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TPS92692, TPS92692-Q1 High Accuracy LED Controller With
Spread Spectrum Frequency Modulation
1 Features 3 Description

Wide Input Voltage: 4.5V to 65 V

Better than + 4% LED Current Accuracy over
—40°C to 150°C Junction Temperature Range

Spread Spectrum Frequency Modulation for
Improved EMI

Comprehensive Fault Protection Circuitry with
Current Monitor output and Open Drain Fault Flag
Indicator

Internal Analog Voltage to PWM Duty Cycle
Generator for stand-alone Dimming Operation

Compatible with Direct PWM Input with over
1000:1 Dimming Range

Analog LED Current Adjust Input (IADJ) with over
15:1 Contrast Ratio

Integrated P-Channel Driver to enable Series FET
Dimming and LED Protection

TPS92692-Q1: Automotive Q100 Grade 1
Quialified

Applications

TPS92692-Q1: Automotive Exterior Lighting
Applications

Driver Monitoring Systems (DMS)

LED General Lighting Applications

Exit Signs and Emergency Lighting

Typical Boost LED Driver
[

VIN«

The TPS92692 and TPS92692-Q1 are high accuracy
peak current mode based controllers designed to
support step-up/down LED driver topologies. The
device incorporates a rail-to-rail current amplifier to
measure LED current and spread spectrum frequency
modulation technique for improved EMI performance.

This high performance LED controller can
independently modulate LED current using either
analog or PWM dimming techniques. Linear analog
dimming response with over 15:1 range is obtained
by varying the voltage across the high impedance
analog adjust (IADJ) input. PWM dimming of LED
current is achieved by directly modulating the
DIM/PWM input pin with the desired duty cycle or by
enabling the internal PWM generator circuit. The
PWM generator translates the DC voltage at
DIM/PWM pin to corresponding duty cycle by
comparing it to the internal triangle wave generator.
The optional PDRV gate driver output can be used to
drive an external P-Channel series MOSFET.

The TPS92692 and TPS92692-Q1 devices support
continuous LED status check through the current
monitor (IMON) output. The devices also include an
open drain fault indicator output to indicate LED
overcurrent, output overvoltage and output
undervoltage conditions.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)

TPS92692-Q1

HTSSOP (20) 5.10 mm x 6.60 mm

TPS92692

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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6 Pin Configuration and Functions

PWP Package
20-Pin HTSSOP with PowerPAD™

Top View
{ N
VINC T 110 20 [T Jvec
VREFC T 2 -~~~ 119 [T 1GATE
T3 18 [CT IS
ssCT 14 | |17 [_TJeND
DM T 15 : Thermal :16 [ [ |SLOPE
RTCT 16 ; Fad 15 ["TJov
compT 17 | |14 [TTJcsp
MONC T8 | 13 [_TJcsN
MDIC T ]9 “--mmen 112 [—T—JPDRV
DIMPWM[ T ] 10 11 [T JrRAMP
. J

Pin Functions

PIN

NAME

NO.

11O

DESCRIPTION

COMP

110

Transconductance error amplifier output. Connect compensation network to achieve desired closed-
loop response.

CSN

13

Current sense amplifier negative input (—). Connect directly to the negative node of LED current
sense resistor, Rcs.

CsP

14

Current sense amplifier positive input (+). Connect directly to the positive node of LED current
sense resistor, Rcs.

DIM/PWM

10

External analog to PWM dimming command or direct PWM dimming input. The external analog
dimming command between 1 V and 3 V is compared to the internal PWM generator triangle
waveform to set LED current duty cycle between 0% and 100%. With PWM generator disabled, a
direct PWM dimming command can be applied to control the LED current duty cycle and frequency.
The analog or PWM command is used to generate an internal PWM signal that controls the GATE
and PDRYV outputs. Setting the internal PWM signal to logic level low, turns off switching, idles the
oscillator, disconnects the COMP pin, and sets PDRV to Vcgp. Connect to VREF when not used for
PWM dimming.

DM

110

Triangle wave spread spectrum modulation frequency, fy,, programming pin. Connect a capacitor to
GND to set the spread spectrum modulating frequency. Connect directly to GND to disable spread
spectrum modulation of switching frequency.

FLT

Open-drain fault indicator. Connect to VREF with a resistor to create active low fault signal output.
Internal LED short circuit protection and auto-restart timer can enabled by directly connecting the
pin to SS input.

GATE

19

N-channel MOSFET gate driver output. Connect to gate of external main switching N-channel
MOSFET.

GND

17

Analog and Power ground connection pin. Connect to circuit ground to complete return path.

IADJ

LED current reference input. Connect this pin to VCC with a 100-kQ series resistor to set the
internal reference voltage to 2.42 V and the current sense threshold, V(csp.csny to 170.7 mV. The
pin can be modulated by an external voltage source from 140 mV to 2.25 V to implement analog
dimming.

IMON

LED current report pin. The LED current sensed by CSP/CSN input is reported as Viyon = 14 X I gp
x Rcs. Bypass with a 1-nF ceramic capacitor connected to GND.

18

Switch current sense input. Connect to the switch sense resistor, R;s to set the switch current limit
threshold based on the internal 250 mV reference.

ov

15

Output voltage input. Connect a resistor divider from output voltage to GND to set output
overvoltage and under-voltage protection thresholds.

PDRV

12

Series dimming P-channel FET gate driver output. Connect to gate of external P-channel MOSFET
to implement series FET PWM dimming and fault disconnect.
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Pin Functions (continued)

PIN
110 DESCRIPTION

NAME NO.
Programming input for internal PWM generator. Connect a capacitor to GND to set the triangle

RAMP 11 /o wave frequency for PWM generator circuit. Connect a 249-kQ resistor to GND to disable the PWM
generator and to set a fixed reference for direct external PWM dimming input. Do not allow this pin
to float.
Oscillator frequency programming pin. Connect a resistor to GND to set the switching frequency.

RT 6 I/O The internal oscillator can be synchronized by coupling an external clock pulse through a series
capacitor with a value of 100 nF.
Slope compensation input. Connect a resistor to GND to set the desired slope compensation ramp

SLOPE 16 110 . h
based on inductor value, input and output voltages.

ss 4 /o Soft-start programming pin. Connect a capacitor to GND to extend the start-up time. Switching can
be disabled by shorting this pin to GND.

VCCe 20 . VCC (7.5 V) bias supply pin. Locally decouple to GND using a ceramic capacitor (with a value
between 2.2-pF and 4.7-pF). Locate close to the controller.

VIN 1 . Input supply for the internal regulators. Bypass with a low-pass filter using a series 10-Q resistor
and 10- nF capacitor connected to GND. Locate the capacitor close to the controller.

VREE 5 . VREF (5 V) bias supply pin. Locally decouple to GND using a ceramic capacitor (with a value
between 2.2-uF and 4.7-pF) located close to the controller.

Thermal Pad . The GND pin must be connected to the exposed thermal pad for proper operation. This PowerPAD

must be connected to PCB ground plane using multiple vias for good thermal performance.

7 Specifications

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

MIN MAX UNIT
VIN, CSP, CSN -0.3 65 \Y
DIM/PWM -0.3 14 \%
Input voltage IS, RT, FLT -0.3 8.8 \%
OV, SS, RAMP, DM, SLOPE, VREF, IADJ -0.3 5.5 \%
CSP to CSN©®) -0.3 0.3 v
VCC, GATE -0.3 8.8 \%
Output voltage ™ PDRV Vesp — 8.8 Vesp v
COMP -0.3 5.0 \Y,
IMON — 100 HA
Source current GATE (pulsed < 20 ns) — 500 mA
PDRYV (pulsed < 10 ps) — 50 mA
. GATE (pulsed < 20 ns) — 500 mA
Sink current
PDRYV (pulsed < 10 ps) — 50 mA
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgy 165 °C

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

(2) All voltages are with respect to GND unless otherwise noted

(3) Continuous sustaining voltage

(4) All output pins are not specified to have an external voltage applied.
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7.2 ESD Ratings

VALUE | UNIT

TPS92692-Q1 IN PWP (HTSSOP) PACKAGE

Human-body model (HBM), per AEC Q100-002, all pins® +2000
Viesn) E'ecrt]rosmt'c _ Al pins except 1, 10, 11, and 20 +500 v
Ischarge Charged-device model (CDM), per AEC Q100-011 -
Pins 1, 10, 11, and 20 +750
TPS92692 IN PWP (HTSSOP) PACKAGE
v Electrostatic | Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +2000 v
(ESD) discharge Charged-device model (CDM), per JEDEC specification JESD22-C101, all pins® £500

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
(2) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VIN Supply input voltage 6.5 14 65 \%
VIN, crank Supply input, battery crank voltage 4.5 \%
Vesp, Vesn Current sense common mode 6.5 60 \%
fsw Switching frequency 80 800 kHz
fm Spread spectrum modulation frequency 0.1 12 kHz
framp Internal PWM ramp generator frequency 100 2000 Hz
V\apJ Current reference voltage 0.14 ViaDJ(CLAMP) \Y
Ta Operating ambient temperature -40 125 °C

7.4 Thermal Information

TPS92692 TPS92692-Q1
THERMAL METRIC® PWP (HTSSOP) | PWP (HTSSOP)| UNIT
20 PINS 20 PINS
Rosa Junction-to-ambient thermal resistance 40.8 40.8 °CIW
RoJc(top) Junction-to-case (top) thermal resistance 26.1 26.1 °CIW
Ross Junction-to-board thermal resistance 22.2 22.2 °CIW
LAL Junction-to-top characterization parameter 0.8 0.8 °CIW
Vi Junction-to-board characterization parameter 22.0 22.0 °CIW
RoJc(bot Junction-to-case (bottom) thermal resistance 2.3 2.3 °CIW

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

—40°C < T, < 150°C, Vi = 14 V, Viapy = 2.1 V, Vaawe = 500 MV, Voewn = 3 Vs Voy = 500 mV, Cyce = 1 WF, Cyrer = 1 pF,
Ccomp = 2.2 NF, Res = 100 mQ, Ry = 20 kQ, no load on GATE and PDRYV (unless otherwise noted)®

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT
INPUT VOLTAGE (VIN)
lingsTBY) Input stand-by current Vewm =0V 1.8 2.5 mA
lingsw) Input switching current Vee =75V, Coate =1 nF 5.1 6.6 mA
BIAS SUPPLY (VCC)
Vee(rea) Regulation voltage No load 7.0 7.5 8.0 \%
VCC rising threshold, Viy =8 V 4.5 4.9 \%
Veeuvio) Supply undervoltage protection VCC falling threshold, Vi =8 V 3.7 4.1 \%
Hysteresis 400 mV
lccumim Supply current limit Vee=0V 30 36 46 mA
Vpo LDO dropout voltage lcc=20mA, V=5V 300 mV
REFERENCE VOLTAGE (VREF)
VREF Reference voltage No load 4.77 4,96 5.15 \%
IREFLIMIT) Current limit Vrep =0V 30 36 46 mA
OSCILLATOR (RT)
few Switching frequency Rt =40 kQ 175 200 225 kHz
Rt =20 kQ 341 390 439 kHz
Vit RT output voltage 1 \%
Verne SYNC rising threshold Vgt rising 2.5 3.1 \%
SYNC falling threshold Vgt falling 1.8 2 \%
tsynCMIN) Minimum SYNC clock pulse width 100 ns
SPREAD SPECTRUM FREQUENCY MODULATION (DM)
Triangle wave generator sink current 10 HA
Ipm Triangle wave generator source 10 LA
current
Triangle wave voltage peak (High) 1.15 \%
VbMTR) X
Triangle wave voltage valley (Low) 850 mV
Vowen) tstﬁgieraglzpectrum modulation enable 700 mv
VomcLampy  Internal clamp voltage Vewm = 0V, Rramp = 200 kQ 1.25 \%
GATE DRIVER (GATE)
RgH Gate driver high side resistance lgaTE = —10 mA 5.4 11.2 Q
RgL Gate driver low side resistance lgaTe = 10 mA 4.3 10.5 Q
CURRENT SENSE (IS)
Viswimim Current limit threshold Vowewn =5 V: Rrawp = 249 k2 2306 250 270 mv
Vomewm = 0V, Rramp = 249 kQ 665 700 735 mv
tiS(BLANK) Leading edge blanking time 88 118 158 ns
tis(FAULT) Current limit fault time 35 us
tiLmT(DLY) IS to GATE propagation delay V|s pulsed from 0V to 1V 78 ns

(1) All voltages are with respect to GND unless otherwise noted
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Electrical Characteristics (continued)

_40°C < T, < 150°C, Vi = 14 V, Viapy = 2.1 V, Veawe = 500 MV, Voyewn = 3 V, Voy = 500 mV, Cyee = 1 WF, Cyrer = 1 WF,
Ccomp = 2.2 nF, Res = 100 mQ, Ry = 20 kQ, no load on GATE and PDRYV (unless otherwise noted)®

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT

PWM COMPARATOR AND SLOPE COMPENSATION (SLOPE)
Dmax Maximum duty cycle 90 %
VsLoPE Adaptive slope compensation Vesp =24V 410 mV
VsLopEMIN) \I\//(I)llr;;rggm slope compensation output Vesp =0V 72 mv
Viv IS to COMP level shift voltage No slope compensation added 1.42 1.60 1.82 \%
ILv IS level shift bias current No slope compensation added 17 HA
CURRENT SENSE AMPLIFIER (CSP, CSN)

Vesp =14V, Vippy =3V 163.4 170.7 177.6 mvV
V(cspcsny | Current sense thresholds

Vesp =14V, Vippy =14V 95.83 100.5 103.85 mV
CS@w) Current sense unity gain bandwidth 500 kHz
Ges Current sense amplifier gain G = Viapy/V(csp-csny 14
KOOP fhreshold 1o ansiog adjustvoltage | < 057 = Viocp e/ Visos L46 L5 Ll
Icsp@ias) CSP bias current Vesy =141V, Vegp =14V 107 HA
IcsneBIAs) CSN bias current Vesy =141V, Vegp =14V 110 HA
FAULT INDICATOR (FLT)
ReFLm Open-drain pull down resistance 241 Q
trauLT TMR) Fault timer 24 36 48 ms
CURRENT MONITOR (IMON)
limonsre)  IMON source current x.(ﬁzi,czs'é)\j 150 mv, 144 HA
Vimonecry  IMON output voltage clamp 3.2 3.7 4.2 \Y
ViMoN(©s) IMON buffer offset voltage -7.2 8.5 mV
ANALOG ADJUST (IADJ)
ViADJ(CLP) IADJ internal clamp voltage liapg = 1 pA 2.29 2.40 2.55 \%
liADJBIAS) IADJ input bias current Viapy < 2.2V 10.5 nA
Riapamr) IADJ current limiting series resistor Viaps > 2.6 V 12 kQ
ERROR AMPLIFIER (COMP)
Om Transconductance 121 HAN
lcompsrey  COMP current source capacity Viaps = 1.4V, V(csp.csny =0V 130 HA
Icompsinky  COMP current sink capacity Viaps =0V, V(cspcsny = 0.1 V 130 HA
EA@Bw) Error amplifier bandwidth Gain =-3 dB 5 MHz
Vcomprsty COMP pin reset voltage 100 mV
RcompocH)y COMP discharge FET resistance 246 Q
SOFT-START (SS)
Iss Soft-start source current 7 10 12.8 HA
Vssuve ) Sl?tft-start volfage threshold to enable 24 v

put under-voltage protection

Vss(RsT) Soft-start pin reset voltage 50 mV
Rss(pcH) SS discharge FET resistance 240 Q
OUTPUT VOLTAGE INPUT (OV)
VoVP(THR) Overvoltage protection threshold 1.195 1.228 1.262 \%
VUvP(THR) Undervoltage protection threshold 81.7 100 115.1 mV
{UVP-BLANK) IL)J(;]r(ijoedrvoItag.:—: protection blanking 4 us
lovp(Hys) OVP hysteresis current 12 20 27.5 pA
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Electrical Characteristics (continued)

_40°C < T, < 150°C, Vi = 14 V, Viapy = 2.1 V, Veawe = 500 MV, Voyewn = 3 V, Voy = 500 mV, Cyee = 1 WF, Cyrer = 1 WF,
Ccomp = 2.2 nF, Res = 100 mQ, Ry = 20 kQ, no load on GATE and PDRYV (unless otherwise noted)®

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT

INTERNAL PWM RAMP GENERATOR (RAMP)
- Ramp generator source current 7.75 10 12.73 HA

Ramp generator sink current 8.24 10 12.41 HA

Ramp signal peak (high) \Y
Vramp -

Ramp signal valley (low) \%
PWM INPUT (DIM/PWM)
VowmHIGH) tShig?hlglér)lgger logic level (high Veawp = 2.0 V 20 29 vV
VewmLow) iﬁgmﬂ;gger logic level (low Veawp = 2.0 V 18 20 v
Rpwmeb) PWM pull-down resistance 10 MQ
tOLY(RISE) PWM rising to PDRV delay Cpprv = 1 nNF 294 ns
tOLY(FALL) PWM falling to PDRV delay Cpprv = 1 nF 326 ns
SERIES P-CHANNEL PWM FET GATE DRIVE OUTPUT (PDRV)
Veprvorr)  P-channel gate driver off-state voltage | Vcsp = 14 V 14 \%
VPDRV(ON) P-channel gate driver on-state voltage |Vcsp =14V 7.4 \%
IPDRV(SRC) PDRYV sink current Pulsed 50 mA
Rpprv() PDRYV driver pull up resistance 82 Q
THERMAL SHUTDOWN
Tsp Thermal shutdown temperature 175 °C
Tsp(HYs) Thermal shutdown hysteresis 25 °C
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7.6 Typical Characteristics

Ta=25°C, Viy = 14V, Viapy = 2.2V, Cyee = 1 HF, Ceowp = 2.2 NF, Res = 100 mQ, Ry = 20 kQ, Vewy = 5 V, no load on GATE

and PDRYV (unless otherwise noted)
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Typical Characteristics (continued)

TA = 250(:, V|N =14 V, VlADJ =2.2 V, CVCC =1 uF, CCOMP =22 nF, RCS =100 mQ, RT =20 kQ, VPWM =5 V, no load on GATE

and PDRYV (unless otherwise noted)
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Typical Characteristics (continued)

TA = 250(:, V|N =14 V, VlADJ =2.2 V, CVCC =1 uF, CCOMP =22 nF, RCS =100 mQ, RT =20 kQ, VPWM =5 V, no load on GATE

and PDRYV (unless otherwise noted)
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Typical Characteristics (continued)

TA = 250(:, V|N =14 V, VlADJ =2.2 V, CVCC =1 uF, CCOMP =22 nF, RCS =100 mQ, RT =20 kQ, VPWM =5 V, no load on GATE
and PDRYV (unless otherwise noted)
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8 Detailed Description

8.1 Overview

The TPS92692 and TPS92692-Q1 devices feature all of the functions necessary to implement a compact LED
driver based on step-up or step-down power converter topologies. The devices implement a fixed-frequency,
peak current mode control technique to achieve constant output current and fast transient response. The
integrated low offset, rail-to-rail current sense amplifier provides the flexibility required to power a single string
consisting of 1 to 20 series connected LEDs while maintaining better than 4% current accuracy over the
operating temperature range. The LED current regulation threshold is set by the analog adjust input, IADJ and
can be externally programmed to implement analog dimming with over 15:1 linear dimming range. The high
impedance IADJ input simplifies LED current binning and thermal protection.

The TPS92692 and TPS92692-Q1 devices incorporate an internal PWM generator that can be programmed to
implement pulse width modulation (PWM) dimming of LED current. The PWM duty cycle can be varied from 0%
to 100% by modulating the analog voltage on DIM/PWM input from 1 V to 3 V. The PWM dimming frequency is
externally programmable and is set by the capacitor connected to RAMP input. As an alternative, the TPS92692
and TPS92692-Q1 devices can also be configured to implement direct PWM dimming based on the duty cycle of
external PWM signal by connecting a 249-kQ resistor across RAMP pin and GND. The internal PWM signal
controls the GATE and PDRV outputs which control the external n-channel switching FET and p-channel
dimming FET connected in series with LED string, respectively.

The current monitor output, IMON, reports the instantaneous status of LED current measured by the rail-to-rail
current sense amplifier. This feature indicates instantaneous current as a result of LED short circuit and cable
harness failure, independent of LED driver topology. An open-drain fault indicator is also provided to report faults
including cycle-by-cycle current limit, output overvoltage, and output undervoltage conditions. LED driver
protection with auto-restart (hiccup) mode is enabled by connecting the fault pin (FLT) to the SS pin. Other
protection features include VCC undervoltage protection and thermal shutdown. A remote signal can force the
device in to shutdown by pulling down on the SS pin.
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8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Internal Regulator and Undervoltage Lockout (UVLO)

The device incorporates a 65-V input voltage rated linear regulators to generate the 7.5 V (typ) V¢ bias supply,
the 5 V (typ) Vrer reference supply and other internal reference voltages. The device monitors the V¢ output to
implement UVLO protection. Operation is enabled when V¢ exceeds the 4.5-V (typ) threshold and is disabled
when V¢ drops below the 4.1-V (typ) threshold. The UVLO comparator provides 400 mV of hysteresis to avoid
chatter during transitions. The UVLO thresholds are internally fixed and cannot be adjusted. An internal current
limit circuit is implemented to protect the device during VCC pin short-circuit conditions. The V¢ supply powers
the internal circuitry and the N-channel gate driver output, GATE. Place a bypass capacitor in the range of 2.2 uF
to 4.7 uF across the V¢ output and GND to ensure proper operation. The regulator operates in dropout when
input voltage V) falls below 7.5 V forcing V¢ to be lower than Vg by 300 mV for a 20-mA supply current. The
Vcc is a regulated output of the internal regulator and is not recommended to be driven from an external power
supply.

The Vgere supply is internally used to generate voltage thresholds for the RAMP generator circuit and to power
some digital circuits. This supply can be used in conjunction with a resistor divider to set voltage levels for the
IADJ pin and DIM/PWM pin to set LED current and PWM dimming duty cycle. It can also be used to bias
external circuitry requiring a reference supply. The supply current is internally limited to protect the device from
output overload and short-circuit conditions. Place a bypass capacitor in the range of 2.2 uF to 4.7 uF across the
VREF output to GND to ensure proper operation.

The TPS92692 and TPS92692-Q1 devices incorporate features that simplify compliance with the CISPR and
automotive EMI requirements. The devices have optional spread spectrum frequency modulation circuit that can
be externally configured to reduce peak and average conducted and radiated EMI. The internal programmable
oscillator has a range of 80 kHz to 800 kHz and can be tuned based on the EMI requirements. The devices are
available in HTSSOP-20 package with an exposed pad to aid in thermal dissipation.

8.3.2 Oscillator

The switching frequency is programmable by a single external resistor connected between the RT pin and GND.
To set a desired frequency, fsw (Hz), the resistor value can be calculated from Equation 1.

1.432x10%°
R, =—2¢7-%
T (fsw )1.047 ( )

@

Figure 6 shows a graph of switching frequency versus resistance, Ry. Tl recommends a switching frequency
setting between 80 kHz and 700 kHz for optimal performance over input and output voltage operating range and
for best efficiency. Operation at higher switching frequencies requires careful selection of N-channel MOSFET
characteristics as well as detailed analysis of switching losses.

Clock

fsyne RT
Oscillator
CSYNC —
Rr

Figure 21. Oscillator Synchronization Through AC Coupling

The internal oscillator can be synchronized by AC coupling an external clock pulse to RT pin as shown in
Figure 21. The positive going synchronization clock at the RT pin must exceed the RT sync threshold and the
negative going synchronization clock at the RT pin must exceed the RT sync falling threshold to trip the internal
synchronization pulse detector. TI recommends that the frequency of the external synchronization pulse is within
+20% of the internal oscillator frequency programmed by the Ry resistor. TI recommends a minimum coupling
capacitor of 100 nF and a typical pulse width of 100 ns for proper synchronization. In the case where external
synchronization clock is lost the internal oscillator takes control of the switching rate based on the Ry resistor to
maintain output current regulation. The Ry resistor is always required whether the oscillator is free running or
externally synchronized.
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Feature Description (continued)

8.3.3 Spread Spectrum Frequency Modulation

The TPS92692 and TPS92692-Q1 devices provide a frequency dithering option that is enabled by connecting a
capacitor from the DM pin to GND. A triangle waveform centered at 1 V is generated across the Cpy capacitor.
The triangle waveform modulates the oscillator frequency by + 15% of the nominal frequency set by an external
timing resistor, Ry. The Cpy capacitance value sets the rate of the low frequency modulation. To achieve
maximum attenuation in average EMI scan set modulation frequency ranging from 100 Hz to 1.2 kHz. The low
modulating frequency has little impact on the quasi-peak EMI scan. Set the modulation frequency to 10 KHz or
higher to achieve attenuation for quasi-peak EMI measurements. The modulation frequency higher than the
receiver resolution bandwidth (RBW) of 9 kHz only impacts the quasi-peak EMI scan and has little impact on the
average measurement. The device simplifies EMI compliance by providing the means to tune the modulation
frequency based on measured EMI signature. Equation 2 calculates the Cpy capacitance required to set the
modulation frequency, fyop (H2).

10 pA
= F

m

CDM =

m

Figure 22. Frequency Dither Operation

Connect the DM pin to GND to disable frequency dither circuit operation. Internal frequency dithering is not
supported when the devices are synchronized based on an external clock signal.
8.3.4 Gate Driver

The TPS92692 and TPS92692-Q1 devices contain a N-channel gate driver that switches the output Vgate
between V.c and GND. A peak source and sink current of 500 mA allows controlled slew-rate of the MOSFET
gate and drain node voltages, limiting the conducted and radiated EMI generated by switching.

e N
% ic
I

Tv]

GATE_IN |

—[:I GATE

T3 1

GND

Figure 23. Push-Pull N-Channel Gate Driver Circuit
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Feature Description (continued)

The gate driver supply current lccgatey depends on the total gate drive charge (Qg) of the MOSFET and the

operating frequency of the converter, fsw, leceate) = Qo XfSW. Choose a MOSFET with a low gate charge
specification to limit the junction temperature rise and switch transition losses.

It is important to consider the MOSFET threshold voltage when operating in the dropout region when the input
voltage, V|, is below the V¢ regulation level. Tl recommends a logic level device with a threshold voltage below
5 V when the device is required to operate at an input voltage less than 7 V.

8.3.5 Rail-to-Rail Current Sense Amplifier

The internal rail-to-rail current sense amplifier measures the average LED current based on the differential
voltage drop between the CSP and CSN inputs over a common mode range of 0 V to 65 V. The differential
voltage, V(csp.csn), is amplified by a voltage-gain factor of 14 and is connected to the negative input of the
transconductance error amplifier. Accurate LED current feedback is achieved by limiting the cumulative input
offset voltage, (represented by the sum of the voltage-gain error, the intrinsic current sense offset voltage, and
the transconductance error amplifier offset voltage) to less than 5 mV over the recommended common-mode
voltage, and temperature range.

Differential Mode R
Filter Capacitor FS
Lok AV

csN —— A
Res

Figure 24. Current Sense Amplifier Input Filter Options

Common Mode
Filter Capacitors

An optional common-mode or differential mode low-pass filter implementation, as shown in Figure 24, can be
used to smooth out the effects of large output current ripple and switching current spikes caused by diode
reverse recovery. Tl recommends a filter resistance in the range of 10 Q to 100 Q to limit the additional offset
caused by amplifier bias current mismatch to achieve the best accuracy and line regulation.

8.3.6 Transconductance Error Amplifier

The internal transconductance amplifier generates an error signal proportional to the difference between the LED
current sense feedback voltage and the external IADJ input voltage. The output of the error amplifier is
connected to an external compensation network to achieve closed-loop LED current regulation. In most LED
driver applications a simple integral compensation circuit consisting of a capacitor connected from COMP output
to GND provides a stable response over wide range of operating conditions. Tl recommends a capacitor value
between 10 nF and 100 nF as a good starting point. To achieve higher closed-loop bandwidth a proportional-
integral compensator, consisting of a series resistor and a capacitor network connected across the COMP output
and GND, is required. Based on the converter topology, tune the compensation network to achieve a minimum of
60° of phase margin and 10 dB of gain margin. The Application and Implementation section includes a
summarized detailed design procedure.
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