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TPS9264x Synchronous Buck Controllers for Precision Dimming LED Drivers

1 Features

* Vi, Range from 7 V to 85 V
* Wide Dimming Range

— 500:1 Analog Dimming

— 2500:1 Standard PWM Dimming

— 20000:1 Shunt FET PWM Dimming
e Adjustable LED Current Sense Voltage
s 2-Q, 1-Ajeak MOSFET Gate Drivers
e Shunt Dimming MOSFET Gate Driver (TPS92641)
» Programmable Switching Frequency
* Precision Voltage Reference 3 V 2%
* Input UVLO and Output OVP

e Low Power Shutdown Mode and Thermal
Shutdown

2 Applications

e LED Driver / Constant Current Regulator
e Architectural LED Lighting Drivers

» Automotive LED Drivers

* General LED lllumination

3 Description

The TPS92640 and TPS92641 devices are high-
voltage, synchronous NFET controllers for buck-
current regulators. Output current regulation is based
on valley current-mode operation using a controlled
on-time architecture. This control method eases the
design of loop compensation while maintaining nearly
constant switching frequency. The TPS92640 and
TPS92641 devices include a high-voltage start-up
regulator that operates over a wide input range of 7 V
to 85 V. The PWM controller is designed for high
speed capability, including an oscillator frequency
range up to 1 MHz. The deadtime between high side
and low side gate driver is optimized to provide very
high efficiency over a wide input operating voltage
and output power range. The TPS92640 and
TPS92641 devices accept both analog and PWM
input signals, resulting in exceptional dimming control
range. Linear response characteristics between input
command and LED current is achieved with true zero
LED current using low off-set error amplifier and
proprietary PWM dimming logic. Both devices also
include precision reference capable of supplying
current to low power microcontroller. Protection
features include cycle-by-cycle current protection,
overvoltage protection, and thermal shutdown. The
TPS92641 device includes a shunt FET dimming
input and MOSFET driver for high resolution PWM
dimming.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)

TPS92640 HTSSOP (14) 4.40 mm x 5.00 mm

TPS92641 HTSSOP (16) 4.40 mm x 5.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application Diagram
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5 Pin Configuration and Functions

TPS92640 PWP Package

14-Pin HTSSOP

TPS92641 PWP Package
16-Pin HTSSOP

Top View ]
Top View
VIN[I] 10 r*"*} 14 [T ] HG wrTlio -1 16 [T Ho
RON [T 2 ‘ . B[ 1sw I I
| | RON[T ]2 | | 15 [T 1sw
ubM[T]3 | 12 [ 1soor M]3 | | 14 [TBOOT
VOUuT [T 4 ! pap | 11 [T Jvce ! [
[ [ VOUT [ | 4 | 13 [T ]vcc
VREF[ |5 ! I 10 [T]LG DAP |
1AD 6 } } 0 VREF[ T |5 : : 122 T]LG
rFr [ } [ ]cs IADJ[T |6 : : 11T 1]cs
COMP 7 I 8
***** [ [ 16nD cCoMP[ 1|7 ! : 10 [ T1 GND
sbiM [ ]| 8 L 9 [1T1SDRV
Pin Functions
PIN
NAME NO. NO. /0 DESCRIPTION
(TPS92640) | (TPS92641)
BOOT 12 14 Connect 100-nF ceramic capacitor to switch node and diode to VCC to provide
boosted voltage for high-side gate drive.
COMP 7 (@) Connect ceramic capacitor to GND to set loop compensation.
CS 11 | Connect to positive terminal of sense resistor at the bottom of the LED stack.
GND 10 — System GND. Connect to DAP.
Connect to gate of high-side NFET of buck regulator. Use series resistor to limit
HG 14 16 (0] o .
current slew-rate and mitigate EMI noise.
Connect resistor divider from VREF to set analog dimming level. Use NTC
IADJ 6 6 | resistor from pin to GND as resistor divider to implement thermal foldback
operation.
LG 10 12 o Connect to gate of low-side NFET of buck regulator. Use series resistor to limit
current slew-rate and mitigate EMI noise.
RON 2 | Connect a resistor to VIN and capacitor to GND to set switching frequency.
SDIM — | PWM dimming input for shunt FET dimming.
Connect to gate of external parallel NFET across LED load used for shunt
SDRV — 9 (0] . U .
dimming if desired.
SW 13 15 (0] Connect to switch node of buck regulator.
ubDIM 3 3 | Connect resistor divider from VIN to set undervoltage lockout threshold.
VCC 11 13 (0] Bypass with 2.2-uF ceramic capacitor to provide bias supply for controller.
VIN 1 1 | Connect to input voltage. Connect 1-uF bypass capacitor
VOuUT 4 4 | Connect resistor divider from Vgour, scaled down feedback of Vgyt.
VREF 5 5 (0] System reference voltage. Bypass with 100-nF ceramic capacitor.
DAP — — — Place 6-9 vias from pad to GND plane for thermal relief.

Copyright © 2012-2015, Texas Instruments Incorporated
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6 Specifications

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

MIN MAX UNIT
-0.3 90 \Y
VN, UDIM, SW
-1 mA
BOOT -0.3 98.5 \
-0.3 90 \Y
HG
—2.5 (Pulse < 100 ns) \Y
-0.3 +VCC \Y
LG, SDRV, CS —2.5 (Pulse < 100 ns) \%
Ve + 2.5 (Pulse < 100 ns) \Y
Vee -0.3 15 \Y
-0.3 6 \Y
VREF, RON, COMP, VOUT, IADJ, SDIM
—200 200 HA
-0.3 0.3 \Y
GND _
2.5 (Pulse <100 2.5 (Pulse < 100 ns) v
ns)
Continuous power dissipation Internally Limited
Maximum lead temperature (soldering and reflow) @ 260 °C
Maximum junction temperature -40 125 °C
Storage temperature -65 150 °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) Referto TI's packaging website for more detailed information and mounting techniques.

6.2 ESD Ratings

VALUE UNIT
TPS92640 PWP PACKAGE
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +2000
Vesp)y  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- +1000 \
c101® £l
TPS92641 PWP PACKAGE
Human-body model (HBM), per ANS/ESDA/JEDEC JS-001 D) +2000
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- . \
C101@ +1000

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

MIN NOM MAX UNIT
VN Input voltage 7 85 \
T; Junction temperature -40 125 °C
4 Submit Documentation Feedback Copyright © 2012-2015, Texas Instruments Incorporated
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6.4 Thermal Information

TPS92640 TPS92641
THERMAL METRIC® PWP (HTSSOP) | PWP (HTSSOP) UNIT
14 PINS 16 PINS
Rgia Junction-to-ambient thermal resistance 40.1 38.7 °C/IW
ReaJc(top) Junction-to-case (top) thermal resistance 24.6 22.7 °C/IW
Reis Junction-to-board thermal resistance 20.9 16.5 °C/IW
Wit Junction-to-top characterization parameter 0.6 0.6 °C/IW
Wis Junction-to-board characterization parameter 20.7 16.3 °C/IW
Raic(bot) Junction-to-case (bottom) thermal resistance 2.5 1.7 °C/IW

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

report, SPRA953.
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6.5 Electrical Characteristics

Unless otherwise specified V,y = 24 V. Typical specifications apply for T, = T; = 25°C.

PARAMETER TEST CONDITIONS MIN®  TYP@  MAX®D | UNIT
START-UP REGULATOR (Vcc, ViN)
VceRreG Vcc Regulation lcc=10mA, Viy=24V, 85V 7.86 8.5 9.14 \%
lccLim Ve Current Limit Vee=0V 48 63 78 mA
I Quiescent Current \S/tja[?l’\cd \:/Is ;/7 V.24V, 85V 2 3] mA
Isp Shutdown Current Vypm =0V 100 HA
V¢ increasing 5.04 5.9
Vecuv Ve UVLO Threshold - \%
V¢ decreasing 4.5 4.9
VeeHys Vcc UVLO Hysteresis 0.17 \%
REFERENCE VOLTAGE (VRrgp)
VREE Reference Voltage No Load, V\y\=7V,24V,85V 2.97 3.03 3.09 \%
lVREFLIM Current Limit VeRee =0V 1.3 2.1 2.9 mA
ERROR AMPLIFIER (CS, COMP)
VCsREF CS Reference Voltage With respect to GND V|apy/10 \%
VCSREF-OFF Error Amp Input Offset Voltage -600 0 600 puv
lcomp COMP Sink Current 85 pA
COMP Source Current 110 HA
gm-cs Transconductance 500 HAN
Linear Input Range See @ +125 mv
Transconductance Bandwidth —6-dB unloaded response(3) 400 kHz
TIMERS / OVERVOLTAGE PROTECTION (RON, VOUT)
toFF-MIN Minimum Off-time cCs=0V 230 ns
toN-MIN Minimum On-time 235 ns
ton Programmed On-time XI‘:’OUT =2V,Ron=25k0, Con =1 2.08 us
Rron RON Pulldown Resistance 35 120 Q
teL Current Limit Off-time 270 us
tp-oN RON Thresh - HG Falling Delay 25 ns
VTH-ovP VOUT Overvoltage Threshold VOUT rising 2.85 3.05 3.25 \%
Vhys-ovp VOUT Overvoltage Hysteresis 0.13 \%
GATE DRIVER (HG, LG, BOOT, SW)
Rsrc.Lg LG Sourcing Resistance LG = High 15 6 Q
Rsnk-Le LG Sinking Resistance LG = Low 1 4.5 Q
Rsrc-HG HG Sourcing Resistance HG = High 3.9 6 Q
Rsnk-HG HG Sinking Resistance HG = Low 11 4.5 Q
VTH-BoOT BOOT UVLO Threshold BOOT-SW rising 1.9 34 45 \Y,
VHys-BoOT BOOT UVLO Hysteresis BOOT-SW falling 1.8 \%
To-HL HG to LG deadtime HG fall to LG rise 60 ns
To-LH LG to HG deadtime LG fall to HG rise 60 ns

(1) Alllimits specified at room temperature (TYP values) and at temperature extremes (MIN/MAX values). All room temperature limits are
100% production tested. All limits at temperature extremes are specified via correlation using standard Statistical Quality Control (SQC)
methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(2) Typical numbers are at 25°C and represent the most likely norm.

(3) These electrical parameters are specified by design, and are not verified by test.
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Electrical Characteristics (continued)

Unless otherwise specified V,y = 24 V. Typical specifications apply for T, = T; = 25°C.

PARAMETER TEST CONDITIONS MIN®  TYP@  MAX®D|  UNIT
PWM DIMMING (SDIM, SDRV) (TPS92641 only)
Rsrc-DbRrv SDRYV Sourcing Resistance SDRV = High 5.6 30 Q
tspIM-RIS SDIM to SDRYV Rising Delay SDIM rising 68 100 ns
tspIM -FALL SDIM to SDRV Falling Delay SDIM falling 29 70 ns
VspimRIS SDIM Rising Threshold SDIM rising 1.29 1.74 \%
VspiM -EALL SDIM Falling Threshold SDIM falling 0.5 \%
Rspim-pu SDIM Pullup Resistance 90 kQ
ANALOG ADJUST (IADJ)
V ADI-MAX IADJ Clamp Voltage 2.46 2.54 2.62 \%
Raps IADJ Input Impedance 1 MQ
UNDERVOLTAGE / PWM (UDIM)
VTH-UDIM UDIM Start-up Threshold UDIM rising 1.21 1.276 1.342 \%
IHYs-UDIM UDIM Hysteresis Current 12 21 30 HA
tubIM-RIS UDIM to HG/LG Rising Delay UDIM rising 168 260 ns
tUDIM-FALL UDIM to HG/LG Falling Delay UDIM falling 174 280 ns
VubiM-LP UDIM Low Power Threshold 370 mV
TubIM-DET UDIM Shutdown Detect Timer UDIM falling 8.5 13 ms
THERMAL SHUTDOWN
Tso Thermal Shutdown Threshold See @ 165 °C
Tavs Thermal Shutdown Hysteresis See @ 20 °C
Copyright © 2012-2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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6.6 Typical Characteristics

Unless otherwise stated, —40°C < T, = T; < 125°C,Vy =24V, Vi;p;=2 V, ligp = 1 A, Cycc = 2.2 PF, Ceomp = 0.47 uF
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g 2% 125C 25T g 16000 125%/—
et B
= L = — l/’

5 2.10 v £ 120.00 — —
5 % //
5 - s} -
€ 1.90 1 S 80.00 = _40C
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2 -40C <]
2 p
[} =
3 <
C 1.70 v 40.00
1.50 0.00
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Input Voltage, V (V) Input Voltage, V (V)
Figure 1. Quescient Current, lg vs Input Voltage, Vi Figure 2. Shutdown Current, Ispvs Input Voltage , Viy
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Figure 3. Start-Up Regulator, Vcc vs Input Voltage, Viy
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Figure 5. Minimum On-time, ton_min VS Input Voltage, Viy

Figure 6. Minimum Off-time, torr_min VS Input Voltage, Viy

0 10 20 30 40 50 60 70 80 90
Input Voltage, V (V)

Submit Documentation Feedback

Copyright © 2012-2015, Texas Instruments Incorporated

Product Folder Links: TPS92640 TPS92641



13 TEXAS

www.ti

INSTRUMENTS

.com

TPS92640, TPS92641
SNVS902A ~OCTOBER 2012—REVISED OCTOBER 2015

Typical Characteristics (continued)

Unless otherwise stated, —40°C < T, = T; £ 125°C, V\y =24V, Vipp;=2 V, ligp = 1 A, Cycc = 2.2 PF, Ceomp = 0.47 pF

0 10 20 30 40 50 60 70 80 90
Input Voltage, V (V)

Figure 7. LED Current, I gp vs Input Voltage, Viy
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Figure 8. Conversion Efficiency, n vs Input Voltage, V,y
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Figure 11. Waveforms of Steady-State Operation
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7 Detailed Description

7.1 Overview

The TPS92640 and TPS92641 devices are synchronous N-channel MOSFET (NFET) controllers for step-down
(buck) current regulators, which are ideal for driving LED loads. They can accept wide input voltage range
allowing for greater flexibility in powering different series connected LED string combinations. The single current
sense pin with low adjustable threshold voltage provides an excellent method for regulating LED current while
maintaining high system efficiency. The TPS92640 and TPS92641 devices use valley current control with a
controlled on-time architecture that allows the converter to be operated at nearly constant switching frequency
without the need for slope compensation. The extremely accurate adjustable current sense threshold together
with the synchronous operation provides the capability to amplitude (analog) dim the LED current with high
contrast ratios. Excellent PWM dimming is attainable using the main NFETs or the external shunt FET driver
(TPS92641 only). The TPS92640 and TPS92641 devices incorporate 2-Q, 1-A internal gate drivers and supports
constant current operation up to 5 A. This simple controller contains all the features necessary to implement a
high-efficiency, versatile LED driver with precise dimming response.

7.2 Functional Block Diagram

— 1.276V
VOLTAGE [ 2.54V 303y
VCC BIAS Vee REFERENCES

REGULATOR I Voo —]
THERMAL VCC UVLO

SHUTDOWN

TPS92640, TPS92641 l Vin — 370mv

. VREF

VIN

comp
vcc

IADJ
PWM_DIM

CS

to

=

_ DEAD TIME /
MR QI ] teveLshieT @ [ | e
»s o OFF
LGATE Enable Vsw SW
UDIM Vee
LOGIC DEAD :l
RON TIME @ L6
ton_Reset--—— :l GND
VouT I: <
B ove
A
TPS92641 ONLY
Vbp
Vee
SDIM |: PWM I—:l SDRV
1.276V LOGIC L
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7.3 Feature Description

VIN . o
Cina Ron
Rupim ' Qus
Cinz | TPS92640/641 g
| VIN G (e
cw| | 1 0 ---- -
0—‘ }—’ | |
RON : : SW
PWM — € | ! L
+—— AN\ — UDIM : : BOOT
Rupim2 Rupima : : )
R
— AMA— VOUT | | vce c s
R I I OuT '
VouT2 ! ! H Q. Ut :
oc—| - VREF | | LG 5 '
VREF IADJ1 I I *Qspim
o jr*
| |
< IADJ | I CSs d ——1
Riapaz : :
| | Res §
0—‘ }—’ COMP | I GND
Ccowmp I DAP |
- Rvour1
*SDIM ——— SDIM SDRV
*TPS92641 ONLY

N
Figure 13. Synchronous Buck LED Driver

7.3.1 Controlled On-Time Architecture

The control architecture is a combination of valley current control and a one-shot on-timer that varies with input
and output voltage. The TPS92640 and TPS92641 devices use a series resistor in the LED path to sense both
average LED current and valley inductor current. During the time that the high side NFET is turned on (tpy), the
input voltage charges up the inductor. When it is turned off (toee) and the low side NFET is turned on, the
inductor discharges. During both intervals, the current is supplied to the load keeping the LEDs forward biased.
Figure 14 shows the inductor current (i) waveform for a buck converter operating in continuous conduction mode
(CCM). As the system changes input voltage or output voltage, duty cycle D is varied indirectly by changing both
ton and tore to regulate I and ultimately | gp. For any buck regulator, duty cycle, D, is calculated using
Equation 1.

D - Ton _ Vour
Ton + Torr M x VN

Vout = Viep + Ves

where
* V(g is the voltage measured at the CS pin of the IC and n is the estimated or actual converter efficiency. (2)

Copyright © 2012-2015, Texas Instruments Incorporated Submit Documentation Feedback 11
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Feature Description (continued)

i (B) A

Figure 14. Ideal CCM Buck Converter Inductor Current I, Waveform

7.3.2 Switching Frequency

The on-time is determined based on the external resistor (Roy) connected between RON and VIN pins in
combination with a capacitor (Coy) between RON and GND pins. The input voltage and the Rgy resistor set the
current sourced into the Rgy capacitor which governs the ramp speed. The ramp threshold is proportional to
scaled down feedback of Vgt at VOUT pin. The proportionality of Vqyt is set by an external resistor divider
(Rvout1, RvouTe) from Vgoyr. The switching frequency, fsy can be calculated based on on-time and off-time using
Equation 2.

Vour * Rvour 2
Vin — Cop X (Rvour1 +Rvour 2)
Ron ton
Vi X ton Rvour 2
Vin _ Con ¥ T " (Rvour1+Rvour2)
Ron ton
f _1_(RVOUT1+RVOUT2)>< 1
sw ==
T Rvour 2 Ron *Con )

Even though the on-time control is quasi-hysteretic, the input and output voltage proportionality creates a nearly
constant switching frequency over the entire operating range. Quasi-hysteretic control minimizes the control loop
compensation necessary in many switching regulators, simplifying the design process. It also mitigates current
mode instability (also known as sub-harmonic oscillation) found in standard fixed frequency current mode control
when operating near or above 50% duty cycle. The inductor current sensing and averaging mechanism in the
valley detection control loop provides highly accurate LED current regulation over the entire operating range and
temperature.

7.3.3 Average LED Current

Average LED current regulation is set using a sense resistor in series with the LEDs. The internal error-amplifer
regulates the voltage across the sense resistor (Vcs) to the IADJ voltage divided by 10. The error amplifier input
offset voltage has been minimized using auto-zero calibration technique as shown in . In this chopping scheme,
the noninverting and inverting inputs and outputs change polarity every switching cycle to cancel the offset,
providing near zero input offset voltage.
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Feature Description (continued)

cs

o
- clklb$_

Figure 15. Working Principle of the Chopper OTA to Minimize Input Offset Voltage

COMP

Adder

CCOMP

— —

IADJ can be set to any value up to 2.54 V by connecting it to VREF through a resistor divider for static output
current settings. IADJ can also be used to change the regulation point if connected to a controlled voltage source
or potentiometer to provide analog dimming. It is also possible to configure IADJ to be used for thermal foldback
functions.

lep = Yes
Res @3)
\
Vg = ans
10 4

7.3.4 Analog Dimming and True-Zero Operation

In traditional Buck converters, discontinuous conduction mode (DCM) operation of inductor current results in loss
of linearity at low dimming levels and limits the analog dimming range. When using TPS92640 and TPS92641
devices to implement synchronous buck converter, the inductor current is forced to maintain continuous
conduction mode (CCM). As a result, it is possible to maintain linearity and achieve true-zero LED current
operation with respect to analog dimming command. For true zero application, an external capacitor is required
across the LED string to provide a negative current path for the inductor current loop. Figure 16 shows the
inductor current (I)) and output voltage (Vout) waveform for a buck converter operating at true zero average
current level.

«——DT—»

« T >

Figure 16. True Zero CCM Buck Converter Inductor Current I, and Output Voltage Voyr Waveform

In true zero application (V|5p;=0 V), there will be a certain amount of I gp passing the LEDs even though the
average inductor current is well-regulated at 0-A set-point. The shaped area in Figure 17 shows the current that
will pass through the LED string (i gp)-
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Feature Description (continued)

ILED

lLep = 0A

Pt Aiep

Figure 17. Output Current Waveform in True Zero Application with Vipop; =0V

An external resistor, Ropr @s shown in Figure 18 is recommended from Vgyt to CS to shunt the positive current
ripple while maintaining the operation of error amplifier to cancel input offset voltage. The shunt current (Iogr)
should be at least half of the output current ripple to ensure proper operation.

V,
IOFF = QuT > O'SXAILED
Rorr +Rr +Rcs

Rorr < _Your _ (Re +Rcs)

05 X AILED (5)
Vour + LED+
§ COUT:: *:‘A l lLep
Rorr i
‘ LED-
Vics
cs [(F—+—W\— Vcs
Re
Rcs

Figure 18. Rpge for True Zero Application

The resistor Rorr also impacts the start-up behavior of the circuit as it creates an DC shift in the voltage sensed
at CS pin. To ensure proper start-up sequence and monotonic LED current behavior, the voltage Vg should
exceed a threshold voltage based on the native offset of the error amplifier before Voyr exceeding the LED
forward voltage, V gp. Assuming a worst case native off-set (non-chopping) of error amplifier to be less than +10
mV, the voltage V'cg must be greater than this threshold to initiate switching and auto-zero operation. Therefore,
Roer should be sized to also meet following condition.

Ves = Vour X( Re * Res

Rorr + Re +Rcs

J> 0.01

R +R
Rorr < {VOUT x (FO—Olcsj - (Re +Res )}
RF >> RCS

Rorr < (100 x Vioyr )< Re (6)
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Feature Description (continued)

To conclude, an external resistor (Rorr) from Voyr to CS pin is required for true zero application, where Ropr
should be:
[ v 1
Rope = min | —2— (R + R )i (100 x Vgour )x R |
| 0.5 % Al gp | @

7.3.5 Undervoltage Lockout (UVLO)

The UDIM pin of the TPS92640 and TPS92641 devices is a dual function input that features an accurate 1.276-V
threshold with programmable hysteresis. This pin functions as both the PWM dimming input of the LEDs and as
an input UVLO with built-in hysteresis. When the pin voltage rises and exceeds the 1.276-V threshold, 21 pA
(typical) of current is driven out of the UDIM pin into the resistor divider (Rypm1. Rupimz) providing programmable
hysteresis. The UVLO turnon threshold, V1yrn-ons iS defined using Equation 8.

V1urN onN =1.276V x (RUDIMI +Ruypim2 ]
- Rubimz2

®

Once the input voltage is above V1yrn ons the current source is active and the UVLO hysteresis is determined by
Equation 9. -

Vhys = 21pA x (Ruonvu) 9)

When using the UDIM pin for UVLO and PWM dimming concurrently, the UVLO circuit can have an extra resistor
(Rupims) to set the hysteresis. This allows the standard resistor divider to have smaller values minimizing delays
that can incur with additional external PWM dimming circuitry. In general, at least 3 V of hysteresis is preferable
when PWM dimming if operating near the UVLO threshold. Under these conditions, the UVLO hysteresis is
defined using Equation 10.

R x (R +R )
Viee = 2A x| R . Rubmz X Rupms + Rupimz
Hys = 21uA [ UDIM1 Ruonis

(10)

7.3.6 PWM Dimming Using the UDIM Pin

The UDIM pin can be driven with a PWM signal, which controls the synchronous NFET operation. The brightness
of the LEDs can be varied by modulating the duty cycle (Dp) of this signal using a Schottky diode with anode
connected to UDIM pin, as shown in Figure 13.

iteo (1)
A

IEDMAX —|— = = A~k A~ F k- KA~ F————————— —-

Ry AVAYAVAYAVAYAVAYA VA Sttt - ——- leo

L = R e e T e e T

Do X Tom

0

|
|
T
|
Tom g torr —» le—

‘4
_

Figure 19. LED Current During UDIM Pin PWM Dimming

Figure 19 shows the LED current waveform during PWM dimming where duty cycle (Dpv) is the percentage of
the dimming period (Tpjy) that the synchronous NFETSs are switching. For the remainder of Tp,, the NFETSs are
disabled. The resulting dimmed LED current (Ipjy_ep) is:

loim Lep =Dpim xILep 11)
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Feature Description (continued)
7.3.7 External Shunt FET PWM Dimming

Extremely high dimming range and linearity can be achieved by using TPS92641 device for Shunt FET dimming
operation with SDIM and SDRYV pin. When higher frequency and time resolution PWM dimming signal is applied
to the SDIM pin, the SDRV pin provides an inverted signal of the same frequency and duty cycle that can be
used to drive the gate of a Shunt NFET directly across the LED load. Because the output voltage will go to near
zero when the Shunt NFET is turned on, the internal on-timer at the RON pin will switch to a fixed minimum on-
time during the off-time of the dimming cycle. This method keeps the inductor current slewed up and the
converter regulating, without the presence of extremely high switching frequencies. During the on-time of the
dimming cycle, the converter will switch in its regular fashion with the programmed on-time at the RON pin. An
internal resistor pulls the SDIM pin to logic high if left open. In this case, the SDRV driver will be off.

iteo (1) A

lEDMAX 4 — — - T —— = — — —A\—\—A—f—
leo 1= _AAAAA -

|
|
lomiep 4 — 4 — —— — — — H—
< - N
Dom X Tom : :
]
0 H t
P —
Tom torr

Figure 20. Ideal LED Current During Shunt FET PWM Dimming

Figure 20 shows the ideal LED current waveform during Shunt FET PWM dimming which is very similar to the
internal PWM dimming described and shown previously except with much faster rise and fall of the LED current.
With this method, only the speed of the parallel Shunt NFET limits the dimming frequency and dimming duty
cycle.

7.3.8 VCC Regulation and Start-up

The TPS92640 and TPS92641 devices include a high voltage, low-dropout bias regulator. When power is
applied, the regulator is enabled and sources current into an external capacitor (Cycc) connected to the VCC pin.
The recommended bypass capacitance for the VCC regulator is 2.2 pF to 3.3 pF. This capacitor should be rated
for 10 V or greater and an X7R dielectric ceramic is recommended. The output of the VCC regulator is monitored
by an internal UVLO circuit that protects the device from attempting to operate with insufficient supply voltage,
and the supply current is also internally current-limited. When V| is close or lower than 8.5 V, the regulator will
enter the by-pass mode and the VCC will closely follow V,y. This linear regulator is the primary heat source
generator of the device. The amount of heat generated is a function of input voltage (Vy), switching frequency
(Fsw) and the characteristics of the power MOSFET used. The thermal handling capability of the device imposes
a limit on the maximum switching frequency can be used, especially when V is higher than 48 V and high
current power MOSFET is used.

7.3.9 Precision Reference

The device includes a precision 3-V reference. This can be used in conjunction with a resistor divider to set
voltage levels for the IADJ pin and other external circuitry requiring a reference. It can also be used to supply
current to low power micro-controllers. The source current capability from VREF pin is internally limited 2.1 mA.
For the VREF regulator, TI recommends a bypass capacitance from 0.1 pF to 1 pF.

7.3.10 Control Loop Compensation

Compensating the TPS92640 and TPS92641 devices is relatively simple for most applications. The only
compensation needed is a compensation capacitor, Cooup across the COMP pin and ground to place a low-
frequency dominant pole in the system. The pole must be placed low enough to ensure adequate phase margin
at the crossover frequency. For most of the applications, Ccomp Of 100 nF to 470 nF is good enough.
Additionally, TI recommends a high quality ceramic capacitor with X7R dielectric rated for 25 V.
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Feature Description (continued)
7.3.11 Overcurrent Protection

The TPS92640 and TPS92641 devices has overcurrent protection to protect the high side NFET (HS-NFET)
along with the rest of the system from overcurrent conditions. This peak current limit of 1.28 V (with V|, = 85 V at
room temperature) is sensed across the high side FET Rpg.on (from SW to VIN). If the threshold is reached or
exceeded, HS-NFET will turn off and the low side NFET (LS-NFET) will turn on for approximately 800 ns. Then
HS-NFET will turn on again, if the threshold is still reached or exceeded, both FETs are shutoff for 270-us
typical. Figure 21 shows the waveforms of HG and LG under overcurrent protection.

< 270us >

< 270us —hl
|
| |

HG "_”

Figure 21. HG and LG Waveforms Under Overcurrent Protection

7.3.12 Overvoltage Protection (OVP)

The TPS92640 and TPS92641 devices have programmable overvoltage protection by using the resistor divider
at the VOUT pin. The OVP limit, Voyp on, is defined using Equation 12.

Voup on = 3.05V x [Rvoun +Ryvout2 J
- Rvout2

(12)

If the output voltage reaches Vqyp on, the HG, LG and SDRYV pins are pulled low to prevent damage to the LEDs
or the rest of the circuit. The OVP circuit has a fixed hysteresis of 100 mV before the driver attempts to switch
again.

7.3.13 Boot Undervoltage Lockout (UVLO)

The BOOT UVLO circuit is implemented to ensure proper operation of the high-side gate driver under all
operating conditions. The switching operation is commenced once the BOOT voltage exceeds 3.4 V above the
SW pin. Comparator hysteresis of 1.8 V is included to prevent false tripping due to high-frequency switching
noise. When the BOOT falls below the low voltage threshold (1.6 V typical), the high side NFET is disabled by
pulling HG pin to SW pin. The next turnon transition of low-side NFET pulls SW pin down and charges the BOOT
capacitor (Cggor) through VCC. Normal operation is commenced once BOOT capacitor (Cgoot) IS charged
above BOOT UVLO turnon threshold of 3.4 V.

The boostrap circuit behavior impacts the circuit behavior near dropout (V\\= Vout) conditions. A minimum off-
time is implemented to restrict the maximum duty cycle and maintain charge on the external BOOT capacitor,
Cgoot- As the input voltage, V,y, approachs close to the output voltage, Vour, the output current will fall with the
switching frequency, as in conventional Buck regulator. This behavior ensures smooth operation in and out of
dropout region while ensuring proper operation of high side gate driver and bootstrap circuit.
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7.4 Device Functional Modes

7.4.1 Low Power Shutdown Using the UDIM Pin

The TPS92640 and TPS92641 devices can be placed into a low power shutdown mode by grounding the UDIM
pin directly (any voltage below 370 mV) for more than 13 ms (typical).

7.4.2 Thermal Shutdown

Internal thermal shutdown circuitry is provided to protect the device in the event that the maximum junction
temperature is exceeded. The threshold for thermal shutdown is 165°C with a 20°C hysteresis (both values
typical). During thermal shutdown the NFETs and drivers are disabled.
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8 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.

8.1 Application Information

8.1.1 Switching Frequency

Switching frequency is selected based on the trade-offs between efficiency, solution size/cost and the range of
output voltage that can be regulated. Many applications place limits on switching frequency due to EMI sensitiviy.
The on-time of the TPS92640 and TPS92641 devices can be programmed for switching frequencies ranging
from the tens of kHz to over 1 MHz. This on-time varies in proportion to both V,y and Vg,r, as described in
Switching Frequency. However, in practice the switching frequency will shift in response to large swings in input
or output voltage. The maximum switching frequency is limited only by the minimum on-time and minimum off-
time requirements.

8.1.2 LED Ripple Current

The LED manufacturers generally recommend values of current ripple, Al gp, to achieve optimal optical
efficiency. The peak-to-peak current ripple values typically range from +10% to +40% of DC current, |, gp. Higher
LED ripple current allows the use of smaller inductors, smaller output capacitors, or no output capacitors at all.
Lower ripple current requires more inductance, higher switching frequency, or additional output capacitance.
Based on the LED current ripple specification and desired switching frequency, the inductor value can be

calculated using Equation 13.

Vy -V

L = IN ouT % toN

Aliep (13)

It is important to ensure that the rated inductor saturation current is greater than the worst case operating current
(I.eptAl_gp/2) under the wide operating temperature range.

8.1.3 Buck Converters Without Output Capacitor

A Buck regulator is ideal for regulating current because of the direct connection between the inductor and the
LED load. Because the current is being regulated, not voltage, a buck current regulator is free of load current
transients, and has no need of output capacitance to supply the load and maintain output voltage. This is of great
benefit when driving LEDs as large electrolytic capacitors impact the lifetimes and PWM dimming performance.
The output capacitor can be eliminated by using a large inductor or higher switching frequency as discussed in
LED Ripple Current

A capacitor placed in parallel with the LED or array of LEDs can be used to reduce Ai gp While keeping the same
average current through both the inductor and the LED array. With this topology the inductance can be lowered,
making the magnetics smaller and less expensive. Alternatively, the circuit can be run at lower frequency with the
same inductor value, improving the efficiency and expanding the range of output voltage that can be regulated.

Figure 22 shows the equivalent impedances presented to the Ai_pp When an output capacitor, Cqyy, and its
equivalent series resistance (Rggg) are placed in parallel with the LED array.
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Application Information (continued)

Aipp

<> T

_ Cour .

Alcout ng AlLEp-pr
Resr

Figure 22. LED Ripple Current With Cqyt

To calculate the respective ripple currents, the LED array is represented as the dynamic resistance, (rp). LED's
dynamic resistance is not always specified on the manufacturer's data sheet, but it can be calculated as the
inverse slope of the LED’s V| gp Vs I gp curve at the operating point. However, this method only gives an rough
estimate of rp. Total dynamic resistance for a string of n LEDs connected in series can be calculated as the rp of
one device multiplied by n. Inductor ripple current, Ai, .pp is still calculated as before. The following equations can
then be used to estimate peak-to-peak LED current ripple, Ai gp.pp, When using a parallel capacitor:

Aigppp =———— Zcout =
14D 2xmxfsw xCour
Zcout (14)

The calculation for Zoyt assumes that the shape of the inductor ripple current is approximately sinusoidal. Small
values of Cgoyt that do not significantly reduce Aigppp Can also be used to control EMI generated by the
switching action of the TPS92640 and TPS92641 devices. EMI reduction becomes more important as the length
of the connections between the LED and the rest of the circuit increase.

8.1.4 Input Capacitor

Input capacitor is selected using requirements for minimum capacitance and rms ripple current. The input
capacitor supply pulses of current approximately equal to |, gp while the high-side NFET is on, and is charged up
by the input voltage while the high-side NFET is off. Switching converters such as the TPS92640 and TPS92641
devices have a negative input impedance due to the decrease in input current as input voltage increases. This
inverse proportionality of input current to input voltage can cause oscillations (sometimes called power supply
interaction) if the magnitude of the negative input impedance is greater than the input filter impedance. Minimum
capacitance can be selected by comparing the input impedance to the converter’'s negative resistance; however,
this requires accurate calculation of the input voltage source inductance and resistance, quantities which can be
difficult to determine. An alternative method to select the minimum input capacitance (Cy.min) iS tO select the
maximum voltage ripple (Aviy.max), Which can be tolerated. Avy.uax iS equal to the change in voltage across Cy
during toy When it supplies the load current. A good starting point for selection of C,y is to use an input voltage
ripple of 2% to 10% of V|y. Cin-min Can be selected using Equation 15.

1
lep x| ¢ ~torF
C _lepxton _ sw
IN_MIN = =

AVIN mAX AVIN mAX (15)

Tl recommends a minimum input capacitance at least 75% greater than the C,y.yn Value. To determine the RMS
input current rating (l;n.rms), US€ Equation 16.

In-rms =lLep X VD x(1-D) =l gp xfsw xy/ton * torr (16)
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Application Information (continued)

Because this approximation assumes there is no inductor ripple current, the value should be increased by 10-
30% depending on the amount of ripple that is expected. Ceramic capacitors are the best choice for the input to
the TPS92640 and TPS92641 devices due to their high ripple current rating, low ESR, low cost, and small size
compared to other types. When selecting a ceramic capacitor, special attention must be paid to the operating
conditions of the application. Ceramic capacitors can lose one-half or more of their capacitance at their rated DC
voltage bias and also lose capacitance with extremes in temperature. Make sure to check any recommended
deratings and also verify if there is any significant change in capacitance at the operating input voltage and the
operating temperature.

8.1.5 NFETs

The TPS92640 and TPS92641 devices require two external NFETs for the switching regulator. The FETs should
have a voltage rating at least 20% higher than the maximum input voltage to ensure safe operation during the
ringing of the switch node. In practice, all switching converters have some ringing at the switch node due to the
diode parasitic capacitance and the lead inductance. The NFETs should also have a current rating at least 50%
higher than the average transistor current. Once NFETs are chosen, the power rating is verified by calculating
the power loss.
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8.2 Typical Applications

8.2.1 TPS92640: Design Procedure

Qns

VIN .
Cint Ron
Rupim1 [
Cinzy | TPS92640 [
| VIN HG —
Con F————-
0—‘ }—’ I |
RON : : SW
PWM — 1 | !
—— AN — ubiM | | BOOT
Rupimz Rupimz I : )
|
— AMA——— vouT ! | vee
Rvout2 | : o
|
| [
—_ VREF | | LG =
Cvrer Riapa1 | |
| |
|
) IADJ | | CS
R | DAP |
IADJ2 |
..—| }—‘ COMP GND
CCOMP

§RVOUT1

A4

Figure 23. TPS92640 Design Procedure Schematic

8.2.1.1 Design Requirements
* Vi

Viep

* Number of LEDs in Series
ILED

fSW

* Vcs

AiLED-PP

* AVinpp

VTURN—ON

VHYS

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Set Output Voltage Feedback Ratio

For the desired output (Vout), Rvouti and Ryoute is calculated first with the desired feedback voltage, Vyout at

approximately 2.5 V:

22 Submit Documentation Feedback

Copyright © 2012-2015, Texas Instruments Incorporated
Product Folder Links: TPS92640 TPS92641



13 TEXAS
INSTRUMENTS

www.ti.com

TPS92640, TPS92641
SNVS902A ~OCTOBER 2012—REVISED OCTOBER 2015

Typical Applications (continued)

R
VouT X VOUT2 = 2.5V
Rvouti +Rvout2
Rvour? _ .25
Rvout1 +Rvout2  Vour

Vout = Viep +ILep XRsns

8.2.1.2.2 Set Switching Frequency

The switching frequency is set as follows:
Ryvout1 +Rvout2
Rvout?
Ron xCon

fsw =

8.2.1.2.3 Set Average LED Current

The average LED current (I gp) is set by:

Viapy

[ on =
LD T 10%Res

RiapJ2
Viapy = VRrer x R R
IADJ1 T FjaDJ2

VREF = 303V

8.2.1.2.4 Set Inductor Ripple Current

First, the expected duty cycle, D must be determined:
Vout

nxVin

N : expected efficiency

a7

(18)

(19)

(20)

With the inductor ripple current, Ai, pp specified and the expected duty cycle, the inductance (L) can be chosen:

L= (Vin = Vour )xD
Aip_pp xfsw

(21)

8.2.1.2.5 Set LED Ripple Current and Determine Output Capacitance, Coyr

The LED ripple current (Ai gp.pp ) is specified. With the target ripple current determined, the output capacitance

(Cout) can be chosen using Equation 22.
Ai_pp
8xfgw xIp x A gp-pp

Cour =

8.2.1.2.6 Choose N-Channel MOSFETs

(22)

The suggested minimum voltage rating, Vr.uax and current rating, ly_yax are:

V1-max =1.2xViN_max

lt_max =1.5xDyax I ep

(23)

Selecting a proper power MOSFET is critical in a power application, other than the SOA limits, the gate
characteristic and the Rpggy can affect the system performance seriousely.
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Typical Applications (continued)
Also, the peak current limit (I 1) iS governed by:

1.28V

lumiT = Vin = 85V, at room temperature
Rpson (24)

Both the current limit threshold and MOSFET Rpgon are loosely specified and can vary a lot with temperature,
input voltage and other operating conditions.

8.2.1.2.7 Choose Input Capacitance

Input capacitance is necessary to provide instantaneous current to the discontinuous portions of the circuit during
the high side NFET on-time. The allowable input voltage ripple (Av\\.pp) is specified at approximately 3% Pk-Pk

of Viy. The minimum required capacitance (C,y_wmin) to achieve this specification is:
ILED xD

CiN_MIN = e oo o

AVIN_pp X Tgw (25)

The necessary RMS input current rating (Iiy.rms) €an be approximated as follows:
In-rRms =lep XD x(1-D) (26)

8.2.1.2.8 Set the Turnon Voltage and Undervoltage Lockout Hysteresis

With the desired turnon threshold voltage (Vyyrn_on) stated, the resistor divider network composing with Rypjwz
and Rypm2 can be calculated with the equation in below.

VTurN on =1.276V x (RUDIMl +Ryupim2 j
- Rubpimz

1.276V x RUD|M1
VIURN ON —1.276V @7)

Rupivz =

Then Rypms is optional and recommended for PWM. The Rypus can be calculated based on Equation 10 to
provide the desired undervoltage lockout hysteresis (Vuys).
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Typical Applications (continued)

8.2.2 TPS92640 — PWM Dimming Application

VIN o

il

c:INl RON
RUDIMl

CIN2 |

|
' Con
PWM — 1
——AWA—

oy

RUDIM2 RUDIM3

——N————

RVOUT2

VREF RIADJl

RIADJZ

e

COMP

VIN
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UDIM

VOUT
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IADJ
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TPS92640

:: Qus
HG —
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L
BOOT
q
%\
vCC c ~a
OUT]
H Qus — |
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GND

RVOUTl

NN

%

8.2.2.1 Design Requirements

* Vi

=48V + 10%

* Vigp =3.25V, 325-mQ dynamic resistance
e 10 LEDs in Series, rp =3.25Q
* lep=1A

o fsw =500 kHz
* Vs =200 mV

b A||_
o AV

£o.pp < 300 MA
npp S 1.5V

* Viurnon =40V
o VHYS =15V

8.2.2.2 Detailed Design Procedure

8.2.2.2.1 Calculate Operating Points

Figure 24. PWM Dimming Using UDIM Pin Schematic

Calculate the operating points using Equation 28 to Equation 30, and assume approximately 90% conversion
efficiency (n = 0.9).

VOUT =nx VLED +200mV = 10 x 3.25V + 200mV = 32.7V (28)

Copyright © 2012-2015, Texas Instruments Incorporated
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Typical Applications (continued)
V 32.7
= T - =0.76
nxVy 0.9x48Vv (29)
Vout 32.7
D = = =0.84
MAX r] X V|N-M|N 09 X 432V (30)
8.2.2.2.2 Output Voltage Feedback
Calculate the VOUT pin resistors by setting Ryoyt, = 10 kQ and calculating RygoyT1-
RVOUTZ X VOUT lOkQ X 327V
R = -R = ———— - 10kQ = 120.8kQ
VOUT1 2BV VOUT2 25V 31)
Choose Ryoyt1 = 120 kQ.
8.2.2.2.3 Switching Frequency
Using the values calculated above choose a value of Coy = 1 nF and calculate the value of Rgy:
Rvout:i + Rvout2  120kQ + 10kQ
Rvourz 10kQ
Ron = = = 26kQ
ON CON X fSW 1nF x 500kHz (32)

Choose the closest standard resistor value of Roy = 26.1 kQ.

8.2.2.2.4 Set the Feedback Reference and LED Current

To get a value of Vcg = 200 mV V|5p; must be set to 2 V. Choose a value of Rjapj; = 10 kQ and solve for Rjapjy:
Viaps X Riapgr _ 2V x 10kQ

R = = =19.4kQ
M2 Vrer - Vians 3.03V -2V (33)
Choose the standard resistor value of Rjapj, = 19.6 kQ and solve for R¢g using Equation 34.
ViapJ 2V
Rcs = = =0.2Q
ST 10xIlgp 10x 1A (34)

Rcs = 0.2 Q is a standard resistor value.

8.2.2.2.5 Calculate the Inductor Value

Because this is a PWM dimming application, Tl does not recommend much output capacitance for faster current
rise and fall times, so the inductor ripple current should be close to the 300-mA peak-to-peak LED ripple current.
Calculate and inductor value that will give you 350-mA peak-to-peak inductor ripple current or less:

(Viy-Vour) XD _ (48V-327V) x0.76 _ .
AiL_pp X fSW a 350mA X 500kHZ - ' IJ (35)

L=

Choose the standard value of L = 68 uH which results in an actual Ai, pp of 342 mA.

8.2.2.2.6 Calculate the Output Capacitor Value

Given the actual inductor ripple current of 342-mA peak-to-peak, use Equation 36 to calculate the required output
capacitor value.

Ai . 342mA
Cour = 0 = = 88nF
8 X rD X AILED-PP X fSW 8x3250 X 300mA X SOOkHZ (36)

Choose Cqyr = 0.1 pF.

8.2.2.2.7 Calculate the MOSFET Parameters

The MOSFETs must have a minimum voltage and current rating for the application. The minimum ratings are
calculated using Equation 37 and Equation 38.

26 Submit Documentation Feedback Copyright © 2012-2015, Texas Instruments Incorporated
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Typical Applications (continued)
VT-MAX = 1.2x VIN-MAX =1.2x52.8V =63V 37)
IT-MAX = 15x DMAX X ILED =15x%x0.84x 1A =1.26A (38)

Choose MOSFETSs that have a drain-to-source voltage rating of greater than 63 V and a current rating greater
than 1.26 A.

8.2.2.2.8 Calculate the Minimum Input Capacitance

The minimum input capacitance to achieve 1.5-V peak-to-peak input voltage ripple is calculated using
Equation 39.
lLep XD 1A x0.76

Cin i = AVippp % fsw 1.5V x 500kHz 1uF (39)

For PWM dimming applications more input voltage ripple will be present at the PWM dimming frequency. For
these applications, Tl recommends using 10 times the amount of minimum input capacitance or more. Choose
CIN =10 HF

8.2.2.2.9 Undervoltage Lockout and Hysteresis

Choose a value of Rypw1 = 100 kQ and calculate the values of Rypm, and Rypws using Equation 40 and
Equation 41.

1.276V x Rypjyy _ 1.276V x 100kQ

Rumz = V1UrRN-ON - 1.276V 40V - 1.276V =3.3kQ @0)
(;{‘J_i - RUDIMl) % Rypimz (% - lOOkQ) x 3.24kQ
Rupivs = = = 19.3kQ
UDIM3 Rupivi + Rupimz 100kQ - 3.24kQ @)

Choose the nearest standard resistor values of R pm2 = 3.32 kQ and Rypms = 19.1 kQ.

8.2.2.3 Application Curve

[

[AV(UDIM) gt

E31(Le Dy s

(@ 200V & @ 4 soomAQ’J[Looms Mlnolvls/s ][ » 5 150V

value Mean Min Max std Dev J 1M points

2

Figure 25. UDIM Dimming Waveform

9 Power Supply Recommendations

Any DC output power supply may be used provided it has a high enough voltage and current range for the
particular application required.
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10 Layout

10.1 Layout Guidelines

The performance of any switching converter depends as much upon the layout of the PCB as the component
selection. Following a few simple guidelines will maximize noise rejection and minimize the generation of EMI
within the circuit.

Discontinuous currents are the most likely to generate EMI, therefore take care when routing these paths. The
main path for discontinuous current in the TPS92640 and TPS92641 buck converters contain the input capacitor
(Cin), the low side MOSFET (Q,s), and the high side MOSFET (Qgs). This loop should be kept as small as
possible and the connections between all three components should be short and thick to minimize parasitic
inductance. In particular, the switch node (where L, Q,s and Qus connect) should be just large enough to
connect the components without excessive heating from the current it carries. The current sense trace (CS pin)
should be run along with a ground plane or have differential traces run for CS and ground.

In some applications, the LED or LED array can be far away (several inches or more) from the circuit, or on a
separate PCB connected by a wiring harness. When an output capacitor is used and the LED array is large or
separated from the rest of the converter, the output capacitor should be placed close to the LEDs to reduce the
effects of parasitic inductance on the AC impedance of the capacitor.

10.2 Layout Example
Note critical paths and component placement:

P> Minimize power loop containing discontinuous currents
Minimize signal current loops (components close to IC)

e  Ground plane under IC for signal routing helps minimize noise coupling

discontinuous switching frequency currents

o VIN
l Input
A Power
I i GND
Huin HG 14—|E
—4“\&—2 RON sw 22
3 12
——A\\——]ubim BOOT
Vour e [YYY\_O LED+
-—4\/\/CC\3—4 VouT vce Ltl l:L
—— 2] vrer LG m—'ﬁ_‘
T LED-
Kl O cs =2 MV
. 7 8
| —— comp GND 1
DAP —_— -
Power Ground
Figure 26. Layout Recommendation
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10.3 EMI and Noise Considerations

In synchronous rectifier, the high speed gate drive signals can generate significant conducted and radiated EMI.
This noise can couple with high impedance nodes of the IC and result in undesirable operation. A small (4 Q to
10 Q) resistors, Ryg and R, g, in series with the gate drive signals are recommended to slow the slew-rate of the
SW node and reduce the noise signature. They also improve the robustness of the circuit by reducing the noise
coupling in to sensitive nodes such as UDIM, CS, RON and IADJ.

In other to further reduce EMI signature, good PCB layout techniques must be implemented. The loop area
between the synchronous NFET, inductor and output capacitor should be minimized to reduce radiated EMI due
to switching action. The trace lengths of high impedance nodes (UDIM, CS, RON and IADJ) should be minimized
and shielded from switching noise. The parasitic capacitance between switching node and ground node should
be minimized to reduce common mode noise. Other common layout techniques such as star ground and noise
suppression using local bypass capacitors should be followed to maximize noise rejection and minimize EMI
within the circuit.
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11 Device and Documentation Support

11.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 1. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
TPS92640 Click here Click here Click here Click here Click here
TPS92641 Click here Click here Click here Click here Click here

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

11.3 Trademarks

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

11.4 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“:'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.5 Glossary

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

12 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 Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ® ® @/5)

TPS92640PWP/NOPB ACTIVE HTSSOP PWP 14 94 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 TP92640 Samnles
& no Sh/Br) PWP L

TPS92640PWPR/NOPB ACTIVE HTSSOP PWP 14 2500  Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 TP92640 amnles
& no Sh/Br) PWP L

TPS92640PWPT/NOPB ACTIVE HTSSOP PWP 14 250 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 TP92640 amnles
& no Sh/Br) PWP P

TPS92641PWP/NOPB ACTIVE HTSSOP PWP 16 92 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 TP92641
& no ShiBr) PWP Ll

TPS92641PWPR/NOPB ACTIVE HTSSOP PWP 16 2500  Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 TP92641 Samnles
& no ShiBr) PWP sl

TPS92641PWPT/NOPB ACTIVE HTSSOP PWP 16 250 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 TP92641 Samnles
& no ShiBr) PWP sl

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

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

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

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

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

@ 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.
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl'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
7'} |¢ KO
i |
& go W
Reel — | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS92640PWPR/NOPB [HTSSOP| PWP 14 2500 330.0 12.4 6.95 | 5.6 1.6 8.0 12.0 Q1
TPS92640PWPT/NOPB |HTSSOP| PWP 14 250 178.0 12.4 6.95 5.6 1.6 8.0 12.0 Q1
TPS92641PWPR/NOPB |HTSSOP| PWP 16 2500 330.0 12.4 6.95 5.6 1.6 8.0 12.0 Q1
TPS92641PWPT/NOPB |HTSSOP| PWP 16 250 178.0 12.4 6.95 5.6 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\ /)i\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS92640PWPR/NOPB HTSSOP PWP 14 2500 367.0 367.0 35.0
TPS92640PWPT/NOPB HTSSOP PWP 14 250 210.0 185.0 35.0
TPS92641PWPR/NOPB HTSSOP PWP 16 2500 367.0 367.0 35.0
TPS92641PWPT/NOPB HTSSOP PWP 16 250 210.0 185.0 35.0
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MECHANICAL DATA
PWP0014A

(14x o.42>*>me! SYQMM

SD 7777777777 - (12x 0.65) —= | -
| : [

RECOMMENDED LAND PATTERN
H U I_I H (S0 2B [)] o0 i [ )
7 ALL LEAD TIPS GAGE PLANE
PIN #1 1D
EXPOSED PAD 0°- g
AT BOTTOM / - -
\SE TING PLANE

SEE DETAIL A
(0.9) o f 0.6+0.1
[ v

T D000
[nann. [ _ j
Topo e o T

(1) —=
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’_ PACKAGE OUTLINE

PWPOO16A PowerPAD ™ HTSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

6:2 TYP SEATING PLANE
PR (5] Eole]
P — ‘ === (]
— =
— —
N w— — 2x
4.9 [4.55]
NOTE 3 —] 1
— —
— — N
8| =—3=-—1

—
9 0.30
4.5 16X 5
p — 0.19

(@ [01@ [c[A[B]
4 f\‘ \
' \ (0.15) TYP
T I
‘,\J T N
”\"/\SEE DETAIL A j
— 4X 0.166 MAX
2X 1.34 MAX NOTE 5
NOTE 5
— —
: I f THERMAL
— { PAD
P — P i
57 17 GAGE PLANE
— — r
— — ' *
; LT LI g 0“_ 8° T
— — oL
= DETAIL A
3.3 (1) TYPICAL
2.7

4214868/A 02/2017

NOTES: PowerPAD is a trademark of Texas Instruments.

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

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. Reference JEDEC registration MO-153.

. Features may not be present.
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EXAMPLE BOARD LAYOUT
PWPOO16A PowerPAD ™ HTSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

SOLDER MASK
DEFINED PAD

/SEE DETAILS
|

16X (1.5)
AT

oxoan [

== ©)
NOTE 9
SN

14X (0.65)
T

@0.2) TYP
VIA

METAL COVERE [ S

BY SOLDER MASK

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:10X

METAL UNDER

SOLDER MASK: SOLDER MASK
OPENING \ METAL SOLDER MASK\ fOPENING
”””” =)
JL EXPOSED »j ””””””
0.05 MAX METAL 0.05 MIN

ALL AROUND ALL AROUND

SOLDER MASK

NON SOLDER MASK DEFINED

DEFINED

SOLDER MASK DETAILS
PADS 1-16
4214868/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAO0O02 (www.ti.com/lit/sima002) and SLMAO004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
PWPOO16A PowerPAD ™ HTSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

33
BASED ON

0.125 THICK
1oX(19) STENCIL (RO.05) TYP
L I T I R R

16X (0.45) j

33
BASED ON
0.125 THICK
STENCIL

|

L]
X0
—

METAL COVERED

BY SOLDER MASK SEE TABLE FOR

DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

SOLDER PASTE EXAMPLE
EXPOSED PAD
100% PRINTED SOLDER COVERAGE BY AREA

SCALE:10X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.69 X 3.69

0.125 3.3 X 3.3 (SHOWN)
0.15 3.01 X 3.01
0.175 2.79 X 2.79

4214868/A 02/2017

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
11. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), 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 TI 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, 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 (www.ti.com/legal/termsofsale.html) 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.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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