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5 Pin Configuration and Functions

GND —— —T1VDD
SDI T T R-EXT

CLK —— T SDO

LE —T OF
OUTO —— —T— OUT15
OUT1 T 0UT14
oUT2 —T10UT13
OUT3 ] T 10UT12
ouUT4 T 0UT11
OUTS T 10UT10
ouTe CIT T 1 0UT9
ouT7 T OUT8

& 5-1. DBQ Package 24-Pin SSOP Top View

% 5-1. Pin Functions

e PIN o) [e} DESCRIPTION

CLK 3 | Clock input for data shift on rising edge

GND 1 — Ground for control logic and current sink
Data strobe input

LE 4 Serial dat_a is transferred to the respective latch when LE is high.
The data is latched when LE goes low.
LE has an internal pulldown resistor.
Output t enable

OE 21 When OE ?s a_ctive (low), the qutput drivers are enabled.
When OE is high, all output drivers are turned OFF (blanked).
OE has an internal pullup resistor.

ouTo 5 (¢} Constant-current output

ouT1 6 (¢} Constant-current output

ouT2 7 (e} Constant-current output

OouT3 8 (¢} Constant-current output

ouT4 9 (¢} Constant-current output

OuT5 10 (¢} Constant-current output

OUT6 1 (¢} Constant-current output

ouT7 12 (e} Constant-current output

ouT8 13 (¢} Constant-current output

ouT9 14 (¢} Constant-current output

OuT10 15 (6] Constant-current output

OuUTM 16 O Constant-current output

ouT12 17 O Constant-current output

OouUT13 18 O Constant-current output

ouT14 19 O Constant-current output

OuUT15 20 O Constant-current output

R-EXT 23 | Input used to connect an external resistor (Reyt) for setting output currents
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# 5-1. Pin Functions (continued)

SENE PIN ST [e} DESCRIPTION

SDI 2 | Serial-data input to the Shift register

SDO 22 O Serial-data output to the following SDI of next driver IC or to the microcontroller
VvDD 24 — Supply voltage

6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) ()

MIN MAX UNIT
Vpp Supply voltage 0 7 \Y
V| Input voltage -04 Vpp + 0.4 \%
Vo Output voltage -05 20 \%
lout Output current 45 mA
laND GND terminal current 750 mA
Ty Operating virtual-junction temperature -40 150 °C
Tstg 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.

6.2 ESD Ratings

VALUE UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +1000
V(Esp) Electrostatic discharge - — \
Charged-device model (CDM), per JEDEC specification JESD22-C101 () +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Pins listed as
+1000 V may actually have higher performance.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Pins listed as +500
V may actually have higher performance.

6.3 Recommended Operating Conditions

Over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT

Vbp Supply voltage 3 5.5 \%
Vo Output voltage 17 \%
Viy Input voltage 0.7 x Vpp Vpp + 0.4 \
Vi Output voltage GND 0.3 x Vpp \%

Vo =06V 3 mA
lout Output current

Vo =10V 45| mA
loH High-level output current, source -1 mA
loL Low-level output current, sink 1 mA
Ta Operating free-air temperature -40 125 °C
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6.4 Thermal Information

TLC59025
THERMAL METRIC () DBQ (SSOP) UNIT
24 PINS
Mounted on JEDEC 1-layer board (JESD 51-3), No airflow 99.8 °C/W
Roua Junction-to-ambient thermal resistance
Mounted on JEDEC 4-layer board (JESD 51-7), No airflow 61 °C/W

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

6.5 Electrical Characteristics for 3-V Input Voltage

Vpp =3V, Ta = -40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
lieak Output leakage current Vou=17V Ta=25°C 05 LA
Ta=125°C 2
Vou High-level output voltage SDO, lg. = - 1mA Vpp - 0.4 \%
VoL Low-level output voltage SDO, lpy =1 mA 0.4 \Y,
Output current 1 Vout = 0.6 V, Rext = 1440 Q 13 mA
log) Output current error, die-die !IPA'\-:QSOQA’ Vo =06V, Rex = 14400, +3% +6%
((:)huggﬁglcurrent error, channel-to- !IQAL:21§,OE1A, Vo =0.6V, Rgy = 1440 Q, +1.5% +59%
Output current 2 Vo =0.8V, Rext =720 Q 26 mA
o) Output current error, die-die EIQ::2256°2A, Vo=08V,Req=7200, +3% 6%
c(:)huatﬁﬁtelcurrent error, channel-to- ITO::ZZSGOQA, Vo =0.8V, Ry =720 Q, +1.5% +5%
louT VS Output currentvs Vo=1Vto3 V,lp=13mA +0.1 "y
Vour output voltage regulation Vpp=3.0Vt05.5V, g =13 mAto 45 mA +1
Pullup resistance OE 500 kQ
Pulldown resistance LE 500 kQ
Ted Overtemperature shutdown (1) 150 175 200| °C
Thys Restart temperature hysteresis 15 °C
Rext = Open 7 10
Iop Supply current Rext = 1440 Q 9 12| mA
Rext = 720 Q 1 13
Cin Input capacitance V| = Vpp or GND, CLK, SDI, SDO, OE 10( pF

(1)  Specified by design
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6.6 Electrical Characteristics for 5.5-V Input Voltage
Vpp=5.5V, Ta= -40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
lieak Output leakage current Voy =17V Ta=25°C 05 LA
Ta=125°C 2
Vou High-level output voltage SDO, lg. = - 1mA Vpp - 0.4 \
VoL Low-level output voltage SDO, lpy =1 mA 0.4 \Y
Output current 1 Vout = 0.6 V, Rext = 1440 Q 13 mA
log) Output current error, die-die ITO::2153°2A’ Vo=0.6V,Rex = 14400, +3% +6%
Output current error, channel-to- |lg. =13 mA, Vo =0.6 V, Ry = 1440 Q, +1.5% +59%
channel Ta=25°C
Output current 2 Vo =0.8V, Rext =720 Q 26 mA
o) Output current error, die-die !?::2256021& Vo=08V,Req=7200, +3% +6%
c(;)huatﬁﬁtelcurrent error, channel-to- !P::ZZSGOQA, Vo =0.8V, Ry =720 Q, +1.5% +5%
louT Vs Output currentvs Vo=1Vto3V,lp=26mA +0.1 o
Vour output voltage regulation Vpp=3.0Vt05.5V, o =13 mAto 45 mA +1
Pullup resistance OE 500 kQ
Pulldown resistance LE 500 kQ
Ted Overtemperature shutdown () 150 175 200 °C
Thys Restart temperature hysteresis 15 °C
Rext = Open 9 11
Ibp Supply current Rext = 1440 Q 12 14| mA
Rext = 720 Q 14 16
Cin Input capacitance V| = Vpp or GND, CLK, SDI, SDO, OE 10( pF

(1)  Specified by design

6.7 Power Dissipation Ratings

MIN MAX| UNIT

Mounted on JEDEC 4-layer board (JESD 51-7),

Pp Power dissipation No airflow, Ta = 25°C, T, = 125°C

DBQ package 1.6 w
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6.8 Timing Requirements

Vpp =3 V to 5.5 V (unless otherwise noted)
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6.9 Switching Characteristics for 3-V Input Voltage
Vpp =3V, Tp = -40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tpLH1 Low-to-high propagation delay time, CLK to OUTn 30 45 60| ns
tpLH2 Low-to-high propagation delay time, LE to OUTn 30 45 60| ns
tpLH3 Low-to-high propagation delay time, OE to OUTn 30 45 60| ns
tpLH4 Low-to-high propagation delay time, CLK to SDO 30 40| ns
tpHL1 High-to-low propagation delay time, CLK to OUTn 40 65 100| ns
tpHL2 High-to-low propagation delay time, LE to OUTn 40 65 100| ns
tpHL3 High-to-low propagation delay time, OE to OUTn 40 65 100| ns
tpHLa High-to-low propagation delay time, CLK to SDO 30 40| ns
twcLk) Pulse duration, CLK Vi = Vpp, Vi = GND, 15 ns
twiL) Pulse duration LE Rext =720 Q, V| =4V, 15 ns
tw(oE) Pulse duration, OE R =880, C =10pF 300 ns
tho) Hold time, SDI 2 ns
tsuo) Setup time, SDI 3 ns
th) Hold time, LE 5 ns
tsu(L) Setup time, LE 5 ns
t, Rise time, CLK (D 500| ns
t; Fall time, CLK () 500 ns
tor Rise time, outputs (off) 35 50 70| ns
tof Rise time, outputs (on) 15 50 120| ns
fok Clock frequency Cascade operation 30| MHz

(1) If the devices are connected in cascade and t; or t; is large, it may be critical to achieve the timing required for data transfer between
two cascaded devices.
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6.10 Switching Characteristics for 5.5-V Input Voltage
Vpp=5.5V, Ta= -40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tpLH1 Low-to-high propagation delay time, CLK to OUTn 20 35 55| ns
tpLH2 Low-to-high propagation delay time, LE to OUTn 20 35 55| ns
tpLH3 Low-to-high propagation delay time, OE to OUTn 20 35 55| ns
tpLH4 Low-to-high propagation delay time, CLK to SDO 20 30| ns
tpHL1 High-to-low propagation delay time, CLK to OUTn 15 28 42| ns
tpHL2 High-to-low propagation delay time, LE to OUTn 15 28 42| ns
tpHL3 High-to-low propagation delay time, OE to OUTn 15 28 42| ns
tpHLa High-to-low propagation delay time, CLK to SDO 20 30| ns
twcLk) Pulse duration, CLK Vi = Vpp, V)L = GND, 10 ns
twiL) Pulse duration LE Rext =720 Q, V| =4V, 10 ns
tw(oE) Pulse duration, OE R =880, C =10pF 200 ns
tho) Hold time, SDI 2 ns
tsuo) Setup time, SDI 3 ns
th) Hold time, LE 5 ns
tsu(L) Setup time, LE 5 ns
t, Rise time, CLK (D 500| ns
t; Fall time, CLK () 500 ns
tor Rise time, outputs (off) 25 45 65| ns
tof Rise time, outputs (on) 7 12 20| ns
fok Clock frequency Cascade operation 30| MHz

(1) If the devices are connected in cascade and t; or t; is large, it may be critical to achieve the timing required for data transfer between
two cascaded devices.
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6.11 Typical Characteristics

Voo =5V Vio=5V Ana T \ 4 T T
v,=4v V=4V
e = 840 O 5V - R, =840 Q) 5V
R =880 : R. =880
C.=10pF C.=10pF
CLK oF
(vidiv) (1 Vrdiv)
ov - ov
4av - 4V‘
ouT? outt
(1Vrdiv) - (1 vrdiv)
ov . L 300.0nsdiv: 0V ~4000v | ; i ; 100 Ons/tiv
Time (300 ns /div) Time (100 ns /div)
B 6-2. CLK to OUT7 Kl 6-3. OE to OUT1
V=5V T T T T
oo 000¥
vV, =4V ?ODD v
R = 840 02 5V L
R.=880 L
=10 pF
OE
(1V/div)
ov L
av F
ouT? .
(1vrdiv) [
OV L4000, | . . i i l i 0O
Time (100 ns /div)
& 6-4. OE to OUT7
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7 Parameter Measurement Information

—OE ouTo |+ "o
——CLK
o LE ouTi5 |——
o——/ SDI

R-EXT GND DO

T

K| 7-1. Test Circuit for Electrical Characteristics

VIH! VIL o VDD

Function

Generator LE ouT1s R,
SDI C. ¢

R-EXT GND

DO
Logic input
waveform Ly
Vi=Vy 77 l I C. T -

V, =0V —

& 7-2. Test Circuit for Switching Characteristics

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TLC59025

Submit Document Feedback

1


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tlc59025?qgpn=tlc59025
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSN48C&partnum=TLC59025
https://www.ti.com.cn/product/cn/tlc59025?qgpn=tlc59025

13 TEXAS

TLC59025 INSTRUMENTS
ZHCSN48C - JUNE 2009 - REVISED FEBRUARY 2021 www.ti.com.cn
tw(CLK) |
CLK 50% I : 50% SOM
tsuID) I th(D) I
i I
o 50%
| |
I tPLHAs tPHLA I
) > |
| |
SDO 50% I
: !
I t |
| | | |
LE I | 50% |
I‘ | >l |
I I b I LA
| |
I
OE LOW |
| | tPLHZ! tPHLZ
8 | - > Output off
" ' |
w _
o OUTn I | X 50%
I .
-t |
i‘ tPLH1! tPNL1 VI OUtPUt on
tw(OE)
— HIGH
OE 50% % % 50%
°
&
E | tFHLf.i | tPLHC!
[ | | Output off
o 90% 90%
OUTn 50% 50%
I 10% 10% I
I<t—>| |<t—>I
of or
& 7-3. Normal Mode Timing Waveforms
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8 Detailed Description
8.1 Overview

The TLC59025 is a 16-channel LED driver designed for LED displays and LED lighting applications. The
TLC59025 contains a 16-bit shift register and data latches, which convert serial input data into parallel output
format. At the TLC59025 output stage, 16 regulated-current ports provide uniform and constant current for
driving LEDs within a wide range of VF variations. Used in system design for LED display applications (for
example, LED panels), the TLC59025 provides great flexibility and device performance. Users can adjust the
output current from 3 mA to 45 mA through an external resistor, RgxT, which gives flexibility in controlling the
light intensity of LEDs. TLC59025 is designed for up to 17 V at the output port. The high clock frequency, 30
MHz, also satisfies the system requirements of high-volume data transmission.

8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 Constant Current
In LED display applications, TLC59025 provides nearly no current variations from channel to channel and from

IC to IC. While loyt < 45 mA, the maximum current skew between channels is less than £5% and between ICs
is less than £6%.

Note
When the TLC59025 is used in very low current applications, reduced current accuracy can be
expected. For example, current accuracy is estimated to degrade to as much as £10% when lout =
1.7 mA.

8.4 Device Functional Modes
% 8-1 lists the functional modes for the TLC59025.
% 8-1. Truth Table in Normal Operation

CLK LE OE SDI OuUTOo... OUT15... OUT15 SDO
1 H L Dn Dn..Dn - 7..Dn - 15 Dn - 15
1 L L Dn+1 No change Dn - 14
t H L Dn+2 Dn+2.Dn - 5.Dn - 13 Dn - 13
| X L Dn+3 Dn+2..Dn - 5.Dn - 13 Dn - 13
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Z 8-1. Truth Table in Normal Operation (continued)

CLK LE OE SDI OUTO... OUT15... OUT15 SDO
| X H Dn+3 off Dn - 13
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9 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information
9.1.1 Turning on the LEDs

To turn on an LED connected to one of the outputs of the device, the output must be pulled low. To do this, the
SDI signal must let the device know which outputs should be activated. Using the rising edge of CLK, the logic
level of the SDI signal latches the desired state of each output into the shift register. Once this is complete, the
LE signal must be toggled from low to high then back to low. Once /OE is pulled down, the corresponding
outputs will be pulled low and the LEDs will be turned on. The below diagram shows outputs 0, 3, 4, 5, 10, 13,

and 15 being activated.
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& 9-1. Timing Diagram
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9.2 Typical Application
This application shows how to calculate the output current for OUTO through OUT15.

Vieo

SDI SDI VDD

SboO SDO

CLK CLK 0OuUT15
CE OE ouTiA
LE LE .

R-EXT °
Microcontroller 0ouT1
Rexr ouTo
GND
TLC59025

K 9-2. Typical Application Diagram

9.2.1 Design Requirements
For the following design procedure, the input voltage (Vpp) is between 3V and 5.5 V.

9.2.2 Detailed Design Procedure
9.2.2.1 Adjusting Output Current

TLC59025 sets loyT based on the external resistor Rgxt. Users can follow the below formula to calculate the
target output current loyt target in the saturation region:

louTtarget = (1.21 V / Rexr) % 15.5

Where Rgxt is the external resistance connected between R-EXT and GND. Using this equation, the output
current is calculated to be approximately 26 mA at 720 2 and 13 mA at 1440 Q.

9.2.3 Application Curve

The default relationship after power on between loyr target and Rext is shown in %] 9-3.
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K 9-3. Default Relationship Curve Between louT target and Rey¢ After Power Up
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10 Power Supply Recommendations
The TLC59025 is designed to operate with a VDD range between 3 V and 5.5 V.

11 Layout
11.1 Layout Guidelines

The SDI, CLK, SDO, LE, and OE signals should all be kept from potential noise sources.

All traces carrying power through the LEDs should be wide enough to handle necessary currents.

All LED current passes through the device and into the ground node. There must be a strong connection
between the device ground and the circuit board ground.

11.2 Layout Example

To pC
To uC

To pucC

() Viato GND
C—GND vDD [/
—| SDI R-EXT =
1 CLK SDO—/
1 LE OE[—
—10UTO OuUTl5 [/
C—OouT1 ouT14
] OUT2 ouT13|—/
C—]0UT3 ouT12|—
C—|0ouT4 ouT1ij|—
C—]OUTS ouUT10 />
C—{0uTe ouT9—1
C—louT7 ouTsF—

REAXTXXIMELTZXRZ L

A 11-1. Layout Recommendation
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12 Device and Documentation Support
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12.2 Trademarks

TI E2E™ is a trademark of Texas Instruments.
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13 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 revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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 ©)
@ ©)
TLC59025IDBQR Active Production SSOP (DBQ) | 24 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TLC59025I
TLC59025IDBQR.B Active Production SSOP (DBQ) | 24 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TLC59025I

@ 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 Tl RoHS Statement for additional information and value definition.

@ Lead 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. TI 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 [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| A0 |<—
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 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
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)
TLC59025IDBQR SSOP DBQ 24 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
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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)
TLC59025I1DBQR SSOP DBQ 24 2500 353.0 353.0 32.0
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MECHANICAL DATA

DBQ (R*PDSO*GZZL) PLASTIC SMALL—OQUTLINE PACKAGE
0.344 (8,75)
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\@\0005 (0,13) @]

0.010 (0,25)
L 0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25) /
0.005 (0,15)1
[ \ \
. t K / / \ ) [ [a00% 070)
Gauge Plane _4_ D —a ? Seating Plane
0.010 (0,25) -8
0.035 (0,89)
0.016 (0,40) !

4073301-4/H 10/2008

. All linear dimensions are in inches (millimeters).

NOTES: A
B. This drawing is subject to change without notice.
C
D

. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15) per side.
. Falls within JEDEC MO-137 variation AE.
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