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TLC5951 24-Channel, 12-Bit PWM LED Driver With 7-Bit Dot Correction
and 3-Group, 8-Bit Global Brightness Control

1

Features

24-Channel Constant-Current Sink Output
Current Capability: 40 mA

Selectable Grayscale (GS) Control With PWM:
12-Bit (4096 Step), 10-Bit (1024 Step), 8-Bit (256
Step)

Three Independent Grayscale Clocks for Three
Color Groups

Dot Correction (DC): 7-Bit (128 Step)

Global Brightness Control (BC) for Each Color
Group: 8-Bit (256 Step)

Auto Display Repeat Function

Independent Data Port for GS and BC and DC
Data

Communication Path Between Each Data Port
LED Power-Supply Voltage up to 15 V
Vec=3V1io55V

Constant-Current Accuracy:

— Channel-to-Channel = £1.5%

— Device-to-Device = £3%

CMOS Logic Level I/0

Data Transfer Rate: 30 MHz

33-MHz Grayscale Control Clock

Continuous Base LED-Open Detection (LOD)
Continuous Base LED-Short Detection (LSD)
Thermal Shutdown (TSD) With Auto Restart

Typical Application Circuit (Multiple

» Grouped Delay to Prevent Inrush Current
* Operating Ambient Temperature: —40°C to 85°C
+ Packages: HTSSOP-38, QFN-40

2 Applications

* Full-Color LED Displays
+ LED Signboards

3 Description

The TLC5951 device is a 24-channel, constant-
current sink driver. Each channel has an individually-
adjustable, 4096-step, pulse-width modulation (PWM)
grayscale (GS) brightness control and 128-step
constant-current dot correction (DC). The dot
correction adjusts brightness deviation between
channels and other LED drivers. The output channels
are grouped into three groups of eight channels.
Each channel group has a 256-step global brightness
control (BC) function and an individual grayscale
clock input.

Device Information"

PART NUMBER PACKAGE BODY SIZE (NOM)
HTSSOP (38) 12.50 mm x 6.20 mm

TLC5951 VQFN (40) 6.00 x 6.00 mm
WQFN (40) 6.00 x 6.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
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« Changed Typical Application CirCUit QIBQTaAM ...........eiiueiiieeti ettt ettt ettt eb e sb e et e e bt she e eb e s bt e sbeeeneebeeseeeeneeneeneee 1

+ Changed ordering of the OUTxy pin numbers in the Pin Functions table to match the pinout diagram

+ Deleted ESD rating specifications from the Absolute Maximum Ratings table

* Added ESD Ratings table 10 the data ShEEt.........cc.coiiiiiiii et

* Added Thermal Information table 10 the data St ..... ... e i e 7
» Deleted Dissipation Ratings table from the data Sheet ............co e 7
Changes from Revision C (August 2013) to Revision D Page
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Changes from Revision B (December 2009) to Revision C
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Changes from Original (March 2009) to Revision A Page
+ Changed Tgy3 minimum specification to 40 ns in the Recommended Operating Conditions table ............ccccccocvvieeeinennee 7
» Changed V, minimum specification to maximum specification in the Recommended Operating Conditions table .............. 7
+ Changed Ioy minimum specification to maximum specification in the Recommended Operating Conditions table .............. 7
+ Changed Io. minimum specification to maximum specification in the Recommended Operating Conditions table............... 7
» Changed I ¢ minimum specification to maximum specification in the Recommended Operating Conditions table............. 7

+ Changed fg k (scLx) Minimum specification to maximum specification in the Recommended Operating Conditions table..... 7
+ Changed fcik @sckries) Minimum specification to maximum specification in the Recommended Operating Conditions

1221 0] -SSR 7
» Changed ¢, typical value to 6 mA in the Electrical CharacteriSticS table ...........ccooiiiiieeeeie e 8
+ Changed I¢¢s typical value to 12 mA and maximum value to 27 mA in the Electrical Characteristics table ..............cc......... 8
» Changed Igg, typical value to 21 mA and maximum value to 55 mA in the Electrical Characteristics table ..............c.......... 8
» Changed Alg, ¢, typical value to £1% in the Electrical CharacteriSticS table .........c...ocueeeiieeeie e 8
+ Changed Alg, 3 typical value to £0.5% in the Electrical Characteristics table ..o 8
» Changed fourth paragraph of Maximum Constant Sink Current Value section to reference correct graph.........ccccceeeneee. 24
+ Changed DC function adjustment range description to reflect proper adjustment range for each control in Dot

(O] g =Te1 (o] g I UDIO) I a0 o o1 1) g I =1=To1 1 (o] TS 24
» Changed brightness control to dot correction data in 288-Bit Common Shift Register SECHON ...........ccccvevceeeeceeeeiererieenns 30
» Corrected number of bits contained within the DC, BC, FC, and UD shift register in the DC, BC, FC, and UD Shift

L (=T [T (=T =TT ex (o] o H OO PO U PR PP RPN 32
» Corrected typo about which bits are written in the DC, BC, FC, and UD Data Latch Section...........ccocceeeiieieiceeiiieenninenns 32
+ Corrected percentage of adjustment rage selected in the Dot Correction Data Latch Section ...........cccccvevceeeiciiencnencneenn. 32
+ Deleted second paragraph of Status Information Data (SID) SECHON .........ooiiiiiiiiiiiiie e e 34
» Updated LOD bit = 1 condition description in the Continuous Base LOD, LSD, and TEF SeCtion .........ccccccceeevveeenceenennenn. 37
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5 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 device 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, LSD detects a shorted LED, and TEF
indicates an overtemperature condition.

6 Pin Configuration and Functions

DAP PowerPAD Package

38-Pin HTSSOP With Exposed Thermal Pad

RHA and RTA Packages
40-Pin VQFN and WQFN With Exposed Thermal Pads

Top View
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Pin Functions
PIN
NO. 1/0 DESCRIPTION
NAME
DAP RHA, RTA
Serial-data shift clock for the 216-bit DC, BC, FC, and UD shift register. Data
present on DCSIN are shifted into the LSB of the shift register with the DCSCK
DCSCK 37 o4 | 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 the DC, BC, FC, and UD data latch 3
ms to 7 ms following the last rising edge after DCSCK stops switching.
DCSIN 38 o5 | Serial data input for the 216-bit DC, BC, FC, and UD shift register. DCSIN is
connected to the LSB of the shift register.
DCSOUT 20 6 o 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.
GND 33 20 — Power ground
Reference clock for the GS PWM control for the BLUE LED output group. When
GSCKB 6 31 | XBLNK is high, each GSCKR rising edge increments the BLUE LED GS counter
for PWM control.
Reference clock for the GS PWM control for the GREEN LED output group. When
GSCKG 4 29 | XBLNK is high, each GSCKR rising edge increments the GREEN LED GS counter
for PWM control.
4 Submit Documentation Feedback Copyright © 2009-2017, Texas Instruments Incorporated
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Pin Functions (continued)

PIN

NAME

NO.

DAP

RHA, RTA

/0

DESCRIPTION

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.

GSLAT

28

Data in the 288-bit common shift register are copied to the GS data latch or to the
DC, BC, and 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, and FC data latch and bits 199-215 are copied to the 216-bit DC, BC, FC, and
UD shift register. The GSLAT rising edge for a DC, BC, FC, and UD data write
must be input more than 7 ms after a data write through the DCSIN pin.

GSSCK

27

Serial data shift clock for the 288-bit common shift register for GS, DC, BC, and 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.

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.

GSSOUT

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, and 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.

IREF

34

21

110

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

NC

4,7

No internal connection

OUTBO-
ouTB7

9,12, 15,
18, 21, 24,
27,30

34, 37, 40,
3,8, 11, 14,
17

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

The BLUE LED group is divided into four subgroups: OUTB0 and OUTB4,
OUTB1and OUTB5, OUTB2 and OUTB6, and OUTB3 and OUTB?.

Each paired output turns on or 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.

OUTGO-
OouTG?7

7,10, 13,
16, 23, 26,
29, 32

32, 35, 38,
1,10, 13,
16,19

Constant-current outputs for the GREEN LED group. These outputs are controlled
with the GSCKG clock signal.

The GREEN LED group is divided into four subgroups: OUTGO and OUTG4,
OUTG1 and OUTG5, OUTG2 and OUTG6, and OUTG3 and OUTG?.

Each paired output turns on or 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.

OUTRO-
OUTRY7

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

33, 36, 39,
2,9,12, 15,
18

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 and OUTR4, OUTR1
and OUTR5, OUTR2 and OUTR6, and OUTR3 and OUTR?.

Each paired output turns on or 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

XBLNK

36

23

When XBLNK is low, all constant-current outputs (OUTR0-OUTR?,
OUTGO0-OUTG7, and OUTB0-OUTB?) 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.

Copyright © 2009-2017, Texas Instruments Incorporated

Submit Documentation Feedback 5
Product Folder Links: TLC5951


http://www.ti.com/product/tlc5951?qgpn=tlc5951
http://www.ti.com
http://www.ti.com/product/tlc5951?qgpn=tlc5951
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS127E&partnum=TLC5951

TLC5951
SBVS127E ~MARCH 2009—REVISED JULY 2017

13 TEXAS

INSTRUMENTS

www.ti.com

7 Specifications

71

Absolute Maximum Ratings(" @

Over operating ambient temperature range, unless otherwise noted.

MIN MAX | UNIT

Ve Supply voltage VCC -0.3 6 \
lout Output current (dc) OUTRO-OUTR7, OUTG0-OUTG7, OUTB0O-OUTB7 50 mA

GSSIN, GSSCK, GSLAT, GSCKR, GSCKG, GSCKB, DCSIN,
Vin Input voltage range DCSCK, XBLNK, IREF -0.3 Vg + 0.3 \

GSSOUT, bCSOUT -0.3 Ve + 0.3 \
Vout Output voltage range

OUTRO-OUTR7, OUTG0-OUTG7, OUTBO-OUTB7 -0.3 16 \
Ty(max) Operation junction temperature —40 150 °C
Tsig Storage temperature -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (") +2000
Viesp)  Electrostatic discharge Charg(ze)d-device model (CDM), per JEDEC specification JESD22- +500 v
C101 =

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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7.3 Recommended Operating Conditions
At T, = —40°C to 85°C, unless otherwise noted.

PARAMETER MIN NOM MAX | UNIT
DC CHARACTERISTICS: Vcc =3 Vto 5.5V
Vee Supply voltage 3 55 \
Vo Voltage applied to output 88$E§:881§77 » OUTGO-OUTG?, 15 v
ViH High level input voltage 0.7 x Vo Vee \
Vi Low level input voltage GND 0.3 x Veo Vv
loH High level output current GSSOUT, bCSOUT -1 mA
loL Low level output current GSSOUT, DCSOUT 1 mA
loLc Constant output sink current 8H¥38:8H.1|:§77 OUTGO-0OUTGY, 40 mA
T Spersng anbin 40 s
n Qperaing nctor 40 12| o
AC CHARACTERISTICS, Vcc=3Vto 5.5V
foLk (scK) Data-shift clock frequency GSSCK, DCSCK 30 MHz
feLk Grayscale clock frequency GSCKR, GSCKG, GSCKB 33| MHz
(GSCKR/G/B)
twro and twio GSSCK, DCSCK, GSCKR, GSCKG, GSCKB 10 ns
twhy and tw1 | Pulse duration GSLAT 30 ns
twie XBLNK 30 ns
tsuo GSSIN — GSSCK1, DCSIN — DCSCK? 5 ns
tsu1 XBLNKt — GSCKR?, GSCKG1, or GSCKB? 10 ns
tsuz GSLATt — GSSCK? 150 ns
t Setup time GSLAT? for GS data — GSCKR1, GSCKG?1,
SU3 or GSCKB1* when display timing reset mode 40 ns
is disabled
GSLAT? for GS data — GSCKR1, GSCKG1,
tsua or GSCKB1* when display timing reset mode 100 ns
is enabled
tHo GSSIN — GSSCK1, DCSIN — DCSCK? 5 ns
tH1 Hold time GSLAT?T — GSSCK1 35 ns
tho GSLAT| — GSSCK? 5 ns
7.4 Thermal Information
TLC5951
THERMAL METRIC( DAP (HTSSOP) | RHA (VQFN) | RTA (WQFN) UNIT
38 PINS 40 PINS 40 PINS
Roa \qul;r;ic;tgosn-to-ambient thermal resistanceDeleted Dissipation 278 o8 270 oC/W
Rouctop) Junction-to-case (top) thermal resistance 14.7 27.7 12.4 °C/W
Reus Junction-to-board thermal resistance 6.7 9.3 8.7 °C/W
Wyt Junction-to-top characterization parameter 0.2 0.2 0.1 °C/W
VB Junction-to-board characterization parameter 6.8 9.3 8.6 °C/W
Rosc(bot) Junction-to-case (bottom) thermal resistance 0.6 1.3 0.9 °C/W

(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
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7.5 Electrical Characteristics

At T, = -40°C to 85°C, Vo =3 V10 5.5V, and V gp = 5 V, unless otherwise noted. Typical values are at T, = 25°C and V¢
=3.3V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Von High-level output voltage | At GSSOUT, DCSOUT, lgy = -1 mA Vee — 0.4 Vee \"
VoL Low-level output voltage | At GSSOUT, DCSOUT, o, = 1 mA 0.4 \Y
At GSSCK, GSLAT, DCSIN, DCSCK, GSCKR, -G, -B with V, =

I Input current -1 1 pA

Ve,
At GSSIN, GSSCK, GSLAT, DCSIN, XBLNK, DCSCK, GSCKR, -
G, -B with V, = GND

GSSIN, GSSCK, GSLAT, DCSIN, DCSCK = low, XBLNK = low,
I GSCKR, -G, -B = low, Voutananen = 1V, BCR, -G, -B = FFh,
cC1 DCRn, -Gn, -Bn = 7Fh with DC high adjustment range,

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

GSSIN, GSSCK, GSLAT, DCSIN, DCSCK = low, XBLNK = low,
I GSCKR, -G, -B = low, Voutananen = 1V, BCR, -G, -B = FFh,
cc2 DCRn, -Gn, -Bn = 7Fh with DC high adjustment range,

Rirer = 2.4 KQ (loutrn/an/en = 20 MA target)

Supply current GSSIN, GSSCK, GSLAT, DCSIN, DCSCK = low, XBLNK = high,
GSCKR, -G, -B = 33 MHz, VOUTRn/Gn/Bn =1V,

lccs 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/gnen = 20 MA target), auto repeat on

GSSIN, GSSCK, GSLAT, DCSIN, DCSCK = low, XBLNK = high,
GSCKR, -G, -B = 33 MHz, VoutrnGnen =1V,

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 (louTRn/gnen = 40 MA target), auto repeat on

At OUTR0O-OUTR7, OUTG0-OUTG7, OUTB0-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
Voutrnanen =1V, Vourix =1V,

Rirer = 1.2 KQ (loutrn/aren = 40 MA target)

At OUTR0-OUTR7, OUTGO-OUTG7 and OUTB0-OUTB?, 01 uA
XBLNK = low, Voutrn/anen = Voutix = 15 V, Riger = 1.2 kQ )

At OUTR0-OUTR7, OUTGO-OUTG7 and OUTB0-OUTB?,
Constant-current error™ | All OUTRn, -Gn, -Bn = on, BCR, -G, -B = FFh,

AloLc (channel-to-channel in DCRn, -Gn, -Bn = 7Fh with DC high adjustment range, +1.5% +4%
same color group) Voutrnanen = 1V, Vourix =1V,

Rirer = 1.2 KQ (loutrn/anen = 40 MA target)

At OUTR0-OUTR7, OUTG0-OUTG7 and OUTB0-OUTB?7,
Constant-current error® | Al OUTRn, -Gn, -Bn = on, BCR, -G, -B = FFh,

AloLct (color group to color DCRn, -Gn, -Bn = 7Fh with DC high adjustment range, 1% 3%
group in same device) Voutrnenen =1V, Voutix=1V,

Rirer = 1.2 KQ (loutrn/anen = 40 MA target)

loka Leakage output current

(1) The deviation of each output in the same color group from the average of the same cglor group (OUTR0-OUTR7, OUTG0-OUTG?7, or

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

(Iloutxo * loutx1 + -+ + loutxe *+ loutx?)

OUTB0-OUTB?7) constant current. The deviation is calculated by the formula 8 ,

where (X = R, G, or B; n = 0-7).
(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
(loutxo * loutx1 * - + loutxe * louTx?)

A (%) = 8 -1 x100
(loutro*---*loutr7 + loutao*- - +outar + loutso*--- +louTs?)
24 , where (X = R, G, or B).
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Electrical Characteristics (continued)

At T, = -40°C to 85°C, Vo =3 V10 5.5V, and V gp = 5 V, unless otherwise noted. Typical values are at T, = 25°C and V¢
=3.3V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

At OUTR0O-OUTR7, OUTG0-OUTG7 and OUTB0-OUTB?7,
All OUTRn, -Gn, -Bn = on, BCR, -G, -B = FFh,

DCRn, -Gn, -Bn = 7Fh with DC high adjustment range, +1% +6%
Voutrnanen = 1V, Voutix =1V,

Rirer = 1.2 KQ (loutrn/an/en = 40 MA target)

At OUTR0O-OUTR7, OUTG0-OUTG7 and OUTB0-OUTB?7,
All OUTRn, -Gn, -Bn = on, BCR, -G, -B = FFh,

Alovcs Line regulation® DCRn, -Gn, -Bn = 7Fh with DC high adjustment range, 0.5 2 %IV
Voutrnanen =1V, Vourix =1V,

Rirer = 1.2 KQ (loutrn/aren = 40 MA target)

At OUTR0-OUTR7, OUTGO-OUTG7 and OUTB0-OUTB?7,
All OUTRn, -Gn, -Bn = on, BCR, -G, -B = FFh,

AloLcs Load regulation® DCRn, -Gn, -Bn = 7Fh with DC high adjustment range, + +3 %IV
Voutrnanen = 1V, Vourix =1V,

Rirer = 1.2 KQ (loutrn/aren = 40 MA target)

At OUTRO-OUTR7, OUTG0-OUTG7, and OUTBO-OUTB7,
All OUTRn, -Gn, -Bn = On, BCR, -G, -B = FFh,

Constant-current error®)

Aloicz (device to device)

Constant-current
error®

AloLcs (channel-to-channel in \IZ/)CRn, -Gn, Bg;\zF_rF witgslz(é high adjustment range, 10%
same device) OUTRNn/Gn/Bn = Y- s TAS s
Rirer = 9.6 kQ (loutrn/anen = 5 MA target)
At OUTR0-OUTR7, OUTG0-OUTG7, and OUTB0-OUTB?,
Constant-current All OUTRn, -Gn, -Bn = On, BCR, -G, -B = FFh,
AloLcs errorM®©) DCRn, -Gn, -Bn = 7Fh with DC high adjustment range, 12%
(device-to-device) VoutrnGnen = 0.5V, T = 25°C,

Rirer = 9.6 KQ (loutrnanen = 5 MA target)

(3) The deviation of the 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

1.20
IOUT(IDEAL, mA) = 40 x R @
IREF

Ideal current is calculated by the formula

A OV) (loutxn @t Vg =5.5 V) = (loytxn @t Ve = 3.0 V) 100
0, = X

loutxn @t Voo = 3.0 V. 55V -3V
4) Line regulation is calculated b Youna 2t Voo ) , where (X = R, G, or B; n = 0-7).

g Yy
(loutxn @t Vourxn =3 V) = (loutxn at Voyrn = 1V) 100
A ey = a V, 1V) “Bvot1v
. at 0= -
(5) Load regulation is calculated by oum oumx , where (X =R, G, or B; n = 0-7).
(6) The deviation of the maximum of all 24 channels from the minimum of all 24 channels of the same device. The deviation is calculated by
A (%) = ax (loyrze) = Min (Ioyrag
b) =
(loutRO + ... + 15tR7 + 1541G0 + ... + 15 ;1G7 + 1 y:BO + ... + 15,;B7)

24

(7) Applicable only to QFN-40 package.

)
(8) The deviation of the maximum of all 24 channels of 30 devices from the minimum of all 24 channels of 30 devices. The deviation is
calculated b
l\%ax [lourD1 (24 Ch), I5y:D2 (24 Ch)...I5,D30 (24 Ch)] - Min [l,:D1 (24 Ch), I5ytD2 (24 Ch)...15,D30 (24 Ch)]

A (%) =
Average [lo,:D1 (24 Ch), I5,:D2 (24 Ch)...I5,D30 (24 Ch)]
(9) Not production tested, verified by characterization.
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Electrical Characteristics (continued)

At T, = -40°C to 85°C, Vo =3 V10 5.5V, and V gp = 5 V, unless otherwise noted. Typical values are at T, = 25°C and V¢
=3.3V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Thermal error flag . o
Trer threshold 19 Junction temperature 150 163 175 C
Thermal error flag . o
Thys hysteresis (10 Junction temperature 5 10 20 C
LED open-detection _
Viop threshold All OUTRn, -Gn, -Bn = on 0.2 0.25 0.3 "
LED short-detection
Visp threshold All OUTRn, -Gn, -Bn = on 24 25 2.6 \"
VIRer Reference voltage output | Riggr = 1.2 kQ 117 1.2 1.23 \
Rppwn Pulldown resistor At XBLNK, GSSIN 250 500 750 kQ

(10) Not tested; specified by design.

7.6 Switching Characteristics

At Tp = -40°C t0 85°C, Vo =3 V1055V, C =15pF, R. =100 Q, Rger = 1.2 kQ, and V gp = 5 V, unless otherwise noted.
Typical values are at T, = 25°C and Vg = 3.3 V.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
tro GSSOUT, bCSOUT 6 15| ns
Rise time OUTRO-OUTR7, OUTG0-OUTG7, OUTBO-OUTB?,
tR1 with BCR, -G, -B = FFh and DCRn, -Gn, -Bn = 7Fh with DC high 10 30| ns
adjustment range
tro GSSOUT, bCSOUT 6 15| ns
Fall time OUTRO-OUTR7, OUTG0-OUTG7, OUTBO-OUTB?,
trq with BCR, -G, -B = FFh and DCRn, -Gn, -Bn = 7Fh with dc high 10 30| ns
adjustment range
tpo GSSCK1 to GSSOUT, DCSCK?t to DCSOUT 15 25| ns
tp1 GSLAT? to GSSOUT 50 100| ns
tp2 XBLNK| to OUTRO, OUTGO, OUTBO0, OUTR4, OUTG4, OUTB4 off 20 40| ns
GSCKR, -G, -B1 to OUTR0/G0/B0, OUTR4/G4/B4 on,
tp3 with BCR, -G, -B = FFh and DCRn, -Gn, -Bn = 7Fh with DC high 5 18 40| ns

adjustment 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 20 42 73| ns
adjustment range

GSCKR, -G, -B1 to OUTR2/G2/B2, OUTR6/G6/B6 on,
with BCR, -G, -B = FFh and DCRn, -Gn, -Bn = 7Fh with DC high 35 66 106| ns
adjustment range

GSCKR, -G, -B1 to OUTR3/G3/B3, OUTR7/G7/B7 on,
tps with BCR, -G, -B = FFh and DCRn, -Gn, -Bn = 7Fh with DC high 50 90 140| ns
adjustment range

tos Propagation delay

tp7 Internal latch pulse generation delay from DCSCK 3 5 7| ms

GSLAT? to loutrn/arn/en changing by dot correction control
tpg (control data are 0Ch — 72h or 72h — 0Ch with dc high adjustment 30 50| ns
range), BCR, -G, -B = FFh

GSLAT? to loutrn/an/en changing by global brightness control
tpg (control data are 19h = E6h or E6h = 19h with DCRn, -Gn, -Bn = 7Fh 100 300| ns
with DC high adjustment range)

GSpara = 001h, GSCKR, -G, -B = 33 MHz,
with BCR, -G, -B = FFh and DCRn, -Gn, -Bn = 7Fh with DC high -15 5| ns
adjustment range

Output on-time error,

ton_ERR 1
ON_ tout on — tesckriae!”

(1) Output on-time error (ton_err) is calculated by the formula ton_err (NS) = tout on — tasckriae- 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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TWHO’ TWLO’ TWH1’ TWL1’ TWLZ:

== VCC

INPUT 50% --

TWH TWL
Tsuor Tsutr Tsuzr Tsus Tsuar Thor This The!
--- Vee
1 1
1 1
CLOCK ! 1
() 50% —=-mmmmm oY mmm oo Y
INPUT | h
| |
! ! --- GND
: TSU : : TH 1
[r—— o
1 1
! ! === Voo
1 1
DATA/CONTROL ' i
) 50% == —mm o= Yoo ----
INPUT . !
1 1
1 1
--- GND

(1) Input-pulse rise and fall times are 1 ns to 3 ns.

Figure 1. Input Timing

tRO’ tR1' tFOY tF1’ tDO’ tDW’ I:D2’ tDS’ tD4' tDS' tDS' tD7' tDB' tDQ:

=== Ve

iNpUT®

--- GND

=== Vou O VoutRmGnBnH

OUTPUT

=== VoL 0" VoutRmanenL

—>; :‘_ trorte
(2) Input-pulse rise and fall times are 1 ns to 3 ns.

Figure 2. Output Timing
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(OUTBO, OUTB4) Mourral)
| [ 1o,
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(OUTG3, OUTG7) ~ oN ” \ ON
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Figure 3. Grayscale Data-Write Timing
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Figure 4. Dot Correction, Global Brightness Control, Function Control, and User-Defined

Data-Write Timing From GS Data Path
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Figure 5. Dot Correction, Global Brightness Control, and Function Control
Data-Write Timing From DC Data Path
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Figure 6. Status Information Data-Read Timing
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7.7 Typical Characteristics
at Tp = 25°C and V¢ = 3.3 V, unless otherwise noted

Output Voltage (V)

Figure 11. Output Current vs Output Voltage
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Figure 7. Reference Resistor vs Output Current Figure 8. Power Dissipation vs Temperature
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Figure 12. Output Current vs Output Voltage

Output Voltage (V)
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Typical Characteristics (continued)

at Tp = 25°C and V¢ = 3.3 V, unless otherwise noted

4
loLcmax = 40 MA
3 [ DCRn = 7Fh with High Adjustment Range
BCR = FFh
2
~ 1
g
9 0
2
<
-2
Vee =33V
I | Veg=5V
_a - -
-40 -20 0 20 40 60 80 100

Ambient Temperature (°)

Figure 13. Constant-Current Error vs Ambient Temperature
(Channel-to-Channel, Red Color)
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3 [ DCGn = 7Fh with High Adjustment Range
BCG = FFh
2
—~ 1
g
9 0
2
< 4
-2
3 Ve =33V
----- Vec=5V
4 : :
-40 -20 0 20 40 60 80 100

Ambient Temperature (°)

Figure 14. Constant-Current Error vs Ambient Temperature
(Channel-to-Channel, Green Color)

4
loLcmax = 40 MA
3 | DCBn = 7Fh with High Adjustment Range
BCB = FFh
2
—~ 1
&
9 0
o
< 4
-2
Vee =33V
I V=5V
_a : :
-40 -20 0 20 40 60 80 100

Ambient Temperature (°)

Figure 15. Constant-Current Error vs Ambient Temperature
(Channel-to-Channel, Blue Color)

4
loLcmax = 2 MA to 40 mA Set By Riper
3 [Ta=+25°C
DCRn = 7Fh with High Adjustment Range
2 I BCR=FFh
—~ 1 —
&
S 0
el
<
-2
s Voo =33V
————— Vee=5V
-4 I
0 10 20 30 40

Output Current (mA)

Figure 16. Constant-Current Error vs Output (Channel-to-
Channel, Red Color)

4
loLcmax = 2 MA to 40 mA Set By Riger
3 T, =+25°C
DCGn = 7Fh with High Adjustment Range
2lI~—1 BCG = FFh
—~ 1 —_
&
S 0
e
<
-2
Voo =33V
|- Vee =5V
_4 I
0 10 20 30 40

Output Current (mA)

Figure 17. Constant-Current Error vs Output (Channel-to-
Channel, Green Color)

4
loLcmax = 2 MA to 40 mA Set By Rger
3 T, =+25°C
DCBn = 7Fh with High Adjustment Range
o BCB = FFh
—~ 1
&
g 0
el
< -1 e —
-2
Voo =33V
|- Vee =5V
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Output Current (mA)

Figure 18. Constant-Current Error vs Output (Channel-to-
Channel, Blue Color)
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Typical Characteristics (continued)

at Tp = 25°C and V¢ = 3.3 V, unless otherwise noted

4
Constant Current = 13 mA to 40 mA
3 | Set By DCRn with High Adjustment Range
Ta =+25°C, lo cmax = 40 MA
2 [ BCR =FFh
—~ 1
2\"’
9 0
9
<
-2
Vee =33V
I | Vec =5V
_a I I
10 15 20 25 30 35 40

Output Current (mA)

Figure 19. Constant-Current Error vs Output (Channel-to-
Channel, Red Color)

4
Constant Current = 13 mA to 40 mA
3 | Set By DCGn with High Adjustment Range
Ta =+25°C, lo cmax = 40 MA
2 [ BCG =FFh
—~ 1
2\"’
9 0
o
< 4
-2
Vee =33V
I | Ve =5V
_a I I
10 15 20 25 30 35 40

Output Current (mA)

Figure 20. Constant-Current Error vs Output (Channel-to-
Channel, Green Color)

4
Constant Current = 13 mA to 40 mA
3 | Set By DCBn with High Adjustment Range
Ta = +25°C, lg, opax = 40 MA
2 [ BCB=FFh
—~ 1
&
9 0
el
<
-2
Vee =33V
I | Vee=5V
_a I I
10 15 20 25 30 35 40

Output Current (mA)

Figure 21. Constant-Current Error vs Output (Channel-to-
Channel, Blue Color)

4
Constant Current = 2 mA to 27 mA
3 | Set By DCRn with Low Adjustment Range
Ta = +25°C, lg, opax = 40 MA
2 [ BCR =FFh
—~ 1
S =
9 0
9
< 4
-2
Vee =33V
I | Vee=5V
_a I I
0 5 10 15 20 25 30

Output Current (mA)

Figure 22. Constant-Current Error vs Output (Channel-to-
Channel, Red Color)

4
Constant Current = 2 mA to 27 mA
3 | Set By DCGn with Low Adjustment Range
T =+25°C, lo cumax = 40 MA
2 [ BCG =FFh
—~ 1
&
9 0
9 =
<
-2
Vee =33V
I | Ve =5V
_a I I
0 5 10 15 20 25 30

Output Current (mA)

Figure 23. Constant-Current Error vs Output (Channel-to-
Channel, Green Color)

4
Constant Current = 2 mA to 27 mA
3 | Set By DCBn with Low Adjustment Range
Ta = +25°C, lo cpax = 40 MA
2 [ BCB=FFh
—~ 1
S =
9 0
9
<
-2
Ve =3.3V
I | Vee =5V
_a I I
0 5 10 15 20 25 30

Output Current (mA)

Figure 24. Constant-Current Error vs Output (Channel-to-
Channel, Blue Color)
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Typical Characteristics (continued)

at Tp = 25°C and V¢ = 3.3 V, unless otherwise noted

4

3

2

Alg ¢ (%)
)

Constant Current = 2 mA to 40 mA

Set By BCR with Low Adjustment Range
Ta =+25°C, lo cmax = 40 MA

DCRn = FFh

0 10 20 30 40
Output Current (mA)

Figure 25. Constant-Current Error vs Output (Channel-to-

Channel, Red Color)

Constant Current = 2 mA to 40 mA

3 | Set By BCG with Low Adjustment Range
Ta =+25°C, lo cmax = 40 MA

2 I DCGn = FFh

—~ 1
2\",
9 0

0
<

-2

Ve =33V
I | Vee=5V
_4 L
0 10 20 30 40

Output Current (mA)

Figure 26. Constant-Current Error vs Output (Channel-to-
Channel, Green Color)

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 Lo 4b mA
, T%= +25°C, | cpax = 40 MA 35 |Vec =33V o~
DCBn = FFh z
1 E 30 —
g E 25
5 E
3’ 3 20 —
< 1 *g- |_—
3 0 | — Io = 20 mA
-2 10
Ve =33V | __—
-3 H
————— Vee=5V s 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 27. Constant-Current Error vs Output (Channel-to- Figure 28. Dot Correction Linearity (Io_cmax With Upper
Channel, Blue Color) Range)
45 45
Low Adjustment Range loLomax = 40 MA ‘ ‘ ‘
40 = ° = 40 -
Ta=+25°C, BCx = FFh BCx = FFh High Adjustment Range
35 [Vec=83V 35 [Vec=383V
< < /
E 30 E 30
€ €
o 25 o 25
5 5
O 20 S 20
3 lo =40 mA 3
5 15 | A 5 15
o o 0=20mA_— ¢} o b1l 1 LT ffeeees T, =-40°C
//’ ———.Ty=+25°C
5 5 o
T lo=2mA Low Adjustment Range Tp=+85°C
0 é : 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 29. Dot Correction Linearity (lo_cmax With Lower Figure 30. Dot Correction Linearity (IoL.cmax With Upper And
Range) Lower Range)
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Typical Characteristics (continued)
at Tp = 25°C and V¢ = 3.3 V, unless otherwise noted
45 45
High Adjustment Range High Adjustment Range
40 [T, =+25°C 40 |15 cpax = 40 MA /
35 DCXn = 7Fh 35 DCXn = 7Fh
< Vec =33V =3 Ve =33V
£ 30 E 30
= lo = 40 mA =
o 25 g 25
5 5
S 20 S 20
2 2
3 15 lo =20 mA 3 19 T. - —20°C
10 01> 1T 1T 1 AT
———.Tp=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 31. Global Brightness Control Linearity (lo_cmax With Figure 32. Global Brightness Control Linearity (Ambient
Upper Range) Temperature With Upper Range)
T T T
s : : : ™ : { ]
GSCKR [ rtrrofree BN S IR (s SR AR ]
OUTRO F 1
OUTR7 [ loLons = 40 mA, BCX = 7Fh R S AR
[ DCXn = 7Fh with High Adjustment Range : : : E
F T, =+25°C, GSCKR/G/B = 33 MHz S
F Ve =33V, Vigp=5V,R =100Q.C =15pF X : ]
TETIEIN BRTRE SRR SRR P YRR R AT AR .
Time (25 ns/div)
Figure 33. Constant-Current Output-Voltage Waveform
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8 Parameter Measurement Information

8.1 Pin Equivalent Input and Output Schematic Diagrams

VvCC ’ *

—1 vee 1
INPUT % Wi % D },——— INPUT % %\/\/\/‘ f D }—-—
GND 1 GND 1
Figure 34. GSSCK, GSLAT, DCSIN, DCSCK, GSCKR, Figure 35. GSSIN, XBLNK
GSCKG, GSCKB
_T . VCC OUTn
--- SOUT - GND
Figure 37. OUTRO, -G0, -B0 Through OUTR7, -G7, -B7

_l GND
Figure 36. GSSOUT, DCSOUT

8.2 Test Circuits

|

VCC R, vVCC

VCC
- IREF outxn® - -

™ Vieo T vce SOuUT
C (1) o
Rirer GND T L GND TCL

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

Figure 38. Rise-Time and Fall-Time Test Circuit for OUTRn, Figure 39. Rise-Time and Fall-Time Test Circuit for
-Gn, -Bn GSSOUT and DCSOUT
VCC OUTRO [
VCC :
- IREF outxn®
Rirer GND OUTl:37 I VoUTRN/Gr/En
1 T Vourix —|_

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

Figure 40. Constant-Current Test Circuit for OUTRn, -Gn, -Bn
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9 Detailed Description

9.1 Overview

The TLC5951 device is a 24-channel, constant-current sink driver. Each channel has an individually-adjustable,
4096-step, pulse-width modulation (PWM) grayscale (GS) brightness control and 128-step constant-current dot
correction (DC). The dot correction adjusts brightness deviation between channels and other LED drivers. The
output channels are grouped into three groups of eight channels. Each color group has a 256-step global
brightness control (BC) function and an individual grayscale clock input. 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 a 40-mA current capability. One external resistor determines the maximum current limit that
applies to all channels.

The TLC5951 device 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, LSD detects a shorted LED, and TEF
indicates an overtemperature condition.

Copyright © 2009-2017, Texas Instruments Incorporated Submit Documentation Feedback 21
Product Folder Links: TLC5951


http://www.ti.com/product/tlc5951?qgpn=tlc5951
http://www.ti.com
http://www.ti.com/product/tlc5951?qgpn=tlc5951
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS127E&partnum=TLC5951

TLC59

51

SBVS127E —~MARCH 2009—-REVISED JULY 2017

13 TEXAS
INSTRUMENTS

www.ti.com

9.2 Functional Block Diagram

VCC 33rd GSCKR/G/B After XBLNK *
_1 Goes High or Internal Blank Signalm
Vee o { LOD/LSD Data Latch for R/G/B
216 48
\ LSB MSB
GSSIN & I . . )
% / 288-Bit Common Shift Register O GSSOUT
\ 0 288 287
GSSCK O _LT/ Lower 216
LSB MSB
\ Latch Grayscale Data Latch
- (12 Bits x 24 Channels)
GSLAT O I Select
/ 0 Higher 17, 287
\ 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 Y 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
r= Timing Control
96
GSCKG © GS Counter [—® 12
¢—| for GREEN 12-Bit PWM 3
Timing Control
96
8 3
GSCKB O GS Counter [— 8
| forBLUE 12 12-Bit PWM ||
Timing Control
S B
XBLNK & I 195
l/ 4-Grouped 4-Grouped 4-Grouped
Switch Delay Switch Delay Switch Delay
Reference 8 8 8 24
IREF O Current L L
J__ Control I 8 I 8 l 8
) 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___l_
~ GND | | | | | |
| LED Open Detection (LOD)/LED Short Detection (LSD) I—

O e O O

OUTRO -

OUTR7 OUTGO

e O O eee

-+ OUTG7 OUTBO -

@)

ouTB7
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9.3 Feature Description

9.3.1 Thermal-Shutdown and Thermal-Error Flags

The thermal shutdown (TSD) function turns off all constant-current outputs on the device when the junction
temperature (T,) exceeds the threshold (Ttgr = 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 (Ttgr — Thyst). 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, or -B in the next display period even if TEF is set to 0.

GSLAT | (¢ (¢ (¢ (|; | (¢

) ) ) )

ascK [l Tl T JLTLL

) ) )

(( (( (¢ (¢
Grayscale ™51 aiched GS Data ” ” X New Latched GS Data
Data Latch IQ I « i

) ) ) ‘ )

(¢ (¢ £

XBLNK™" | 7 ” » | I )

4094 4096
1234 4093 4095 123

GSCKR/G/B |||||||| (;’ |||||||| « ”ﬂﬂ_ﬂ I ”ﬂﬂ.ﬂ ﬂﬂ-ﬂ/ ‘,‘,l-m-l-l-l-l-l-l-l-l-l-l—

) )

T,<T -T
TJET(TEF]) \ « J < L(TeF) ~ T(HYs)

)) ))
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.

N\

T I I\ b\

) )

IC Junction T <T
Temperature (T,) ST IG

TEF in SID
(Internal Data)

OUTRN/Gn/Bn is forced off when T, exceeds Trep-
Also, the TEF bit is set to ‘1" at the same time.

OFF 4 OFF

£ £

OUTRn/Gn/Bn \ ON Y Y A ON

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

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

Figure 41. TEF and TSD Timing

9.3.2 Noise Reduction

Large surge currents may flow through the device 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 device 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 or off are OUTRO and OUTR4. The second grouped outputs that are turned on or off are
OUTR1 and OUTRS5. The third grouped outputs are OUTR2 and OUTR6, and the fourth grouped outputs are
OUTR3 and OUTRY7. 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.

9.4 Device Functional Modes

9.4.1 Maximum Constant Sink-Current Value

The TLC5951 maximum constant sink-current value for each channel, lg cmax, iS determined by an external
resistor, Riger, placed between Rjger and GND. The Rger resistor value is calculated with Equation 1.

Copyright © 2009-2017, Texas Instruments Incorporated Submit Documentation Feedback 23
Product Folder Links: TLC5951


http://www.ti.com/product/tlc5951?qgpn=tlc5951
http://www.ti.com
http://www.ti.com/product/tlc5951?qgpn=tlc5951
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS127E&partnum=TLC5951

13 TEXAS

INSTRUMENTS
TLC5951
SBVS127E —MARCH 2009—REVISED JULY 2017 www.ti.com
Device Functional Modes (continued)
V V
Rier (KQ) = Ve M) 40
loLcmax (MA)
where:
* Viger = the internal reference voltage on IREF (1.2 V, typically) (1)

loLcmax IS the largest current for each output. Each output sinks the lo 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.

R\rer must be between 1.2 kQ and 24 kQ to keep lg cmax bEtWEen 40 mA (typ) and 2mA (typ); the output may be
unstable when lg cmax i set lower than 2 mA. Output currents lower than 2 mA can be achieved by setting
loLcmax t0 2 mA or higher and then using dot correction and global brightness control to lower the output current.

Figure 7 and Table 1 show the constant sink current versus external resistor, Riger, characteristics. Multiple
outputs can be tied together to increase the constant-current capability. Different voltages can be applied to each
output.

Table 1. 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
9.6
24

9.4.2 Dot Correction (DC) Function

The TLC5951 device has the capability to adjust the output current of each channel (OUTR0O-OUTR?,
OUTGO-OUTG7, and OUTBO—-OUTBY) 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 in
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 cmax- The dot-correction-low
adjustment range allows the output current to be adjusted from 0% to 66.7% of lg 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 Riggr, 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 OUTB0O-OUTB7. DC data are programmed into the TLC5951 device via the serial
interface.

When the device 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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9.4.3 Global Brightness Control (BC) Function

The TLC5951 device 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, OUTG0-0OUTG7, and OUTB0-OUTB?7), 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 Rger and each output DC value. Note that even though the BC values
for all color groups are identical, the output currents can be different if the DC values are different. Equation 2
and Equation 3 calculates the actual output current as a function of Rgeg, the DC adjustment range, and the
brightness control value. BC data are programmed into the TLC5951 device via the serial interface.

When the device 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 ( ) 3 OLCMax [ 127 ]] [ 255 (2)

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

lout (MA) =

lour (MA) = 3 lOLCMax (MA) x

127

255

where:
* loLcmax = the maximum channel current for each channel determined by Rger
» 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. (3)

Table 2. Output Current vs DC Data and Il cmax With
Dot-Correction High-Adjustment Range (BC Data = FFh)

DC DATA DC DATA DC DATA BC DATA PERCENTAGE lout, mA loyt, mA

(Binary) (Decimal) (Hex) (Hex) OF loLcmax (%) | (locmax = 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 39.58 1.98

111 1110 126 7E FF 99.5 39.79 1.99

111 1111 127 7F FF 100 40 2
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Table 3. Output Current vs DC Data and lg, cpmax With
Dot-Correction Low-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 0 0 0
000 0001 1 01 FF 0.5 0.21 0.01
000 0010 2 02 FF 1 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 4. Output Current Versus Bc Data and lg cmax 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 40 2
Table 5. Output Current vs BC Data, DC Data, and lg, cpax With
Dot-Correction High-Adjustment Range
BC DATA BC DATA DC DATA DC DATA PERCENTAGE | loicmax =40 MA | loicmax = 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

9.4.4 Grayscale (GS) Function (PWM Control)

The TLC5951 device 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, OUTR0-OUTR7, OUTG0-OUTG7, and OUTB0-OUTB?.
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.
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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 (toyr on):
touton (NS) = Tascikriae (NS) x GSn

where:
*  loLcmax = the maximum channel current for each channel determined by Rger
* 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. (4)

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 device at the end of a display period
when XBLNK is low. Table 6 summarizes the GS data value versus the output on-time duty cycle.

When the device 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 6. Output Duty Cycle and On-Time Versus GS Data

GS DATA GS DATA GS DATA OUTPUT ON-TIME DUTY | OUTPUT ON-TIME (33-
(Binary) (Decimal) (Hex) CYCLE (%) 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 62 030

1000 0000 0000 2048 800 50.01 62 061

1000 0000 0001 2049 801 50.04 62 091

1111 1111 1101 4093 FFD 99.95 124 030

1111 1111 1110 4094 FFE 99.98 124 061

1111 1111 1111 4095 FFF 100 124 091

Copyright © 2009-2017, Texas Instruments Incorporated Submit Documentation Feedback 27

Product Folder Links: TLC5951


http://www.ti.com/product/tlc5951?qgpn=tlc5951
http://www.ti.com
http://www.ti.com/product/tlc5951?qgpn=tlc5951
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS127E&partnum=TLC5951

13 TEXAS
INSTRUMENTS
TLC5951

SBVS127E —~MARCH 2009—-REVISED JULY 2017 www.ti.com

9.4.4.1 PWM Counter 12-Bit Mode Without Auto Repeat
XBLNK™ J————----_____________ ____________________ - .

GSCKR
GSCKG
GSCKB

OUTRN/Gn/Bn
(GSDATA = 000h)

-
OUTRN/Gn/Bn —————] [ =" " --S e mmemmme s mm--omeo—-e-o-----
(GSDATA =001h) gy

(Voutananenl)

OFF Voutrn/ansnt)
OUTRN/Gn/Bn = [ === m - e mmm e mmmm -
(GSDATA=002h)  oN

(VOUTHH/Gn/BnL)

OFF > Voutrnenent)
OUTRn/GnBn —— | [~ - mmrmm s s m T
(GSDATA =003h) g

.
.

OFF
OUTRnGnBn — T e
(GSDATA = 7FFh) gy

____________________ (VOUTHH/GH/BnL)

OFF (Voutrn/GnenH)
OUTRn/GnBh —M8M™—™ ™ X  ——  mmemmmsmmemmmem——-----
(GSDATA = 800h) ON

VOUTHH/GH/BnL)

OFF le—— T - GSCKR/G/B x 2049 —— Voutrnanen)

OUTRn/Gn/Bn —— | e
(GSDATA=801h) oy — & e - ._L (

Vouran/ansn)

OFF T = GSCKR/G/B x 4093
OUTRn/Gn/Bn —— i
(GSDATA = FFDh) - oN MUY O | (VOUWG”,BHL)I_.___
OFF T = GSCKR/G/B x 4094 (Vourrn/GnenH)
OUTRn/Gn/Bn — L oo,
(GSDATA = FFEh)  oN o e (Vouramamsn) o
OFF T = GSCKR/G/B x 4095 (VoutrnGn/enH)
OUTRn/Gn/Bn ———— Il
(GSDATA =FFFh)  on 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 at the rising edge of the GSLAT input signal for GS data with the display-timing
reset enabled. Also, the signal is generated at the 4096th GSCKR, -G, or -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 42. PWM Operation 1
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9.4.4.2 PWM Counter 8-, 10-, or 12-Bit Mode Without Auto Repeat

XBLNK ;"'““'_"""""-"—-------------—---:.“‘_,—--_.

255 1023 4095
256 1024 4096
GSCKR 1234 .. 257 1025 2097 1234
1
1

-1 =1 [ r " -
GSCKG Ty oo 1 1 1 [ e 1
GSCKB L -| Iﬁﬁ“ I-' - - _|L£L| | Vi o

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

PWM 8-Bit Mode

(FC Bit 1/0 = 1/1) B (
OFF (Vouranamsn) | T = GSCKR/G/B x 255

OUTRn/Gn/Bn — | J ------------------------------- —l
(GSDATA = FFFh) - ON (Vg rpnyarn) — == === = = ; -----

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

PWM 10-Bit Mode
(FC Bit 1/0 = 1/0)
OFF (VourxnH) |w—— T - GSCKR/G/B x 1023 —— =

OUTRN/Gn/Bn |

(GSDATA = FFFh) - ON (Voyramann) —————————mm === = e e e e e o J : —I— ---

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.

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

OFF (Vourxnt) T = GSCKR/G/B x 4095

OUTRn/Gn/Bn —— S ——
(GSDATA = FFFh) L —_— == ———— e ———— J I_ .....

ON (VOUTRn/Gn/Bn)

Figure 43. PWM Operation 2

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

xenk [ T

GSCKR 123
GSCKG i i
GSCKB - -

PWM 8-Bit Mode

(FC Bit 1/0 = 1/1) oFr T=
OUTRN/Gn/Bn ————] GSCKR/G/B x 255
(GSDATA = OFFhto FFFh) oy L _____

. A
OUTRN/Gn/Bn is forced off even if ~ x2 of off period x11 of off period x15 of off period

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

OFF  {=——T = GSCKR/G/B x 1023—:|_L
OUTRNn/Gn/Bn — T 7 == ==
(GSDATA=3FFhtoFFFh) oON . _____ _ l__l_L__' .__I—L__: :__I_L_l :___| L---.

s N A
OUTRN/Gn/Bn is forced off even if x2 of off period x3 of off period
PWM 12-Bit Mode GS data are greater than 3FFh. is generated. is generated.

(FCBit 1/0 = 0/X)
OFF |[«—— T=GSCKR/G/B x 4095
OUTRN/Gn/Bn

(GSDATA=FFFh) oy L o L _]_L _____ _I_L _____ J_L _—

Figure 44. PWM Operation 3

9.4.5 Register and Data Latch Configuration

The TLC5951 device has two data latches to store information: the grayscale (GS) data latch and the DC, BC,
FC, and UD data latch. The GS data latch can be written as 288-bit data through GSSIN with GSSCK. The DC,
BC, FC, and UD data latch can be written as data through DCSIN with DCSCK. Also, DC, BC, and FC data can
be written to the DC, BC, FC, and UD data latch through GSSIN with GSSCK. UD data are written to the upper
17 bits of the 216-bit DC, BC, FC, and UD shift register at the same time. The data in the DC, BC, FC, and UD
data latch can be read via GSSOUT with GSSCK. Figure 45 shows the grayscale shift register and data latch
configuration.
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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
49 | upper 49 bits of the 288-bit shift register 216 lower 216 bits of the 288-bit shift register when
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.
55 I
i | msB LSB i
: Common | Gommon | Common | Common | Common | Gommon |~ Common | Common | Common | Common | Common | Common [l —— GSSIN
GSSOuUT <—{— Data Bit | Data Bit | Data Bit | Data Bit | Data Bit | Data Bit Data Bit | Data Bit | Data Bit | Data Bit | Data Bit | Data Bit :
1 287 286 285 284 283 282 | _______ 4 3 2 1 0 <Iﬁ GSSCK
i i
1 1
e e e e e e e e o T o ] 1
288
Lower 216 Bits of 288 Bits
i/ 288
G ale Data Latch (12 Bits x 24 Ch, I
e X ____SrayscaleDataLatch (12 Bits x 24 Channe')  thisiatch
i msB Lsg | Puseis
1 ! ! ! ! ! 1 generated
: 287 276 | ] 47 36 1 35 24 1 23 12 1 11 0 : when GSLAT
1 |ouTB? .| ouTB? OUTR1 | | OUTR1[OUTBO | |OUTBO|OUTGO| |OUTGO|OUTRO| |OUTRO|_ ! is low at the
: Bit 11 Bit0 Bit 11 Bit0 Bit 11 Bit0 Bit 11 Bit 0 Bit 11 Bit 0 : 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
"""""""""""""""""""""""""""""""""""""""""""""" ! 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
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TTTTN I
: MSB :
1 215 214 . 197 196 195 4 3 2 1 0 1
1 - - 1
DCSOUT H 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 Bit 0 <:7 DCSCK
T - i
e e e e e e e e e e o ] 1
Lower 199 Bits of 216 Bits - 216 bits of dat t tically loaded into th
216 ose s of data are auiomaricaly loadec ino Ine Dot Correction (7 Bits x 24 Channels)/

These 199 bits of data are loaded into the lower 199 bits of the
216-bit shift register when GSLAT is high at the last GSSCK
rising edge before the GSLAT rising edge. The User Defined

bit data in the 216-bit data latch remain unchanged.

216-bit data latch by the latch pulse generated 3ms-7ms
after the DCSCK rising edge is not input.

Global Brightness Control (8 Bits x 3 Group)/
Function Control (7 Bits)
User Defined (17 Bits)

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

! MSB LSB H ) )

1 ! ! ! This latch pulse is generated when
1

| |2151991198-1921191-184 183-176 175-168! 167-161 160-154 153147 ___27-21 _20-14 137 6-0 | GSLAT is high at the last GSSCK

! User [ o, [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 | Bits 6-0 | Bits 6-0 Bits 6-0 | Bits 6-0 | Bits 6-0 | Bits 6-0 rising edge. Otherwise, the latch

1 Bits 16-0 OUTBO0-7 | OUTGO-7| OUTR0-7| OUTB7 | OUTG7 | OUTR7 OUTR1 | OUTBO | OUTGO | OUTRO 1 9 N ge. ’

H - - --1= H pulse is generated 3 ms to 7 ms

! {Function| Gilobal Brightness Control | Dot Correction 1 after the DCSCK rising edge.

1 Control :

216
7 24 216 171

To GS Counter/PWM Timing  To Global Brightness

Control Block

To 288-Bit Common

Control Block Shift Register

To Dot Correction
Control Block

Figure 45. Grayscale Shift Register and Data Latch Configuration

9.4.5.1 288-Bit Common Shift Register

The 288-bit 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.
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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, and UD data latch and bits 199-215 are copied to bits 199-215 in the 216-bit DC, BC, FC, and 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, and UD data write. When the IC powers on, the 288-bit
common shift register contains random data.

9.4.5.2 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 6 for the on-time duty of each GS data bit. Figure 46 shows the shift register
and latch configuration. Refer to Figure 3 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 23 12 1 M 0 i
==== 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 !

H ——_———

! 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 46. 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 7.

Table 7. Grayscale Data-Bit Assignment

BITS DATA BITS DATA
11-0 OUTRO 155-144 OUTR4
23-12 OuTGO 167-156 OouTG4
35-24 ouTBO 179-168 ouTB4
47-36 OUTR1 191-180 OUTR5
59-48 OUTG1 203-192 OuUTG5
71-60 ouTB1 215204 ouTB5
83-72 OUTR2 227-216 OUTR6
95-84 ouTG2 239228 OouTG6
107-96 ouTB2 251-240 ouTB6
119-108 OUTRS 263-252 OUTRY?
131-120 OUTG3 275-264 ouTG7
143-132 ouTB3 287-276 ouTB7

9.4.5.3 DC, BC, FC, and UD Shift Register

The 216-bit DC, BC, FC, and UD shift register is used to shift data from the DSSIN pin into the TLC5951 device.
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 device is powered on, the 216-bit DC, BC, FC, and UD shift
register contains random data.

9.4.5.3.1 DC, BC, FC, and UD Data Latch

The 216-bit DC, BC, FC, and 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, and UD shift register. Furthermore, DC, BC, and 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, and UD shift
register data latch. When the IC is powered on, the DC, BC, FC, and UD data latch contains random data.

Defined Control

I | MSB . . LSB | |
1 |215-199!198-192!1191-184 183-176 175-168! 167-161 160-154 153-147 146-140 __ 27-21  20-14 13-7 6-0 H
: User FUNG | BRIGHT [ BRIGHT | BRIGHT [ DOTCOR|DOTCOR|DOTCOR|DOTCOR DOTCOR|DOTCOR|DOTCOR|DOTCOR| |
1 Defined | o "o | Bits 7-0 | Bits 7-0 | Bits 7-0 | Bits6-0 | Bits 60 | Bits6-0 | Bits6-0 | -« | Bits 60 | Bits 60 | Bits 6-0 [ Bits 60 H
| |Bits 16-0 OUTBO0-7 | OUTGO-7| OUTRO-7| OUTB7 | OUTG7 | OUTR7 | OUTB6 OUTR1 | OUTBO | OUTGO | OUTRO 1
- 1
: User |Function| Global Brightness Control | Dot Correction :
1
1

Figure 47. DC, BC, FC, and UD Data-Latch Configuration

9.4.5.3.2 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,
and 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 2 and Table 3 show how the DC data affect the percentage of the maximum current for each output. See
Figure 47 for the DC data latch configuration. Figure 4 illustrates the timing diagram for writing data from the GS
data path into the shift registers and latches. Figure 5 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, and
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 device powers on, the DC data latch contains random data. Therefore, DC data must be written into
the TLC5951 device and latched into the DC data latch before turning on the constant-current outputs. XBLNK
should be low when powering on the TLC5951 device 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. Dot-Correction Data-Bit Assignment

BITS DATA BITS DATA

6-0 OUTRO 90-84 OUTR4

13-7 OUTGO 97-91 OouUTG4
20-14 ouTBOo 104-98 ouTB4
27-21 OUTR1 111-105 OUTR5
34-28 OUTG1 118-112 OUTG5
41-35 OuTBH1 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 OUTR7
76-70 OUTG3 160-154 OouUTG?7
83-77 ouTB3 167-161 ouTB7

9.4.5.3.3 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, and 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 4 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 9.

Table 9. Data-Bit Assignment

BITS GLOBAL BRIGHTNESS CONTROL DATA BITS 7-0
175-168 OUTRO0-OUTR?7 group
183-176 OUTGO-OUTG?7 group
191-184 OUTB0-OUTB7 group

9.4.5.3.4 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 device
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.
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Table 10. 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 from 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 from 33.3% (typ) to 100% of the maximum current
set by an external resistor.

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

When this bit is 0, dot correction can control the range of constant current from 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 from 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 from 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 from 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.
When this bit is 1, each output driver is repeatedly toggled on and off every 4096th grayscale clock without the XBLNK level
changing when the GS counter is configured in the 12-bit mode. If the GS counter is configured in the 10-bit mode, the outputs
continue to cycle on and 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 control

196 from a display controller. PWM control starts again from the next input GSCKR, -G, or -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 LEDs is finished. Otherwise, the PWM control might be not
exact.

195

Grayscale counter mode select, bits 1-0.

198,197 The grayscale counter mode is selected by the setting of bits 1 and 0. Table 11 shows the GS counter mode.

Table 11. GS Counter-Mode Truth Table

GRAYSCALE COUNTER MODE
BIT 1 BIT 0 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.

9.4.5.3.5 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 device is powered on, the data in the UD latch are not set to a specific default value.

Table 12. Data-Bit Assignment

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

9.4.6 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, and
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.
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LOD/LSD Data Latch (48 Bits)

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

: : 1 MSB LSB :
- - I - --
: LOD LOD LSD LSD : 1 User Function | BC Data BC Data | DC Data DC Data :
H Data of Data of | Data of Data of 1 TEF : Defined | Control of of of e of 1
1 ouTB7 OUTRO | OUTB7 OUTRO 1 1 | Bits 16-0 | Bits 6-0 | OUTBn OUTRn | OUTB7 OUTRO :
v 1= b H 1 1= - H
kil ity Skl el F===q====t==-=-=-' | = === =oeem—-q----=-g-==- [ i el el it (il
1 1 J 17 7 1 1
1 1 1 1
- - Rl e e e T S L e b o -
: 1 1 1 1 :
1 1 1 | 1 | 1 |
: ’- !- \(Reserved Data); _V_ H _V_ H :
: Common Common | Common Common | Common Common Common | Common | Common Common | Common Common <-:— GSSIN
GSSOUT -« Data Bit . Data Bit | Data Bit Data Bit | Data Bit Data Bit Data Bit | Data Bit | Data Bit Data Bit | DataBit |- .| Data Bit 1
1 287 264 263 240 239 238-216 215-199 | 198-192 191 168 167 0 <—:— GSSCK
1 - - - - - -
: MSB 1 1 1 LSB | :
1 I I I I 1
e o o o o o 1

288-Bit Common Shift Register

Figure 48. DC, BC, and FC Data-Load Assignment
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Table 13. 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 OUTR0-OUTR?7 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—-OUTB?7 group
198-192 Function control data bits 6-0
215-199 User-defined data bits 160
238-216 Reserved for Tl test
239 _ Therm_a_l error flag (TEF) 3
1 = High temperature condition, 0 = Normal temperature condition
247-240 LED short detgction (LSD) data for OUTR7—.OUTRO
1 = LED is shorted, 0 = Normal operation
255-248 1= Lég?sdse::grigg,o OUI ﬁngellJIEC;gration
263-256 1= Llé_gli:)siit(?rtfg(;,%uj El?)rr(r?aul-g?)gration
271-264 LED_open detection (LOD) data for OUTR7—OUTRO _
1 = LED is open or connected to GND, 0 = Normal operation
279-072 . LOD data for OUTG7-OUTGO .
1 = LED is open or connected to GND, 0 = Normal operation
287-280 LOD data for OUTB7-OUTBO0

1 = LED is open or connected to GND, 0 = Normal operation
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9.4.7 Continuous Base LOD, LSD, and TEF

The LOD and LSD data are updated at the rising edge of the 33rd GSCKR, -G, or -B pulse after XBLNK goes
high and the data are retained until the next 33rd GSCKR, -G, or -B. LOD and LSD data are valid when GS data
are equal to or higher than 20h (32d). If GS data are less than 20h (32d), LOD and LSD data are not valid and
must be ignored. A 1 in an LOD bit indicates an open LED or shorted LED to GND with a low-impedance
condition for the corresponding output. A 0 indicates normal operation. A 1 in an LSD bit indicates a shorted LED
condition for the corresponding output. A 0 indicates normal operation. When the device is powered on, LOD and
LSD data do not show correct values. Therefore, LOD and LSD data must be read from the 33rd GSCKR, -G, or
-B pulse input after XBLNK goes high.

The TEF bit indicates that the device temperature is too high. The TEF flag also indicates that the device has
turned off all drivers to avoid damage by overheating the device. A 1 in the TEF bit means that the device
temperature has exceeded the detect temperature threshold (T1gf) and all outputs are turned off. A 0 in the TEF
bit indicates normal operation with normal temperature conditions. The device automatically turns the drivers
back on when the device temperature decreases to less than (Ttgr — Thyst). Table 14 shows a truth table for
LOD, LSD, and TEF.

Table 14. LOD, LSD, and TEF Truth Table

CONDITION
SID DATA LED OPEN DETECTION (LODn) LED SHORT DETECTION (LSDn) THERMAL ERROR FLAG (TEF)
: . Device temperature is lower than high-
0 v LED is not gp\?n ) (\I/‘ED Is not Sllo\'}ed ) side detect temperature
OUTRn/Gn/Bn > VLOD OUTRn/Gn/Bn = VLSD (Temperature < Tref)
: Device temperature is higher than high-
. LED is shorted between anode and . L
1 LED is open or shorted to GND cathode or shorted to higher-voltage side side detect temperature and driver is
(VouTrn/Gnen < Viob) v > Vsp) forced off
OUTRN/Gn/Bn LSD (Temperature > TTEF)
‘)‘) ‘)‘) ()‘)
XBLNK" | | |
4094 4096
GSCKR 1 2 3 4 30 3132333435 4093 4095 123 30 313233 34 35
GSCKG
GSCKB 1st GSCLK Period | 1
OUTRn/Gn/Bn ON i 3
(Data = FFFh) o a s G a
GND - mm e V QU_T_RP/_G[‘/_B[‘; If the OUTRN/Gn/Bn voltage (Voyrrayanen) 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 5y ) D)
(Interna)) __O'd LOD/LSD Data g X g New LOD/LSD Data < X

(1) The internal blank signal is generated at the rising edge of the GSLAT input signal for GS data with the 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 49. LED-Open Detection (LOD), LED-Shorted Detection, and Data-Update Timing

Copyright © 2009-2017, Texas Instruments Incorporated Submit Documentation Feedback 37
Product Folder Links: TLC5951


http://www.ti.com/product/tlc5951?qgpn=tlc5951
http://www.ti.com
http://www.ti.com/product/tlc5951?qgpn=tlc5951
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVS127E&partnum=TLC5951

13 TEXAS
INSTRUMENTS
TLC5951

SBVS127E —~MARCH 2009—-REVISED JULY 2017 www.ti.com

10 Device and Documentation Support

10.1 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

10.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

10.3 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

10.4 Electrostatic Discharge Caution

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.
10.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

11 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most-
current data available for the designated devices. This data is subject to change without notice and without
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.
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PACKAGING INFORMATION

® 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

TLC5951DAP ACTIVE HTSSOP DAP 38 40 ROHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 TLC5951 Samples
TLC5951DAPR ACTIVE HTSSOP DAP 38 2000 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 TLC5951 Samples
TLC5951RHAR ACTIVE VQFN RHA 40 2500 RoHS & Green NIPDAU | NIPDAUAG Level-3-260C-168 HR -40 to 85 TLC

5951 s
TLC5951RHAT ACTIVE VQFN RHA 40 250 RoHS & Green NIPDAU | NIPDAUAG Level-3-260C-168 HR -40 to 85 TLC Samnles
5951 o
TLC5951RTAR ACTIVE WQFN RTA 40 2500 RoHS & Green NIPDAUAG Level-3-260C-168 HR -40 to 85 TLC5951 Samples
RTA =
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Important Information and Disclaimer: The information provided on this page represents TlI'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 Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
R R R T
el |o o Bo W
resl |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ |
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O OO0 O0 Sprocket Holes
1 1
[ [
Sl I —
A4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLC5951DAPR HTSSOP| DAP 38 2000 330.0 24.4 8.6 13.0 18 12.0 | 24.0 Q1
TLC5951RHAR VQFN RHA 40 2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
TLC5951RHAT VQFN RHA 40 250 330.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
TLC5951RTAR WQFN RTA 40 2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TLC5951DAPR HTSSOP DAP 38 2000 350.0 350.0 43.0
TLC5951RHAR VQFN RHA 40 2500 338.0 355.0 50.0
TLC5951RHAT VQFN RHA 40 250 338.0 355.0 50.0
TLC5951RTAR WQFN RTA 40 2500 338.0 355.0 50.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| - I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TLC5951DAP DAP HTSSOP 38 40 530 11.89 3600 4.9
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MECHANICAL DATA

RTA (S—PQFP—N40) PLASTIC QUAD FLATPACK
o
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4204422/8 11/04

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.

A\ The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
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PACKAGE OUTLINE
RTA0040B WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

B3 -

PIN 1 INDEX AREA — |

6.1
5.9
1
0.8 MAX —
jLA&B&%B%V SEATING PLANE
0.00 - 2X(a5] |
| [14.1540.1 ——— | e
11‘ | ‘ . h (0.2) TYP
36X[05 Jguuuiuuuupu d
N TN \ e
= | d
TD | d
- i (.
x = o | ] SYMM
5] 5 I~ g ¢
=) | d
D) \ d
) | (-
15/\ ‘ o } 0.28
PIN1 IDENTIFICATION NNN D%D NNN 9 40X 516 0
(OPTIONAL) 40 SYMM 05 0.1M|C|A|B
¢ 40X 03 L ¢ 0.05M|C

4219112/A 07/2018

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RTA0040B WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK- NO LEAD
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SOLDER MASK DETAILS
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN

RTA0040B WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

71% PRINTED COVERAGE BY AREA
SCALE: 15X
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
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MECHANICAL DATA

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

PARARRARRARRRRARR R

! THERMAL PAD !
| |

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

OEL ____________ | o o f . / M
HHHHHHHHHHHHHHHHHH@ L

mmuummtmﬂ §  Seotig Pone 3
)

1,20 MAX [A]o10

*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—PDS0-(G38) PowerPAD™ PLASTIC SMALL QUTLINE
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. SLIMAQQ2_ and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQQ4.
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

-
|

339 H I v
LI
|
L

[
| T as0

6,35
5,05

A

Top View
Exposed Thermal Pad Dimensions

4206319-7/M  09/13

NOTE: Al linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments.
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LAND PATTERN DATA

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

Example Board Layout

Stencil Opemngh
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
12.50 over copper solder stencil thicknesses
40x¢o,20—Na 38X 05—
i 8 | (e et D s 18

L o o o [e]

339

|

U 6,35

e

[ —2
w
NN
|E|
Iﬁl.\l
.

T === Solder Mask
/ 16.35} sl | 36 085 Gofed o 36X 0,65—=| =
| (See Note C, D)

/

/

/

| Example Solder Mask Opening

/ Center Power Pad Solder Stencil Opening

/ Stencil Thickness X Y
/0,07 —— 0-1mm 716 | 3.82
/Al Around 0.127mm 6.35 3.39
g’ 0.152mm 5.80 310
\ 0.178mm 5.36 2.86
\
\\ 0,3—=

e e

4210213-4/E 01/14

NOTES:  A. All 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. SLMAQQ2, SLMAQQ4, 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.
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 other stencil recommendations.
F. Contact the board fabrication site for recommended soldermask tolerances.

PowerPAD is a trademark of Texas Instruments
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GENERIC PACKAGE VIEW
RHA 40 VQFN - 1 mm max height

6 x 6, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4225870/A
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RHA0040B

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RHA0040B VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
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4219052/A 06/2016

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN
RHA0040B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 41:
72% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:12X
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NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
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