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TPS9260x-Q1 Single- and Dual-Channel Automotive Headlight LED Driver

1 Features
e Qualified for Automotive Applications

* AEC-Q100 Qualified With the Following Results:
— Device Temperature Grade 1: —40°C to 125°C

Ambient Operating Temperature
— Device HBM ESD Classification Level 2
— Device CDM ESD Classification Level C4B
* Input Voltage: 4 V-40 V (45 V Abs. Max.)
* Output Voltage: 4 V=75V (80 V Abs. Max.)

* Fixed-Frequency Current-Mode Controller With
Integrated Slope Compensation

» Two Regulation Loops, Constant-Current Output

and Constant-Voltage Output of Each Channel
e High-Side Current Sense:
— 150-mV or 300-mV Sense Voltage (EEPRO
Option)
— +6-mV Offset (Achieving Approx. 4% or 2%
LED Current Accuracy)

» Output Voltage Sense, Internal Voltage
Reference: 2.2 V £5%

* Integrated Low-Side NMOS-FET Driver: Peak
Gate-Drive Current Typ. 0.7 A

* Frequency Synchronization
* Both PWM Dimming and Analog Dimming
» Diagnostic:

M

— High-Side Current (LED Current) Available as

Analog Output
— Open-LED and Short-to-GND Detection
— Shorted Output Protection
e Internal Under- and Overvoltage Lockout

2 Applications

e Automotive Headlight LED Driver
» High-Brightness LED Applications

3 Description

The TPS9260x-Q1 family of devices is a single-
channel and dual-channel high-side-current LED
driver. With full protection and diagnostics, this family
of devices is dedicated for and ideally suited to
automotive front lighting. The base of each
independent driver is a peak-current-mode boost
controller. Each controller has two independent
feedback loops, a current-feedback loop with a high-
side current-sensing shunt and a voltage-feedback
loop with an external resistor-divider network. The
controller delivers a constant output voltage or a
constant output current. The connected load
determines whether the device regulates a constant
output current (if the circuit reaches the current set-
point earlier than voltage set-point) or a constant
output voltage (if the circuit reaches the voltage set-
point is reached first, for example, in an open-load
condition).

Each controller supports all typical topologies such as
boost, boost-to-battery, SEPIC, or flyback.

Uses of the high-side PMOS FET driver are for PWM
dimming of the LED string and for cutoff in case of an
external short circuit to GND to protect the circuit.

Device Information(1)

SENSE-VOLTAGE
PART NUMBER RANGE CHANNELS

TPS92601-Q1, 15 mV-150 mV 1
TPS92601B-Q1

TPS92601A-Q1(2) 30 mV-300 mV

TPS92602-Q1, 15 mV-150 mV 2
TPS92602B-Q1

TPS92602A-Q1(2) 30 mVvV-300 mV 2

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

(2) Device is available as a preview only.

Figure 1. Typical Schematic
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5 Pin Configuration and Functions

TPS92602x-Q1 PWP PowerPAD™ Package
28-Pin HTSSOP With Exposed Thermal Pad
Top View
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NC — No internal connection

TPS92601x-Q1 PWP PowerPAD Package
20-Pin HTSSOP Package With Exposed Thermal Pad
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NC — No internal connection

Pin Functions

PIN
TPS92601-Q1 | TPS92602-Q1
NAME | TPS92601A-Q1 | TPS92602A-Q1 110 DESCRIPTION
TPS92601B-Q1 | TPS92602B-Q1
20 PINS 28 PINS
COMP1 2 2 O | Compensation network (channel 1)
COMP2 — 12 O | Compensation network (channel 2)
DIAG1 5 5 O | Diagnostic pin (open, short, LED current) (channel 1)
DIAG2 — 13 O | Diagnostic pin (open, short, LED current) (channel 2)
GDRV1 14 22 O | Gate driver NMOS-FET (channel 1)
GDRV2 — 20 O | Gate driver NMOS-FET (channel 2)
GND 6 6 — | Ground
ICTRL1 1 1 | LED current-control pin, analog dimming (channel 1)
ICTRL2 — 11 | LED current control pin, analog dimming (channel 2)
ISN1 18 26 | Current-sense input — negative (channel 1)
ISN2 — 16 | Current-sense input — negative (channel 2)
ISNS1 15 23 | Overcurrent sense input (channel 1)
ISNS2 — 19 | Overcurrent sense input (channel 2)
ISP1 17 25 | Current-sense input — positive (channel 1)
ISP2 — 17 | Current-sense input — positive (channel 2)
9
NC 1(1) — — | No internal connection
12
OVFB1 3 3 | Voltage-feedback input (channel 1)
OVFB2 — 10 | Voltage feedback input (channel 2)
PGND1 16 24 — | Power ground (channel 1)

Copyright © 2014-2018, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
TPS92601-Q1 | TPS92602-Q1
NAME | TPS92601A-Q1 | TPS92602A-Q1 110 DESCRIPTION
TPS92601B-Q1 | TPS92602B-Q1
20 PINS 28 PINS

PGND2 — 18 — | Power ground (channel 2)
PWMIN1 7 | PWM input and channel enable or disable function (channel 1)
PWMIN2 — 9 | PWM input and channel enable or disable function (channel 2)
PWMO1 20 28 O | PWM PMOS-FET driver output (channel 1)
PWMO2 — 14 O |PWM PMOS-FET driver output (channel 2)
RT 4 4 | Oscillator pin and pin for external sync. frequency
Vee 13 21 O | Gate-drive supply voltage (external decoupling capacitor)
VIN 8 8 | Supply voltage
VOUT1 19 27 | Connect to boost output voltage (channel 1)
VOUT2 — 15 | Connect to boost output voltage (channel 2)
Thermal pad — | Solder to achieve appropriate power dissipation. Connect to PGND.

6 Specifications

6.1 Absolute Maximum Ratings®®@®

over operating free-air temperature (unless otherwise noted)

MIN MAX UNIT
Supply voltage VIN, PWMINx®) -0.3 40 \Y
Output voltage VOUTYX, ISPx, ISNx, PWMOx 4 -0.3 80 \Y
Differential voltage (VOUTX — PWMOXx)® -0.3 8.8 \Y
Grounds PGNDx® -0.3 0.3 v
GDRVX, ISNSx® -0.3 8.8 \Y
. OVFBx“¥ -0.3 80 \Y

Other pins

Vee -0.3 8.8 \Y
ICTRLX, COMPX, RT, DIAGX® -0.3 3.6 \Y

V¢ current Gate-driver supply 220 mA
Junction temperature, T, —-40 150 °C
Storage temperature, Tgyg -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and 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 my affect device reliability.

(2) The algebraic convention, whereby the most-negative value is a minimum and the most-positive value is a maximum.

(3) All voltages are with respect to ground (GND pin), unless otherwise specified.

(4) For the TPS9602-Q1 device, x = 1 or 2. For the TPS9601-Q1 device, x is blank.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002™ +2000
o Other pins +500
V(Esp) Electrostatic discharge | Charged-device model (CDM), per | Corner pins (1, 14, 15, 28 for v
AEC Q100-011 TPS92602x-Q1; 1, 10, 11, 20 for £750
TPS92601x-Q1)

(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

4 Submit Documentation Feedback
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6.3 Recommended Operating Conditions
over operating free-air temperature (unless otherwise noted)

MIN MAX UNIT
VIN (first connection to battery, full functionality) 6 26 \%
Supply voltage VIN (battery voltage during cranking profile, full functionality) 4 26 \%
VIN 26 40 \Y
Output sense VOUTX, ISPX, ISNx® 4 75 Y
BWMIN PWMINXx: enable and disable functionality ™ 0 40 Y
PWMINx: PWM functionality ™ 0 7 Y
ISNSx, OVFBx®) 0 8 v
Other pins Ve 3 8 \%
ICTRLx, RT® 0 3.3 v
Gate-driver supply current, Ve ® 100 mA
Ta Ambient temperature range —-40 125 °C
T; Junction temperature range -40 150 °C
(1) Forthe TPS9602-Q1 device, x = 1 or 2. For the TPS9601-Q1 device, x is blank.
(2) Note available current for low-side gate drivers to drive the external BOOST FETs
6.4 Thermal Information
TPS92601-Q1 TPS92602-Q1
THERMAL METRIC® PWP (HTSSOP) PWP (HTSSOP) UNIT
20 PINS 28 PINS
Rosa Junction-to-ambient thermal resistance 37 37.2 °C/IW
Rosciop) | Junction-to-case (top) thermal resistance 23.4 19.3 °C/IW
Ross Junction-to-board thermal resistance 17.7 16.7 °C/IW
var Junction-to-top characterization parameter 0.9 0.8 °C/IW
ViB Junction-to-board characterization parameter 175 16.5 °C/IW
Roscpoy | Junction-to-case (bottom) thermal resistance 0.9 2.6 °C/IW

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

6.5 Electrical Characteristics
T, =-40°C to 150°C, Vypp = 12 VDC, over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT
INPUT SUPPLY
V(VIN_norm) Normal mode after initial start-up, VIN rising 40
= Input voltage range — - \Y
V(VIN_crank) Normal mode after initial start-up, VIN falling 40
Viuvio) Undervoltage lockout PWML = PWM2 = High, VIN falling.fewwox < 3.72 4 \%
Vvourx) =2V
PWM1 = PWM2 = High, VIN falling, quiescent
V(uvsh) Undervoltage shutdown current < 2 pA 2.8 35 \%
ViovsH) Overvoltage shutdown PWM1 = PWM2 :_ngh, VIN falling, Vewwmor = 40 40.7 \%
V(voutx) V(Grovx) = 0
SUPPLY CURRENT
VIN =12 V, PWMIN1 and PWMIN2 = low for >
tcH_oFr) 2
Ta=25°C
I(stoy) Shutdown current HA
VIN =12 V, PWMIN1 and PWMIN2 = low for >
tcH_oFr) 3
Ta = 125°C
tcH_orFp) Channel OFF timer PWMINX = low 9.5 14 18 ms
tcH_on) Channel ON timer PWMINXx = high, Vcc = 5.5V 1 ms
lnom Normal-mode current in OVP loop VIN =12 V, PWMINx = high 8 12 mA
Copyright © 2014-2018, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics (continued)

T, =-40°C to 150°C, V\pp = 12 VDC, over recommended operating conditions (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
GATE DRIVER SUPPLY V¢c
V(vce Output voltage VIN > 6V 55 6.6 7.4 \Y
Vivee dy Drop-out voltage 4V <VIN <8V, lyce) < 50 mA 400 mv
Ceo) V¢ buffer capacitance 2.2 10 20 uF
lveey Output current (only for internal usage) 80 mA
lvee Limy Current limit Vcc shorted to ground 150 220 mA
GATE DRIVER - LOW-SIDE BOOST NMOS-FET
Vasamos) NMOS gate-source voltage ESITEBZL:)E? d‘g’g?g\fctco switch on boost NMOS 55 6.6 7.4 v
Dvax) Maximum duty cycle 93.8%
trnmos) Gate driver rising Ve = 6.6 V, no load 22 ns
tinmos) Gate driver falling Vee =6V, no load 8.5 ns
IDS(on)(Source,Nmos) Gate driver resistance, sourcing Vee = 6.6 V, 100-mA load 25 Q
IDS(on)(Sink,Nmos) Gate driver resistance, sinking Ve = 6.6 V, 100-mA load 25 Q
CURRENT LIMIT — NMOS FET
Vissy l/:j)rl::g?rlér:igttor:reshold across sense- 83 100 115 my
tasnsx) Leading edge blanking 200 ns
lusnsx) Current on ISNSx 40 50 65 HA
Aps) VC current-mode gain (AV¢ / AVgps) 4 VIV
GATE DRIVER — HIGH-SIDE PWM PMOS-FET
I(PWMOx_Source) Peak source current Viout) = Vipwmox) = 6.5 V, V(our) = 40 V 150 mA
lpwmox_sink) Peak sink current Viour) — Vipwmox) = 0V, Vioury =40 V 10 mA
V(pwmox) Output voltage 75 \%
VasPpmos) PMOS gate-source voltage PWMx = high, V(our) =40 V 6.9 8 \%
Vasamos) NMOS gate-source voltage ﬁ‘&ﬁgiser;tE?r"’;‘tfh'isso(‘j‘;%Zr‘]’g'sta:)%e\}z:_""imh on the 55 6.6 7.4 v
typmos) HS gate driver rising No load 1 us
tipmos) HS gate driver falling No load 3 ps
PWM DIMMING
fewminy Dimming frequency See PWM dimming section 0.2 2 kHz
V(thLow) Logic low Switch off PMOS dimming FET (low below) 0.8 \%
V(thHiGH) Logic high Switch on PMOS dimming FET (high above) 2 \%
RPWMIN_pd) Pulldown resistance at PWMINXx pin 90 120 150 kQ
PWMIN to LED turnoff time 80 ns
PWMIN to LED turnon time 60 ns
INTERNAL PLL OSCILLATOR
fosc) Oscillator range 100 600 kHz
Af(osc) Oscillator accuracy fF(iJI:f(ig—Cl:%Sr%s}stor. See Equation 2 and Figure 4 —20% 20%
fexn Ext. synchronization 100 600 kHz
tcLkpw) Minimum clock input pulse duration 70 ns
V(RTthLo) RT low voltage 0.8 \%
V(RTthH) RT high voltage 2 \%
t(RTdelay) RT rising edge to GDRVL1 rising edge 35 ns
teLLIock) PLL lock-in time 200 us
6 Submit Documentation Feedback Copyright © 2014-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

T, =-40°C to 150°C, V\pp = 12 VDC, over recommended operating conditions (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
HIGH-SIDE CURRENT-SENSE ERROR AMPLIFIER VFBx < 2.1V
V(spsN,com) Common-mode voltage ISPx, ISNx 4 74 \%
4V < V(spsn_com < 75V, VFBXx < 2.1V,
TPS92601-Q1, TPS92602-Q1,TPS92601B-Q1, 150
V(spsN_piff) Full-scale sense voltage ISPx — ISNx TPS92602B-Q1 mv
4V < Vspsn_com) < 75V, VFBx < 2.1V, 300
TPS92601A-Q1, TPS92602A-Q1
V(spsN_AC) Sense-voltage accuracy Common-mode voltage 4 V to 75 V -6 6 mV
lB1As_sPsN) Input bias current ISPx, ISNx 4V < V(spsn_com) < 75V, V(spsn_pify = 150 mV 40 HA
TPS92601-1, TPS92602-Q1, TPS92601B-Q1,
TPS92602B-Q1, 4 V < V(spsn_com) < 75 V, 100 135
l(offset._SPSN) Input offset current ISP, ISNx Vispsn_pify = 150 mV HA
TPS92601A-Q1, TPS92602A-Q1, 4V < 175 200
V(spsn_com) < 75V, V(spsn_pif) = 300 mV
Ime Forward transconductance 1 mS
TPS92601-Q1, TPS92602-Q1, TPS92601B-Q1,
Agscs) HS current-sense gain TPS92602B-Q1 > vV
TPS92601A-Q1, TPS92602A-Q1 25 VIV
CURRENT CONTROL ICTRL — ANALOG DIMMING FOR ALL PARAMETERS: VFBx <2.1V
loim_Liny Linear analog dimming range 10% 100%
TPS92601-Q1, TPS92602-Q1, TPS92601B-Q1,
TPS92602B-Q1, Tp = 25°CY 9.7 10 103
K (pimfactor) Dimming factor, VicTrL) / V(snspx) $E§ggggéBQ-(].'L-)’l-,r'IP'fizilt.sgSz"(C?&S TPS926018-Q1, 95 10 105
TPS92601A-Q1, TPS92602A-Q1, T, = 25°C® 4.85 5.15
TPS92601A-Q1, TPS92602A-Q1, T, = 125°C® 4.75 5.25
V(icTRLY) Adjustable voltage range See Figure 13 0 15 \%
R(cTRLpd) Pulldown resistance at ICTRLX pin 0.75 1 1.2 MQ
ERROR AMPLIFIER - REFERENCE VOLTAGE
Vvrs) Voltage feedback 2.2 \%
AV(yrp) Voltage FB accuracy -5% 5%
l@1as) Input bias current VFB =22V 500 nA
9ovv) Forward transconductance 1 mS
INTERNAL SOFT-START
Ysoftstart) Soft-start time, internal soft-start COMPOVtol5V 35 ms
DIAGNOSIS — DIAGx PIN
TPS92601-Q1, TPS92602-Q1, TPS92601B-Q1, 10
V(opLED) Open LED failure TPS92602B-Q1 mvV
TPS92601A-Q1, TPS92602A-Q1 20
V(plac_op) Low-level voltage, DIAGX pin DIAGXx pin pulled low, lipjagy) = 100 pA 0.15 \Y
TPS92601-Q1, TPS92602-Q1, TPS92601B-Q1, 205
V(sHLED) Shorted LED failure TPS92602B-Q1 mVv
TPS92601A-Q1, TPS92602A-Q1 450
V(piaG_sH) High-level voltage, DIAGX pin DIAGx pin pulled high, lpjacx) = 100 pA 3 3.47 \%
ViLepy Range for tracking LED current on DIAGX Voltage range on DIAGX pin (VIN > 6 V) 0.2 2.85 v
V(Lep2) pin 0.2 2.85
V(piac_ac) Offset of DIAG output buffer At input of DIAG buffer -12 12 mvV
Within linear analog dimming range and DIAG
tracking range. Exclusive offset V(piag_ac), 125
TPS92601-Q1, TPS92602-Q1, TPS92601B-Q1,
K(plac_factor) Factor Vipiag) / V(spsn) TPS92602B-Q1
Within linear analog dimming range and DIAG
tracking range. Exclusive offset V(piag_ac), 6.25
TPS92601A-Q1, TPS92602A-Q1

(1) Within linear analog dimming range (10%-100%). Exclusive offset V(spsn_ac) = 6 mV
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Electrical Characteristics (continued)

T, =-40°C to 150°C, V\pp = 12 VDC, over recommended operating conditions (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MmN TYP MAX| UNIT
COMPENSATION NETWORK — COMPx PIN
V(compx) Compensation-network output-pin voltage | ‘ 0 3.3 ‘ \%
THERMAL SHUTDOWN
T(sp) Thermal shutdown 165 °C
Trys) Hysteresis 20 °C

6.6 Typical Characteristics
Load is eight LEDs per channel at 500 mA, —40°C < T, < 125°C, —40°C < T, < 150°C, Ccomp) = 0.22 pF, unless otherwise

noted.
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Figure 2. Boost Efficiency vs Input Voltage Figure 3. Line Regulation
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Typical Characteristics (continued)

Load is eight LEDs per channel at 500 mA, —40°C < T, < 125°C, —40°C =< T, < 150°C, Ccompy = 0.22 WF, unless otherwise

noted.
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Figure 6. Analog Dimming: Differential Sense Voltage,

V(ispx - 1sNx) VS V(ICTRLx)

Figure 7. V(piacx) VS V(spx - IsNx)
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Figure 9. V(spx — 1snx) VS Ambient Temperature
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7 Detailed Description

7.1 Overview

The TPS92602y-Q1 device is a dual-channel LED driver. The base of each independent driver is a peak-current-
mode boost controller. The two boost controllers operate 180° out-of-phase in order to reduce ripple currents and
radiation.

Each controller is independently configurable to regulate the output current (the typical case for driving LEDS) or
to regulate the output voltage. Depending on the chosen configuration for each channel, one loop is active while
the other loop only acts in case of a failure condition. In a constant-current application, the inactive voltage loop
sets the maximum output-voltage limit (and hence becomes active in case of output overvoltage due to an open
LED). In constant-voltage applications, the inactive current loop sets the maximum output current limit (and
hence becomes active in case of output overcurrent because of an LED short to ground).

The TPS92601y-Q1 device is a single-channel version of the TPS92602y-Q1 device. Both devices have the
same functions.

7.2 Functional Block Diagram

V(BAT)
D
TPS9260x-Q1 VINl
Lt
vDpD| LDO | vcC LDO vce LED ;
% |int.FET Int. FET gl
Voltage 4 el
| Monitor
s
i T " |shutdown >
Shutdown|¢ ——————————— = ‘| UVLO §RLED SNS ;
Logic q
A " -
a} r
Sh
™
DIAG [ 1« < I';
| MP
Y -
¢ »oCLRZE ozp— 8 Over-
— OCLRZQ3 S ib—cEL)threntt
1—] etec GDRV —
RTr_| Oosrc JUL > ,\I\ 1 IH_
T PLL % H
Rosc
AN L isNns
Cp LT
Rsns
comP | Rovre_B
B OVFB
Cz Rz {1
R
PWMIN [} % OVFB_A
ICTRL[1
PGND GND
Figure 10. Block Diagram, TPS9260xy-Q1 in Boost-To-Battery Configuration
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Functional Block Diagram (continued)
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Note: The SEPIC and flyback topologies require two extra diodes per channel for start-up, because the minimum common-mode voltage of the current-regulation amplifier is 4 V.

Figure 11. Supported Topologies per Channel

7.3 Feature Description

7.3.1 Fixed-Frequency PWM Control

Each boost controller uses an adjustable fixed-frequency peak-current-mode control. In a constant-current
application, the device senses the output current across an external shunt resistor at the ISPx and ISNx pins,
amplifies and level-shifts it to ground-reference, and compares it to the voltage applied on the ICTRLx pin by the
primary error amplifier, which drives the COMPXx pin. In a constant-voltage application, the device compares the
output voltage through external resistors on the OVFBXx pin to an internal 2.2-V voltage reference by a secondary
error amplifier, which drives the COMPx pin. Depending on the chosen application, only one of the error
amplifiers is active.

An internal oscillator initiates the turnon of the external boost-power NMOS switch. The device compares the
error-amplifier output to the switch current sensed on the ISNSx pin. When the power-switch current reaches the
level set by the COMPXx voltage, the power NMOS switch turns off. The COMPx pin voltage increases and
decreases as the output current increases and decreases. The device implements a current limit by clamping the
COMPXx pin voltage to a maximum level.

7.3.2 Slope-Compensation Output Current

Each controller adds a compensating ramp to the switch-current signal. This slope compensation prevents sub-
harmonic oscillations. The available peak inductor current remains constant over the full duty-cycle range.
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Feature Description (continued)
7.3.3 Boost-Current Limit

Each controller achieves peak-current-mode control using a comparator that monitors the current through the
external boost FET at the ISNSx pin by comparing it with the voltage on the COMPx pin. A redundant current-
limit comparator, which compares the voltage on the ISNSx pin with a typical 100-mV reference voltage, limits
the current through the external boost FET. If the voltage on the ISNSx pin exceeds this typical 100-mV
threshold, the on-cycle of the respective boost controller immediately terminates. The current-limit comparator
has a lead-edge blanking time to avoid any unwanted triggering of the current limit during switch-on of the
external boost FET. One can set the current-limit level with an external resistor, as calculated with the following
equation.

100 mV
R wimy (1)

lLim) =

7.3.4 Oscillator and PLL

The switching frequency is adjustable over a range from 100 kHz to 600 kHz by placing a resistor on the RT pin.
The RT pin voltage is typically 0.5 V and must have a resistor to ground to set the switching frequency. To
determine the timing resistance for a given switching frequency, use Equation 2 or the curve in Figure 4. To
reduce the solution size one would typically set the switching frequency as high as possible, but give
consideration to tradeoffs of the supply efficiency, maximum input voltage, and minimum controllable on-time.

12.5 MHzx1 kQ
Rrr[kQ] =

One can also use the RT pin to synchronize the controllers to an external system clock, over a range from 100
kHz to 600 kHz. Apply a square wave to the RT pin to use this synchronization feature. The square wave must
transition lower than 0.8 V and higher than 2 V on the RT pin and have an on-time greater than 70 ns and an off
time greater than 70 ns. The synchronization frequency range is 100 kHz to 600 kHz. The rising edge of GDRV1
is synchronized to the falling edge of the RT pin signal.

Leaving the RT pin open or shorted to ground with no external system clock signal is present disables both boost
controllers, and both PWM dimming FETs switch off. In order to recover from this global failure state, (for
example, after the failure condition on the RT pin has been removed) there must be one global disable-and-
enable cycle (active shutdown by pulling both PWMINX pins low for t > tcy orr), and setting one or both PWMINX
pins high for t > ticy_ony)-

7.3.5 Control Loop Compensation

Modeling of the TPS9260xy-Q1 control loop is like that for any current-mode controller. Using a first-order
approximation, one can model the uncompensated loop as a single pole created by the output capacitor and, in
the boost and buck-boost topologies, a right half-plane zero created by the inductor, where both have a
dependence on the dynamic resistance of the LED string. There is also in the model a high-frequency pole
which, however, is near the switching frequency and plays no part in the compensation design process.
Therefore, the loop analysis neglects this high-frequency pole. Because Tl recommends ceramic capacitors for
use with LED drivers due to long lifetimes and high ripple-current rating, one can also neglect the ESR of the
output capacitor in the loop analysis. Finally, there is a dc gain of the uncompensated loop which depends on
internal controller gains and the external sensing network. A boost regulator serves as an example case. See the
Detailed Design Procedure section for compensation of all topologies.

Equation 3 gives the whole-loop gain for a boost regulator.

[1 " s(”j x [1 sl J
T oT « Mezc ®ezrhp

u uo .
[1+ s(n]
COepO (3)

Equation 4 approximates the output pole (wepo).
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Feature Description (continued)

2

Q) =
ep0 I'(D) X CO

where
* Ip: LED and Ry gp _sns) dynamic resistance
e Co: Output capacitor (4)
Use Equation 5 to calculate the right half-plane zero (wezmp)-
'2
_ r(D) X D
ezrhp — L1 (5)
Use Equation 6 to calculate the output capacitor and ESR zero (mg,c).
1
Fesr X Co (6)

The EA transfer function with compensation capacitor and resistor of the system is described in Equation 7 is
shown in Equation 7.

®

Weze =

(1 + S(J)j
T, = Adcx __oezl)
(1 + S(J)j X (1 + S(J)J
wepl wep2
where
Adc is the error-amplifier (EA) dc gain @)

Use Equation 8 to calculate the EA output with compensation capacitor pole (wep1)-
1

g1 ==
P R(O) X CZ
where

R() is the EA output impendence (8)

The EA higher frequency pole (ogp, to filter the high-frequency noise, which is higher than whole-loop bandwidth)
is shown in Equation 9.
1

Wepp = —————
ep2 Rz XCp

9)
The EA output ESR zero (wg,1) is shown in Equation 10.
o = 1
1= —
° R, xC, (10)

Compensator design should give adequate phase margin (above 45°) at the crossover frequency. A simple
compensator using a single capacitor at the COMP pin adds a dominant pole to the system, which ensures
adequate phase margin if placed low enough. At high duty cycles, the RHP zero places extreme limits on the
achievable bandwidth with this type of compensation. However, because an LED driver is essentially free of
output transients (except catastrophic failures, open or short), the dominant pole approach, even with reduced
bandwidth, is usually the best approach.

7.3.6 LED Open-Circuit Detection

An open LED in any channel interrupts the current flow of that channel. If the LED current in the sensing circuit
falls below the defined threshold thg, gp, then the device pulls the DIAGx pin of the affected channel low (for
example, for use as an interrupt to a microcontroller). The output-voltage regulation is with respect to the set
point of the voltage-control loop (resistor divider network on the OVFBXx pin). Removal of the failure releases the
DIAGx pin automatically.
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Feature Description (continued)
7.3.7 Output Short-Circuit and Overcurrent Detection

In case of an external short circuit of a boost output supply line to GND, the respective boost controller of the
affected channel is no longer able to limit the current through the control loop. This is because of the conductive
path from the supply voltage to the shorted output through the inductor and the boost diode.

To protect the external components from excessive currents, the controller of the affected channel interrupts the
path to its output by switching off the high-side PWM-dimming PMOS-FET. The interruption occurs as soon as
the high-side current-sense amplifier detects a common-mode voltage below 4 V, or when the voltage on the
VOUTX pin is below 4 V, or once the high-side current-sense amplifier hits the shorted-output detection threshold
V(orLep)- The protection of each channel operates in this way, independently of the other channel (see state-
diagram in Figure 14). The device pulls the DIAGx pin of the affected channel high, and the controller of the
affected channel remains in this channel-fail state. In order to reset the controller of the affected channel (for
example, after removal of a short circuit) there must be one disable-and-enable cycle for the affected channel by
pulling the PWMINX pin low for t > tcy_orr), and setting it high for t > tcy ony-

7.3.8 Measuring LED Current During a Non-Failure Condition

In regular operation mode, one can measure the actual output current of the controller with an external
microcontroller by sensing the voltage at the DIAGx pin. The DIAGx pin voltage between 0.2 V and 2.85 V
represents in a linear relation the output current measured by the current-sense block across the external shunt
resistor. Parameter DIAG,or gives the scale factor of typically 12.5 (the TPS92601y-Q1 or TPS92602y-Q1
device with 150-mV full-scale current-sense voltage) or 6.25 (the TPS92601A-Q1 or TPS92602A-Q1 device with
300-mV full-scale current-sense voltage). Figure 12 gives the relation between the DIAGXx pin voltage and the
current-sense voltage.

VDIAGX

Short Circuit or

HIGH, 3V < Vpjpg < 3465V Overcurrent Detected

Normal Operation

02Vto285V
for VIN>6 V

LOW, 0V <Vpas<0.15V Open LED Detected

TPS92601-Q1, TPS92602-Q1: 20 mV* 150 mv* 225 mv* Vispx_Ishx
TPS92601A-Q1, TPS92602A-Q1: 40 mV* 300 mv* 450 mv*

* Approximate voltages

Figure 12. DIAGx Pin Function

When the device is in global shutdown mode (when both PWMINX pins go low for t > tcy orr), both DIAGX pins
are low.
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Feature Description (continued)
7.3.9 LED Dimming Options

The device offers two different approaches to regulate and control the brightness and the color of the LEDs:
analog dimming and PWM dimming.

7.3.9.1 Analog Dimming

An analog voltage applied to the ICTRLx pin allows changing the output current for each channel on the fly from
10%—-100% of full-scale. Typically, this approach is used to:

» Reduce the default current in a narrow range to adjust to different binning classes of the LEDs

* Reduce the current at high temperatures (protect LEDs from overtemperature)

» Reduce the current at low input voltages (for example, cranking-pulse breakdown of the supply)

Implementing this analog dimming function is possible with an analog approach (discrete resistor and NTC
network) or with a more-flexible approach by using a microcontroller. Internally clamping the maximum voltage
on the ICTRLx pin at 1.5 V simplifies the analog implementation. So applying any higher voltage has no effect on

the output current (which remains at its current set point at 100% of full scale, that is, 150 mV or 300 mV drop at
the external current shunt resistor).

Vispx_isNx) 4
TPS92601A-Q1, TPS92601-Q1,
TPS92602A-Q1 TPS92602-Q1
300 mV 150 mV - ----peesnsnssn s s

Linear Analog Dimming
Region

10%—-100% <

30 mV 15 MV -3 2
0mV 0mV

>

Vv
150 mV 15v  (CTRX)
Figure 13. Analog Dimming — ICTRLx Pin

7.3.9.2 PWM Dimming

To change the brightness of an LED string by a certain magnitude without affecting the lighting-color of the LED,
it is necessary to use PWM dimming topology. Turning the LEDs ON and OFF at a certain frequency with a
certain duty cycle reduces the brightness without changing the LED current (so not affecting the color).

The integrated high-side PMOS-FET gate driver turns the LED string ON and OFF following the supplied signal
frequency and duty cycle on the PWMIN pin. During the OFF time of the FET, the device stops the internal
control loop by disconnecting the loop internally and then stores the value of the compensation network. This
technique allows fastest recovery of the regulator with the following ON time, as the control loop restarts from the
point at which it stopped. The average LED current during ON time is almost the same as the LED current with
no PWM dimming (duty cycle 100%). For very low duty cycles, the time required by the controller to ramp up the
inductor current form 0 A becomes more significant relative to the overall ON time, leading to lower average
current. So for very low duty cycles, the relation between average current and duty cycle is no longer linear.
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Feature Description (continued)

One must maintain a minimum on-time in order for PWM dimming to operate in the linear region of its transfer
function. Because of disabling the controller during dimming, the PWM pulse must be long enough that the
energy intercepted from the input is greater than or equal to the energy being put into the LEDs. For boost and
boost-to-battery topologies, the minimum ON time (in seconds) for which the PWM dimming operates in the
linear region is:

2 X I(LED) X V(out) X L
2
Viny

tPWMON_MIN) =
(11)

To ensure that the applied dimming-pulse duration matches with the effective dimming-pulse duration, TI
recommends synchronizing the dimming pulses with the switching clock of the boost converter. Choose the
external inductor and output capacitors according to the requirements for the minimum duty cycle.

7.4 Device Functional Modes

7.4.1 Undervoltage and Overvoltage Shutdown

During normal operation (6 V < V() < 40 V), when the supply voltage at the VIN pin drops below 4 V during
cranking, each boost controller is disabled (when previously in normal operation). As long as the battery voltage
stays above 3.5 V, both PWM dimming FETs are still controllable through the PWMINXx pins, and the V¢
regulator is still active. The supply voltage recovering above 4 V re-enables each boost controller (which was
working normally before the supply voltage drop). When supply voltage at the VIN pin drops below 3.5 V, the
device enters standby due to battery undervoltage. From standby mode, re-enabling the device can only occur
when the supply voltage is above 6 V and one or both PWMINX pins are high for t > tcy on)). See the state
diagram in Figure 14. When the supply voltage at the VIN pin goes above 40 V during load-dump, the device
disables both boost controllers due to battery overvoltage, and switches both PWM dimming FETs off. The V¢
regulator is still active. Once the battery voltage is below 40 V, the device recovers from this global failure state
after a global disable-and-enable cycle (active shutdown by pulling both PWMINX pins low for t > tcy oer), and
setting one or both PWMINX pins high for t > tcy on)). See the state diagram in Figure 14.

7.4.2 Overtemperature Shutdown

When the junction temperature rises above 165°C, both boost controllers are disabled due to junction
overtemperature, and both PWM dimming FETs are switched off. Once the junction temperature is below 145°C,
the device recovers from this global failure state or a global disable-and-enable cycle (active shutdown by pulling
both PWMINX pins low for t > tcy o), and setting one or both PWMINX pins high for t > tcy on)). See the state
diagram in Figure 14.

7.4.3 Device State Diagram
Figure 14 shows the state diagram of the device, with a short description of the device behavior in each state.
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Device Functional Modes (continued)

Main State Machine

Vi) > 6V AND

VIN > 40V OR
Wakeup Missing Clock OR
Standby Active T,>165°C
* Vivce) disabled

Global Failure

* VCC enabled

¢ Both boost controllers
disabled

¢ Both PWM dimming
FETs switched off

* DIAG1 and 2 pins low,

* Both boost controllers
disabled

* Both PWM dimming
FETs switched off

* Both DIAGx pins low,

*Vivce) enabled
e One or both channels
active (see Active
Sub-State Machine)

PowerOnReset OR
PowerDown

WakeUp = (Viewming) = 1for t>tey ony OR Vipwming) = 1 for t> ey ony)
PowerDown = (Vpyping) = 0 for t> oy ony AND Vipyyming) = 0 for t > tey on))
Missing Clock = RT terminal open AND no sync pulse

PowerOnReset =V yy) <3.5V

Active Sub-State Machine
Each channel can independently follow this State Machine.

Low-Voltage

o Boost controller
disabled

* PWM dimming FET
controllable through
PWMINX pin

* DIAGx pin shows

measured current

Viewming = 0 or t >ty ok

35V <V <4V

Main State *Active Viny > 6V

Vo > 6 VAND
Pwmin = 1 for t>tey on)

OFF

* Boost controller
disabled

* PWM dimming FET
switched off

* DIAGx terminal low

ON
* Boost controller
enabled
* PWM dimming FET
controllable through
PWMINXx terminal
¢ DIAGx terminal show:
measured current

Viewming = 0 for t>tey orr

Channelx Failure

Detected
Viewming = 0 for t>tey oFr)

Channel-Fail

* Boost controller
disabled

 PWM dimming FET
switched off

* DIAGx terminal high

Channelx Failure Detected = (Vyoury < 4 V OR Vispeny_com < 4V OR Vspsny i > thisroun)

NOTE: In the case of an open LED on channel x, the DIAGx pin is low, but the boost controller and the PWM
dimming FET of channel x work normally. Hence, the behavior is as in the ON state or the low-voltage state.

Figure 14. Device State Diagram
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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

This section describes the application-level considerations when designing with the TPS9260xy-Q1 family of
devices. For corresponding calculations, see the following section.

8.2 Typical Applications

In an application directly connected to a battery, if the application is a passenger car, Vyy is from 9 V to 16 V,
and LED forward voltage is always higher than battery, then one can select the boost topology. If the LED
forward voltage is between 9 V and 16 V, boost-to-battery or single-ended primary-inductance converter (SEPIC)
topology is appropriate.

8.2.1 Boost Regulator With Separate or Paralleled Channels

A boost application is appropriate for a situation where Vy is from 9 V to 16 V and LED forward voltage is
always higher than battery the battery voltage. One can use the boost-regulator topology with each channel
driving a separate LED string. For higher-current applications, connect both channels in parallel to drive a single
LED string. The per-channel design parameters and calculations are the same in either case.
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Typical Applications (continued)

lVBAT
§ L AN Q1
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D1 Rsns' T
| DIAGY GDRV1| | §
COMP1 NSt |:1 Co o
M
Rum! W
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I CHANNEL !
1 ISP1
ICTRL1 ISN1 y
VOUT1 ™
PWIN1 PWMO1 %RO” ~
_,_‘_ OVFB1 M
PGND1
J7 Rov2
_,__ vee
RT TPS92602-Q1
j] Y Q1
DIAG2 Rons? = u
- GDRV2 4
COMPZ ISNS2 y
M
-
4% CHANNEL I
T 2 -
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ICTRL2 ISN2 y
VOUT2 ™
PWIN2 PWMO2 % Rod\/
OVFB2 P
PGND2

G—{AGND

Figure 15. Boost Regulator (V|y < Vo) Simplified Schematic, Separate Channels
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Typical Applications (continued)
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I CHANNEL
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ICTRL1 ISN1
VOUT1
PWIN1 PWMO1 % Rov!
OVFB1
PGND1
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- GDRV2 4
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-
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Figure 16. Boost Regulator (V|y < V) Simplified Schematic, Paralleled Channels
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Typical Applications (continued)
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Figure 17. Boost Regulator (V,y < Vp) Detailed Schematic
8.2.1.1 Design Requirements
For this boost regulator example, use the following as the design parameters.
Table 1. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE
Input voltage range Connect to battery (6 V to 16 V)
Output current per channel (Isetting)) 1A
Output voltage 30 V (9 white LEDs)
Input ripple voltage 400 mV
Output ripple current +10%
Operating frequency 600 kHz
8.2.1.2 Detailed Design Procedure
To begin the design process, one must decide on a few parameters. The designer must know the following:
* Input voltage range
» Output current per channel
* Output voltage
* Input ripple voltage
* Output ripple current
» Operating frequency
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8.2.1.2.1 Switching Frequency

The RT pin resistor sets the switching frequency of the TPS92602y-Q1 device. Use Equation 2 to calculate the
required value for R17. The calculated value is 20.83 kQ. Use the nearest standard value of 20 kQ.

8.2.1.2.2 Maximum Output-Current Set Point

The constant output current of the TPS92602y-Q1 device is adjustable by using the external current-shunt
resistor. In the application circuit of Figure 17, R5 is the channel 1 current-shunt resistor, and R16 is the channel-
2 current shunt resistor. Equation 12 and Equation 13 calculate the resistors that determine maximum output
current.
R(sense) = VSPSNiDiff/ I(setting) (12)
R5=R16=150mV/1A=0.15Q (13)

8.2.1.2.3 Output Overvoltage-Protection Set Point

The output overvoltage protection threshold of the TPS92602y-Q1 device is externally adjustable using a resistor
divider network. In the application circuit of Figure 17, this divider network comprises R1 and R3 for channell
and R2 and R4 for channel2. The following equation gives the relationship of the overvoltage-protection
threshold (Vovpr)) to the resistor divider.

R1/R3=R2/R4 = (Voven — Ves) / Vives) (14)

The load is nine white LEDs, the forward voltage is about 30 V. For an overvoltage protection margin of 20%,
Viover) iS: Viovpr) =30 x 1.2 =36 V. SOR1/R3 =R2 /R4 = (36 — 2.2) / 2.2 = 15.36. Select R3 = R4 = 30 kQ;
then R1 = R2 = 460 kQ. Use the nearest standard value of 464 kQ.

8.2.1.2.4 Duty Cycle Estimation

Estimate the duty cycle of the main switching MOSFET using Equation 15 and Equation 16.
Viout) = ViN-max + ViFp) _ 30 V-16 V +DMIN 0.5V

D(M|N) ~ = 475%
where
D is the duty cycle in these and all following equations (15)
V, = ViNemin) +V 30V-6V+0.5V
_ Vout) = V(N-min) * V(FD) _ _
P =y — "V =T aovsosy o03%
(ouT) * V(FD) : (16)

Using an estimated forward drop of 0.5 V for a Schottky rectifier diode, the approximate duty cycle is 47.5%
(minimum) to 80.3% (maximum).

8.2.1.2.5 Inductor Selection
The peak-to-peak ripple is limited to 30% of the maximum output current.

| 1
(OUT-max)
Ll =03x—+>=03x———=0.571A
(Lrip-max) 1-Dyin) 1-0.475 )
Estimate the minimum inductor size using Equation 18.
\Y,
Loy >> 2D g w1 18V 0475 _ 22 1uH
(Lrip-max) fsw) 0.571A 600 kHz (18)

Select the nearest standard inductor value of 22 pH. Estimate the ripple current using Equation 19.

Y/
| RIPPLE) ~ — L %D iy X 118V 0475x— ' _0575A
V, 1 6V 1
(IN)
| Y xD X =— x0475x——=0.365 A
(RIPPLE-Vinmin) (MIN)
L fow) 22uH 600 kHz 20)

The worst-case peak-to-peak ripple current occurs at 47.5% duty cycle and is estimated as 0.575 A. Equation 21
estimates the worst-case rms current through the inductor.
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|(|_ ) = \/(l(L ))2 +Hix I(RIPPLE):D ~ I(OUT—-maX) +(i>< I(RIPPLE v )j
rms) — -av ~ -Vinmin
9 12 1-D max) 12
2
- [Lj ¥ [i x0.365 A) ~5.08 Arms
1-0.803 12 1)
The worst-case rms inductor current is 5.08 A rms. Equation 22 estimates the peak inductor current.
| - 1 1
(OUT-max)
I r————+—xl| inmim) = ————+0.5x0.365=5.26 A
(Lpeak) (RIPPLE- Vinmin)
1-Dmaxy 2 1-0.083 22)

Select a 22-pH inductor with a minimum rms current rating of 5.08 A and minimum saturation current rating of
5.26 A. The selection is a Wurth 74435572200 inductor (shielded-drum core, ferrite, 22 pH, 11 A, 0.0146 Q,
SMD).

Equation 23 estimates the power dissipation of this inductor

The Wurth 74435572200 inductor with 14.6-mQ DCR dissipates 404 mW of power.

8.2.1.2.6 Rectifier Diode Selection

The circuit uses a low-forward-voltage-drop Schottky diode as a rectifier diode to reduce power dissipation and
improve efficiency. Use 80% derating for the diode on VOUTx to allow for for ringing on the switch node.
Equation 24 gives the rectifier-diode minimum reverse-breakdown voltage.

>

V(BR)(R-min) 2 =1.25x36 V=45V

V(vopT)
8 (24)

The diode must have a reverse-breakdown voltage greater than 45 V. Equation 25 and Equation 26 estimate the
rectifier diode peak and average currents.

I(D-avg) ~ I(OUT-max) =1A (25)
©-pea) =(L-peak) =5-26 A (26)
For this design, average current is 1 A and peak current is 5.26 A.

Equation 27 estimates the power dissipation in the diode.

P(D-max) = V(F) X |(OUT-max) =05Vx1A=05W (27)
For this design, the maximum power dissipation is estimated as 0.5 W. After reviewing 45-V and 60-V Schottky
diodes, the selection is the 30BQO60PbF diode, Schottky, 60 V, 3 A, SMC. This diode has a forward voltage drop
of 0.5 V at 1 A, so the conduction power dissipation is approximately 500 mW, less than half its rated power
dissipation.

8.2.1.2.7 Output Capacitor Selection

Assume a maximum LED current ripple of 0.1 x Iy gp). Also, assume that the dynamic impedance of the chosen
LED is 0.2 Q (1.8 Q total for the nine-LED string). The total output-voltage ripple calculation is then as per
Equation 28.

V(VOUT-rippIe) = 01 A X 1 8 Q = 180 mV

(28)
Assuming a ripple contribution of 95% from bulk capacitance, Equation 29 calculates the output capacitor.
I xD
Cooum - (OUT) L =[ 1A x0.803 ]X 1 g3 oF
VvouT-ripple) X0-95  fsw) \180mV x0.95) 600 kHz (29)
v .
ESR = (VOUT-ripple) _ 9mV —1.71 MmO
l(L-peak) 526 A (30)
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Use three 3.3-pF capacitors in parallel to achieve the minimum output capacitance of 10 puF. Ensure that the
chosen capacitors meet the minimum bulk capacitance requirement at the operating voltage.
8.2.1.2.8 Input Capacitor Selection

Because a boost converter has continuous input current, the input capacitor senses only the inductor ripple
current. Equation 31 and Equation 32 calculate the input capacitor values.

Cany = l(L-RIPPLE) _ 0.575 A _4yF
4 x V(lN—RlPPLE) X f(SW) 4 x60 mV x 600 kHz (31)
ESR = V(VIN-RIPPLE) _ 60 mV _ 52 mO
I(L-RIPPLE) 2x0.575 A (32)

For this design, to meet a maximum input ripple of 60 mV requires a minimum 4-uF input capacitor with ESR
less than 52 mQ. Select a 10-uF X7R ceramic capacitor.

8.2.1.2.9 Current Sense and Current Limit

The maximum allowable current sense resistor value is limited by R(snsy. Equation 33 gives this limitation.
Visnsy 100 mV

R _ _ =14.62 mQ
(ISNSx) 1.3><|( 1.3x5.26 A

L-peak) (33)

Select a 15-mQ resistor.

8.2.1.2.10 Switching MOSFET Selection

The TPS92602y-Q1 device drives a ground-referenced N-channel FET. The breakdown voltage is the output
voltage plus any voltage spike, with 30% added for a safety margin as shown in Equation 34.

(34)
Select an N-channel FET with breakdown voltage of 50 V.
Estimate the rpgon) and gate charge based on the desired efficiency target.
P(DISS-totaI) =~ P(OUT) X (1 - 1] =30Vx1A X( 1 - 1) =1.578 W
n 0.95 (35)

For a target of 95% efficiency with a 16-V input voltage at 1 A, maximum power dissipation is limited to 1.578 W.
The main power-dissipating devices are the MOSFET, inductor, diode, current-sense resistor and the integrated
circuit, the TPS92602y-Q1 device.

PreT) <Piss-total) Py = Pio) ~Prsns) = V(iN-max) % |(voD) (36)
This assumption leaves 740 mW of power dissipation for the MOSFET. Allowing half for conduction and half for
switching losses, we can determine a target rpsn and Qss) for the MOSFET by Equation 37 and Equation 38.
3xPreT) *lpRIVE) 3x0.5Wx0.7 A

Q(GS) <
(37)

Calculate a target MOSFET gate-to-source charge of less than 29.2 nC to limit the switching losses to less than
250 mWw.

P 0.5W
(FET) .
"DS(on) = = 2x(5.08 AP 0803 -
2XQ(FH\AS))2 xD ' ' (38)
Selecting a target MOSFET rpg(on) of 12 mQ limits the conduction losses to less than 250 mW.
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8.2.1.2.11 Loop Compensation

The COMP pin on the TPS92602y-Q1 device is for external compensation, allowing optimization of the loop
response for each application. The COMP pin is the output of the internal transconductance amplifier. External
resistor R7, along with ceramic capacitors C5 and C6 (see Figure 17 ), connect to the COMP pin to provide
poles and zero. The poles and zero, along with the inherent pole and zero in a peak-current-mode control boost
converter, determine the closed-loop frequency response. Thhis connection is important to converter stability and
transient response. The first step is to calculate the pole and the right half-plane zero of the peak-current-mode
boost converter by Equation 39 and Equation 40. To make the loop stable, the loop must have sufficient phase
margin at the crossover frequency where the loop gain is 1. To avoid the effect of the right half-plane zero on
loop stability, choose a crossover frequency less than 1/5 of fizgip).

¢ louT) _ 1
P 2nx Viout)*Crouty  27xR(out) *C(our)
where
*  Cpoun is the bulk output capacitance calculated previously
*  Reun is the effective output impedance (39)
Vour) x(1-DY
fzroPy = ———7
ZTEXLXI(OUT) (40)
(R(LED) + R(SENSE)) xV(LED)
Riout) =
(R(LED) + R(SENSE)) x| epy + V(LED)
where

R(Lep) is the dynamic impedance of the LED string in ohms at the operating current (42)

The loop compensation consists of a series resistor and capacitor (Rcomp) and Cicomp)) from COMP to SGND.
R(comp) Sets the crossover frequenpy and Ccomp) sets the zero frequency of the integrator. For optimum
performance, use the following equations:

9mcompr) = 1000 (42)
fizriP) xR snsx)

=
R(comp)

x (1-Dimax) ) * R (sense) %9 x GMcomp) 43)
1
C(comp) =
( ) ZRXR(COMP) szf(p)
where
fp) is the pole frequency of the power stage calculated by Equation 39 (44)

An output capacitor that is an electrolytic capacitor which has large ESR requires a capacitor to cancel the zero

of the output capacitor. Equation 45 calculates the value of this capacitor.

C. o Ciout) *R(EsR)

g=——~t— 2
R(comp) (45)
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8.2.1.3 Application Curves

Tek Prevu

Tek Prevu

SWITCHT

[IOUTT

3
@ 200V 2 2.00ms 250M5/s o 5 @ 200V 2 2.00ms 250M5/s o 5
@ 500mA 5M points 11.6V @ 500mA 5M points 11.6V
Value Mean Min Max Std Dev 2 Apr 2014 Value Mean Min Max Std Dev 2 Apr 2014
@ +Duty 4.593 % 4.593 4.593 4.593 0.000 12:54:51 @ +Duty 32.29% - - —. — 12:52:00
@D Peak-—Peak  1.24 A 1.24 1.24 1.24 0.00 @D Peak—Peak 1.18 A 1.18 1.18 1.18 0.00

Figure 18. PWM Dimming at 200 Hz, 5% Duty Cycle Figure 19. PWM Dimming at 200 Hz, 50% Duty Cycle

Tek Prevu Tek Prevu

14

SWITCH 1

2

2.00ms 250M5/s o 5 2.00ps 2.50G5/s o 5
@ 500mA 5M points 11.6V 5M points 15.2V
Value Mean Min Max Std Dev 2 Apr 2014 Value Mean Min Max Std Dev 2 Apr 2014
+Duty 31.95% 31.95 31.95 31.95 0.000 12:56:08 33.45% 33.45 33.45 33.45 0.000 12:32:05
@ Peak—Peak  1.26 A ——. e — E— @ Peak—Peak  24.4maA 24.4m 24.4m 24.4m 0.00

Figure 20. PWM Dimming at 200 Hz, 95% Duty Cycle Figure 21. Switching and LED Current Ripple

When I(OUT) =1A
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8.2.2 Boost-to-Battery Regulator

When the LED forward voltage is between 9 V and 16 V, an appropriate selection is boost-to-battery topology,
which can share the same layout and components as the boost topology, with just a different way to connect
load.

IVBAT
1., . l
™
z I Q1
P T T
| DIAGH GDRV1| | §
-COMP1 ISNS1 “11 WV
-
R, \m1
LIM g
I CHANNEL !
1 ISP1
ICTRL1 ISN1 WV
VOUT1 P
PWIN1 PWMO1 % Rov1 WV
_,_‘_ OVFB1 M
PGND1
1 Rov2
vce
1 | VBAT
RT  TPS92602-Q1 L2 ¢,
Cin2
Q1
AREREMARELY
| Drc2 oorv2| | g
COMP2 ISNS2 ! WV
-
R m2 -
§ LIM 4
I CHANNEL !
2 ISP2
ICTRL2 ISN2 W
VOUT2 P
PWIN2 PWMO2 % Rov3 WV
_,_‘_ OVFB2 M
PGND2
iR Rov4
a
=z
Q
P4
Figure 22. Boost-to-Battery Regulator Simplified Schematic
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Figure 23. Boost-to-Battery Regulator Detailed Schematic

8.2.2.1 Design Requirements

For this boost-to-battery regulator example, use the following as the design parameters.

Table 2. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range Connect to battery (6 V to 16 V)
Output current per channel (Isetiing)) 1A
Output voltage 13.2 V (4 white LEDs)
Input ripple voltage 400 mV
Output ripple current +10%
Operating frequency 600 kHz

8.2.2.2 Detailed Design Procedure

To begin the design process, one must decide on a few parameters. The designer must know the following:
» Input voltage range

* Output current per channel
» Output voltage

* Input ripple voltage

» Output ripple current

» Operating frequency
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8.2.2.2.1 Switching Frequency

The RT pin resistor sets the switching frequency of the TPS92602y-Q1 device to 600 kHz. Use Equation 2 to
calculate the required value for R17. The calculated value is 20.83 kQ. Use the nearest standard value of 20 kQ.

8.2.2.2.2 Maximum Output-Current Set Point

The output constant of the TPS92602y-Q1 device is adjustable by using the external current-shunt resistor. In

the application circuit of Figure 23, R5 is the channel 1 current-shunt resistor, and R16 is the channel-2 current

shunt resistor. Equation 46 and Equation 47 calculate the resistors that determine maximum output current.
R(sense) = VSPSN_Diﬁ/ I(setting) (46)
R5=R16=150mV/1A=0.15Q (47)

8.2.2.2.3 Output Overvoltage-Protection Set Point

The output overvoltage protection threshold of the TPS92602y-Q1 device is externally adjustable using a resistor
divider network. In the application circuit of Figure 23, this divider network comprises of R1 and R3 for channell
and R2 and R4 for channel2. The following equation gives the relationship of the overvoltage-protection
threshold (Vovp)) to the resistor divider.

R1/R3=R2/R4 = (Voven — Vies)  Vives) (48)

The load is four white LEDs, the forward voltage is about 13.2 V, maximum Vy, is 16 V, so the maximum
output is 13.2 + 16 = 29.2 V, which is close to 30 V. Allowing 20% margin for overvoltage protection, V(OVPT) is:
Viovery =30 x1.2=36V. SoR1/R3=R2/R4 = (36 —2.2) / 2.2 = 15.36. Select R3 = R4 = 30 kQ; then R1 =
R2 = 460 kQ. Use the nearest standard value of 464 kQ.

8.2.2.2.4 Duty Cycle Estimation

Estimate the duty cycle of the main switching MOSFET using Equation 49 and Equation 50.
Viteo) * V(o) 132V +0.5V

D(MIN) ~ = =46.1%
V(LED) +V(MAX) +V(FD) 30 V+ 16 V+05V
where
D is the duty cycle in these and all following equations (49)
Viteo) + VirD 13.2V+0.5V
D(max) = CED) ") = =69.5%

Viep) + Vv + Vo) 132V +6V+0.5V 50)

Using an estimated forward drop of 0.5 V for a Schottky rectifier diode, the approximate duty cycle is 46.1%
(minimum) to 69.5% (maximum).

8.2.2.2.5 Inductor Selection
The peak-to-peak ripple is limited to 30% of the maximum output current.

I 1
(OUT-max)
Ll =0.3x——==03x——=0.556 A
(Lrip-max) 1-Dyn) 1-0.461 (51)
Estimate the minimum inductor size using Equation 52
\Y,
Loy >> 2D g w1 18V 0475 _ 22 1uH
(Lrip-max) fsw) 0.571A 600 kHz (52)
Select the nearest higher standard inductor value of 22 pH. Estimate the ripple current using Equation 53.
V
lrppLe) =~ Dy X = 0V x0.461x = 0.559 A
V 1 6V 1
(IN)
I NN D ——=——-x0.695x———=0.316 A
(RIPPLE-Vinmin) L *Uminy X f(SW) 22 uH X x 600 kHz 5

The worst-case peak-to-peak ripple current occurs at 46.1% duty cycle and is estimated as 0.559 A. Equation 55
estimates the worst-case rms current through the inductor.
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2 2 2
o )ZJ('(L >)2+[{—1 X'(RIPPLE)D - [ dour-man +(—1 x| RIPPLE-VI ')j
rms -av =vVinmin
9 12 1-D max) 12

1A 1 2
= —2 |1 Lx03316 A| =328 Arms
1-0695) (12

(55)
The worst-case rms inductor current is 3.28 A rms. Equation 56 estimates the peak inductor current.
lout- 1 1
(OUT-max)
I r—— 4+ —x| inmim) = —————+0.5x0.316 =3.44 A
(Lpeak) (RIPPLE- Vinmin)
1-Dax)y 2 1-0.695 (56)

Select a 22-pH inductor with a minimum rms current rating of 3.44 A and minimum saturation current rating of
3.44 A. The selection is a Wurth 7447709220 inductor (shielded-drum core, ferrite, 22 pH, 5.3 A, 0.0233 Q,
SMD).

Equation 57 estimates the power dissipation of this inductor

The Wurth 7447709220 inductor with 23.3-mQ DCR dissipates 251 mW of power.

8.2.2.2.6 Rectifier Diode Selection

The circuit uses a low-forward-voltage-drop Schottky diode as a rectifier diode to reduce power dissipation and
improve efficiency. Use 80% derating for the diode on VOUTx to allow for ringing on the switch node.
Equation 58 gives the rectifier-diode minimum reverse-breakdown voltage.

>

V(BR)(R-min) 2 =1.25x36 V=45V

V(vopT)
8 (58)

The diode must have a reverse-breakdown voltage greater than 45 V. Equation 59 and Equation 60 estimate the
rectifier diode peak and average currents.

l(p-avg) ® l(oUT-max) =TA (59)
l(D-peak) = l(L-peak) = 3-44 A (60)
For this design, average current is 1 A and peak current is 3.44 A.

Equation 61 estimates the power dissipation in the diode.

P(D-max) = V(F) X |(OUT-max) =05Vx1A=05W (61)
For this design, the maximum power dissipation is estimated as 0.5 W. After reviewing 45-V and 60-V Schottky
diodes, the selection is the 30BQO60PbF diode, Schottky, 60 V, 3 A, SMC. This diode has a forward voltage drop
of 0.5 V at 1 A, so the conduction power dissipation is approximately 500 mW, less than half its rated power
dissipation.

8.2.2.2.7 Output Capacitor Selection

Assume a maximum LED current ripple of 0.1 x Iy gp). Also, assume that the dynamic impedance of the chosen
LED is 0.2 Q (0.8 Q total for the four-LED string). The total output voltage ripple calculation is then as per
Equation 62.

V(VOUT-rippIe) = 01 A X 08 Q = 80 mV

(62)
Assuming a ripple contribution of 95% from bulk capacitance, Equation 64 calculates the output capacitor.
I xD
Cioum = (OUT) y 1 =[ 1A %x0.695 JX 1 152 F
V(vouT-ripple) X0-95  fswy (80mVx0.95) 600 kHz (63)
\Y; .
ESR = —(VOUT-ipple) _ 4MV__ 4 46 1y
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Use five 3.3-uF capacitors in parallel to achieve the minimum output capacitance of 15.2 pF. Ensure that the
chosen capacitors meet the minimum bulk capacitance requirement at the operating voltage.
8.2.2.2.8 Input Capacitor Selection

Because a boost converter has continuous input current, the input capacitor senses only the inductor ripple
current. The input capacitor value can be calculated by Equation 65 and Equation 66.

C(IN) _ I(L-RIPPLE) _ 0.559 A _3.89 uF
4 x V(lN—RlPPLE) X f(SW) 4 x60 mV x 600 kHz (65)
ESR = V(VIN-RIPPLE) _ 60 mV _53.67 MmO
l-riPPLE)  2%0.559 A )

For this design, to meet a maximum input ripple of 60 mV requires a minimum 4-uF input capacitor with ESR
less than 52 mQ. Select a 10-uF X7R ceramic capacitor.

8.2.2.2.9 Current Sense and Current Limit

The maximum allowable current sense resistor value is limited by R(ISNSx). Equation 67 gives this limitation.

Visnsy 100 mV

R - —22.36mQ
(ISNSO =4 31,

L-peak) 1 3 X 344 A (67)

Select a 20-mQ resistor.

8.2.2.2.10 Switching MOSFET Selection

The TPS92602y-Q1 device drives a ground-referenced N-channel FET. The breakdown voltage is the output
voltage plus any voltage spike, with 30% added for a safety margin as shown in Equation 68.

Select an N-channel FET with breakdown voltage of 50 V.

Estimate the rpgon) and gate charge based on the desired efficiency target.

1 1
P ~P x| —=1]=13.2Vx1Ax
(DISS-total) ® F(oUT) (ﬂ j (0'92

—1) =1.148 W
(69)

For a target of 92% efficiency with a 16-V input voltage at 1 A, maximum power dissipation is limited to 1.148 W.
The main power-dissipating devices are the MOSFET, inductor, diode, current-sense resistor and the integrated
circuit, the TPS92602y-Q1 device.

PreT) <Piss-total) Py = Pio) ~Prsns) = V(iN-max) % |(voD) (70)
This assumption leaves 600 mW of power dissipation for the MOSFET. Allowing half for conduction and half for
switching losses, we can determine a target rpsn and Qss) for the MOSFET by Equation 71 and Equation 72.

3xPren) *lorve) 3x0.4 Wx0.7 A 28310

Q(GS) <

Calculate a target MOSFET gate-to-source charge of less than 28.3 nC to limit the switching losses to less than
200 mw.

P
bs(on) < (FET) = - zgj\\y 0,695 =26.7 mQ
ZXQ(RMS))ZXD x(3. )* 0. (72)
Selecting a target MOSFET rpgon) of 26.7 mQ limits the conduction losses to less than 250 mW.
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8.2.2.2.11 Loop Compensation

The COMP pin on the TPS92602y-Q1 device is for external compensation, allowing optimization of the loop
response for each application. The COMP pin is the output of the internal transconductance amplifier. The
external resistor R7, along with ceramic capacitors C5 and C6 (see Figure 23 ), connect to the COMP pin to
provide poles and zero. The poles and zero, along with the inherent pole and zero in a peak-current-mode
control boost converter, determine the closed-loop frequency response. This is important to converter stability
and transient response. The first step is to calculate the pole and the right half-plane zero of the peak-current-
mode boost converter by Equation 73 and Equation 74. To make the loop stable, the loop must have sufficient
phase margin at the crossover frequency where the loop gain is 1. To avoid the effect of the right half-plane zero
on the loop stability, choose the crossover frequency less than 1/5 of fzgyp).

¢ louT) _ 1
®) 21 % V(OUT) X C(OUT) 21 x R(OUT) X C(OUT)
where
*  Cpun is the bulk output capacitance previously calculated
*  Reun is the effective output impedance (73)
Vour) x(1-DY
fzroPy = ———7
ZTEXLXI(OUT) (74)
(R(LED) + R(SENSE)) xV(LED)
Riout) =
(R(LED) + R(SENSE)) x| epy + V(LED)
where
R(Lep) is the dynamic impedance of the LED string in ohms at the operating current (75)

The loop compensation consists of a series resistor and capacitor (Rcomp) and Cicomp)) from COMP to SGND.
R(comp) Sets the crossover frequenpy and Ccomp) sets the zero frequency of the integrator. For optimum
performance, use the following equations:

9mcompr) = 1000 (76)
fizriP) xR snsx)

=
R(comp)

x (1-Dimax) ) * R (sense) %9 x GMcomp) a7
1
C(comp) =
( ) ZRXR(COMP) szf(p)
where
fp) is the pole frequency of the power stage calculated by Equation 73 (78)

An output capacitor that is an electrolytic capacitor which has large ESR requires a capacitor to cancel the zero

of the output capacitor. Equation 79 calculates the value of this capacitor.

C. o Ciout) *R(EsR)

g=——~t— 2
R(comp) (79)
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8.2.2.3 TPS92602y-Q1 Application Curves

Tek Prevu & . Tek Prevu .

Bt ”

i DN g U iy IS

ISWITCH II “ ”
10UT1 " '

{SWITCHT

=

=

B{ioutll & u
@ 200V 2 200pus 2.50GS/s @ 5 @ 200V 2 200pus 2.50GS/s @ 5
@ 500mA 5M points 11.6V @ 500mA 5M points 11.6V
Value Mean Min Max Std Dev 2 Apr 2014 value Mean Min Max Std Dev 2 Apr 2014
@ +Duty 99.55 % 99.55 99.535 99.55 0.000 13:08:56 @ +Duty 16.06 % Low resolution 13:08:09
@ Peak-Peak 1.28 A 1.28 1.28 1.28 0.00 @ Peak-Peak 1.12A 1.12 1.12 1.12 0.00
Figure 24. PWM Dimming at 2 kHz, 5% Duty Cycle Figure 25. PWM Dimming at 2 kHz, 50% Duty Cycle
Tek Prevu & . Tek Prevu &

STV ™ [ " ey e [ oo e g

IOU'PI

2 200us 2.50G5/s o 5 @ 100V 2.00ps 2.50G5/s o 5
5M points 11.6V @ 10.0mAN 5M points 154V

Value Mean Min Max Std Dev 2 Apr 2014 value Mean Min Max Std Dev 2 Apr 2014
47.10 % 47.10 47.10 47.10 0.000 13:09:53 @ +Duty 47.09 % 47.09 47.09 47.09 0.000 12:35:03

1.26 A 1.26 1.26 1.26 0.00 @D Peak—Peak  27.2mA 27.2m 27.2m 27.2m 0.00

@ 200V
@ 500mA

@ +Duty
@ Peak—Peak

Figure 26. PWM Dimming at 2 kHz, 95% Duty Cycle Figure 27. Switching and LED Current Ripple
When I(OUT) =1A
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9

Power Supply Recommendations

The design of the devices is for operation via direct connection to a battery, so the input-voltage supply range is
from 4 V to 40 V. This input supply should be well regulated. If the input supply is located more than a few inches
from the TPS9260xy-Q1 family of devices, additional bulk capacitance may be required in addition to the ceramic
bypass capacitors.

10 Layout

10.1 Layout Guidelines

The performance of any switching regulator depends as much on the layout of the PCB as the component
selection. Following a few simple guidelines maximizes noise rejection and minimizes the generation of EMI
within the circuit.

Discontinuous currents are the most likely to generate EMI, therefore care should be taken when routing the
following paths. The main path for discontinuous current in the TPS9260xy-Q1 buck regulator contains the
input capacitor (Cy1), the recirculating diode (D1), the N-channel MOSFET (Q1), and the sense resistor
(Rump)- In the TPS9260xy-Q1 boost regulator, the discontinuous current flows through the output capacitor
(Cop), D1, Q1, and Ry u1- In the buck-boost regulator, both loops are discontinuous and require careful
attention to layout. Keep these loops as small as possible and the connections between all the components
short and thick to minimize parasitic inductance. In particular, make the switch node (where L1, D1 and Q1
connect) just large enough to connect the components. To minimize excessive heating, place large copper
pours adjacent to the short current path of the switch node.

The RT, COMP, ISNS, ICTRL, OVFB, ISP, and ISN pins are all high-impedance inputs which couple external
noise easily; therefore, minimize the loops containing these nodes whenever possible. In some applications,
the LED or LED array can be far away (several inches or more) from the TPS9260xy-Q1 family of devices, or
on a separate PCB connected by a wiring harness. When using an output capacitor where the LED array is
large or separated from the rest of the regulator, place the output capacitor close to the LEDs to reduce the
effects of parasitic inductance on the ac impedance of the capacitor.

AGND and PGND must be separated and connected at the input GND connector.

The TPS9260xy-Q1 family of devices has two independent channels. in order to avoid crosstalk, the POWER
GND of CH1 and CH2 must be separated and connected at the input GND connector.

34
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10.2 Layout Example

© Via of Signal Loop I_?_)épose(li Trace on the top
erma
O Via of Power Ground Pad Area Jrace on the bottom
. Via of Signal Ground For high-current paths, (thick traces on the diagram) keep loops as
small as possible and the connections between all the components
short and thick to minimize parasitic inductance.
1 ] ICTRL1 . . . PWMO1
VBAT
|—0——|I cowpt N _______ ~ VouTi
| |
3 | ovrB1 : . . . : ISN1
| |
TPS92602-Q1 | -—— —
@\ N—|rr | ISP1
4 | TPS92602A-Q1 ! |
|
5] ' |
5 | a1 | PGND1
| . . . | Current limit resistor GND
| | connected to PGND1
.—E GND : : ISNS1 terminal with separate trace
| |
7 | PwmiNT | | GDRV1
o, [T]
VIN |
20 @ | __
l—E VIN | | vce Zl—' l—O 4 Separate the PGGNDx of both channels and connect to VCC GND.
| |
|
9 PWMINZ: | GORV2[ 20}——————
| : VBAT
[ofors: | @ @ @ | wsfm——— — P
l— 11_| ICTRL2 : : PGND2 E—l— :q
| |
|—o——|z comp2 | | o2 [T
|
K N B I
13 |DAG2 L —— I isn2[ 16
14_| PwMO2 o060 VOUT2 Ej E

Power Ground on Bottom Layer

Signal Ground on Bottom Layer

Figure 28. TPS92602y-Q1 Board Layout
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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 order now.

Table 3. Related Links

sarts | proouctroloes | omomrnow | JESTMGML | Toolss | sueomre
TPS92601-Q1 Click here Click here Click here Click here Click here
TPS92601B-Q1 Click here Click here Click here Click here Click here
TPS92602-Q1 Click here Click here Click here Click here Click here
TPS92602B-Q1 Click here Click here Click here Click here Click here

11.2 Trademarks

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

11.3 Electrostatic Discharge Caution

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

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

11.4 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 without
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
TPS92601BQPWPRQ1 ACTIVE HTSSOP PWP 20 2000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 92601B
TPS92601QPWPRQ1 NRND HTSSOP PWP 20 3000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 92601
TPS92602BQPWPRQ1 ACTIVE HTSSOP PWP 28 2000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 TPS92602B Samples
TPS92602QPWPRQ1 NRND HTSSOP PWP 28 2000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 TPS92602

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

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 TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
R R R T
o O &|( Bo W
el |
\ © Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ |
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 0O O0O0 Sprocket Holes
| |
I I
Sl I ——
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS92601BQPWPRQ1 |HTSSOP| PWP 20 2000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
TPS92601QPWPRQ1 [HTSSOP| PWP 20 3000 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
TPS92602BQPWPRQ1 |HTSSOP| PWP 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0 Q1
TPS92602QPWPRQ1 |HTSSOP| PWP 28 2000 330.0 16.4 6.9 10.2 1.8 12.0 | 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)
TPS92601BQPWPRQ1 HTSSOP PWP 20 2000 350.0 350.0 43.0
TPS92601QPWPRQ1 HTSSOP PWP 20 3000 350.0 350.0 43.0
TPS92602BQPWPRQ1 HTSSOP PWP 28 2000 350.0 350.0 43.0
TPS92602QPWPRQ1 HTSSOP PWP 28 2000 350.0 350.0 43.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
PWP 28 PowerPAD" TSSOP - 1.2 mm max height

4.4 x9.7,0.65 mm pitch SMALL OUTLINE PACKAGE

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

4224765/B
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PACKAGE OUTLINE
PWP0028V PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

|

6.6
6.2 TYP

PIN 1 INDEX
/ AREA 26X
28 f
10— —==
— —
—1 —
—1 —
—1 —
2X
9.8 —1 —
9.6 —] ——
NOTE3 —
— —
— —
— —
—1 —
14— == :i
15 0.30
g 45 28X 017

43 (& 010 [c]a[B]

SEE DETAIL A —
/ \ (0.15) TYP
\ 'J - k‘ ﬁf
2X (0.6)
NOTE 5
14 2X (0.23)
—] — r NOTE 5
— — -
S s B
— — }
— —
— 1 GAGE PLANE 1.2 MAX
5.62 — —
492 — — P S |
— ———THERMAL —
— — PAD
o y A_J 0.75 L L0-15
—] — 0-8 0.50 0.05
— — DETAIL A
—] — TYPICAL
) — —128
. 294 |
2.24
4230409/A 01/2024
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 differ or may not be present.

(G20 w N
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PWP0028V

EXAMPLE BOARD LAYOUT
PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

28X (1.5)

(3.4)
NOTE 9
(2.94)
METAL COVERED
S\((LMM /" BY SOLDER MASK

' o
26X (0.65)
O
I
O

SOLDER MASK
DEFINED PAD

(¢o.2)wpﬁzj/iQ
==t
I

:

SEE DETAILS

— - —
O

i

(5.62)
|
=g
S 9.7
O NOTE 9
‘ (1.2) TYP
S Sy
| 1
) o
N R T
| |

L3 TYP |

Li (5.8) 4—1

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 8X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING‘\ SOLDER MASK\ /  OPENING
s )
I
EXPOSED METAL 1 *——EXPOSED METAL
4# 0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND

NON-SOLDER MASK SOLDER MASK

DEFINED DEEINED
(PREFERRED)

SOLDER MASK DETAILS

4230409/A 01/2024

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 SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.

10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged

or tented.

:
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PWP0028V

EXAMPLE STENCIL DESIGN

PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(2.94)
BASED ON
28X (1.5) 0.125 THICK METAL COVERED
STENCIL BY SOLDER MASK
i1

28X (0.45)

5
(R0.05) TYP

L

26X (0.65)
f (5.62)
SYMM BASED ON
— == =~ 0.125 THICK
STENCIL
W1 ] 15

SEE TABLE FOR

‘ DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 8X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.29 X 6.28
0.125 2.94 X 5.62 (SHOWN)
0.15 2.68 X 5.13
0.175 2.48 X 4.75

4230409/A 01/2024

NOTES: (continued)

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

design recommendations.

12. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

PWP (R—PDSO—GQO) PowerPAD™ PLASTIC SMALL OUTLINE
r ﬂr%’ig
20 1

EEERLTLI

g .
[ TieruaL pao | e ™~
| | 450 6,50 015 NOM
sEppowe % 5w U M\
| SEPARATE SHEET | i }_fi |
O |
Gauge Plane
EEERREERY e
) /

W 10 N 0.25,
6,60 S R
6,40 s 0,75
0,50
-
r L ) A N

vy (AAAMAAAAMD .  seoting Plore w1 A

L 1,20 X 015 F N

40732254 /1 05/11

A.All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQOZ for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
E. Falls within JEDEC MO-153

NOTES:

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

PWP (R—PDSO—-G20) PowerPAD" SMALL PLASTIC OUTLINE
THERMAL INFORMATION

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

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAOO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAOO4.
Both documents are available at www.ti.com.

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

— 0.23 MAX

WERETTELE:

————————x
T LT‘ — — lT-l—EfMAX.
MESE

' _———I————j\_ Exposed Thermal Pad
poponoonog

I\)
(@]
>

=
No)
(o))

Top View

Exposed Thermal Pad Dimensions

4206332-53/A0 01/16

NOTE: A. All linear dimensions are in millimeters
A Exposed tie strap features may not be present.

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PWP (R—PDSO—-G20) PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Via pattern and copper pad size Based on a stencil thickness
may vary depending on layout constraints of .125mm (.005inch).

Reference table below for other

Increasing copper area will solder stencil thicknesses

enhance thermal performance
12X 1,3 (See Note D)

15x 80,2 — [~ 18x 0,65 20x 0,45

-&DU]UUUD[UD i
o k. P

10x 1,3 | 3.4
5,8 / o o /2,54 5,8 (See Note E) Y 2,54
+ X *

/Z/AW/s ﬁ" | 3,67

Over Copper — 367 — (See Note C, D) 18x 0, 65 |<—

6,5 —=

Example
Non Soldermask Defined Pad

Example
Solder Mask Opening

(See Note F) Center PowerPAD Solder Stencil Opening
Stencil Thickness X Y
0.1mm 4.10 2.84
0.125mm 3.67 2.54
Pad Geometry 0.15mm 3.35 2.32
0.175mm 3.10 215

4207609-27/W 09/15

NOTES: Al linear dimensions are in millimeters.

This drawing is subject to change without notice.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMA002, SLMAQO4, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at

www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for dlternate designs.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC-7525 for other stencil recommendations.

F. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE AND DISCLAIMER

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

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

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

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

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated



Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

© View DF1BZ-4DP-2.5DSA on WIN SOURCE

@ Ijirose Electric Co Ltd Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
Cost Control Management
Shortage Management
Alternative Solution

Excess Inventory Management


https://www.win-source.net/products/detail/hirose-electric-co-ltd/df1bz-4dp-2-5dsa.html
https://www.win-source.net/manufacturer/hirose-electric-co-ltd

