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5 Pin Configuration and Functions

RGE Package

24-Pin VQFN
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Pin Functions
PIN
NAME NO. 110 DESCRIPTION
BLANK PIN, has two configures:
When FC9(BLANK Mode) = 0, Blank pin worked as SOUT select pin:
a. When BLANK = Low, SOUT is connected to the bit 7 of the 16-bit shift register, worked as 8ch
device;
b. When BLANK = High, SOUT is connected to the bit 15 of the 16-bit shift register, worked as
BLANK 18 ! 16ch device;
When FC9(BLANK Mode) = 1, Blank pin worked as OUTPUT enable pin;
a. When BLANK = Low, all constant current outputs are controlled by the on/off control data in the
data latch.
b. When BLANK = High, all OUTx are forced off

GND 22 — | Ground
Maximum current programming terminal.

IREF 20 /o A resistor connected between IREF and GND sets the maximum current for every constant-current
output. When this terminal is directly connected to GND, all outputs are forced off. The external
resistor should be placed close to the device and must be in the range of 1.32 kQ to 66 kQ.

Data latch.
The rising edge of LAT latches the data from the common shift register into the output on/off data

LAT 1 | latch. At the same time, the data in the common shift register are replaced with SID, which is
selected by SIDLD. See the Output On/Off Data Latch section and Status Information Data (SID)
section for more details.

Copyright © 2015-2016, Texas Instruments Incorporated 3
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Pin Functions (continued)
PIN
NAME NO. 1/0 DESCRIPTION

OouTo 2 (0]

OuT1 3 (0]

ouT2 4 (0]

OouT3 5 (0]

OouT4 6 (0]

OuUT5 7 (0]

OouT6 8 (0]

OouUT7 9 o Constant-current sink outputs.

Multiple outputs can be configured in parallel to increase the constant-current capability. Different
ouTs 10 O voltages can be applied to each output.

ouT9 11 (0]

OuUT10 12 (0]

OUT11 13 (0]

OuUT12 14 (0]

OUT13 15 (0]

OouT14 16 (0]

OUT15 17 (0]

Serial data shift clock.

SCLK 2 | Data present on SIN are shifted to the LSB of the 16-bit shift register with the SCKI rising edge. Data
in the shift register are shifted toward the MSB at each SCLK rising edge. The MSB data of the
common shift register appear on SOUT.

SIN 23 | Serial data input for the 16-bit common shift register.

When SIN is high, a '1' is written to the LSB of the common shift register at the rising edge of SCLK.
Serial data output of the 16-bit common shift register.

When FC9(BLANK Mode) = 0 and BLANK = LOW;

SOUT is connected to the bit 7 of the 16-bit shift register. Data are clocked out at the SCLK rising

SOuUT 19 (0] edge.

In other case:
SOUT is connected to the bit 15 of the 16-bit shift register. Data are clocked out at the SCLK rising
edge.

VCC 21 — | Power-supply voltage

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @

VALUE
MIN MAX UNIT
Supply voltage, V@ -0.3 6 Y,
Input voltage SIN, SCLK, LAT, BLANK, IREF -03 Vcc+03 Y
SOouT -03 Vcc+03 Y
Output voltage
OUTO to OUT15 -0.3 11 \%
Output current (DC) OUTO to OUT15 65 mA
Operating junction temperature, T (max) 150 °C
Storage temperature, Tstg -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 voltages are with respect to device ground terminal.

Copyright © 2015-2016, Texas Instruments Incorporated
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6.2 ESD Ratings
VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +4000
Vesp)y  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- 12000 \
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.
6.3 Recommended Operating Conditions
At To= —40°C to 85°C, unless otherwise noted.
PARAMETER | TEST CONDITIONS MIN NOM MAX | UNIT
DC Characteristics: Vcc =3V 10 5.5V
Vee Supply voltage 3 3.3 5.5 \%
Vo Voltage applied to output OUTO to OUT15 10 \Y
Vig High-level input voltage SIN, SCLK, LAT, BLANK 0.7 x Ve Vee \
Vi Low-level input voltage SIN, SCLK, LAT, BLANK GND 0.3 X Ve \
lon High-level output current SOuUT -2 mA
loL Low-level output current SOuUT 2 mA
) OUTO to OUT15 3V<V <36V 40 mA
loLc Constant output sink current
OUTO to OUT15 3.6 V<V 55V 50 mA
Ta Operating free-air temperature range -40 85 °C
T, Operating junction temperature range —40 125 °C
AC Characteristics: Vec =3V to 5.5V
fek (scLk) Data shift clock frequency SCLK 33 MHz
twHo SCLK 10 ns
twio SCLK 10 ns
i Fng:eF?guJ?;Iinand Figure 3) LAT 20 ns
twhz BLANK 40 ns
twio BLANK 40 ns
tsuo Setup time SIN to SCLK? 5 ns
tsu (see Figure 1, Figure 3 and LAT? to SCLK?t 200 ns
tsuz Figure 4) SCLK [to LAT] 10 ns
tho Hold time SIN to SCLK?{ 3 ns
th (see Figure 1, Figure 3, and LAT? to SCLK?1 10 ns
to Figure 13) LAT? to SCLK | 40 ns
6.4 Thermal Information
TLC59291
THERMAL METRIC® RGE (VQFN) UNIT
24 PINS
Rgja Junction-to-ambient thermal resistance 38.1
Rauc(top) Junction-to-case (top) thermal resistance 45.3
Raig Junction-to-board thermal resistance 16.9 .
Wit Junction-to-top characterization parameter 0.9 cw
Wig Junction-to-board characterization parameter 16.9
Raic(boy) Junction-to-case (bottom) thermal resistance 6.2

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

Copyright © 2015-2016, Texas Instruments Incorporated 5
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6.5 Electrical Characteristics
AtVeec =3V 1o 5.5V and T, =-40°C to 85°C. Typical values at Voc = 3.3 V and T, = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Von High-level output voltage lon =—2 mA at SOUT Vee - 0.4 Vee \%
VoL Low-level output voltage loL =2 mA at SOUT 0.4 \Y
Viop LED open detection threshold All OUTn = on 0.25 0.30 0.35 \%
Vi spo All OUTn = on, detection voltage code = Oh 0.32 x Ve 0.35x Ve 0.38 x Ve \%
Visp1 LED short detection threshold All OUTn = on, detection voltage code = 1h 0.42 xVee 045 xVee  0.48 x Ve \%
Visp2 All OUTn = on, detection voltage code = 2h 052 xVee 055x%xVee 0.58 % Ve \%
V| sp3 All OUTn = on, detection voltage code = 3h 0.62 x Vg 0.65x Ve  0.68 x Ve \%
Virer Reference voltage output Riger = 1.3 kQ 1.175 1.205 1.235 \Y
In Input current Vin = Vee or GND at SIN, SCLK, LAT, and BLANK -1 1 pA
leco SIN/SCLK/LAT = Low, BLANK = High, all OUTn = off, 2 3 mA

Voutn = 0.8V, BC = 7Fh, Rigegr = open

SIN/SCLK/LAT = Low, BLANK = High, all OUTn = off,
lcct Vourn = 0.8 V, BC = 7Fh, Rger = 3.6 kQ 5 7 mA

(lout = 18.3 mA target)

SIN/SCLK/LAT/BLANK =Low, All OUTn = on,
lec2 Voutn = 0.8V, BC = 7Fh, Riger = 3.6 kQ 5 7 mA
(lout = 18.3 mA target)

SIN/SCLK/LAT/BLANK =Low, All OUTn = on,

lccs Vourn = 0.8V, BC = OEh, Riger = 1.6 kQ 3 4 mA
Supply current (Vcc) (lout = 2 MA target)
SIN/SCLK/LAT/BLANK = Low, All OUTn = on,
lcca Voutn = 0.8V, BC = 7Fh, Riger = 1.6 kQ 9 11 mA

(lout = 41.3 mA target)

Vce =5V, SIN/SCLK/LAT/BLANK = Low,
Iccs All OUTn = on, Voyr = 0.8 V, BC = 7Fh, 11 14 mA
Rirer = 1.3 kQ (loyt = 50.8 mA target)

Ve = 5V, SIN/SCLK/LAT/BLANK = Low,
Vourn = 0.8V, BC = 7Fh, Riger = 1.3 kQ

lecs (lout = 50.8 mA target), all output data off with power- 10 40 HA
save mode enabled
All OUTn =on, V, =V i« = 0.8V, BC = 7Fh,
loL(co) Constant output sink current Rier = 1.6 kQ ouTn = FouTix 38.5 413 44.1 mA
(OUTO to OUT15, see v =V Al OUT v v v
Figure 28 cc= ) N =o0n, Voytn = Vourfix = )
loucy) gure 28) BE = 7. Riugs = 1.3 kO 47.3 50.8 543  mA
lowkeo) Output leakage current BLANK = high Ve = v/ _|=25C 0.1 HA
loLke1) (OUTO to OUT15, see = NIgN, Yourn = Voutix = | 1 = ggec® 0.2 pA
Figure 28) 10V, Riger = 1.6 kQ
loL(ka2) 9 T,=125°Cc® 0.3 0.8 pA

(1) Not tested; specified by design.

6 Copyright © 2015-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

At Ve =3V to 5.5V and T, =-40°C to 85°C. Typical values at Voc = 3.3 V and T, = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Constant-current error _ _ o _
Alogcoy (channel-to-channel, OUTO to Al OU_Tg g Eg VOU_T”Z_O\éOUTf'X =08V, BC =0Eh, 3% +6%

oUT15)@ Rirer = 3. ,Ta=25

Constant-current error _ _ _ _
Aoy (device-to-device, OUTO to g” OU_T? g Ic()g ¥°UI"2;°\éOUTf'X =08V, BC=T7Fh, +1% +3%

OUT15) 3) IREF = 1. y A=
Aloica) Line regulation® Al OU_Tn = on, Vour = Vourrx = 0.8 V, BC = 7Fh, +0.1 £1 %IV

Rirer = 1.6 kQ
.5 All OUTn = on, Voytn = 0.8 Vto 3V, Voursix = 0.8 V, o

Aloy(cs) Load regulation BC = 7Fh, Rier = 1.6 kQ +0.5 +3 %IV
Trer Thermal error flag threshold Junction temperature® 150 165 180 °C
Thyvs Thermal error flag hysteresis Junction temperature® 5 10 20 °C
Terw Pre-thermal warning threshold Junction temperature® 125 138 150 °C

(2) The deviation of each output from the average of OUTO to OUT

constant-current. Deviation is calculated by the formula:

loLc(n)

7QOLC(O)+ loLc(ny*-* loLc(14)* |OLC(15))
16

-1

A (%) =100 x

(3) The deviation of the OUTO to OUT15 constant-current average from the ideal constant-current value. Deviation is calculated by the

formula:

_QOLC(O)*' loLc(y*--+ loLc(14)* |OLC(15))
16

A (%)=100x | = — (Ideal Output Current)

Ideal Output Current

1.20
lo(Lc_IDEAL) =54 X [ j

Ideal current is calculated by the formula: RIREF

(4) Line regulation is calculated by the formula:

(oLcm) at Vec =55 V) - (loLcn) at Vee =3 V)
2.5 x GOLC(n) at Vgc =3 V)

(5) Load regulation is calculated by the equation:

(oLc(n) at VouTn =3 V) (ioLc(n) at VouTn =1V)
2x QOLC(n) at Voytp =1 V)

A (%) =100 x

A (%) =100 x

Copyright © 2015-2016, Texas Instruments Incorporated
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6.6 Switching Characteristics
AtVee=3V 1055V, T, =-40°Cto 85°C, C, =15 pF, R, =82 Q, Rger = 1.3 kQ, and V gp =5 V.
Typical values at V¢ = 3.3 V and T, = 25°C, unless otherwise noted.
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tro o At SOUT 10 15 ns
Rise time
tr1 At OUTn, BC = 7Fh 40 60 ns
tro ) At SOUT 10 15 ns
Fall time
tr At OUTn, BC = 7Fh 40 60 ns
tbo SCLK?t to SOUTT| 8 22 ns
LAT? or BLANK?®| to OUTO sink current on/off,
o1 BC = 7Eh 35 65 ns
tpo Propagation delay OUTn on/off to OUTn + 1 on/off, BC = 7Fh 2 6 ns
tos Igfbf\TT to power-save mode by data writing for all output 400 ns
tpa SCLK? to normal mode operation 100 us
tps BLANK1| to SOUT?1| when BLANK MODE=0 100 ns
. @ | Output on/off data = all '1', N
ton_err | Output on-time error BLANK low pulse = 40 ns, BC = 7Fh 30 20 ns
Internal oscillator
fosc frequency 12 20 28 MHz

(1) Output on-time error (ton_grr) is calculated by the formula: ton_grr (NS) = tout_on — 40 Ns. toyr_on is the actual on-time of OUTn.

8 Copyright © 2015-2016, Texas Instruments Incorporated
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6.7 Timing Diagrams

tWHOY tWLO' tWH1’ tWH2' tWL2:

Inputm 50% - —f----------------- -

tsuor tsuts tho it

twn

SCLK Input” 50% === === === === —————mmmm

tWL

=== Vy

eV

SIN/LAT Input”  50% -------

(1) Input pulse rise and fall time is 1 ns to 3 ns.

tros tr1s tros tr1s toos Tois tpe!

Figure 1.

Input Timing

Input™  50% -

=== Vy

-V

Qutput

=== Von or Voumn

(1) Input pulse rise and fall time is 1 ns to 3 ns.

Figure 2. Output Timing

=== VoLor VoymL

I
= e tport
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Timing Diagrams (continued)

DATA'\ DATA J DATA\/ DATA\/ DATA\/ DATA ‘ DATA'\/ DATA\/ DATA\/ DATA DATA\/ DATA DATA DATA
14B 13B 128 11B 3B 2B 1B 0B 15C 14C 12C 10C

tsuo tio thy
t
_> 4_ WHO H<_ tSU1 _>
-
SCLK L :
1 2 3 4 5 13 14 15 16

tsu2

.

LAT

L

Shift Register -
el ec e
LSBData  DATA Y/ SID|\/DATA\/DATA\/DATA\/DATA DATA\/DATA\/ DATA Selected SID DATA \/ DATA\/ DATA \/ DATA .
0A oA A\ 158 A _14B A 138 A 128 38 28 1B AX 15c_A_14c A _13c A_12c e
(Internal) -
DATA/
Shift Register 08 Y
LSB +1Data DATA Y SD DATA\/DATA\/DATA DATA\/DATA \/DATA Selected SID SID \/DATA\/ DATA\/DATA
(Internal) 1A 1A 158 /\_14B A\ _13B 4B 3B 28 A« 1B o8 A 15c A 14Cc A 13C
DATA 4

hift Register -
,\S,lsfé _ ?gDS;fa DATA SID DATA Selected SID SID SID SID SID ‘ /
14A 14A 153 148 138 A 12B 10B 9B
(Internal) DATA/
Shift Register -
MSBgData DATA SID DATA Selected SID SID SID SID SID ‘ /
15A 15A OA 158 148 A 13B 118 A 10B
(Internal)

DATA /
Output On/Off ( 158 -
Data Latch X DATA15A—-0A \\ X DATA15B-0B
(Internal) 7/ ===
Control -
Data Latch Latest Control Data
(Internal) -
DATA \/ Si0 Selected SID \/ sb \/ sb \V sb \ SD
sour o X 38
» 2
BLANK
twiz
“«—
‘ Lad
> et
OFF ()/)
(1) ON
OUTn ON ===
—» to2
OFF ()()
1) ON
OUTn+1 ON === |
> ety
OFF ( OFF -
(2) ON
outn™ L.
teq » |ty
OFF ( OFF OFF OFF
(3) ON ON
outn”
OFF OFF Rl
OFF ()f) -
outn®

(1) Onloff latched data is '1'.
(2) Onloff latched data change from '1' to '0' at second LAT signal.
(3) Onloff latched data change from '0' to '1' at second LAT signal.
(4) Onloff latched data is '0'.

Figure 3. Write for ON/Off Data and Output Timing (BLANK Mode =1)
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Timing Diagrams (continued)

DATA\/ DATA DATA DATA
7C 6C 1C 0C

DATA\/ DATA DATA
tH1
<+
SCLK I—l I—l I‘S(rl I—l I—l -
1
-
1 2 3 14 15 16 1 2 7 8 6
<+t
tsuz | WH
A
LAT (¢ (e L
) )
I 6 6 O\ G 60 G CE e
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R R 0.69 O W 0 6 & z
. .
. .
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RETIER) 6,60 G W 60 60 CamX ) XX
A 6 9 0 | G0, 60 6 X e
(Internal) 15A \ 14A /\ 13A 1A A oA A 158 158 158 A\ 158 i
Output On/Off { /L e
Data Latch DATA15A-0A \\ X DATA15B-0B \\ X
(Internal) 1 / )) o
Control { L -
Data Latch \\ Latest Control Data \\
(Internal) 7} 7/ -
=\
sor % XY
» tro/tro | |4
BLANK ¢
> |4 o > ety OFF
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(1)
ouT ON (c
ON === ))
> k— th2 1y too OFF
OFF ()() o
o ON
OUTn+1 ON === “ ()()
t
OFF ()() —»| 4 tpy
(2) ON
]
ou™ L \ ( -
> |ty >ty
OFF OFF ( OFF
(3)
OUTn ON ()(} L
o o ON
OFF g FF FF ( L
(4)
OUTn ON ===

(1) If the on/off latched data is changed from “0” to “1” at 1'st LAT signal, changed from “1” to “0” at second LAT signal.

(2) If the on/off latched data is changed from “0” to “1” at 1'st LAT signal, changed from “1” to “1” at second LAT signal.

(3) If the on/off latched data is changed from “1” to “0” at 1'st LAT signal, changed from “0” to “1” at second LAT signal.

(4) if the on/off latched data is “0”.
Figure 4. Write for On/Off Data and Output Timing (BLANK Mode = 0)
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Timing Diagrams (continued)

SlN LOW {( {(
) )
-
SCLK (¢ ||_|I_|I_|I_|I_| I_: :--
1 2 3 14 15 16 ” 1 2 3 4 5 6

LAT {( | | {(
)) ))
/L - L
BLANK Don't Care \ \\
17 17

PSMODE Bit in 1 L

Control Data Latch

)

tD4

A

I
|
|
L
T
|
|
|
|
|
f
(Internal) ===========----e e e mmm—mm—m—— = r R
| |
On/Off Control i | 0 |
Data Latch \| Previous On/Off Data| X AllDataare0 | |
(Internal) 1! | 71 t
|
OFF I l OFF (c |
T )}
ouTo \\ : Y |
ON | |
OFF ., | OFF (« l
ouT1 \\ Y 7 :
ON 17 I
L] | L] | L]
. . . | .
OFF m ! OFF (« |
OUT15 \) : Y ? |
ON " | I
| |
Power-Save (f l o !
Mode Normal Mode \’\’ Normal Mode : X Power-Save Mode | X Normal Mode
| |
|
|

More Than 100 pA — t
IcC )
(The Current
of VCC) Less Than 100 pA —»=|

((

}____-

)

Figure 5. Power-Save Mode
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Timing Diagrams (continued)

soLk UL T T UL

Lt | \ /dé_‘ \ )

Common Shift ——- _—— - ——

(Internal)

These data are copied to the on/off data latch at LAT rising edge.
Common Shift -—- -—- -—- -
Reasioranis X XXX XX ° A XX

(Internal) \

Output On/Off Previous On/Off Data / NewLatched Gs Data.
Data (Internal) --- --- -

SIDLD Data 01 (LOD is selected)

(Internal) --- - ——- -
High
BLANK _ Low L . . )
All outputs are forced off Re_sumed with T
by TSD function. N going down.
OFF w_OFF , OFF OFF
== ’
OUTn \on / \¥ on - /_\i-__ /
g Ty Trer T, Trer
T,2T - T <Tree-T, Tt
; ; JpTw J = 'TEF ~ 'HYST JoeTw
Device Junction 1, <1, ——- . —_— T, <Torw | F
PTW is not reset at LAT rising edge because SIDLD N/

Temperature (T )
does not select LOD. PTW is reset to 0 when the
device junction temperature is less than Tp,, and
SIDLD selects LOD. N
4 1 1

1
PTW in SID > -t - -
(Internal Data) 0 AN TEF is reset to Oat LAT riging edge for
PTW is set to 1 when device on/off data vyrltlng when the device junction
junction temperature is greater temperature is less than Trgg and SIDLD

than Tpry- 1 selects LOD. . ;

TEF in SID -—— -
(Internal Data) 0 e /\ \0—---_/

TEF is set to 1 when device junction
temperture is grerater than Tygg.

Figure 6. PTW/TEF/TSD Timing (LOD Selected)
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Timing Diagrams (continued)

SCLK

LAT

BLANK

PSMODE bit
in Control Data
Latch (Internal)

Output On/Off
Control Data
Latch (Internal)

ouTo

ouT1

ouT15

Power-Save
Mode

Don't Care

4 1
—

-
P

/[
/ \\ Previous On/Off Data X All Data are 0 /
11
OFF / /1 ( OFF /
/ \
ON 1
OFF /[ OFF
\ 2.
OoN 1/ v
. L3 XX M
. . y Pid .
OFF : : N OFF :

\

N
—

"

[
> XNormaI mode (No power save mode}>

—

Normal mode

\
\
\

' Depend on output on-off data

C
X

When PSMODE bitis 0, the device does notinto

the power save mode even if output on-off data is all "0".

Figure 7. Power-Save Mode Timing

Because it takes about 50 ps return to normal
mode, 1'st SCLK rising edge should be input
50 us or more before OUTn is turned on.
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Timing Diagrams (continued)
SIDLD in FC v
data latch 01b \\
(Internal) )} _————
High o
BLANK Q Low (
(working as enable pin) )]
Set current by external When BLANK signal is High, all output is
resistor and BC data Programmed output current ¢ ¢ forced off even if the IDM on time has not
))

OUTn current 37" been passed the selected time.
for LED lighting OmA
Selected output current by “IDMCUR”
bit in the function control latch
OUTn current S 2/10/20 pA 2/10/20 pA

OmA
for IDM OuA 3/ O (« o [T ®

1 ! ))
! E2 . LOD data is held in SID holder while
Selected on time by IDMTIM bit © BLANK is high level or the data is held in
in the function control latch , SID holder when IDM working time has
) 4, Ppassed.
SID holder > (L e
el O ca X6 o)) XXXX o
ata XXXXh
(Internal) < 1 — _————

\ LOD data goes through SID holder while BLANK is low level or IDM working time is not passed.

16 bit LOD LOD
Lo LOD LOD LOD
circuit output 0000h ( x SZ X oo > 0000n (¢ /<XX>(—>\ 0000h o
data (Internal) V. )T ~ . LOD
N \
~ LOD data is not stable just after BLANK goes low. XXXXh

LAT ﬂ

L

I~
A~

17 bit common [
shift register data Latched output on-off data \\ X SID is loaded into the shift register
77

(Internal)

Figure 8. IDM Operation Timing with LOD Selected and IDM Enabled
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Timing Diagrams (continued)

SIDLDin FC o6
data latch 01b \\
(Internal) _————
17
High
BLANK Q Low (
Set current by external When BLANK signal is “H” , all output is
resistor and BC d\ata _ [N Programmed output current forced off even if the IDM on time has not
OUTn current Sa ) been passed the selected time.
for LED lighting OmA o
The output for IDM is not turned on because
IDM is disabled by “IDMCUR” setting. <~
OUTn current ’ 0 uA
for IDM 0 pA > E 0 —-
. LOD data is held in SID holder while
_ - ~ 1 BLANK s high level.
- - [
SID holder (L 4" v e

data LOD XXXX LoD XXXX ToD
(Internal) Old data > XXXXh >\h XXXXh o

\
\ LOD data goes through SID holder while BLANK is low level.

16 bit LOD ({f LOD
LOD
circuit output OIE)OO(?h A 2 i x XI)_(?()D(h \\ 0000h /<XX>(—>\ 0000h ——_———
77/ N

data (Internal)

A \ LoD
~ LOD data is not stable just after BLANK goes low. XXXXh
LAT QR { ) S
))
17 bit common —
shift register data Latched on-off control data \T X SID is loaded into the shift register
(Internal) -t -

Figure 9. IDM Operation Timing with LOD Selected and IDM Disabled
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Timing Diagrams (continued)
High
DATA DATA DATA /DATAYDATAVDATA\/DATA DATA DATA DATA DATA ATA ATA‘

Low

scik | |

14

LAT

Shift register

LSB Data
(Internal)

Shift register SATA DATA DATA/DATA SID ATA
LSB +1 Data . D )
(Interaly 2A 1A 158 1B 0B/ 16C \ __A_
. + DATA, 1 .
' [ 1B [
" L] "
Shift register —
(Internal) 0 A\ 16A 15A oA A 16BA_|» 15B 14BA 1B A __ M.
" SID data selected by SIDLD bit is loaded into the common 0 v DATA
shift register at LAT rising edge except SIDLDis 00b. 158
Shift register S} DATA S5 -\,
S8 Data RzaaX a X Ak X)) XA XTRXSR) G
(Internal) \ 0A 168 14B A\ __ .
0
Output on-off (( _————
data latch X / DATA15A-0A (’ (’ 0ld on-off data gg?
(Internal) £
i / (( —_———
SIDLDin FC )J
data latch XXb / N ¥
(Internal) < )Y _———

\ LOD data is selected when SIDLD is 01h. LSD data is selected when SIDLDis set to 10b. OLD
data is selected when SID is set to 11b. No SID data is loaded when SIDLDis 00h.

DATA DATA SID SID D D D DATA 3D il Wl
sout  X>AA(R o (XX TR A X)X X 2a XA Xon ) oe (ize ) X __ X
Low ' 16 bit SID data Low

BLANK

(¢ - -
))

_ Selected detector data by SIDLD is held in SID holder while BLANK is high level. Or the data is held in SID holder when IDM
SID hold s’ worklng time is passed. The held data is loaded |nto the common shift register as SID except the case SIDLD is 00h.
older

data _AXXXXD( Detector data Detector data 95 X _____

Internal XXXXh XXXXh (C o __

( ) ) ))
N LOD data goes through SID holder while BLANK is low level or IDM working time is not passed.

16 bit LOD or
D
LSD or OLD D(et()e&ﬁr etector data AXXXXXX Detector data
data (Internal)

N The detectors data are not stable just after BLANK signal goes low.

Figure 10. SID Read Timing

N
~1 T
o
o
o®
9.
S8
o=
Sa
o
QO
1
| |
[
[
[
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Timing Diagrams (continued)

SN DATA DATA DATA\/DATA - \ DATA\/DATA\/ DATA DATA %@%% OATAY ™~ "7
0A A15BA 14B A 13B A 12B A 118 3B A28A 1BA 08 15C 10C N ________

SCLK

LAT I

Shift register
LSB Data DATA “‘)/ """
(Internal) 0A _—— Moo
Shift register e
LSB +1Data DATA \[SID DATA\/DATA\/DATA ST
 +i0aia OFTF (S TN T
0 + DATA, 1 '
[ 1B [
' '
Shift register oy -
R DATA DATA SID SID SID ST
Msﬁml?gg 15A > 158 $HEFENEED G
0 \ DATA
158
Shift register
MSB Data

| XSRXTRXR)

(Internal)

Output on-off vy
data latch / DATA15A-0A S\ ggﬁ\ DATA15B-0B
(Internal) 77

Control data
Latch
(Internal)

st _ 9% (BXEERERC)

Low

BLANK

OFF
outn™ ON--.

N
N

S (G

OFF r————-----
ON \ /|
ON

OFF

OFF
ON —-.

NS
-

ouTtn®

OFF

J~
<~

outn®

ON --.

OFF

ouTn® N i 3 N
ON —-- \ o' ¥===2 These dotted lines are output pulse timing for IDM s

(1) Onloff latch data is '1'.
(2) Onloff latch data change from '1' to '0" at second LAT signal.

NS
<~

(3) Onloff latch data is change from '0' to '1' at second LAT signal.
(4) Onloff latch data is '0'.

Figure 11. On-Off Control Data Write Timing (BLANK Mode = 1)
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Timing Diagrams (continued)

DATA\ DATA DATA .‘ DATAVDATAY DATA
0A 15B A\ 14B /\ 13B 2B 1B 0B

e @ s

SCLK

3 14 15 16

LAT

S i
[
-

1 2 7 8

((
))

NN

Shift register A
DATA\/DATA\/DATA DATA DATA\/DATA Y
L5 Data s N5 5 )
(Internal) \ -
Shift register
LSB +1Data A

(Internal)
L]

Shift register

T
3B 2B 1B
L]
L]

DATA - .@ DA- i \)I
0B ic___
L]
L]

MSB -1Data

DT
0A 15B /\ 14B

(Internal)

Shift register
D DATA\/DATA
V& Das OO

(Internal)

Output on-off [ L /L
data latch / DATA15A-0A \\ ){ DATA15B-0B ) \\ DATA 7C-0C
(Internal) 77 ] J

Control data

\

Latch

(Internal)

sout X
-
BLANK
OFF
w oF 55 \ _____
outn® K\\ ON 0 /
w OF $5 oFF- -
outn+1® k ™ on .
))
OFF q
@) ))
OUTn on . \\ON . L
))
OFF oFF \
outn® °F 4§ 3
ON > ON -
OFF OFF
outn® " 4 6 -
ON ---
(1) If the on/off latched data is changed from “0” to “1” at 1'st LAT signal, changed from “1” to “0” at 2'nd LAT signal.
(2) If the on/off latched data is changed from “0” to “1” at 1'st LAT signal, changed from “1” to “1” at 2'nd LAT signal.
(3) If the on/off latched data is changed from “1" to “0” at 1'st LAT signal, changed from “0” to “1” at 2'nd LAT signal.
(4) If the on/off latched data is “0”".

Figure 12. On-Off Control Data Write Timing (BLANK Mode = 0)

Copyright © 2015-2016, Texas Instruments Incorporated

19


http://www.ti.com.cn/product/cn/tlc59291?qgpn=tlc59291
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TLC59291

ZHCSES50A —SEPTEMBER 2015—REVISED MARCH 2016 www.ti.com.cn

Timing Diagrams (continued)

DATAVYDATAVDATAYDATAYDATAVDATA DATA\V/DATAV/DATAY DATA DATA D D D OATA/ ~~~"°°°°
SIN )
0A 158 \ 14B /\ 13B/\ 12B /\ 11B 3B 2B 1B 0B 15C 10C N\

SCLK

LAT l

Shift register [
mernan \ 05" PECATSC XK BERIZEN X
(Internal) 0B 16C [

0

Shift register ——\ -

LSB +1 Data DATA DATA\ DATA /D DATA % Y
(Internal) 18 0B /\16C 14C Y

0 L]
L]
L]

Shift register ——y,m————

MSB -1 Data DATA DATA DATA DATA\ y
(Internal) 15A 15B 14B/A13B A\ 12B N\ 11B/A\10B A\ _ _,_____.

Shift register

MSB Data

B
168 15BA14B A 13BN\ 12BAMMB AN _ _ /v ____.

(Internal)

Output Oo-off

data X / DATA15A-0A \ DATA15A-0A
(Internal)

Function control {/

Latch Data Old function control data X DATA15B-0B
temad) —m/MmM/— « - — - - - = ===="=-

DATA ) SID DATA DATA\/OATA\/DATA\/DATA/DATA/ ~ "\~~~ """
sout P AIsXEAX XA Ko KR XR) oo A

Low Wgh ket

Figure 13. Function Control Data Write Timing
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6.8 Typical Characteristics
At T, = 25°C, unless otherwise noted.

Figure 18. OUTn Current vs Output Voltage

100 60
4 66.0
\ 50
% 33.0 —
\ < loLcmax = 40 MA
E 40 ‘
g 10 \3'2 é / loLcmax = 30 MA
5 30
E —— \6.60 a3 \
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\\?'30 2.64 3 20 |
. !
\‘\2‘31 89 o 10 % loLcmax =2MA | o cumay = 10 MA
‘\T\L'L é loLcmax = 1 MA loLcmax = 5 MA
L e ] \
1 1.32 0 : " — :
0 10 20 30 40 50 0 0.5 1.0 1.5 2.0 25 3.0
loLomax (V) Output Voltage (V)
VCC =33V BC = 7Fh VOUTn =08V
Figure 14. Reference Resistor vs Output Current Figure 15. OUTn Current vs Output Voltage
46 60
45
50 Ve K
< 44 < loLcmax = 50 MA loLcmax = 40 MA
E E 40
= 43 = |
2 g lorcmax = 30 MA
5 42 5 30
o ’:_-_-_—_-'-=-"--"-"--""'-"--"‘-"-r- nnnnnn = e e (6] ‘
3 41 L E 20 lotcmax = 20 MA
3 / 3 |
40 ll / — T,=-40°C 10 / loLcmax = 2 MA loLcmax = 10 MA
1 --T,=+25°C = -
39 T! TA - +85°C loLcmax = 1 MA loLcmax = 5 MA
[i - Tas - X i
38 L I O
0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 1.0 1.5 2.0 25 3.0
Output Voltage (V) Output Voltage (V)
Vee =33V BC = 7Fh Rirer = 1.58 kQ Vee=5V BC = 7Fh Voutrn = 0.8V
Voutn = 0.8V 50mA=1V
Figure 16. OUTn Current vs Output Voltage Figure 17. OUTn Current vs Output Voltage
56 3
55
2
~ 54
<
E 1IN
?E' 53 - | Tt
2 g
5 52 9 0
(&) ,:______.._—_1.-—.“.“.“........-..-.._..__.__._,____ e
g 7 Y N S N B EEELL
=1 ! -
e} i|/ _—
%0 /," — T,=-40°C )
49 L - = T,=+25°C B / — V=33V
/.; ---T,=+85°C -=Vee=5V
48 — -3
0 0.5 1.0 1.5 2.0 25 3.0 0 10 20 30 40 50
Output Voltage (V) Output Current (mA)
Vcc =5V BC = 7Fh RIREF =1.28 kQ BC = 7Fh VOUTn =08V 50mA=1V
Voutn =1V

Figure 19. Constant-Current Error
vs Output CurrenT set by Riger or BC Data (Channel-to-
Channel)

Copyright © 2015-2016, Texas Instruments Incorporated

21


http://www.ti.com.cn/product/cn/tlc59291?qgpn=tlc59291
http://www.ti.com.cn

TLC59291
ZHCSES0A —SEPTEMBER 2015 -REVISED MARCH 2016

13 TEXAS
INSTRUMENTS

www.ti.com.cn

Typical Characteristics (continued)

At T, = 25°C, unless otherwise noted.

3 60 ‘ ‘
— Ve =33V o =2 mA
2 50 |7~ Vec =5V \ _
lo=5mA 2
1 g 40 Ad
g % I = 10 mA x,‘ L~
S0 S 30 lo =20 mA 47
_O O //
J 5 lo =40 mA -1 \
-1 £ 20 <
E— 3 lb=50mA | \- B(,)(T
2 — V=33V 10 s Y
cc” > z /__'____,_...-—— —"I
-=Vee=5V = C e — 3
-3 0 e
-40 -20 0 20 40 60 80 100 0 16 32 48 64 80 96 112 128
Temperature (°C) BC Data (Decimal)
RlREF =1.28 kQ VOUTn =08V
Figure 20. Constant-Current Error Figure 21. Global Brightness
vs Ambient Temperature (Channel-to-Channel) Control Linearity
16 14
14 e = 12 F———1 il lsnniion fnliononls il i -
12 - 10
_ 10 —=f _
< -~ < 8
E g - E
3 1= 86
6 =
s |2 4
2 — V=33V 2 — Ve =33V
-=Vee=5V -=Vee=5V
0 0
0 10 20 30 40 50 -40 -20 0 20 40 60 80 100
Output Current (mA) Ambient Temperature (°C)
BC = 7Fh Rirer = 1.6 kQ SIN = 17.5 MHz BC = 7Fh Rirer = 1.6 kQ SIN = 17.5 MHz
SCLK = 35 MHz All Outpts on SCLK = 35 MHz All Outpts on
Figure 22. Supply Current Figure 23. Supply Current
vs Output Current Set by Rirer vs Ambient Temperature
30 CH1 (5 V/div) ; : .
CH1-BLANK .
CH2 (2 V/div ; : - -
25 ( ) CH20UTO
2 CHB (2 Vi) foreeormie, oA i
- N S CH3-0UT1 ;- -
<§_ : : :
— 15 E : : :
O . . : :
_(.) _____ - ""f"’CH4-OUT15""
10 SR B L CH4 (2 V/div)
5 [~ /__’//— ......................
—Vee=33V| | b e
o ==V =5V
-40 -20 0 20 40 60 80 100 Time (20 ns/div)
Ambient Temperature (°C) Vee =33V BC =7Fh Rirer = 1.6 kQ
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Power-Save Mode .
Figure 25. Constant-Current Output
Figure 24. Supply Current in Power-Save Mode Voltage Waveform
vs Ambient Temperature
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7 Parameter Measurement Information

VCC R,
Vee
—_ IREF OouUTn —_
a Vieo
Rirer G
GND

(1) C_ includes measurement probe and jig capacitance.

Figure 26. Rise Time and Fall Time Test Circuit for OUTn

]

[ Vee

VvCC

SOUT

GND

__I_ CL(ﬂ
1

(1) C_ includes measurement probe and jig capacitance.

Figure 27. Rise Time and Fall Time Test Circuit for SOUT

—_ IREF

RIF{EF

VCC  OUTO [—

oUTn

GND OUT15

!

VOUTn
T VOUTfix —|_

Figure 28. Constant-Current Test Circuit for OUTn
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8 Detailed Description

8.1 Overview

The TLC59291 is a 8/16-channel constant current sink LED driver. Each channel can be turned on-off by writing
data to an internal register. The constant current value of all 16 channels is set by a single external resistor and
128 steps for the global brightness control (BC).

The TLC59291 has six type error flags: LED open detection (LOD), LED short detection (LSD), output leak
detection (OLD), reference terminal short detection (ISF), Pre thermal warning (PTW) and thermal error flag
(TEF). In addition, the LOD and LSD functions have invisible detection mode (IDM) that can detect those errors
even when the output is off. The error detection results can be read via a serial interface port.

8.2 Functional Block Diagram

vce
vee O
16 bit LOD or 16 bit LSD data or 16 bit OLD data
UVLO LRESST
LSB MsSB
Bit 7/15
SIN [T —( sout
O Common shift register o | select
*— -— Y
SCLKO b—{ 15
2
LSB 16 MSB
\ ) Output On-Off data Latch All off 16
-
0 l 15
LsB 1o} MSB 1g
— Control data latch 1
LAT O [T L/ (Global brightness control, LSD voltage select, Blank
loaded error select, other function control) Mode
0 5 | 4 b 15
1
BLANK( [T . P A sSID
LA Toall I l { Selector
| ERROR
Fower 1= et osc || [ ToMtming 2fsetect| 7§ f
u o T
control control Eer:gf 1SF
BC Status
165C reseT —1 T
Thermal 350
Detector 16
A v J
2 : SID
On-Off control with output delay Holder
Reference LS, 161/
current
IREFO control R 16¢channels constant current sink driver
with 7bit global brightness control 1€
ERROR
VLSD een SELECT
SELECT l
Detection .| LED Open Detection (LOD) / LED Short Detection (LSD)
GND O_j Voltage /Output Leak Detection (OLD)
GND
OUTO OUT1 0uT2 OUT13 OUT14 OUT15
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8.3 Feature Description

8.3.1 Maximum Constant Sink Current

The maximum output current of each channel (Iocmax) is programmed by a single resistor (Rireg) that is placed
between the IREF and GND pins. The current value can be calculated by Equation 1:

__ VirRer(Y)
RIREF(K) = lo(CLmax)(mA) %48

Where:

Virer = the internal reference voltage on IREF (typically 1.205 V when the global brightness control
data are at maximum.

loemaxy = 1 MA t0 40 MA (Ve < 3.6 V), or 1 mA to 50 mA (Ve > 3.6 V) at OUTO to OUT15 (BC =
7Fh) (1)

lo(Lemax) IS the highest current for each output. Each output sinks I cmax current when it is turned on with the
maximum global brightness control (BC) data. Each output sink current can be reduced by lowering the global
brightness control value. Riger must be between 1.32 kQ and 66 kQ to hold lo( cmax) between 50 mA (typical) and
1 mA (typical). Otherwise, the output may be unstable. Output currents lower than 1 mA can be achieved by
setting lo.cmax) t0 1 MA or higher and then using the global brightness control to lower the output current.

Figure 14 and Table 1 show the characteristics of the constant-current sink versus the external resistor, R\ger.

Table 1. Maximum Constant Current Output versus
External Resistor Value

lo@.cmax) (MA) Rirer (kQ, typ)
50 (Vcc > 3.6 V only) 1.32
45 (Ve > 3.6 V only) 1.47
40 1.65
35 1.89
30 2.20
25 2.64
20 3.30
15 4.40
10 6.60
5 13.2
33
66
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8.3.2 Global Brightness Control (BC) Function

The TLC59291 has the ability to adjust the output current of all constant current outputs simultaneously. This
function is called global brightness control (BC). The global BC for all outputs (OUTO to OUT15) can be set with
a 7-bit word. The global BC adjusts all output currents in 128 steps from 0% to 100%. where 100% corresponds
to the maximum output current set by Riger. Equation 2 calculates the actual output current. BC data can be set
via the serial interface.

lo(Lcmax)(MA) x BC

lo(Lcn)(MmA) =

127d
Where:
lo@.ecmax) = the maximum constant-current value for each output determined by R ggr.
BC = the global brightness control value in the control data latch (Oh to 127d) (2)

Table 2 shows the BC data versus the constant-current ratio against lo cma-

Table 2. BC Data versus Constant-Current Ratio Against locmax)

BC DATA RATIO OF OUTPUT loe)
CURRENT TO logcmax) | (MA, locman= 40mA, loey
BINARY DECIMAL HEX (%) typ) (MA, lo.cmax= IMA, typ)
000 0000 0 00 0 0 0
000 0001 1 01 0.8 0.31 0.01
000 0010 2 02 1.6 0.63 0.02
111 1101 125 7D 98.4 39.4 0.98
111 1110 126 7E 99.2 39.7 0.99
1111111 127 7F 100.0 40.0 1.00

8.3.3 Thermal Shutdown (TSD) and Thermal Error Flag (TEF)

The thermal shutdown (TSD) function turns off all constant-current outputs when the junction temperature (T;)
exceeds the threshold (Tgg = 165°C, typical) and sets all LOD data bit to ‘1’. When the junction temperature
drops below (Ttgr — Thyst), the output control starts. The TEF is remains ‘1’ until LAT is input even if low
temperature. Figure 6 shows a timing diagram and Table 3 shows a truth table for TEF.

8.3.4 Pre-Thermal Warning (PTW)

The PTW function indicates that the IC junction temperature is high. The PTW is set and all LSD data bit are set
to “1” while the IC junction temperature exceeds the temperature threshold (Tpy = 138 °C, typical). Then OUTn
are not forced off. When the PTW is set, the IC temperature should be reduced by lowering the power dissipated
in the driver to avoid a forced shutdown by the thermal shutdown circuit. This reduction can be accomplished by
lowering the values of the BC data. When the IC junction temperature decreases below the temperature of Tpmy,
PTW is reset. Figure 6 shows a timing diagram and Table 3 shows a truth table for PTW.
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8.3.5 Current Reference Terminal — IREF Terminal - Short Flag (ISF)

The ISF function indicates that IREF terminal is short to GND with low impedance. When IREF is set, all OLD
data bit is set to “1”. Then all outputs (OUTn) are forced off and remain off until the short is removed. Table 3
shows the truth table for ISF.

Table 3. TEF/PTWI/ISF Truth Table

CORRESPONDING DATA BITS
TEF PTW ISF IN SID
Device temperature is lower than | Device temperature is lower than
high-side detect temperature pre-thermal warning temperature IREF terminal is not shorted Depends on LOD/LSD/OLD
(temperature < T1gp) (temperature < TpTy)
Device temperature is higher Device temperature is higher IREF terminal is shorted to GND | SID is all 1s for TEF when SIDLD
than high-side detect than pre-thermal warning with low impedance and all bit ='01". SID is all 1s for PTW
temperature and all outputs are temperature outputs (OUTO to OUT15) are when SIDLD ='10". SID is all 1s
forced off (temperature >Ttgg) (temperature > Tptw) forced off for ISF when SIDLD = '11".

8.3.6 Noise Reduction

Large surge currents may flow through the IC and the board on which the device is mounted if all 16 outputs turn
on simultaneously when BLANK goes low or on-off data changes at LAT rising edge with BLANK low. These
large current surges could induce detrimental noise and electromagnetic interference (EMI) into other circuits.
The TLC59291 turns the outputs on in 2ns series delay for each output to provide a circuit soft-start feature.
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8.4 Device Functional Modes

8.4.1 Blank Mode Selection (BLKMS)

The device has two configuration for BLANK pin, which is decided by BIT[9] in FC register. When BLANK mode
= 1, the device is in ENABLE mode, BLANK pin is worked as OUTPUT enable pin: when BLANK=Low, all
constant current outputs are controlled by the on/off control data in the data latch; when BLANK=High, all OUTx
are forced off.

When BLANK mode = 0, the device is in SOUT mode, BLANK pin is worked as SOUT select pin; when BLANK=
Low, SOUT is connected to the bit7 of the 16-bit shift register, worked as 8 channel device; when BLANK= High,
SOUT is connected to the bitl5 of the 16-bit shift register, worked as 16ch device. If device is already in
ENABLE mode and we want to switch to SOUT mode, the new FC data with BIT[9]=0 must be input. Then it
enter SOUT mode.

If device is already in SOUT mode and the user wants to switch to ENABLE mode. First make sure BLANK pin is
high, SOUT is connected with bitl5 of common shift register. Then input the new FC data with BIT[9] = 1. The
device enters ENABLE mode

When the IC is powered on, SOUT mode is selected as default value. Refer to table 7 for detail.

8.4.2 Power-Save Mode

In this mode, the device dissipation current becomes 30 pA (typical). When “PSMODE” bit is ‘1", the power save
mode is enabled. Then if LAT rising edge is input to write all ‘0’ data into the output on-off data latch or to write
any data into the control data latch when the on-off data latch are all ‘0’, TLC5929 goes into the power save
mode. When SCLK rising edge is input, the device returns to normal operation. The power-save mode timing is
shown in Figure 7.

8.4.3 LED Open Detection (LOD)

LOD detects the fault caused by LED open circuit or a short from OUTn to ground by comparing the OUTn
voltage to the LOD detection threshold voltage level (V op = 0.3 V typical). If the OUTn voltage is lower than
V. op, that output LOD bit is set to '1' to indicate an open LED. Otherwise, the LOD bit is set to '0'. LOD data are
only valid for outputs programmed to be on. LOD data for outputs programmed to be off are always '0' (Table
11).

The LOD data are stored into a 16-bit register called SID holder at BLANK rising edge when “SIDLD” hits is set
to ‘01b’ (Table6) or when Invisible Detection Mode (IDM) is enabled, the LOD data are stored to SID holder at
the end timing of IDM working time.

The stored LOD data can be read out through the common shift register as Status Information Data (SID) from
SOUT pin. LOD/LSD data are not valid until 0.5 us after the falling edge of BLANK.

8.4.4 LED Short Detection (LSD)

LSD data detects the fault caused by a shorted LED by comparing the OUTn voltage to the LSD detection If the
OUTn voltage is higher than the programmed voltage, that output LSD bit is set to '1' to indicate a shorted LED.
Otherwise, the LSD bit is set to'0". LSD data are only valid for outputs programmed to be on. LSD data for
outputs programmed to be off are always '0' (Table 4).

The LSD data are stored into a 16-bit register called SID holder at BLANK rising edge when “SIDLD” bits is set to
‘10b’ (Table6) or when Invisible Detection Mode (IDM) is enabled, the LSD data are stored to SID holder at the
end timing of IDM working time. The stored LSD data can be read out through the common shift register as
Status Information Data (SID) from SOUT pin. LOD/LSD data are not stabled until 0.5 us after the falling edge of
BLANK. Therefore, BLANK must be low for at least that time.

The LSD need to be executed after propagation delay, “t4,” or more from the device operation resumed from the
power save mode because LOD does not work during the power save mode.

28 Copyright © 2015-2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tlc59291?qgpn=tlc59291
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TLC59291

www.ti.com.cn ZHCSES50A —SEPTEMBER 2015—REVISED MARCH 2016

Device Functional Modes (continued)
8.4.5 Invisible Detection Mode (IDM)

Invisible Detection Mode (IDM) is the mode which can detect LOD and LSD when output on-off data is set to off
state. When “IDMCUR?” bit in the control data latch are set any data except “00b”, OUTn start to sink the current
set by the “IDMCUR” bit at BLANK falling edge and OUTn stop to sink the current at BLANK rising signal or the
time set by “IDMTIM” has passed. When OUTn is stopped, the selected SID data by “SIDLD” bit are latched to
into SID holder.

When IDM mode is enabled, OLD is always set to disable. When “IDMCUR” bit in the control data latch is set
“00b”, OUTn doesn’t start to sink the current set. Figure 29 shows LOD/LSD/OLD/IDM circuit. Figure 8 shows
IDM operation timing and Table 5 shows a truth table for LOD/LSD/OLD.

IDM can only be working when FC[9] = 1.

8.4.6 Output Leakage Detection (OLD)

Output leak detection (OLD) detects a fault caused by OUTn is short to GND with high resistance by comparing
the OUTn voltage to the LSD detection threshold voltage when output on-off data is set to off state. Also OLD
can detect the short between adjacent pins. Small current is sourced from OUTn turned off to LED to detect LED
leaking when “SIDLD” bit are ‘11b’ and BLANK is low. OLD operation is disabled when SIDLD bit are set any
data except “11b” and then the sourced current is stopped. Also OLD is disabled when Invisible Detection Mode
(IDM) is enabled. If the OUTn voltage is lower than the programmed LSD threshold voltage, that output OLD bit
is set to '1' to indicate a leaking LED. Otherwise, the OLD bit is set to '0'. OLD result is valid for outputs
programmed to off only. The OLD data is latched into SID holder when BLANK goes high. OLD data for outputs
not programmed to off are always '0". The OLD need to be executed after propagation delay, “td4” or more from
the device operation resumed from the power save mode because OLD does not work during the power save
mode.

VCC VLED

OLD 2 A (iyp) g
Control
LED Lamp

LSD/OLD Data
‘1" = Error On/Off

Control
% VLSD

OouTn

2 uA/10 uA/20 A
(typ)

LOD Data
1’ = Error

GND

L,
l LoD

Figure 29. LOD/LSD/OLD/IDM Circuit

8.4.7 Status Information Data (SID)

The status information data (SID) contains the status of the LED Open Detection (LOD), LED Short Detection
(LSD), Output Leakage Detection (OLD), Pre-Thermal Warning (PTW), Thermal Shutdown (TSD) and Thermal
Error Flag (TEF) and Current Reference Terminal — IREF Terminal - Short Flag (ISF). The loaded SID data can
be selected by “SIDLD” bits in the control data latch. When the MSB of the common shift register is set to '0', the
selected SID overwrites lower 16-bit data in the common shift register data at the rising edge of LAT after the
data in the common shift register are copied to the output on-off data latch. If the common shift register MSB is
'1", the selected SID does not overwrite the 16-bit data in the common shift register
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Device Functional Modes (continued)

After being copied into the common shift register, new SID data are not available until new data are written into
the common shift register. If new data are not written, the LAT signal is ignored. To recheck SID without
changing the on-off control data, reprogram the common shift register with the same data currently programmed
into the on-off data latch. When LAT goes high, the output on-off data is not changed, but new SID data are
loaded into the common shift register. LOD, LSD, OLD, PTW, TEF, ISF are shifted out of SOUT with each rising
edge of SCLK. The SID need to be read out after ty, or more from the device operation resumed from the power
save mode.

The SID reading must be delayed for a duration of tp, or more after the device resumes operation from the
power-save mode because SID does not indicate correct data during the power-save mode. The SID load
configuration and SID read timing are shown in Figure 10 and Figure 30, respectively.

Selected SID (16 bits) by SIDLD Data in the Control Data Latch

I I
| | wmsB SS LSB | |
} Selected| Selected| Selected|Selected|Selected Selected| Selected|Selected |Selected|Selected }
I SID for | SID for | SID for | SID for | SID for eee SID for | SID for | SID for | SID for | SID for |
} OUT15 | OUT14 | OUT13 | OUT12 | OUT11 OUT4 | OUT3 | OUT2 | OUT1 | OUTO }
} 15 14 13 12 1 5 4 3 2 1 0 }
b e e e I

1 SID are loaded to the
No data are loaded H common shift register
into the MSB of the H 4—— at the rising edge of
common shift register 1 LAT when the common
H shift register MSB is 0.

___________________________________ Y __ Yy ___yN___N___ Y ___ ¥~ ___

I

| |msB =0 SS LsB | |

! Latch | Common | Common| Common| Common | Common Common| Common | Common | Common| Common 4_1_ SIN
sSouT 4+ Select | Data Bit | Data Bit | Data Bit | Data Bit | Data Bit eeeo Data Bit | Data Bit | Data Bit | Data Bit | Data Bit

| Bit 15 14 13 12 1 4 3 2 1 0 4—7— SLCK

/[ A SN SN S S S I { U

I 16 15 14 13 12 " i 4 3 2 1 0 }

I

Common Shift Register (17 Bits)

Figure 30. SID Load Configuration

Table 4. SID Load Assighment

BIT NUMBER
SIDLD SELECTED LOADED INTO
1/0 BIT DETECTOR CHECKED OUTn COMMON SHIFT DESCRIPTION
REGISTER
00b No detector selected — No data loaded
ouTo 0 The data in the common shift register are not changed.
The data in the common shift register are updated with LOD or TEF data.
. OouT1 1 All bits '1' = device junction temperature (T;) is high (T; > Ttge) and all
01b LED open detection . . outputs are forced off by the thermal shutdown function.'1 = OUTn shows
(LOD) lower voltage than the LED open detection threshold (V op).
ouT14 14 0 = normal operation.
OuUT15 15
ouTOo 0
ouT1L 1 The data in the common shift register are updated with LSD or PTW data.
LED short detection All bits '1' = device junction temperature (T;) is high (T; > Tpw)-
10b (LSD) s s 1 = OUTn shows higher voltage than the LED short detection threshold
ouUT14 14 (Vi sp) selected by LSDVLT.
0 = normal operation.
OuT15 15
ouTOo 0
The data in the common shift register are updated with OLD or ISF data.
OouT1 1 All bits '1' = IREF pin is shorted to GND with low impedance.
11b Output leakage . .. 1= OUTn is leaking to GND with greater than 3pA.
detection (OLD) 0 = normal operation.
OuT14 14
OuT15 15
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Table 5. LOD/LSD/OLD Truth Table

LOD

LSD

OLD

CORRESPONDING BIT IN SID

LED is not opened

OUTn does not leak to GND (Voyrn >

(Voutn < Viop)

side (Voutn > Visp)

. >Viop) LED is not shorted (Voytn < Visp) V| sp When constant-current output off 0
OuUTn = ¥LOD and OUTn source current on)
Current leaks from OUTn to internal
LED is open or shorted to GND LED is shorted between anode and GND, or OUTn is shorted to external
p cathode, or shorted to higher voltage GND with high impedance (Voyt, < 1

V| sp When constant-current output off
and OUTn source current on)

8.5 Register Maps

8.5.1 Register and Data Latch Configuration

The TLC59291 has one common shift register and two control data latch. The common shift register is 16-bits in
length and two control data latch is 16-bits length. When SCLK is '0" at LAT rising edge, the 16-bits common shift
register are copied into the output on-off data latch. Also when SCLK is '1' at LAT rising edge the 16-bits data are
copied into the control data latch. Figure 31 shows the common shift register and two control data latches

configuration.
SID 16 bit
Common shift register (16 bits) L
I | msB LSB |
: Common | Common | Common | Common | Common | Common | Common | Common [ Common | Common 4—:—S|N
SOUT<—|— Data bit | Data bit | Data bit Data bit | Data bit [ Data bit | Data bit | Data bit | Data bit | Data bit |
| 15 14 13 12 1 4 3 2 1 0 <+ SCLK
| 15 14 13 12 11 4 3 2 1 0 :
|
16 bit
( _Outputon - off datalatch (16 bits) _ v ____________________________
| MSB LSB :
| 15 14 13 12 11 4 3 2 1 0 |
[N T R T O D The latch pulse
| | OUTON [ OUTON | OUTON | OUTON | OUTON s OUTON | OUTON | OUTON | OUTON | OUTON | comes from LAT
| 15 14 13 12 1" 4 3 2 1 0 | Pinwhen SCLK
Mt - i =0
| 0 | signa .
L o o .. |
16 bit
To output on-off control circuit
\
. 16 bit
Control data latch (16 bits)
[ uss LsB
| 15 14 13 12 11 10 9 8 7 6 el 0 |
| [Power [ oM | oM | oM | DM | LSD | LSD [siDioad | SiDload [Brighiness Brighiness| | 1D latehpulse
| save | working [ working | current | current | detect | detect | control | control | control [ w== control |e—— COMesirom
| |Lenable [ time1 | time0 | select1 | select0 | voltage1 | voltageo 1 0 (BC) 6 (BC)0 | Pin WTen1SC|-K
----- signal =1.
| |
L o o ., . |
1 bit A 2 bit A 2 bit A 2 bit A 2 bit 7 bit
E v Y A 4
To power To IDM To IDM To LSD To SID  To output constant current
save mode working time current circuit data load control circuit
control control control control
circuit circuit circuit circuit

Figure 31. Common Shift Register and Control Data Latches Configuration
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Register Maps (continued)

8.5.1.1 Common Shift Register

The 16-bit common shift register is used to shift data from the SIN pin into the TLC59291. The data shifted into
the register are used for the data writing for output on-off control, global brightness control, and some functions
control. The register LSB is connected to SIN. On each SCLK rising edge, the data on SIN are shifted into the
register LSB and all bits are shifted towards the MSB.

SOUT can be connected to either bit 15 or bit 7 of common shift register depending on BLANK signal and control
data setting.

Also Status Information Data (SID) selected by the load select data in the control data latch are loaded to the
common shift register when LAT rising edge is input with SCLK is “0” of the shift register.

When the device powered up, the data in the 16-bit common shift register is set to all “0".

8.5.1.2 Output On/Off Data Latch
The output on/off data latch is 16 bits long and sets the on or off status for each constant-current output.

When FC[9] = 1 and BLANK is high, all outputs are forced off. But then the data in the latch are not changed. In
other case, the corresponding output is turned on if the data in the output on-off data latch are '1' and remains off
if the data are '0'.

When the IC is initially powered on, the data in the data latch is set to all “0".
The output on/off data latch configuration is shown in Figure 32 and the data bit assignment is shown in Table 6.

From common shift register

. 16 bit

Output on-off data latch (16 bits) i(

I wmsB LsB :
: 15 14 13 12 n_ - 4 3 2 1 0 |
|| OUTON | OUTON [ OUTON  OUTON | OUTON e OUTON [ OUTON | OUTON | OUTON | OUTON !
| 15 14 13 12 11 4 3 2 1 0 :
[ PSS N I S S

| |
L o |

To output on off control circuit

Figure 32. Output On/Off Data Latch Configuration

Table 6. On/Off Control Data Latch Bit Assignment

BIT NUMBER BIT NAME CONTROLLED CHANNEL
0 OUTONO OuTO
1 OUTON1 OuUT1
2 OUTONZ2 ouT2
13 OUTON13 OouT13
14 OUTON14 OouUT14
15 OUTON15 OuUT15
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Figure 33. Output On/Off Data Latch
15 14 13 12 1 10 9 8
0 | 0 | 0 | 0 | 0 | 0 | 0 0
RIW RIW RIW RIW RIW RIW RIW RIW
7 6 5 4 3 2 1 0
0 | 0 \ 0 | 0 \ 0 | 0 \ 0 0
RIW RIW RIW RIW RIW RIW RIW RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 7. Output On/Off Data Latch

Bit Field Type Reset Description

[15] OUTON15 R/W 00

[14] OUTON14 RIW 00

[13] OUTON13 R/W 00

[12] OUTON12 RIW 00

[11] OUTON11 RIW 00

[10] OUTON10 R/W 00

[9] OUTON9 R/W 00

18] OUTONS RIW 00 When IC is powered up, these all data are set to “0”
0 = output OFF (default)

[7] OUTON7 R/W 00 1 = output ON

[6] OUTON6 R/W 00

[5] OUTONS5 R/W 00

[4] OUTON4 R/W 00

[3] OUTON3 R/W 00

2] OUTON2 R/W 00

1] OUTON1 R/W 00

[0] OUTONO R/W 00

8.5.1.3 Control Data Latch

The control data latch is 16-bit in length and contains the Global Brightness Control (BC) Function data, Status
Information Data (SID) load select data, Blank Mode Selection (BLKMS) data, the current value for Invisible
Detection Mode (IDM), IDM working time, and Power-Save Mode enable control data.

When the device is powered up, the data in this data latch are set to the default values shown in Table 8.

The function control data latch configuration is shown in Figure 34.

Control data latch (16bits)

From common shift register

| MSB LSB
: 15 14 13 12 1 10 9 8 7 6 0
| Power IDM IDM IDM IDM BLANK | BLANK [ SID load | SID load [Brightness Brightness|
| save working | working current current Mode Mode control control control -— control
| enable time 1 time 0 | select1 | select0 | Select1 | SelectO 1 0 (BC) 6 (BC)0
|
L o
1 bit 2 bit 2 bit 2 bit 2 bit 7 bit
A A
To power To IDM To IDM To BLANK To SID  To output constant current
save mode working current Mode data load control circuit
control time control control select control
circuit circuit circuit circuit circuit

Figure 34. Function Control Data Latch Configuration
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Figure 35. Control Data Latch
15 14 13 12 11 10 9 8
1 | 0 \ 0 | 0 \ 0 | 1 \ 0 | 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
0 | 1 \ 1 | 1 \ 1 | 1 \ 1 | 1
R/W R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 8. Control Data Latch
Bit Field Type Reset Description
[15] PSMODE R/W 1b Power save mode enable (Default value = ‘1b’)

The data selects power save mode enable or disable. When the
mode is enabled, the device goes into power save mode if all
data in the on/off data latch are “0”. Table 15 shows the power
save mode truth table. Figure 7 shows the power save mode
operation timing.

[14:13] | IDMTIM R/W 00b IDM working time select (Default value = ‘00b’)

The data selects the time of output current sink at OUTn for IDM
to detect LED open detection (LOD) or LSD without visible
lighting. Table 15 shows the work time truth table.Figure 9
shows the IDM operation timing.

[12:11] | IDMCUR R/W 00b IDM current select (Default value = ‘00b’)

The data selects the sink current at OUTn for IDM to detect LED
open detection (LOD) or LSD without visible lighting. Table 14
shows the current value truth table. Figure 9 shows the IDM
operation timing.

etection voltage select. (Default value =

10 LSDVLT R/W 1b LSD d i I | Default val ‘1b’

These two bits select the detection threshold voltage for the LED
short detection (LSD). Table 12 shows the detect voltage truth
table.

9] BLKMS R/W Ob BLANK Mode Select (Default value = ‘0b’)
The data selects the working mode for BLANK pin. Table 11
shows the truth table.

[8:7] SIDLD R/W 00b SID load control (Default value = ‘00b’)

The data selects the SID data loaded to the common register
when LAT pulse is input for on-off data writing. Table 10 shows
the selected data truth table.

[6:0] BCALL R/W 1111111b | Global brightness control (Default value = ‘1111111b’)

The 7-bit data controls the current of all output with 128 steps
between 0~100% of the maximum current value set by a
external resistor. Table 13 shows the current value truth table.

8.5.1.4 Output On/Off Data Write Timing and Output Control

When SCLK = “0” at LAT rising edge, the output on-off data can be updated with the 16-bit data in the shift
register after the data are stored to the shift register using SIN and SCLK signals. When the on-off data latch is
updated, SID is loaded into the shift register except SID load control is “00b”. See Figure 11.

When BLANK = SOUT mode, the timing is show in Figure 12.

8.5.1.5 Function Control Data Writing

When SCLK = “1" at LAT rising edge, the control data latch can be updated with the 16-bit data in the shift
register after the data are stored to the shift register using SIN and SCLK signals. When the control data latch is
updated, SID is not loaded into the shift register.

If the device is in SOUT mode (FC[9] = 0) and BLANK = Low, SOUT is connected with BIT 7 of common shift
register. Then FC data can't be input and not valid. See Figure 13
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8.5.1.6 Function Control (FC) Data

The FC data latch is 16 bits long and is used to adjust output current values for LED brightness, select the SID,
BLANK mode select, the output current for IDM, the output on time for IDM, and power-save mode
enable/disable. When the IC is powered on, the control data latch is set to the default value (E67Fh).The control
data latch truth tables are shown in Table 9 through Table 14.

Table 9. Global Brightness Control (BC) Truth Table

BCALL (BIT 6:0) Brightness Control for all Output with Output Current
0000000 Output current of OUTn is set to locmax) X 0%
0000001 lo@.cmax) X 0.8%

1111110 lo@.cmax) X 99.2%
1111111 lo@Lcmaxy X 100%

Table 10. SID Load Control Truth Table

SIDLD

SID LOADED TO THE COMMON SHIFT REGISTER

0 0 No data is loaded (default value)

0 1 LED open detection (LOD) or thermal error flag (TEF) data are loaded
1 0 LED short detection (LSD) or pre-thermal warning (PTW) data are loaded
1 1 Output leakage detection (OLD) or IREF pin short flag (ISF) data are loaded

Table 11. BLANK Mode Selection Table

BLKMS (BIT 9) BLANK MODE SELECTION
0 SOUT mode, BLANK pin worked as SOUT 8/16 select signal (default)
1 Enable mode, BLANK pin worked as OUTPUT enable

Table 12. LSD Threshold Voltage Truth Table

LSDVLT (BIT 10) LED SHORT DETECTION (LSD) THRESHOLD VOLTAGE
0 Vispo (0-35 x Vcc typ)
1 V| sp3 (0.65 x V¢ typ, default value)

Table 13. Current Select for IDM

IDMCUR SINK CURRENT AT OUTn FOR INVISIBLE DETECTION MODE (IDM)
BIT 12 BIT 11
0 0 IDM is disabled (default value)
0 1 2 YA (typ)
1 0 10 pA (typ)
1 1 20 pA (typ)
Table 14. IDM Work-Time Truth Table
IDMTIM
INVISIBLE DETECTION MODE (IDM) WORKING TIME
BIT 14 BIT 13
0 0 All outputs are turned on for 17 OSC clocks (0.85 us typ)
0 1 All outputs are turned on for 33 OSC clocks (1.65 pus typ)
1 0 All outputs are turned on for 65 OSC clocks (3.25 pus typ)
1 1 All outputs are turned on for 129 OSC clocks (6.45 ps tyicalp, default value)
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Table 15. Power-Save Mode Truth Table

PSMODE (BIT 15) POWER-SAVE MODE FUNCTION
Power-save mode is disabled.
0 The device does not go into power-save mode even if the bits in the output on/off data latch
are all '0".
Power save mode is enabled (default value).
1 The device goes into power-save mode when the bits in the output on/off data latch are all
‘0",
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The device is a 8/16-channel, constant sink current, LED driver. This device is typically connected in series to
drive many LED lamps with only a few controller ports. On/Off control data and FC control data can be written
from the SIN input terminal. The device has six type error flags: LED open detection (LOD), LED short detection
(LSD), output leak detection (OLD), reference terminal short detection (ISF), Pre themal warning (PTW) and
thermal error flag (TEF).

9.2 Typical Application
In this application, the device VCC and LED lamp anode voltages are supplied from different power supplies.

g ™ M 0
OUTO---------- OUT15 OUTO---------- OUT15
DATA SIN SOuUT - SIN SouT
Controller sc v
LK SCLK cc SCLK Vee
TLC59291 TLC59291
sall LAT ic1 vee LAT iCn vee
BLANK BLANK BLANK
IREF GND IREF GND
Rirer Rirer
GND GND
GND GND
3
SID read

Figure 36. Multiple Daisy-chained TLC59291 Devices

9.2.1 Design Requirements

The parameters for the design example are shown in Table 16.

Table 16. Design Parameters

PARAMETER VALUE
VCC input voltage range 3Vto55V
LED lamp (V_gp) input voltage range Maximum LED forward voltage (Vg) + 0.3 V (knee voltage)
SIN, SCLK, LAT, and GSCLK voltage range Low level = GND, High level = V¢

9.2.2 Detailed Design Procedure

To begin the design process, a few parameters must be decided upon. The designer needs to know the
following:

e Maximum output constant-current value for each color LED lamp.

e Maximum LED forward voltage (Vg).

e Which error flags are used.
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9.2.3 Application Curves

Ch1 -1 V/div
¥
Il
T
]
k
I
Ch1 -1 Vidiv

Ch2 - 2 V/div
T
1
T
1L
Ch2 - 2 Vidiv
I

I F—-—— s ] g = R

Time = 400 ns/div Time = 400 ns/div
Figure 37. Output Waveform When BLANK_Mode =0 Figure 38. Output Waveform When BLANK_Mode =1

10 Power Supply Recommendations

The VCC power supply voltage should be decoupled by placing a 0.1-uF ceramic capacitor close to the VCC pin
and GND plane. Depending on the panel size, several electrolytic capacitors must be placed on the board
equally distributed to get a well regulated LED supply voltage (V gp).- The V gp voltage ripple must be less than
5% of it nominal value. Futhremore, the V| gp must be set to the voltage calculated by Equation 3.

Viep > Ve + 0.4 V (10-mA constant-current example) 3

Where
* Vg = maximum forward voltage of all LEDs.
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11 Layout

11.1 Layout Guidelines

» Place the decoupling capacitor near the VCC pin and GND plane

* Place the current programming resistor R\rer close to the IREF pin an the IREFGND pin.
* Route the GND pattern as widely as possible for large GND currents.

» The routing wire between the LED cathode side and the device OUTXn pin must be as short and straight as
possible to reduce wire inductance.

* When several ICs are chained, symmetric placements are recommended.

11.2 Layout Example

ouT1

ouT2
ouT3 ouT12

ouUT4 ouT11

- J

Figure 39. Layout
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12.2 #:XHEIR
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 TlI'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.
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E2E is a trademark of Texas Instruments.
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12.5 Glossary

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TLC59291RGER Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TLC
59291

TLC59291RGER.B Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TLC
59291

TLC59291RGET Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TLC
59291

TLC59291RGET.B Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TLC
59291

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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RGEO0024B

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
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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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