn the constant outputs on as same as XBLNK inputting. The internal blank signal is
generated when GSLAT is input for GS data with display timing reset enabled. Also, the signal is generated at the 4096th GSCKR/G/B when
auto repeat mode is enabled. XBLNK can be connected to VCC when the display timing reset or auto repeat is enabled.

Figure 49. TEF/TSD Timing

NOISE REDUCTION

Large surge currents may flow through the IC and the board on which the device is mounted if all 24 outputs turn
on simultaneously at the start of each grayscale cycle. These large current surges could induce detrimental noise
and electromagnetic interference (EMI) into other circuits. The TLC5951 turns the outputs on in a series delay for
each group independently to provide a circuit soft-start feature. The output current sinks are grouped into four
groups in each color group. For example, for the RED color output, the first grouped outputs that are turned
on/off are OUTRO and OUTR4. The second grouped outputs that are turned on/off are OUTR1 and OUTRS5. The
third grouped outputs are OUTR2 and OUTR6 and the fourth grouped outputs are OUTR3 and OUTR7. Each
grouped output is turned on and off sequentially with a small delay between groups. However, each color output
on and off is controlled by the color grayscale clock.
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REVISION HISTORY

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision A (April 2009) to Revision B Page
¢ Changed product status from mixed t0 ProduCtion QALA ............ooiiiiiiiii it e e e e e e e e ennneeeea s 1
¢ Changed TLC5951 RHA package status to production data 2
¢ Deleted footnote 2 from Ordering INfOrmation table ............c..oiiiiiiiiii e 2
¢ Changed test conditions of tpg in Switching CharacteristiCs table ..o 6
e Deleted foOtNOte 1 frOmM RHA PINOUL ...cooiutiiiiiiie ittt b et e e st bt e e e bt e e bb e e e aa b e e e abe e e e st e e e anbreeesneeenaneas 8
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¢ Changed lgy minimum specification to maximum specification in the Recommended Operating Conditions table ............ 3
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» Changed fc k scLky minimum specification to maximum specification in the Recommended Operating Conditions
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» Changed fc k sckriais) Minimum specification to maximum specification in the Recommended Operating Conditions
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¢ Changed I, typical value to 6 mA in the Electrical Characteristics table ...........cccciiiiiiiiii e 4
¢ Changed lcc3 typical value to 12 mA and maximum value to 27 mA in the Electrical Characteristics table ....................... 4
¢ Changed lc¢c,4 typical value to 21 mA and maximum value to 55 mA in the Electrical Characteristics table ........................ 4
¢ Changed Alg, ¢, typical value to +1% in the Electrical Characteristics table ............ccoiiiviiiiiiiii e 4
¢ Changed Alg, c3 typical value to £0.5% in the Electrical Characteristics table ... 4
¢ Changed tgq typical value to 6 ns in the Switching Characteristics table ............cccccceiiiiiiiiii i 6
¢ Changed tg, typical value to 6 ns in the Switching Characteristics table ...
« Changed fourth paragraph of Maximum Constant Sink Current Value section to reference correct graph
¢ Changed DC function adjustment range description to reflect proper adjustment range for each control in Dot

Correction (DC) FUNCHON SECLOM ......oiiiiiiiiiiiee ittt e ettt e e ss e e et e e e s e e e sa b et e et et e e abb e e e ssne e e e bn e e e nas e e e anneeenanreeenanes 21
« Changed brightness control to dot correction data in 288-Bit Common Shift Register SECtion ...........cccccveveeeiiciiiee e, 28
« Corrected number of bits contained within the DC/BC/FC/UD shift register in the DC/BC/FC/UD Shift Register

£S7=T1 o] o TP PPPPRNE 29
« Corrected typo about which bits are written in the DC/BC/FC/UD Data Latch SECtion ..........ccooocieeiiaiiiiiiiiiee e 29
« Corrected percentage of adjustment rage selected in the Dot Correction Data Latch section ...........ccocccveeeiiiiiieneeeniins 29
¢ Deleted second paragraph of Status Information Data (SID) SECHON .......cuueiiiiiiiiiieeiiiee et 32
¢ Updated LOD bit ='1' condition description in the Continuous Base LOD, LSD, and TEF Section ...........ccccocceieeennnnne. 34
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty

TLC5951DAP ACTIVE HTSSOP DAP 38 40 Green (RoHS & CU NIPDAU  Level-3-260C-168 HR
no Sb/Br)

TLC5951DAPR ACTIVE HTSSOP DAP 38 2000 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)

TLC5951RHAR ACTIVE VQFN RHA 40 2500 Green (RoOHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)

TLC5951RHAT ACTIVE VQFN RHA 40 250 Green (RoHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sbh) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MsSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
* —» =K e— P1—
% { I
iy’
& & & || 8o
x | l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TLC5951RHAR VQFN RHA 40 2500 330.0 16.4 6.3 6.3 1.1 12.0 16.0 Q2
TLC5951RHAT VQFN RHA 40 250 180.0 16.4 6.3 6.3 1.1 12.0 16.0 Q2

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
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. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC5951RHAR VQFN RHA 40 2500 367.0 367.0 38.0
TLC5951RHAT VQFN RHA 40 250 210.0 185.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

DAP (R—PDS0O—-G38) PowerPAD™ PLASTIC SMALL—OUTLINE PACKAGE

PARRRRARRARRRRRRRRD

! THERMAL PAD !
| |

SIZE AND SHAPE 6,20 B
SHOWN ON SEPARATE SHEET 6,00 / N

OEL ____________ | = o f . / M
HEEERER R R E L

mmmmmmmﬂ Ly ey e it

1,20 MAX [A]0,10

*O
(@]
(@)

4073257-5/E 10/11

NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQQZ for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

/A\ Falls within JEDEC MO-153 Variation DDT—1

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

DAP (R—-PDSO-G38) PowerPAD"™ PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD ™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature

No. SLMAQO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

—> 2x 0,20

ﬁ— Exposed Thermal Pad

| v
| Lo 0o

[
‘o —P

w©

©o
|

'___I' L__l

N
— =

6,35
5,05

A

A 4

Top View
Exposed Thermal Pad Dimensions

4206319-7/K 04/12

NOTE: All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Insrtuments.
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LAND PATTERN DATA

DAP (R—PDSO—G38) PowerPAD™ PLASTIC SMALL OUTLINE PACKAGE

Example Board Layout Stencil Openings

Via pattern and copper pad size Based on a stencil thickness
may vary depending on layout constraints of .127mm (.005inch).
Soldermask Reference table below for other
1250 over copper solder stencil thicknesses
32x00,33— 38X 0,37

e s
—t—
—tr—

A S L N R
Lé/@//zyxfﬁ//@?gyﬁ (See Note E)____ Tm,g

[3,39] Y 3,39

L //%ﬂﬁ/wy w? — i

SHRIRR L — et

i (See Note C, D)

| Example Solder Mask Opening

l’//»/ """"" —— (See Note F)

e \ Center Power Pad Solder Stencil Opening
Stencil_Thickness X Y
// 0,0/ »‘ 0.Tmm 6.82 3.63
/ 0.127mm 6.55 3.59
;’A fround 0.152mm 6.01 3.22
| 0.178mm 5.68 3.05

\ Pad Geometry

4210213-4/D 02/12

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAOO2, SLMAQO4, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for alternate designs.
Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 30% volumetric
metal load solder paste. Refer to IPC-7525 for other stencil recommendations.

F.  Contact the board fabrication site for recommended soldermask tolerances.
PowerPAD is a trademark of Texas Instruments

m
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MECHANICAL DATA

RHA (S*P\/QFN*N40> PLASTIC QUAD FLATRPACK NO—LEAD
6,15
585
8]
B 6,15
\ 5,85
Pin 1 Index Area /40'
Top and Bottom
1
1,00
0.80 0,20 Nominal
' Lead Frame
Q O 08 C ? L.—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—;li Seating P‘Oﬂe
.
0,00
0,50
40X =
1 0 f 0,30
Uuuuuujuuuuu_]
40 O {71
P THERMAL PAD 9
) | d
D) d
) SIZE AND SHAPE =
O SHOWN ON SEPARATE SHEET
) q
) I d
) - 2
k=) R
ANNNNNNNN ﬂ
30 0,50
+0,07
40X 0,23 2005
0,10 W]c[AlB]
@05 mc

Bottom View

4204276 /E 06 /11

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Package complies to JEDEC MO-220 variation VJJD-2.
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THERMAL PAD MECHANICAL DATA

RHA (S—PVQFN—-N40) PLASTIC QUAD FLATPACK NO-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR Optional Pin 1 Feature
C0,30 See Note B
0,1840,05 (2 Places) — »H€—0,22+0,05 (2 Places)
A 4 1 10
7S wUUuuujuuuuu
40D an
) —— Exposed Thermal Pad
D) (@n
D) (an
4,15+0,10 =) — — =
D) (e
D) (@
D) (am
D) (am
31 D 20
ANNNANNNNN
30 21
— 4,1510,10 —¥

Bottom View

Exposed Thermal Pad Dimensions

4206355-2/Q 05/12

NOTES: A. All linear dimensions are in millimeters
B. The Pin 1 Identification mark is an optional feature that may be present on some devices
In addition, this Pin 1 feature if present is electrically connected to the center thermal pad
and therefore should be considered when routing the board layout.
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LAND PATTERN DATA

RHA (S—PVQFN—N40) PLASTIC QUAD FLATPACK NO—LEAD

Example Stencil Design
0,125 Thick Stencil

Example Board Layout (Note E)
Note D "_36X0 5 | —~0230  —= =—36x0,5
- DUUUUUUUUU _ o8 100000000
= |o o0 0o| X f = P =
= |o o0 0o| I = j =
516,8 (- —
— 1o 0 0o o &E T — 0,3 —=5156,75
= O 0 O O = = =
= %I = 9x1,15 —
9x1,15- x1,10 =
(000000000 % 000000001

51 —— -~ 515 ——

68 —— -~ 75—~
! (69% Printed Solder Coverage by Area)
|
I Non Solder Mask Defined Pad Example Via Layout Desigr)
i Via layout may vary depending
' T~ on layout constraints
(Note D, F)
4,15
0,08 0.85 Example 1§X¢O,3 I\
RO,14 ' . Y Solder Mask Opening \(-B o O O
// + y \\ (Note F)
l B | O O O
|\ [-— , Pad Geometr 415
OO7 0,28 (NteC)y © O O O
Il Around
© O O O
12x1,0
12x1,0

~— —

4207627-2/L 05/12

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and dlso the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale supplied at the time
of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics Www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors  www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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