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5 Pin Configuration and Functions

DAP Package

38-Pin HTSSOP With Thermal Pad

VBAT 1 2 VIN
ps [T 37| T ] EXTSUP
Ge1 [ s 3 | | DIV
Ge2 [T« 5| __]__]VREG
cBA [T s s« ] ] cBB
GAat [T s s | ] GB1
PHA [T ]~ 2| | | PHB
GA2 [Ts st ] GB2
PGNDA[_ [ |9 s0[ T[] PGNDB
sa1 [T 1o 29 1] SBt1
sA2 [T | 2T sB2
FBA [T 112 27| _1__] FBB
COMPA[_ T 13 26T [] comps
SsA [T 25| ] SSB
PeA [T s 2|1 ] PGB
ENA [T te 23T __]AGND
ENnB [T 2| T ] RT
COMPC[_T_|1s 21[TT]DLYAB
ENC [T o 20T __]SYNC
Pin Functions
PIN
NAME | NO. | 'O DESCRIPTION

AGND 23 O | Analog ground reference

A capacitor on this pin acts as the voltage supply for the high-side N-channel MOSFET gate-drive circuitry in buck

CBA 5 | controller BuckA. When the buck is in a dropout condition, the device automatically reduces the duty cycle of the
high-side MOSFET to approximately 95% on every fourth cycle to allow the capacitor to recharge.
A capacitor on this pin acts as the voltage supply for the high-side N-channel MOSFET gate-drive circuitry in buck
CBB 34 | controller BuckB. When the buck is in a dropout condition, the device automatically reduces the duty cycle of the

high-side MOSFET to approximately 95% on every fourth cycle to allow the capacitor to recharge.

COMPA 13 O

Error amplifier output of BuckA and compensation node for voltage-loop stability. The voltage at this node sets the
target for the peak current through the inductor of BuckA. Clamping his voltage on the upper and lower ends
provides current-limit protection for the external MOSFETS.

COMPB 26 O

Error amplifier output of BuckB and compensation node for voltage-loop stability. The voltage at this node sets the
target for the peak current through the inductor of BuckB. Clamping his voltage on the upper and lower ends
provides current-limit protection for the external MOSFETS.

COMPC 18 (0]

Error-amplifier output and loop-compensation node of the boost regulator

DIV 36 |
low-power mode on the bucks.

The status of this pin defines the output voltage of the boost regulator. A high input regulates the boost converter
at 11 V, a low input sets the value at 7 V, and a floating pin sets 10 V. NOTE: DIV = high and ENC = high inhibits

DLYAB 21 O

The capacitor at the DLYAB pin sets the power-good delay interval used to de-glitch the outputs of the power-
good comparators. Leaving this pin open sets the power-good delay to an internal default value of 20 ps typical.

DS 2 |

This input monitors the voltage on the external boost-converter low-side MOSFET for overcurrent protection. An
alternative connection for better noise immunity is to place a sense resistor between the source of the low-side
MOSFET and ground via a filter network.

Copyright © 2011-2015, Texas Instruments Incorporated
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Pin Functions (continued)

PIN

NAME

NO.

I/O

DESCRIPTION

ENA

16

Enable input for BuckA (active-high with an internal pullup current source). An input voltage higher than 1.7 V
enables the controller, whereas an input voltage lower than 1.7 V disables the controller. When both ENA and
ENB are low, the device shuts down and consumes less than 4 pA of current. NOTE: DIV = high and ENC = high
inhibits low-power mode on the bucks.

ENB

17

Enable input for BuckB (active-high with an internal pullup current source). An input voltage higher than 1.7 V
enables the controller, whereas an input voltage lower than 1.7 V disables the controller. When both ENA and
ENB are low, the device shuts down and consumes less than 4 pA of current. NOTE: DIV = high and ENC = high
inhibits low-power mode on the bucks.

ENC

19

This input enables and disables the boost regulator. An input voltage higher than 1.7 V enables the controller.
Voltages lower than 0.7 V disable the controller. Because this pin provides an internal pulldown resistor (500 kQ),
enabling the boost function requires pulling it high. When enabled, the controller starts switching as soon as Vgar
falls below the boost threshold, depending on the programmed output voltage.

EXTSUP

37

One can use EXTSUP to supply the VREG regulator from one of the TPS43335-Q1 or TPS43336-Q1 buck
regulator rails to reduce power dissipation in cases where there is an expectation of high VIN. If EXTSUP is
unused, leave the pin open without a capacitor installed.

FBA

12

Feedback voltage pin for BuckA. The buck controller regulates the feedback voltage to the internal reference of
0.8 V. A suitable resistor divider network between the buck output and the feedback pin sets the desired output
voltage.

FBB

27

Feedback voltage pin for BuckB. The buck controller regulates the feedback voltage to the internal reference of
0.8 V. A suitable resistor-divider network between the buck output and the feedback pin sets the desired output
voltage.

GAl

This output can drive the external high-side N-channel MOSFET for buck regulator BuckA. The output provides
high peak currents to drive capacitive loads. The gate drive reference is to a floating ground provided by PHA that
has a voltage swing provided by CBA.

GA2

This output can drive the external low-side N-channel MOSFET for buck regulator BuckA. The output provides
high peak currents to drive capacitive loads. VREG provides the voltage swing on this pin.

GB1

33

This output can drive the external high-side N-channel MOSFET for buck regulator BuckB. The output provides
high peak currents to drive capacitive loads. The gate drive reference is to a floating ground provided by PHB that
has a voltage swing provided by CBB.

GB2

31

This output can drive the external low-side N-channel MOSFET for buck regulator BuckB. The output provides
high peak currents to drive capacitive loads. VREG provides the voltage swing on this pin.

GC1

This output can drive an external low-side N-channel MOSFET for the boost regulator. This output provides high
peak currents to drive capacitive loads. VREG provides the voltage swing on this pin.

GC2

This pin makes a floating output drive available to control the external P-channel MOSFET. This MOSFET can
bypass the boost rectifier diode or a reverse-protection diode when the boost is not switching or if boost is
disabled, and thus reduce power losses.

PGA

15

Open-drain power-good indicator pin for BuckA. An internal power-good comparator monitors the voltage at the
feedback pin and pulls this output low when the output voltage falls below 93% of the set value, or if either Vy or
Vgat drops below its respective undervoltage threshold.

PGB

24

Open-drain power-good indicator pin for BuckB. An internal power-good comparator monitors the voltage at the
feedback pin and pulls this output low when the output voltage falls below 93% of the set value, or if either Vy or
Vgat drops below its respective undervoltage threshold.

PGNDA

Power ground connection to the source of the low-side N-channel MOSFET of BuckA

PGNDB

30

Power ground connection to the source of the low-side N-channel MOSFET of BuckB

PHA

Switching terminal of buck regulator BuckA, providing a floating ground reference for the high-side MOSFET gate-
driver circuitry and used to sense current reversal in the inductor when discontinuous-mode operation is desired.

PHB

32

Switching terminal of buck regulator BuckB, providing a floating ground reference for the high-side MOSFET gate-
driver circuitry and used to sense current reversal in the inductor when discontinuous-mode operation is desired.

RT

22

Connecting a resistor to ground on this pin sets the operational switching frequency of the buck and boost
controllers. A short circuit to ground on this pin defaults operation to 400 kHz for the buck controllers and 200 kHz
for the boost controller.

SAl

10

SA2

11

High-impedance differential-voltage inputs from the current-sense element (sense resistor or inductor DCR) for
each buck controller. Choose the current-sense element to set the maximum current through the inductor based
on the current-limit threshold (subject to tolerances) and considering the typical characteristics across duty cycle
and V. (SAL positive node, SA2 negative node).

Copyright © 2011-2015, Texas Instruments Incorporated
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Pin Functions (continued)

PIN

NAME

NO.

I/O

DESCRIPTION

SB1

29

SB2

28

High-impedance differential voltage inputs from the current-sense element (sense resistor or inductor DCR) for
each buck controller. Choose the current-sense element to set the maximum current through the inductor based
on the current-limit threshold (subject to tolerances) and considering the typical characteristics across duty cycle
and V. (SB1 positive node, SB2 negative node).

SSA

14

Soft-start or tracking input for buck controller BuckA. The buck controller regulates the FBA voltage to the lower of
0.8 V or the SSA pin voltage. An internal pullup current source of 1 YA is present at the pin, and an appropriate
capacitor connected here sets the soft-start ramp interval. Alternatively, a resistor divider connected to another
supply can provide a tracking input to this pin.

SSB

25

Soft-start or tracking input for buck controller BuckB. The buck controller regulates the FBB voltage to the lower of
0.8 V or the SSB pin voltage. An internal pullup current source of 1 YA is present at the pin, and an appropriate
capacitor connected here sets the soft-start ramp interval. Alternatively, a resistor divider connected to another
supply can provide a tracking input to this pin.

SYNC

20

If an external clock is present on this pin, the device detects it and the internal PLL locks onto the external clock,
thus overriding the internal oscillator frequency. The device can synchronize to frequencies from 150 kHz to 600
kHz. A high logic level on this pin ensures forced continuous-mode operation of the buck controllers and inhibits
transition to low-power mode. An open or low allows discontinuous-mode operation and entry into low-power
mode at light loads. On the TPS43336-Q1, a high level enables frequency-hopping spread spectrum, whereas an
open or a low level disables it.

VBAT

Battery input sense for the boost controller. If, with the boost controller enabled, the voltage at VBAT falls below
the boost threshold, the device activates the boost controller and regulates the voltage at VIN to the programmed
boost output voltage.

VIN

38

Main input pin. This is the buck controller input pin as well as the output of the boost regulator. Additionally, VIN
powers the internal control circuits of the device.

VREG

35

The device requires an external capacitor on this pin to provide a regulated supply for the gate drivers of the buck
and boost controllers. TI recommends capacitance on the order of 4.7 pF. The regulator obtains its power from
either VIN or EXTSUP. This pin has current-limit protection; do not use it to drive any other loads.

Copyright © 2011-2015, Texas Instruments Incorporated 5
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6 Specifications

6.1 Absolute Maximum Ratings

See @
MIN MAX UNIT
Voltage Input voltage: VIN, VBAT -0.3 60 \%
Ground: PGNDA-AGND, PGNDB-AGND -0.3 0.3
Enable inputs: ENA, ENB -0.3 60
Bootstrap inputs: CBA, CBB -0.3 68
Bootstrap inputs: CBA-PHA, CBB—-PHB -0.3 8.8
Phase inputs: PHA, PHB -0.7 60
Phase inputs: PHA, PHB (for 150 ns) -1 60
Feedback inputs: FBA, FBB -0.3 13
Voltage Error amplifier outputs: COMPA, COMPB -0.3 13
(buck function: - - - \
BuckA and BuckB) High-side MOSFET driver: GA1-PHA, GB1-PHB -0.3 8.8
Low-side MOSFET drivers: GA2-PGNDA, GB2-PGNDB -0.3 8.8
Current-sense voltage: SA1, SA2, SB1, SB2 -0.3 13
Soft start: SSA, SSB -0.3 13
Power-good output: PGA, PGB -0.3 13
Power-good delay: DLYAB -0.3 13
Switching-frequency timing resistor: RT -0.3 13
SYNC, EXTSUP -0.3 13
Low-side MOSFET driver: GC1-PGNDA -0.3 8.8
Error-amplifier output: COMPC -0.3 13
Voltage (boost function) Enable input: ENC -0.3 13 \%
Current-limit sense: DS -0.3 60
Output-voltage select: DIV -0.3 8.8
. P-channel MOSFET driver: GC2 -0.3 60
Voltage (PMOS driver) - \
P-channel MOSFET driver: VIN-GC2 -0.3 8.8
Voltage Gate-driver supply: VREG -0.3 8.8 \%
Junction temperature, T, -40 150
Temperature Operating temperature, Tp -40 125 °C
Storage temperature, Tgyg -55 165

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended

Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002® +2000
FBA, FBB, RT, DLYAB +400
Charged-device model (CDM),
VBAT, ENC, SYNC, VIN +750
V(esp) Electrostatic discharge per AEC Q100-011 - \Y
All other pins +500
. PGA, PGB +150
Machine model (MM) -
All other pins +200

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

Copyright © 2011-2015, Texas Instruments Incorporated
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6.3 Recommended Operating Conditions

MIN MAX UNIT
Input voltage: VIN, VBAT 4 40
Enable inputs: ENA, ENB 0 40
_ Boot inputs: CBA, CBB 4 48
gﬂgt ;“:ﬁgoé‘lickB voltage Phase inputs: PHA, PHB 06 40 v
Current-sense voltage: SA1, SA2, SB1, SB2 0 11
Power-good output: PGA, PGB 0 11
SYNC, EXTSUP 0
Enable input: ENC 0
Boost function Voltage sense: DS 40 \%
DIV 0 VR&ec
Operating temperature, Tp -40 125 °C
6.4 Thermal Information
TPS4333x-Q1
THERMAL METRIC® DAP (HTSSOP) UNIT
38 PINS
Rosa Junction-to-ambient thermal resistance 27.3 °C/W
Roactop) Junction-to-case (top) thermal resistance 19.6 °C/W
RgiB Junction-to-board thermal resistance 15.9 °C/W
VT Junction-to-top characterization parameter 0.24 °C/W
ViB Junction-to-board characterization parameter 6.6 °C/W
Rocbot) Junction-to-case (bottom) thermal resistance 1.2 °C/W

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

Viy=8Vto 18V, T; = -40°C to 150°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX |  UNIT
INPUT SUPPLY
Boost controller enabled, after satisfying initial start-u
VpaT Supply voltage condition fying P 2 40 \%
Input voltage required for device on 65 40
v initial start-up ) v
™ Buck regulator operating range after 4 20
initial start-up
Z;)Np{sll(llr)lg. After a reset, initial start-up conditions may 35 36 38 v
Viny) Buck undervoltage lockout — —
V) rising. After a reset, initial start-up conditions may 38 4 v
apply.® :
Veoost untock  Boost unlock threshold Vpgat rising 8.2 8.5 8.8 \%
Viy = 13V, BuckA: LPM, BuckB: off, T4 = 25°C 30 40 A
f . 2
Iy ow LPM quiescent current: Vi = 13 V, BuckB: LPM, BuckA: off, T, = 25°C 30 40
Vin = 13V, BuckA, B: LPM, T, = 25°C 35 45 HA
Vin = 13V, BuckA: LPM, BuckB: off, T4 = 125°C 40 50 A
Io Lpm LPM quiescent current: Viu = 13 V, BuckB: LPM, BuckA: off, Ta = 125°C 40 so| M
Vin = 13V, BuckA, B: LPM, T, = 125°C 45 55 PA
SYNC = HIGH, T, = 25°C 4.85 5.3
Quiescent current: Vin = 13V, BuckA: CCM, BuckB: off, Ty = 25°C 4.85 5.3
la_nrw normal (PWM) mode® _ . . — o5o mA
Vin = 13V, BuckB: CCM, BuckA: off, Ty = 25°C 4.85 5.3
Viy = 13V, BuckA, B: CCM, T, = 25°C 7 7.6
SYNC = HIGH, T, = 125°C 5 55
Quiescent current: Vi = 13 V, BuckA: CCM, BuckB: off, T = 125°C 5 55
la_nRw normal (PWM) mode® o mA
Viy = 13V, BuckB: CCM, BuckA: off, To = 125°C 5 55
Vin = 13V, BuckA, B: CCM, T, = 125°C 7.5 8
Ibat_sh Shutdown current BuckA, B: off, Vgat =13V, Tp = 25°C 25 4 HA
Ibat_sh Shutdown current BuckA, B: off, Vgat =13V, Tp = 125°C 3 5 HA
INPUT VOLTAGE Vgt - UNDERVOLTAGE LOCKOUT
;/Sngyfe(ill!mg. After a reset, initial start-up conditions may 18 19 2 v
Veatuv) Boost-input undervoltage '_ - — —
Vgar rising. After a reset, initial start-up conditions may 2
Q) 4 2.5 2.6 \%
apply.
UVLOyys Hysteresis 500 600 700 mV
UVLO¥jter Filter time 5 us
INPUT VOLTAGE V|\ - OVERVOLTAGE LOCKOUT
V) rising 45 46 47
VoviLo Overvoltage shutdown - \%
V falling 43 44 45
OVLOys Hysteresis 1 3 \%
OVLO¥iter Filter time us

(1) If VgaT and Vgeg remain adequate, the buck can continue to operate if V,y is > 3.8 V.
(2) Quiescent current specification is non-switching current consumption without including the current in the external-feedback resistor

divider.
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DC Electrical Characteristics (conti

nued)

Viy=8Vto 18V, T; = —-40°C to 150°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
BOOST CONTROLLER
Vhoost7v Boost Voyr =7 V DIV =low, Vgar =2V to 7V 6.8 7 7.3 \Y
Boost-enable threshold Boost Voyr = 7 V, Vgar falling 7.5 8 8.5
Vioost7v-th Boost-disable threshold Boost Voyr = 7 V, Vpar rising 8 8.5 9 \%
Boost hysteresis Boost Vour = 7 V, VpaT rising or falling 0.4 0.5 0.6
Vhoostiov Boost Voyr = 10 V DIV = open, Vgar =2 V1o 10 V 9.7 10 10.4 \%
Boost-enable threshold Boost Voyr = 10 V, Vgt falling 10.5 11 11.5
Vboost10V-th Boost-disable threshold Boost Voyr = 10 V, Vgt rising 11 11.5 12 \%
Boost hysteresis Boost Voyr = 10 V, Vpar rising or falling 0.4 0.5 0.6
Vpoost11v Boost Vour = 11V DIV = Vgeg, Vear =2 V1o 11V 10.7 11 11.4 Y
Boost-enable threshold Boost Vour = 11V, Vgt falling 115 12 12.5
Vioost11V-th Boost-disable threshold Boost Voyr = 11V, Vgar rising 12 12.5 13 \%
Boost hysteresis Boost Voyt = 11 V, Vgar rising or falling 0.4 0.5 0.6
BOOST-SWITCH CURRENT LIMIT
Vps Current-limit sensing DS input with respect to PGNDA 0.175 0.2 0.225 \%
tos Leading-edge blanking 200 ns
GATE DRIVER FOR BOOST CONTROLLER
lgc1 peak Gate-driver peak current 15 A
IDS(on) Source and sink driver Vgeg = 5.8V, Igc: current = 200 mA 2 Q
GATE DRIVER FOR PMOS
TbS(on) PMOS OFF 10 20 Q
IpMOS_ON Gate current Vin=135V, Vgs=-5V 10 mA
tdelay ON Turnon delay C=10nF 5 10 us
BOOST-CONTROLLER SWITCHING FREQUENCY
fsw-Boost Boost switching frequency fsw_Buck / 2 kHz
Dioost Boost duty cycle 90%
ERROR AMPLIFIER (OTA) FOR BOOST CONVERTERS
Vgar = 12V 0.8 1.35
GMgoosT Forward transconductance mS
Vgar =5V 0.35 0.65
BUCK CONTROLLERS
Viucka OF Veucks  Adjustable output-voltage range 0.9 11 \%
v Internal reference and tolerance Measure FBX pin 0.792 0.800 0.808 v
ref, NRM voltage in normal mode _1% 1%
Viet Lo Internal reference and tolerance Measure FBX pin 0.784 0.800 0.816 v
k voltage in low-power mode _29 206
\éé(l\e/lnse for forward-current limit in FBx = 0.75 V (low duty cycle) 60 75 20 mv
Vsense V sense for reverse-current limit in
CCM FBx =1V —65 -37.5 -23 mV
V\.Foldback V sense for output short FBx=0V 17 325 48 mV
tdead Shoot-through delay, blanking time 20 ns
High-side minimum on-time 100 ns
DC : -
NRM r'\:/loa:ﬁlrrcz]ltjen;)duw cycle (digitally 98.75%
DCypm Duty cycle, LPM 80%
how e faction of masimum set 1oad current See®  10%

(3) The exit threshold specification is to be always

higher than the entry threshold.
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DC Electrical Characteristics (continued)

Viy=8Vto 18V, T; = —-40°C to 150°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
HIGH-SIDE EXTERNAL NMOS GATE DRIVERS FOR BUCK CONTROLLER
IGx1_peak Gate-driver peak current 0.7 A
IDS(on) Source and sink driver Vgee = 5.8V, Igx1 current = 200 mA 4 Q
LOW-SIDE NMOS GATE DRIVERS FOR BUCK CONTROLLER
lex2_peak Gate driver peak current 0.7 A
Rps on Source and sink driver Vgreg = 5.8V, Igxe current = 200 mA 4 Q
ERROR AMPLIFIER (OTA) FOR BUCK CONVERTERS
GMgyck Transconductance g(gm':glrﬁ(zhgpfp\: tg,ft }:} feedback loop 0.72 1 1.35 mS
IpuLLUP_FBX Pullup current at FBx pins FBx=0V 50 100 200 nA
DIGITAL INPUTS: ENA, ENB, ENC, SYNC
ViH Higher threshold V=13V 1.7 \
Vi Lower threshold Viy =13V 0.7 \%
Ri4_syne Pulldown resistance on SYNC Vsyne =5V 500 kQ
RiL_enc Pulldown resistance on ENC Vene =5V 500 kQ
I Enx Pullup current source on ENA, ENB Veny =0V, 0.5 2 uA
BOOST OUTPUT VOLTAGE: DIV
ViH_piv Higher threshold Vgreg = 5.8V Vgreg — 0.2 \%
ViL biv Lower threshold 0.2 \%
Voz piv Voltage on DIV if unconnected Voltage on DIV if unconnected Vreg / 2 \%
SWITCHING PARAMETER — BUCK DC-DC CONTROLLERS
fsw_Buck Buck switching frequency RT pin: GND 360 400 440 kHz
fsw_Buck Buck switching frequency RT pin: 60-kQ external resistor 360 400 440 kHz
fsw_adj ll’3eusti:ls<tgrdjustable range with external RT pin: external resistor 150 600 kHz
fsyne Buck synchronization range External clock input 150 600 kHz
fss Spread-spectrum spreading TPS43336-Q1 only 5%
INTERNAL GATE-DRIVER SUPPLY
Internal regulated supply ViN =8V to 18 V, Vexrsup = 0V, SYNC = high 5.5 5.8 6.1 \%
M Load regulation ISV\F;'F\‘GC::Oh%ﬁ 10 100 mA, Vextsup =0V, 0.2% 1%
Internal regulated supply Vexrsup = 8.5V 7.2 7.5 7.8 \%
VREG(EXTSUP) Load regulation I\z;f:SP::OBrgAvttt)ollzg \r/nA, SYNC = High 0.2% 1%
Vexrsupan t?r(e;rssr:;:z switch-over voltage I\\//::TGSSPOr m’ itr?glggsri?iéé 4.4 46 48 v
VEXTSUP-Hys EXTSUP switch-over hysteresis 150 250 mV
lVREG-Limit Current limit on VREG Vexrsup = 0 V, normal mode as well as LPM 100 400 mA
II_:,"F;FG_EXTSUP_ E)LirTrgTJtlllmlt on VREG when using I\\/,:fTC.;SJPO:rg.ASt?/’lg\O(ﬁCA,: High 125 400 mA
SOFT START
lssx Soft-start source current ‘ Vgsa and Vggg = 0V 0.75 1 1.25 ‘ HA
OSCILLATOR (RT)
Vgt Oscillator reference voltage ‘ 1.2 ‘ \
10 Copyright © 2011-2015, Texas Instruments Incorporated
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DC Electrical Characteristics (continued)

Viy=8Vto 18V, T; = —-40°C to 150°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
POWER GOOD / DELAY
PGpuiiup Pullup for A and B to Sx2 50 kQ
PGy Power-good threshold FBx falling 5% 7% -9%
PGhys Hysteresis 2%
PGrop Voltage drop lpga =5 MA 450 mV
lbga = 1 MA 100 mV
PGieax Power-good leakage Vs = Vpex = 13 V 1 uA
tdegiitch Power-good deglitch time 2 16 us
External capacitor = 1 nF
t Reset dela 1 ms
delay y Viuckx < PGin1
taelay._fix Fixed reset delay No external capacitor, pin open 20 50 us
lon Activate current source (current to 30 20 50 UA
charge external capacitor)
Activate current sink (current to
e discharge external capacitor) 30 40 50 KA
OVERTEMPERATURE PROTECTION
Junction-temperature shutdown o
Tshutdown threshold 150 165 ¢
Thys Junction-temperature hysteresis 15 °C
Copyright © 2011-2015, Texas Instruments Incorporated 11
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6.6 Typical Characteristics

10000
100 LTI . ! _
g0 | Efficiency, L Forced Continuous Mode (Sync = 1), 200-mA Load
Sync=Low | Ll /f-"' o
80 i o 1000 1ADIV \ /\ \
/ﬂ “—(
70 o=l A L /S NV /N VOV
/ Power Loss, L7 R
< 60 Sync = High 100 2
< 50 4 N Discontinuous Mode (Sync = 0), 200-mA Load
) L 17
S e 9 1A/DIV
S 40 [~ Power Loss, | ||] 0 /\ /\A/\A \A/\ /\.\/\ A/ "
= | Sync=Low Gg-’ \/ v/ 'V V'V N/ V'V V'V v
w 30 oF S /\
20 e 1
L~ Efficiency, 1A/DIV
10 p% Sr/nc = High VA
0 L LI 0 Low-Power Mode (s¥nc = 0), 20-mA Load
0.0001 0.001 0.01 0.1 1 10
Output Current (a) 2 us/DIV
Viy=12V L=4.7 yH fsw = 400 kHz ViN=12V L=4.7 pH fsw = 400 kHz
Vour =5V Rsense = 10 Q Vour =5V Rsense = 10 Q
Figure 1. Efficiency Across Output Currents (Bucks) Figure 2. Inductor Currents (Buck)
el
Vout AC-Coupled T i
100 mv/DIv il e i Vouta
LR
L /
i | |
| Vourte
1 VIDIV pe
! il bl il /
)
2ADIV | |
IND
i el Wi
50 us/DIV 2 ms/DIV
Vin=12V L=4.7 pH fSW =400 kHz
Vour =5V Rsense = 10 Q
Figure 3. Buck Load Step: Forced Continuous Mode Figure 4. Soft-Start Outputs (Buck)
(Oto 4 A at 2.5 Alus)
Vout AC-Coupled !
100 mV/DIV l I
100 mV/DIV I
Vout AC-Coupled i
2 AIDIV
IIND
WL 2 DIV
50 ps/DIV 50 ps/DIV
Viy=12V L=4.7 yH fsw = 400 kHz Vin=12V L= 4.7 uyH fsw = 400 kHz
Vour =5V Rsense = 10 Q Vour =5V Rsense =10 Q
Figure 5. Buck Load Step: Low-Power-Mode Entry Figure 6. Buck Load Step: Low-Power-Mode Exit
(4 Ato 90 mA at 2.5 A/us) (90 mA to 4 A at 2.5 Alus)
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Typical Characteristics (continued)

100
90 Vv '\ IJ" i
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. Output Current (A) Vear (BOOST INPUT) =5V fsw = 200 kHz
Vi (BOOST OUTPUT) = 10 V fow = 200 kHz Vin (BOOST OUTPUT) = 10 V L =680 nH
L=1pH Rsense = 7.5 mQ Cin = 440 pF Cour = 660 pF Rsense = 10 mQ

Figure 7. Efficiency Across Output Currents (Boost)

Figure 8. Load Step Response (Boost)
(0Oto 5 A at 10 A/us)
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Vi (BOOST OUTPUT) = 10 V fow = 200 kHz
BuckA=5VAT15A Cin = 440 pF L=1pH
BuckB=3.3VAT35A COUT =660 uF Rsense = 7.5 mQ

Figure 9. Cranking Pulse Boost Response
(12Vto3Vin 1ms at Buck Outputs 7.5 W/ 11.5 W)
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e

0 V-V, (Boost Output)

5 V/DIV
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I|ND
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Vi (BOOST OUTPUT) = 10 V fow = 200 kHz
BuckA=5V AT 15A Cin = 440 pF L=1pH
BuckB=3.3VAT35A COUT =660 uF Rsense = 7.5 mQ

Figure 10. Cranking Pulse Boost Response
(12Vto4Vin 1lms at Boost Direct Output 25 W)
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2 ps/DIV
Vgat (BOOST INPUT) =5V fsw = 200 kHz
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Figure 11. Inductor Currents (Boost)

60
/

. 50
= 40 [-BOTH BUCKS ON
(]
E /
S w |
S ONE BUCK ON
@ 20
Q
S
<}

10

NEITHER BUCK ON
0 I I I
40 15 10 35 60 85 110 135 160

Temperature (°C)

Figure 12. No-Load Quiescent Current vs Temperature
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Typical Characteristics (continued)
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Figure 13. Buckx Peak Current Limit vs Compx Voltage Figure 14. Current-Sense Pins Input Current (Buck)
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Figure 17. Current Limit vs Duty Cycle (Buck)
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7 Detailed Description

7.1 Overview

The TPS43335-Q1 and TPS43336-Q1 devices include two current-mode synchronous buck controllers and a
voltage mode boost controller. The integrated boost controller allows the devices to operate down to 2 V at the
input without seeing a drop on the buck regulator output stages. At light loads, one can enable the buck
controllers to operate automatically in low-power mode, consuming just 30 pA of quiescent current. The buck
controllers have independent soft-start capability and power-good indicators. Current foldback in the buck
controllers and cycle-by-cycle current limitation in the boost controller provide external MOSFET protection. The
switching frequency is programmable over 150 kHz to 600 kHz or can be synchronized to an external clock in the
same range. The TPS43336-Q1 device also offers frequency-hopping spread-spectrum operation.
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7.2 Functional Block Diagram
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CBA

GA1

PHA

GA2

PGNDA

SA1
SA2

FBA

COMPA

DLYAB

CBB

GB1

PHB

GB2

PGNDB

SB1

SB2

FBB

COMPB

PGB

16

Copyright © 2011-2015, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps43335-q1?qgpn=tps43335-q1
http://www.ti.com.cn/product/cn/tps43336-q1?qgpn=tps43336-q1
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS43335-Q1, TPS43336-Q1

www.ti.com.cn ZHCS189E —JUNE 2011 —-REVISED DECEMBER 2015

7.3 Feature Description
7.3.1 Buck Controllers: Normal Mode PWM Operation

7.3.1.1 Frequency Selection and External Synchronization

The buck controllers operate using constant-frequency peak-current-mode control for optimal transient behavior
and ease of component choices. The switching frequency is programmable between 150 kHz and 600 kHz,
depending upon the resistor value at the RT pin. A short circuit to ground at this pin sets the default switching
frequency to 400 kHz. Using a resistor at RT, one can set another frequency according to the formula:

X
fayy = — X =24 kQxMHz
SwW RT ( X )

10°
fopy = 24X ——
SwW “RT )

For example,
600 kHz requires 40 kQ
150 kHz requires 160 kQ

It is also possible to synchronize to an external clock at the SYNC pin in the same frequency range of 150 kHz to
600 kHz. The device detects clock pulses at this pin, and an internal PLL locks on to the external clock within the
specified range. The device can also detect a loss of clock at this pin, and when this condition is detected, the
device sets the switching frequency to the internal oscillator. The two buck controllers operate at identical
switching frequencies, 180 degrees out-of-phase.

7.3.1.2 Enable Inputs

Independent enable inputs from the ENA and ENB pins enable the buck controllers. These are high-voltage pins,
with a threshold of 1.7 V for the high level, and with direct connection to the battery permissible for self-bias. The
low threshold is 0.7 V. Both these pins have internal pullup currents of 0.5 pA (typical). As a result, an open
circuit on these pins enables the respective buck controllers. When both buck controllers are disabled, the device
shuts down and consumes a current of less than 4 pA.

7.3.1.3 Feedback Inputs

The right resistor feedback divider network connected to the FBx (feedback) pins sets the output voltage. Choose
this network such that the regulated voltage at the FBx pin equals 0.8 V. The FBx pins have a 100-nA pullup
current source as a protection feature in case the pins open up as a result of physical damage.

7.3.1.4 Soft-Start Inputs

In order to avoid large inrush currents, each buck controller has an independent programmable soft-start timer.
The voltage at the SSx pin acts as the soft-start reference voltage. The 1-pA pullup current available at the SSx
pins, in combination with a suitably chosen capacitor, generates a ramp of the desired soft-start speed. After
start-up, the pullup current ensures that SSx is higher than the internal reference of 0.8 V; 0.8 V then becomes
the reference for the buck controllers. Use Equation 2 to calculate the soft-start ramp time.

log x At
Cgs = SS (Farads)
where
e lgg =1 PA (typical)
e AV=08V
* Cgg is the required capacitor for At, the desired soft-start time. (2)

An alternative use of the soft-start pins is as tracking inputs. In this case, connect them to the supply to be
tracked via a suitable resistor-divider network.
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Feature Description (continued)
7.3.1.5 Current-Mode Operation

Peak-current-mode control regulates the peak current through the inductor to maintain the output voltage at its
set value. The error between the feedback voltage at FBx and the internal reference produces a signal at the
output of the error amplifier (COMPx) which serves as the target for the peak inductor current. The device
senses the current through the inductor as a differential voltage at Sx1-Sx2 and compares voltage with this
target during each cycle. A fall or rise in load current produces a rise or fall in voltage at FBX, causing Vcompx tO
fall or rise respectively, thus increasing or decreasing the current through the inductor until the average current
matches the load. This process maintains the output voltage in regulation.

The top N-channel MOSFET turns on at the beginning of each clock cycle and stays on until the inductor current
reaches its peak value. Once this MOSFET turns off, and after a small delay (shoot-through delay) the lower N-
channel MOSFET turns on until the start of the next clock cycle. In dropout operation, the high-side MOSFET
stays on continuously. In every fourth clock cycle, there is a limit on the duty cycle of 95% in order to charge the
bootstrap capacitor at CBx. This allows a maximum duty cycle of 98.75% for the buck regulators. During dropout,
the buck regulator switches at one-fourth of its normal frequency.

7.3.1.6 Current Sensing and Current Limit With Foldback

Clamping of the maximum value of COMPXx is such as to limit the maximum current through the inductor to a
specified value. When the output of the buck regulator (and hence the feedback value at FBXx) falls to a low value
due to a short circuit or overcurrent condition, the clamped voltage at COMPx successively decreases, thus
providing current foldback protection, which protects the high-side external MOSFET from excess current
(forward-direction current limit).

Similarly, if a fault condition shorts the output to a high voltage and the low-side MOSFET turns fully on, the
COMPXx node drops low. A clamp is on its lower end as well, in order to limit the maximum current in the low-side
MOSFET (reverse-direction current limit).

An external resistor senses the current through the inductor. Choose the sense resistor such that the maximum
forward peak current in the inductor generates a voltage of 75 mV across the sense pins. This specified value is
for low duty cycles only. At typical duty-cycle conditions around 40% (assuming 5-V output and 12-V input), 50
mV is a more reasonable value, considering tolerances and mismatches. The Typical Characteristics section
provides a guide for using the correct current-limit sense voltage.

The current-sense pins Sx1 and Sx2 are high-impedance pins with low leakage across the entire output range,
thus allowing DCR current sensing using the dc resistance of the inductor for higher efficiency. Figure 19 shows
DCR sensing. Here, the series resistance (DCR) of the inductor is the sense element. Place the filter
components close to the device for noise immunity. Remember that while the DCR sensing gives high efficiency,
it is inaccurate due to the temperature sensitivity and a wide variation of the parasitic inductor series resistance.
Hence, it may often be advantageous to use the more-accurate sense resistor for current sensing.

TPS43335-Q1

or
TPS43336-Q1

Ji H—

Inductor, L

Figure 19. DCR Sensing Configuration
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Feature Description (continued)
7.3.1.7 Slope Compensation

Optimal slope compensation which is adaptive to changes in input voltage and duty cycle allows stable operation
under all conditions. For optimal performance of this circuit, choose the inductor and sense resistor according to
the following:

LXfSW

=200
S

where
e L is the buck regulator inductor in henries.
* Rgis the sense resistor in ohms.
» fsw IS the buck-regulator switching frequency in hertz. (©)]

7.3.1.8 Power-Good Outputs and Filter Delays

Each buck controller has an independent power-good comparator monitoring the feedback voltage at the FBx
pins and indicating whether the output voltage has fallen below a specified power-good threshold. This threshold
has a typical value of 93% of the regulated output voltage. The power-good indicator is available as an open-
drain output at the PGx pins. An internal 50-kQ pullup resistor to Sx2 is available, or use of an external resistor is
possible. Shutdown of a buck controller causes an internal pulldown of the power-good indicator. Connecting the
pullup resistor to a rail other than the output of that particular buck channel causes a constant current flow
through the resistor when the buck controller is powered down.

In order to avoid triggering the power-good indicators due to noise or fast transients on the output voltage, the
device uses an internal delay circuit for de-glitching. Similarly, when the output voltage returns to its set value
after a long negative transient, assertion of the power-good indicator (release of the open-drain pin) occurs after
the same delay. Use of this delay can pause the reset of circuits powered from the buck regulator rail. Program
the duration of the delay of by using a suitable capacitor at the DLYAB pin according to the equation:

toeay _ 1ms

When the DLYAB pin is open, the delay setting is for a default value of 20 ps typical. The power-good delay
timing is common to both the buck rails, but the power-good comparators and indicators function independently.

7.3.1.9 Light-Load PFM Mode

An external clock or a high level on the SYNC pin results in forced continuous-mode operation of the bucks. An
open or low on the SYNC pin allows the buck controllers to operate in discontinuous mode at light loads by
turning off the low-side MOSFET on detection of a zero-crossing in the inductor current.

In discontinuous mode, as the load decreases, the duration when both the high-side and low-side MOSFETSs turn
off increases (deep discontinuous mode). In case the duration exceeds 60% of the clock period and Vgat > 8 V,
the buck controller switches to a low-power operation mode. The design ensures that this typically occurs at 1%
of the set full-load current if the choice of the inductor and sense resistor is as recommended in the slope
compensation section.

In low-power PFM mode, the buck monitors the FBx voltage and compares it with the 0.8-V internal reference.
Whenever the FBx value falls below the reference, the high-side MOSFET turns on for a pulse duration inversely
proportional to the difference VIN — Sx2. At the end of this on-time, the high-side MOSFET turns off and the
current in the inductor decays until it becomes zero. The low-side MOSFET does not turn on. The next pulse
occurs the next time FBx falls below the reference value. This results in a constant volt-second t,, hysteretic
operation with a total device quiescent current consumption of 30 pA when a single buck channel is active and
35 YA when both channels are active.

As the load increases, the pulses become more and more frequent and move closer to each other until the
current in the inductor becomes continuous. At this point, the buck controller returns to normal fixed-frequency
current-mode control. Another criterion to exit the low-power mode is when VIN falls low enough to require higher
than 80% duty cycle of the high-side MOSFET.
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Feature Description (continued)

The TPS43335-Q1 and TPS43336-Q1 can support the full-current load during low-power mode until the
transition to normal mode takes place. The design ensures that exit of the low-power mode occurs at 10%
(typical) of full-load current if the selection of inductor and sense resistor is as recommended. Moreover, there is
always a hysteresis between the entry and exit thresholds to avoid oscillating between the two modes.

In the event that both buck controllers are active, low-power mode is only possible when both buck controllers
have light loads that are low enough for low-power mode entry. With the boost controller enabled, low-power
mode is possible only if Vgar is high enough to prevent the boost from switching and if DIV is open or set to
GND. A high (Vggg) level on DIV inhibits low-power mode, unless ENC is set to low.

7.3.2 Boost Controller

The boost controller has a fixed-frequency voltage-mode architecture and includes cycle-by-cycle current-limit
protection for the external N-channel MOSFET. The boost-controller switching-frequency setting is one-half of the
buck-controller switching frequency. An internal resistor-divider network programmable to 7 V, 10 V, or 11 V sets
the output voltage of the boost controller at the VIN pin, based on the low, open, or high status, respectively, of
the DIV pin. The device does not recognize a change of the DIV setting while the in the low-power mode.

The active-high ENC pin enables the boost controller, which is active when the input voltage at the VBAT pin has
crossed the unlock threshold of 8.5 V at least once. A single threshold crossing arms the boost controller, which
starts switching as soon as Vy falls below the value set by the DIV pin, regulating the VIN voltage. Thus, the
boost regulator maintains a stable input voltage for the buck regulators during transient events such as a
cranking pulse at VBAT.

The voltage at the DS pin exceeding 200 mV pulls the CG1 pin low, turning off the boost external MOSFET.
Connecting the DS pin to the drain of the MOSFET or to a sense resistor between the MOSFET source and
ground achieves cycle-by-cycle overcurrent protection for the MOSFET. Choose the on-resistance of the
MOSFET or the value of the sense resistor in such a way that the on-state voltage at the DS does not exceed
200 mV at the maximum-load and minimum-input-voltage conditions. When using a sense resistor, TI
recommends connecting a filter network between the DS pin and the sense resistor for better noise immunity.

One can use the boost output (VIN) to supply other circuits in the system. However, they should be high-voltage
tolerant. The device regulates the boost output to the programmed value only when VIN is low, and so VIN can
reach battery levels.

Vear VBAT

TPS43335-Q1 VIN

- DS L or
TPS43335-Q1 TPS43336-Q1
or
TPS43336-Q1 [
GC1 i

Figure 20. External Drain-Source Voltage Sensing Figure 21. External Current Shunt Resistor

20 Copyright © 2011-2015, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps43335-q1?qgpn=tps43335-q1
http://www.ti.com.cn/product/cn/tps43336-q1?qgpn=tps43336-q1
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS43335-Q1, TPS43336-Q1

www.ti.com.cn ZHCS189E —JUNE 2011 —-REVISED DECEMBER 2015

Feature Description (continued)
7.3.3 Frequency-Hopping Spread Spectrum (TPS43336-Q1 Only)

The TPS43336-Q1 features a frequency-hopping pseudo-random spectrum-spreading architecture. On this
device, whenever the SYNC pin is high, the internal oscillator frequency varies from one cycle to the next within
a band of +5% around the value programmed by the resistor at the RT pin. The implementation uses a linear-
feedback shift register that changes the frequency of the internal oscillator based on a digital code. The shift
register is long enough to make the hops pseudo-random in nature and has a design such that the frequency
shifts only by one step at each cycle to avoid large jumps in the buck and boost switching frequencies.

Table 1. Frequency-Hopping Control

SYNC

TERMINAL FREQUENCY SPREAD SPECTRUM (FSS) COMMENTS

External clock Not active Eeet\\/,\l;;i;nfggcsgzcgggngggiﬁzode, internal PLL locks into external clock
. Device can enter discontinuous mode. Automatic LPM entry and exit,

Low or open Not active depending on load conditions

. TPS43335-Q1: FSS not active o .
High - Device in forced continuous mode

TPS43336-Q1: FSS active

7.3.4 Gate-Driver Supply (VREG, EXTSUP)

The gate-driver supplies of the buck and boost controllers are from an internal linear regulator whose output (5.8
V typical) is on the VREG pin and requires decoupling with a ceramic capacitor in the range of 3.3 uF to 10 pF.
This pin has internal current-limit protection; do not use it to power any other circuits.

NOTE
VREG is not powered if no regulator is enabled, therefore it is not suitable to enable the
regulators.

VIN powers the VREG linear regulator by default when the EXTSUP voltage is lower than 4.6 V (typical). If there
is an expectation of V,y going to high levels, there can be excessive power dissipation in this regulator, especially
at high switching frequencies and when using large external MOSFETS. In this case, it is advantageous to power
this regulator from the EXTSUP pin, which can have a connection to a supply lower than V,y but high enough to
provide the gate drive. When the voltage on EXTSUP is greater than 4.6 V, the linear regulator automatically
switches to EXTSUP as its input, to provide this advantage. Efficiency improvements are possible when using
one of the switching regulator rails from the TPS43335-Q1 or TPS43336-Q1 or any other voltage available in the
system to power EXTSUP. The maximum voltage for application to EXTSUP is 9 V.

O viN (O Extsup
58V LDO 7.5V LDO
(typical) VIN (typical) EXTSUP

4.6V (typical)

VREG

Figure 22. Internal Gate-Driver Supply

Using a voltage above 5.8 V (sourced by VIN) for EXTSUP is advantageous, as it provides a large gate drive
and hence better on-resistance of the external MOSFETS.
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When using EXTSUP, always keep the buck rail supplying EXTSUP enabled. Alternatively, if it is necessary to
switch off the buck rail supplying EXTSUP, place a diode between the buck rail and EXTSUP.

During low-power mode, the EXTSUP functionality is not available. The internal regulator operates as a shunt
regulator powered from VIN and has a typical value of 7.5 V. Current-limit protection for VREG is available in
low-power mode as well. If EXTSUP is unused, leave the pin open without a capacitor installed.

7.3.5 External P-Channel Drive (GC2) and Reverse Battery Protection

The TPS43335-Q1 and TPS43336-Q1 include a gate driver for an external P-channel MOSFET which can
connect across the rectifier diode of the boost regulator. Such connection is useful to reduce power losses when
the boost controller is not switching. The gate driver provides a swing of 6 V typical below the VIN voltage in
order to drive a P-channel MOSFET. When Vg, falls below the boost-enable threshold, the gate driver turns off
the P-channel MOSFET, eliminating the diode bypass.

Another use for the gate driver is to bypass any additional protection diodes connected in series, as shown in
Figure 23.

The bypass-design should be chosen with the following considerations in mind:

The FETs need to have a current-rating to support the maximum output power at minimum voltage (before
Boost gets activated, typically 1 V above the set boost-voltage). The FETs Drain-Source-Voltage also needs
to support the worst case transients on VBAT, potentially causing a reverse voltage due to capacitors on the
Source.

The Zener-Diode protects the FET against a too high Gate-Source-voltage. Typically a rating of ~7.5 V is
suitable.

The resistor limits the current to the FET and over the diode. Considering the deep boost mode and a high
boost-output voltage, up to 9 V may be present between GC2 and VBAT, reduced by the Zener-voltage. As
GC2 has a drive capability of 10 mA, the current needs to be limited by a series resistance of about 1kOhm
(depending on Vbat(min), V(boost) and Zener-voltage).

R10
GC2
TPS43335-Q1
Q6__ | or
L TPS43336-Q1
Vgar  Fuse (S1) ’_r\fl-\éxq_‘
VIN
D2 ng %;017 D1 C15%; %;CM
DS
al
COMPC
C13
R9 E
A veAT

Figure 23. Reverse Battery Protection Option 1 for Buck Boost Configuration

Figure 24 also shows a different scheme of reverse battery protection, which may require only a smaller-sized
diode to protect the N-channel MOSFET, as the diode conducts only for a part of the switching cycle. Because
the diode is not always in the series path, the system efficiency can be improved.
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TPS43335-Q1

or
TPS43336-Q1
VBAT Q

o7 Jvi
Fuse

1N i 17
Wg' .

VBAT

{Jbs

Figure 24. Reverse Battery Protection Option 2 for Buck Boost Configuration

7.3.6 Undervoltage Lockout and Overvoltage Protection

The TPS43335-Q1 and TPS43336-Q1 start up at a VIN voltage of 6.5 V (minimum), required for the internal
supply (VREG). Once it has started up, the device operates down to a VIN voltage of 3.6 V; below this voltage
level, the undervoltage lockout disables the device. Note: if V,y drops, Vrecdrops as well; hence, the gate-drive
voltage is reduced, whereas the digital logic is fully functional. Note as well, even if ENC is high, there is a
requirement to exceed the boost-unlock voltage of typically 8.5 V once, before boost activation can take place
(see the Boost Controller section herein). A voltage of 46 V at VIN triggers the overvoltage comparator, which
shuts down the device. In order to prevent transient spikes from shutting down the device, the under- and
overvoltage protection have filter times of 5 us (typical).

When the voltages return to the normal operating region, the enabled switching regulators start including a new
soft-start ramp for the buck regulators.

With the boost controller enabled, a voltage less than 1.9 V (typical) on VBAT triggers an undervoltage lockout
and pulls the boost gate driver (GC1) low (this action has a filter delay of 5 ps, typical). As a result, VIN falls at a
rate dependent on its capacitor and load, eventually triggering VIN undervoltage. A short falling transient at
VBAT even lower than 2 V can thus be survived, if Vgar returns above 2.5 V before VIN is discharged to the
undervoltage threshold.

7.3.7 Thermal Protection

The TPS43335-Q1 or TPS43336-Q1 protects itself from overheating using an internal thermal shutdown circuit. If
the die temperature exceeds the thermal shutdown threshold of 165°C due to excessive power dissipation (for
example, due to fault conditions such as a short circuit at the gate drivers or VREG), the controllers turn off and
then restart when the temperature has fallen by 15°C.
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7.4 Device Functional Modes
Table 2 lists the enable and inhibit pin configurations for the modes of operation.

Table 2. Mode of Operation

ENABLE AND INHIBIT PINS DRIVER STATUS

DEVICE STATUS QUIESCENT CURRENT
ENA ENB ENC SYNC BUCK CONTROLLERS BOOST CONTROLLER
Low Low Low X Shut down Disabled Shutdown Approximately 4 pA
Low BuckB: LPM enabled Approximately 30 pA (light loads)
Low High Low BuckB running Disabled
High BuckB: LPM inhibited mA range
Low BuckA: LPM enabled Approximately 30 PA (light loads)
High Low Low BuckA running Disabled
High BuckA: LPM inhibited mA range
Low BuckA and BuckB: LPM enabled Approximately 35 pA (light loads)
High High Low BuckA and BuckB running | Disabled
High BuckA and BuckB: LPM inhibited mA range
Low Low Low X Shut down Disabled Shutdown Approximately 4 pA
. Approximately 50 A
Low i BuckB: LPM enabled N
Low | High | High BuckB running \E;OOSt running for (no boost, light loads)
- n < set boost output ——
High BuckB: LPM inhibited mA range
. Approximately 50 HA
Low Boost running for BuckA: LPM enabled ( N
i i i no boost, light loads)
High Low High : BuckA running Vi, < set boost output —
High BuckA: LPM inhibited mA range
. Approximately 60 A
Low i BuckA and BuckB: LPM enabled N
High | High | High BuckA and BuckB running Soojtsreutngcl;gzgstfzrutput (no boost, light loads)
High N BuckA and BuckB: LPM inhibited mA range

7.4.1

Peak-current-mode control regulates the peak current through the inductor to maintain the output voltage at its
set value. The error between the feedback voltage at FBx and the internal reference produces a signal at the
output of the error amplifier (COMPx) which serves as the target for the peak inductor current. The device
senses the current through the inductor as a differential voltage at Sx1-Sx2 and compares voltage with this
target during each cycle. A fall or rise in load current produces a rise or fall in voltage at FBX, causing Vcompx tO
fall or rise respectively, thus increasing or decreasing the current through the inductor until the average current
matches the load. This process maintains the output voltage in regulation.

Buck Controllers: Current-Mode Operation

The top N-channel MOSFET turns on at the beginning of each clock cycle and stays on until the inductor current
reaches its peak value. Once this MOSFET turns off, and after a small delay (shoot-through delay) the lower N-
channel MOSFET turns on until the start of the next clock cycle. In dropout operation, the high-side MOSFET
stays on continuously. In every fourth clock cycle, a limit exists on the duty cycle of 95% to charge the bootstrap
capacitor at CBx which allows a maximum duty cycle of 98.75% for the buck regulators. During dropout, the buck
regulator switches at one-fourth of the normal frequency.

7.4.2 Buck Controllers: Light-Load PFM Mode

An external clock or a high level on the SYNC pin results in forced continuous-mode operation of the bucks. An
open or low on the SYNC pin allows the buck controllers to operate in discontinuous mode at light loads by
turning off the low-side MOSFET on detection of a zero-crossing in the inductor current.

In discontinuous mode, as the load decreases, the duration when both the high-side and low-side MOSFETSs turn
off increases (deep discontinuous mode). In case the duration exceeds 60% of the clock period and Vgat > 8 V,
the buck controller switches to a low-power operation mode. The design ensures that this typically occurs at 1%
of the set full-load current if the choice of the inductor and sense resistor is as recommended in the slope-
compensation section.

In low-power PFM mode, the buck monitors the FBx voltage and compares it with the 0.8-V internal reference.
Whenever the FBx value falls below the reference, the high-side MOSFET turns on for a pulse duration inversely
proportional to the difference VIN — Sx2. At the end of this on-time, the high-side MOSFET turns off and the
current in the inductor decays until it becomes zero. The low-side MOSFET does not turn on. The next pulse
occurs the next time FBx falls below the reference value. This results in a constant volt-second t,, hysteretic
operation with a total device quiescent current consumption of 30 pA when a single buck channel is active and
35 YA when both channels are active.
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As the load increases, the pulses become more and more frequent and move closer to each other until the
current in the inductor becomes continuous. At this point, the buck controller returns to normal fixed-frequency
current-mode control. Another criterion to exit the low-power mode is when VIN falls low enough to require higher
than 80% duty cycle of the high-side MOSFET.

The TPS4333x-Q1 family of devices can support the full-current load during low-power mode until the transition
to normal mode takes place. The design ensures that exit of the low-power mode occurs at 10% (typical) of full-
load current if the selection of inductor and sense resistor is as recommended. Moreover, a hysteresis also exists
between the entry and exit thresholds to avoid oscillating between the two modes.

In the event that both buck controllers are active, low-power mode is only possible when both buck controllers
have light loads that are low enough for low-power mode entry. With the boost controller enabled, low-power
mode is possible only if Vgar is high enough to prevent the boost from switching and if DIV is open or set to
GND. A high (Vgeg) level on DIV inhibits low-power mode, unless the ENC pin is set to low.
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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

The TPS43335-Q1 and TPS43336-Q1 devices are ideally suited as a pre-regulator stage with low Iq
requirements and for applications that must survive supply drops due to cranking events. The integrated boost
controller allows the devices to operate down to 2 V at the input without seeing a drop on the buck regulator
output stages. Below component values and calculations are a good starting point and theoretical representation
of the values for use in the application; improving the performance of the device may require further optimization
of the derived components.

8.2 Typical Applications

8.2.1 Automotive Infotainment Supply

This is a starting point and theoretical representation of the values for use in the application; improving the
performance of the device may require further optimization of the derived components.

V L1 D1 BOOST: 10V, 25 W
.VBAT I - YV T ? o
Cin 3.9uH 10 uF L L Court
nl
220 uF - L - 680 UF
TOP-SW3 = =
= 1kQ
- VBAT VIN
BOT-SW3 ’
—1ps EXTSUP|
LAk | Lect DIV f———
0.020 1 GC2 VREG|—————
1nF— 4THF =
= = CBA cBB =
TOP-SW1—<| =01 0.1 pFi—— ‘}— TOP-SW2

L3

Veucka: 5V, 15W 0.015Q

GA1 GB1 0.030Q Veucke: 3.3V, 6.6 W

8.2 uH *
Coura L A PHA PHB LCOUTB
100 pF g BOT-SW1 GA2 GB2 100 pF
84 kQ) PGNDA PGNDB =
TPS43335-Q1
SAl or S|
TPS43336-Q1 50 kQ|
SA2 SB2
FBA FBB
= — Y W S oYY COMPB] I moka %
33 pF 1— 27 pF
pF— STC150F 5440 30kQ 11nFI I
— — _———SSA SSBf——————— -
- 10 nF 10 nF I
= PGA PGB
5kQ 5kQ
ENA AGNDf[———
ENB RT f——
220 pF COMPC DLYAB
L 1:22[1':7.2“) T 1nF
= — g ENC SYNC|— —

Figure 25. Simplified Automotive Infotainment Supply Schematic
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Typical Applications (continued)
8.2.1.1 Design Requirements
Table 3 lists the design-goal parameters.

Table 3. Design-Goal Parameters

PARAMETER VBucka VBucks BOOST
MpedenY | Vigngvemv | Ver 3y e i
Output voltage, Voyrx 5V 33V nov
Maximum output current, loyTy 3A 2A 25A
Load-step output tolerance, AVoyt + AVouTt(Ripple) +0.2V +0.12 V 0.5V
Current output load step, AloyTx 0.1Ato3A 0.1Ato2A 0.1Ato25A
Converter switching frequency, fsw 400 kHz 400 kHz 200 kHz

8.2.1.2 Detailed Design Procedure
Table 4 illustrates the design process and component selection for the TPS43335-Q1 and TPS43336-Q1.

Table 4. Automotive Infotainment Supply — Component Proposals

NAME COMPONENT PROPOSAL VALUE
L1 MSS1278T-392NL (Coilcraft) 4 pH
L2 MSS1278T-822ML (Coilcraft) 8.2 pH
L3 MSS1278T-153ML (Coilcraft) 15 pH
D1 SK103 (Micro Commercial Components)
TOP_SW3 IRF7416 (International Rectifier)

TOP_SW1, TOP_SW2 | Si4840DY-T1-E3 (Vishay)
BOT_SW1, BOT_SW2 | Si4840DY-T1-E3 (Vishay)

BOT_SW3 IRFR3504ZTRPBF (International Rectifier)

Cout1 EEVFK1J681M (Panasonic) 680 uF
Couta: CouTs ECASD91A107M010K00 (Murata) 100 pF
Cin EEEFK1V331P (Panasonic) 220 pF

8.2.1.2.1 Boost Component Selection

A boost converter operating in continuous-conduction mode (CCM) has a right-half-plane (RHP) zero in its
transfer function. The RHP zero relates inversely to the load current and inductor value and directly to the input
voltage. The RHP zero limits the maximum bandwidth achievable for the boost regulator. If the bandwidth is too
close to the RHP zero frequency, the regulator may become unstable.

Thus, for high-power systems with low input voltages, choose a low inductor value. A low value increases the
amplitude of the ripple currents in the N-channel MOSFET, the inductor, and the capacitors for the boost
regulator. Select these components with the ripple-to-RHP zero trade-off in mind and considering the power
dissipation effects in the components due to parasitic series resistance.

A boost converter that operates always in the discontinuous mode does not contain the RHP zero in its transfer
function. However, designing for the discontinuous mode demands an even lower inductor value that has high
ripple currents. Also, ensure that the regulator never enters the continuous-conduction mode; otherwise, it may
become unstable.
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Figure 26. Boost Compensation Components

This design assumes operation in continuous-conduction mode. During light load conditions, the boost converter
operates in discontinuous mode without affecting stability. Hence, the assumptions here cover the worst case for
stability.

8.2.1.2.2 Boost Maximum Input Current liy wax

The maximum input current flows at the minimum input voltage and maximum load. The efficiency for Vga1 =5V
at 2.5 A is 80%, based on the typical characteristics plot.

P, 25W
INmax = _O_UT = 5 2313 W
Efficiency 0.8 (5)
Hence,
_ 31.3W
IleaX(a’[VBAT —5V)=W=6.3A ©)

8.2.1.2.3 Boost Inductor Selection, L

Allow input ripple current of 40% of |,y max &t Vear =5 V.

Vear X ton _ Vear _ 5V _4
I I x2xfy, 2.52 Ax2x200kHz

9 uH

INripple max INripple max

™

Choose a lower value of 4 pH in order to ensure a high RHP-zero frequency while making a compromise that
expects a high current ripple. This inductor selection also makes the boost converter operate in discontinuous
conduction mode, where it is easier to compensate.

The inductor saturation current must be higher than the peak inductor current and some percentage higher than
the maximum current-limit value set by the external resistive sensing element.

Determine the saturation rating at the minimum input voltage, maximum output current, and maximum core
temperature for the application.

8.2.1.2.4 Inductor Ripple Current, IgpppLe
Based on an inductor value of 4 pH, the ripple current is approximately 3.1 A.
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8.2.1.2.5 Peak Current in Low-Side FET, lpgak

| 3.1A
| =1 + RIPPLE _ 63 A+ =7.85A
PEAK = lINmax 5 > ®)
Based on this peak current value, calculate the external current-sense resistor Rggnse-
0.2V
R = =25mQ
SENSE =785 A ©)

Select 20 mQ, allowing for tolerance.
The filter component values R;e 1+ and Ci 1 for current sense are 1.5 kQ and 1 nF, respectively, which allows for
good noise immunity.
8.2.1.2.6 Right Half-Plane Zero RHP Frequency, fgup
VBATmin

=32kHz

frop =5
21X liymax XL (10)

8.2.1.2.7 Output Capacitor, Coyry
To ensure stability, choose output capacitor Coyry Such that

frep
10

10 <_ VBATmin

2nx JLxCoury 27 %liNmax XL

2 2
10 x|
Coury = | 10 mmax XL:(M] <4 uH
BAT min S5V

CouTxmin = 635 pF (11)
Select Coy1x = 680 UF.

This capacitor is usually aluminum electrolytic with ESR in the tens of milliohms. ESR in this range is good for
loop stability, because it provides a phase boost. The output filter components, L and C, create a double pole
(180-degree phase shift) at a frequency f c and the ESR of the output capacitor Rggg creates a zero for the
modulator at frequency fzgg. These frequencies can be determined by the following:

1

fran = Hz, assume R.., =40 mQ
=R 2mx Courx XResr =R
1
oo = — 6 kHz
27x660 uF x0.04 Q
flo = L - 1 = 3.1kHz
© 2nxLxCqy, 2mx 4 uHx660uF 12

This satisfies f ¢ < 0.1 fryp.
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8.2.1.2.8 Bandwidth of Boost Converter, fc

Use the following guidelines to set the frequency poles, zeroes, and crossover values for the trade-off between
stability and transient response:

fLe < fesr< fe< frup zero
fe< frup zero / 3
fo< fow | 6

fle<fe/3

8.2.1.2.9 Output Ripple Voltage Due to Load Transients, AVgyrx

Assume a bandwidth of fo = 10 kHz.

AIOUT)(

AVoutx = REesr *x Aloyty + TN
outx xfc

=0.04 Qx25A+ 2.5A =019V

4x660 uF x 10 kHz (13)

Because the boost converter is active only during brief events such as a cranking pulse, and the buck converters
are high-voltage tolerant, a higher excursion on the boost output may be tolerable in some cases. In such cases,
one can choose smaller components for the boost output.

8.2.1.2.10 Selection of Components for Type Il Compensation

The required loop gain for unity-gain bandwidth (UGB) is
f f
G=40log| -2 —20Iog[ c J
fle fesr

G = 40 log 10 kHz ~20log 10 kHz
3.1kHz

]=15.9 dB

Hz (14)
The boost-converter error amplifier (OTA) has a Gm that is proportional to the VBAT voltage. This allows a
constant loop response across the input-voltage range and makes it easier to compensate by removing the
dependency on Vgat.

10G/20
R3 = 5 5 =7.2kQ
85><107 A/V XVOUTX
o 10 =22nF
2nxfo xR3  2nx10kHzx 7.2 kQ
co- C1 _ 22 nF 223 pF

1

27[><R3><C1><[fsé’vj—1 2mx7.2kQx 22 an(%(’zkHZj_

(15)
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8.2.1.2.11 Input Capacitor, Cy

The input ripple required is lower than 50 mV.
IRIPPLE

AV = —10mV
8><fSW XC|N
|
Cpn=—"TPPLE _ _ 194 uF
8><fSW XAVC»I
AVesr = IrippLe XResr =40 mV (16)

Therefore, Tl recommends 220 pF with 10-mQ ESR.

8.2.1.2.12 Output Schottky Diode D1 Selection

Maximizing efficiency requires a Schottky diode with low forward-conducting voltage Vg over temperature and
fast switching characteristics. The reverse breakdown voltage should be higher than the maximum input voltage,
and the component should have low reverse leakage current. Additionally, the peak forward current should be
higher than the peak inductor current. The power dissipation in the Schottky diode is given by:

Po =Ippeak) x Ve x(1-D)

ViNmIN 1 5V

D:1— ="— =
Vour + V¢ 10V +0.6V

0.53

Pp=7.856 Ax0.6Vx(1-0.53)=2.2W (17)

8.2.1.2.13 Low-Side MOSFET (BOT_SW3)

Psoostrer = (Ipk)* % Tos(on) (1+ TC)xD + [ J x(t + 1) x fow

V) xlpy

2
Pooosrrer = (7:85 A x0.02 Qx(1+0.4)x0.53+[

jx(ZO ns+20ns)x200 kHz =1.07 W
(18)

The times t, and t; denote the rising and falling times of the switching node and relate to the gate-driver strength
of the TPS43335-Q1 and TPS43336-Q1 and the gate Miller capacitance of the MOSFET. The first term denotes
the conduction losses, which the low on-resistance of the MOSFET minimizes. The second term denotes the
transition losses which arise due to the full application of the input voltage across the drain-source of the
MOSFET as it turns on or off. Transition losses are higher at high output currents and low input voltages (due to
the large input peak current) and when the switching time is low.

Note: The on-resistance, rpgn), has a positive temperature coefficient, which produces the (TC = d x AT) term
that signifies the temperature dependence. (Temperature coefficient d is available as a normalized value from
MOSFET data sheets and can have an assumed starting value of 0.005 / °C.)

8.2.1.2.14 BuckA Component Selection

8.2.1.2.14.1 BuckA Component Selection

__Voura _ 33V =275ns

t . =
ONMIN =\ imax < fsw 30 V x 400 kHz (19)

ton miniS higher than the minimum duty cycle specified (100 ns typical). Hence, the minimum duty cycle is
achievable at this frequency.
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8.2.1.2.14.2 Current-Sense Resistor Rgense

Based on the typical characteristics for the Vggnse limit with V) versus duty cycle, the sense limit is
approximately 65 mV (at V|y = 12 V and duty cycle of 5 V / 12 V = 0.416). Allowing for tolerances and ripple
currents, choose a Vggnge maximum of 50 mV.

50 mV
Rsense = —5 54— =17 mQ

(20)
Select 15 mQ.

8.2.1.2.15 Inductor Selection L

As explained in the description of the buck controllers, for optimal slope compensation and loop response,
choose the inductor such that:
Rsense 15 mQ

L=K =200x———=7.5uH
LR “400kHz 1)
KgLr = coil-selection constant = 200

Choose a standard value of 8.2 pH. For the buck converter, choose the inductor saturation currents and core to
sustain the maximum currents.

8.2.1.2.16 Inductor Ripple Current lgpp. e
At the nominal input voltage of 12 V, this inductor value causes a ripple current of 30% of loyt max = 1 A.

8.2.1.2.17 Output Capacitor Coyra

Select an output capacitance Coyra 0f 100 pF with low ESR in the range of 10 mQ, giving AVoyr(rippley = 15 MV
and a AV drop of = 180 mV during a load step, which does not trigger the power-good comparator and is within
the required limits.

co o 2XNouta _ 2x29A .
OUTA = f v xAVoura  400kHzx02V - F 22)
louTA(Ripple) 1A
V, oole) = ———TARIpole) ooje) XESR = 1Ax10mQ =13.1mV
OUTA(RIPPI) = gt v Coyra | CUTARIPRIE) 8400 kHz <100 uF 23)
Al
AVoura = ——2T2 4 Algyra xESR = 2.9A +2.9Ax10 mQ =174 mV
4% xCoura 4 x50 kHzx 100 pF (24)

8.2.1.2.18 Bandwidth of Buck Converter f¢

Use the following guidelines to set frequency poles, zeroes, and crossover values for the trade-off between
stability and transient response.

e Crossover frequency f: between fgy, / 6 and fgyy, / 10. Assume f; = 50 kHz.

e Selectthe zero f, = f; /10

e Make the second pole fp, = fgy / 2
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8.2.1.2.19 Selection of Components for Type Il Compensation

VOUT

VSENSE

Gmgyex  COMP_ Type 2A

Figure 27. Buck Compensation Components

3 2nxfo x Voyur X Coure ~ 2nx50kHz x5V x100pF

= =23.57 kQ
Gmgyex *Kerg X Virer Gmgyex % Kerg % Vier

where
* Vour=5V
e Cour = 100 uF
e Gmgycek =1 mS
e Vper=0.8V
e Kceg = 0.125 / Rgenge = 8.33 S (0.125 is an internal constant)

Use the standard value of R3 = 24 kQ.
10 10
C1

" 2nxR3xf, 2nx24 kQx50 kHz

=1.33nF

Use the standard value of 1.5 nF.

co_ C1 1.5nF

=33pF

1

2an3xC{f¥V]—1 2nx24ka15nF(402;sz—

The resulting bandwidth of buck converter f ¢
£ Gmgyey XR3xKeg y Veer

2nx Coyr, Vour

C

~ 1mSx24kQx8.338x0.8V
2nx100 yF x5V

fc is close to the target bandwidth of 50 kHz.

fo =50.9 kHz

The resulting zero frequency f,;
. 1 3 1
“17 2nxR3xC1 2nx24kQx1.5nF

f,41 is close to the fo / 10 guideline of 5 kHz.

=4.42 kHz

The second pole frequency fp,
1 1

fop = - — 201kHz
21xR3xC2  2mx24kQx33 pF

fp, is close to the fgy / 2 guideline of 200 kHz. Hence, the design satisfies all requirements for a good loop.

(25)

(26)

(27)

(28)

(29)

(30)
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8.2.1.2.20 Resistor Divider Selection for Setting Vgyra Voltage

g Ve 08V _ o0
Voura SV (31)

Choose the divider current through R1 and R2 to be 50 pA. Then

SV _66kO
50 pA (32)

R1+R2 =

and

R2_ _0.16
R1+R2 (33)

Therefore, R2 = 16 kQ and R1 = 84 kQ.

8.2.1.2.21 BuckB Component Selection

Using the same method as for Vg,a produces the following parameters and components.

tog - Yours __ 33V o5
ONMIN =\ max < fsw 30 V x 400 kHz (34)

This is higher than the minimum duty cycle specified (100 ns typical).
60 mV

L=200x0M2 _ 45
400 kHz (35)
Alippie current = 0.4 A (approximately 20% of loyrt max)
Select an output capacitance Cqoytg 0f 100 pF with low ESR in the range of 10 mQ.
Assume fc = 50 kHz.

c. . 2xAoure _  2x1.9A o o
OUTB ™ ¢ v xAVours  400KHzx0.12V " (36)

| .
OUTBRppIE) | o) ¥ESR = 0.4 A +04Ax10MQ=53mV

8xfsw xCoutn 8x 400 kHzx100 pF (37)

Al
AVourg =——228 4 Algys xESR = 194 +1.9Ax10mQ =114 mV

4xfo xCoyth 4 x50 kHzx100 pF (38)

_ 2 xfe x Voyrg X Coyra

VOUTB(RippIe) =

Gmgyex *Kerg X Virer

_ 21 x50 kHzx 3.3 V x100 puF _ 31KO
1TmSx4.16 Sx0.8V (39)
Use the standard value of R3 = 30 kQ.
10 10

Cl1= = =1.1nF
2nxR3xf, 2mx30kQ x50 kHz (40)

34 Copyright © 2011-2015, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps43335-q1?qgpn=tps43335-q1
http://www.ti.com.cn/product/cn/tps43336-q1?qgpn=tps43336-q1
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS
TPS43335-Q1, TPS43336-Q1
www.ti.com.cn ZHCS189E —JUNE 2011-REVISED DECEMBER 2015
C1
C2-=

275><R3><C1><[f82WJ—1

1.1nF

- - 27 pF
21 x 30 kQ><1.1nF><(4OOkHZj—1
2 (41)
_ Gmgo XR3xKerg v Vrer
© 2nx Coyrg Vours
:1me30 kQx4.16 Sx0.8 V _ 48 kHz

27x100 uF x 3.3 V (42)

fc is close to the target bandwidth of 50 kHz.
The resulting zero frequency fy;

1 1
1 = = =4.8kHz
2nxR3xC1 2nx30kQx1.1nF (43)
f;41 is close to the f- guideline of 5 kHz.
The second pole frequency fp,
1 1
P2 = = = 196 kHZ
2nxR3xC2 2nx30kQx27 pF (44)

fp, is close to the fgy / 2 guideline of 200 kHz.
Hence, the design satisfies all requirements for a good loop.

8.2.1.2.22 Resistor Divider Selection for Setting Vot Voltage

V. 0.8V
p=—REE = =2 = —0.242
VOUT 33V (45)
Choose the divider current through R1 and R2 to be 50 pA. Then
rRi+R2= 22V _66ka
50 pA (46)
and
RZ_ _0.242
R1+R2 (47)

Therefore, R2 = 16 kQ and R1 = 50 kQ.

8.2.1.2.23 BuckX High-Side and Low-Side N-Channel MOSFETs

An internal supply, which is 5.8 V typical under normal operating conditions, provides the gate-drive supply for
these MOSFETs. The output is a totem pole, allowing full-voltage drive of Vreg to the gate with peak output
current of 0.7 A. The reference for the high-side MOSFET is a floating node at the phase terminal (PHx), and the
reference for the low-side MOSFET is the power-ground (PGx) terminal. For a particular application, select these
MOSFETs with consideration for the following parameters: rpgo), gate charge Qg, drain-to-source breakdown
voltage BVDSS, maximum dc current IDC(max), and thermal resistance for the package.
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The times t,and t; denote the rising and falling times of the switching node and have a relationship to the gate-
driver strength of the TPS43335-Q1 and TPS43336-Q1 and to the gate Miller capacitance of the MOSFET. The
first term denotes the conduction losses, which are minimimal when the on-resistance of the MOSFET is low.
The second term denotes the transition losses, which arise due to the full application of the input voltage across
the drain-source of the MOSFET as it turns on or off. Transition losses are lower at low currents and when the
switching time is low.

V, x|
Pauecroprer = (lour )’ x rDS(on)(1 +TC)xD+ (MJ x(t +t)xfgy
2 (48)
Pouekcowerrer = (lour )’ x rDS(on)(1 +TC)x(1-D) + Ve xlgyr x(2x 1,) x fgy, (49)

In addition, during the dead time ty; when both the MOSFETs are off, the body diode of the low-side MOSFET
conducts, increasing the losses. The second term in the preceding equation denotes this. Using external
Schottky diodes in parallel with the low-side MOSFETSs of the buck converters helps to reduce this loss.

Note: rpson) has a positive temperature coefficient, and TC term for rpg(on accounts for that fact. TC = d x AT[°C].
The temperature coefficient d is available as a normalized value from MOSFET data sheets and can have an
assumed starting value of 0.005 / °C.

8.2.1.3 Application Curves

WWWWMM A Wb

la
s VPP PV VEIPA YA DS VPRI S SR W SO |

YoUB(AC)

B AVE Ac ) (G 7 [qu Trigger (308
B DmA;‘( 5008 Zg‘;gskg'ls Edge  Positivel
Figure 28. Boost Cranking Pulse Response Figure 29. Buck Load-Step Response:

with 2 A Load on Boost BuckA 5V, 200 mA to 2.4 A to 200 mA

12

TaIF ) (=
200 00!
¥ o -5.000 ofst

oer

" 0 358
S00S 500505 Edge Nagaan

VoulB(4C) )I

R S PPN

LT /JAM iy | oty et

e L e aar et IR SRR VN YR DR T T Y

i

C1 SIS | C 4
20,0 mvidi 00 mAldh 200 psidiv | Stop 580 mA
0.00mY ofs -1.500 A ofst 5008 250kSfs |Edge  Positivel

Figure 30. Buck Load-Step Response:
BuckB 3.3V, 400 mA to 1.8 A to 400 mA
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8.2.2 Automotive ADAS Supply

The following example shows an application with lower output voltage and reduced load on BuckB (2.5 V, 1 A)

5t030V

L1 D1

BOOST: 10V, 20 W

-\/an I - YV,
Cn .9 uH E EH% 104F 1T T com
330 pF L1 T T aropF
TOP-SW3 = =
= 1kQ
VBAT VIN
BOT-SW3, > ’
—{bs EXTSUP|———
Laka L p DIV f——
0.030Q L VREG
470 pF c6e2 4.7 uF
= ropswigl| /=01 ur| BA CBB o1 puF—— | ToP-sw2
Veuka: 5V, 15W  0.015Q L2 GAl GB1 L3 00450
Couta 10pH PHA PHB
150 pF g BOT-SW1 Q A2 cB2
84 kQ) PGNDA PGNDB
= TPS43335-Q1
SAL or
TPS43336-Q1 34 kO
sA2 sB2
FBA FBB
16k0 COMPA CoMPB Py m%
20 pF = 10F 3010 36kQ 1nF =— =—=47PF
= = SsA ssB = =
[ 10nF 10nF_L
= PGA PGB =
5kQ 5kQ
——1{ena AGNDf———
— 1enB RT f——
comPC DLYAB -
i TR AAR 1nF
- = ————ENC SYNC|—— —

Vaucke: 3.3V, 16.5 W

_Couts
100 pF

Figure 31. Simplified Automotive ADAS Supply Schematic

8.2.2.1 Design Requirements
Table 5 lists the design-goal parameters.

Table 5. Design-Goal Parameters

PARAMETER VBucka VBucks BOOST
RV | apSimEmV | Ver sl kg s
Output voltage, Voyrx 5V 25V 0oV

Maximum output current, loyTy 3A 1A 2A

Load-step output tolerance, AVoyt + AVouTt(Ripple) +0.2V +0.12 V +0.5V

Current output load step, AloyTx 0.1Ato3A 0.1Ato1A 0.1Ato2A
Converter switching frequency, fsw 400 kHz 400 kHz 200 kHz
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8.2.2.2 Detailed Design Procedure
Table 6 illustrates the design process and component selection for the TPS43335-Q1 and TPS43336-Q1.

Table 6. Automotive ADAS Supply — Component Proposals

NAME COMPONENT PROPOSAL VALUE
L1 MSS1278T-392NL (Coilcraft) 3.9 pH
L2 MSS1278T-822ML (Coilcraft) 8.2 pH
L3 MSS1278T-223ML (Coilcraft) 22 pH
D1 SK103 (Micro Commercial Components)
TOP_SW3 IRF7416 (International Rectifier)
TOP_SW1, TOP_SW2 Si4840DY-T1-E3 (Vishay)
BOT_SW1, BOT_SW2 Si4840DY-T1-E3 (Vishay)
BOT_SW3 IRFR3504ZTRPBF (International Rectifier)
Coutz EEVFK1V471Q (Panasonic) 470 pF
CouTa ECASD91A157M010K00 (Murata) 150 pF
CouTs ECASD40J107M015K00 (Murata) 100 pF
Cin EEEFK1V331P (Panasonic) 330 uF

9 Power Supply Recommendations

The TPS43335-Q1 and TPS43336-Q1 devices are designed to operate from an input voltage up to 40 V. Ensure
that the input supply is well regulated. Furthermore, if the supply voltage in the application is likely to reach
negative voltage (for example, reverse battery) a forward diode must be placed at the input of the supply. For the
VIN pin, a good quality X7R ceramic capacitor is recommended. Capacitance derating for aging, temperature,
and DC bias must be taken into account while determining the capacitor value. Connect a local decoupling
capacitor close to the Vreg for proper filtering. The PowerPAD™ package, which offers an exposed thermal pad
to enhance thermal performance, must be soldered to the copper landing on the PCB for optimal performance.

10 Layout

10.1 Layout Guidelines
10.1.1 Grounding and PCB Circuit Layout Considerations

10.1.1.1 Boost converter

1. The path formed from the input capacitor to the inductor and BOT_SW3 with the low-side current-sense
resistor should have short leads and PC trace lengths. The same applies for the trace from the inductor to
Schottky diode D1 to the Cgy, capacitor. Connect the negative terminal of the input capacitor and the
negative terminal of the sense resistor together with short trace lengths.

2. The overcurrent-sensing shunt resistor may require noise filtering, and the filter capacitor should be close to
the IC pin.

10.1.1.2 Buck Converter

1. Connect the drain of TOP_SW1 and TOP_SW?2 together with the positive terminal of input capacitor Coyrq.
The trace length between these terminals should be short.

2. Connect a local decoupling capacitor between the drain of TOP_SWx and the source of BOT_SWHx.

3. The Kelvin-current sensing for the shunt resistor should have traces with minimum spacing, routed in parallel
with each other. Place any filtering capacitors for noise near the IC pins.
4. The resistor divider for sensing the output voltage connects between the positive terminal of its respective

output capacitor and Coyta OF Coyrg @and the IC signal ground. Do not locate these components and their
traces near any switching nodes or high-current traces.
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Layout Guidelines (continued)

10.1.2 Other Considerations

1. Short PGNDx and AGND to the thermal pad. Use a star ground configuration if connecting to a non-ground
plane system. Use tie-ins for the EXTSUP capacitor, compensation-network ground, and voltage-sense
feedback ground networks to this star ground.

2. Connect a compensation network between the compensation pins and IC signal ground. Connect the
oscillator resistor (frequency setting) between the RT pin and IC signal ground. Do not locate these sensitive
circuits near the dv/dt nodes; these include the gate-drive outputs, phase pins, and boost circuits (bootstrap).

3. Reduce the surface area of the high-current-carrying loops to a minimum by ensuring optimal component
placement. Locate the bypass capacitors as close as possible to their respective power and ground pins.

10.2 Layout Example

POWER
INPUT

L L
T

©)

Power Lines

{"y Connection to GND Plane of PCB through vias

Connection to top/bottom of PCB through vias
Voltage Rail Outputs

MW
L4l

Microcontroller

I wN
|EXTSUP

ENB I
COMPC' Exposed Pad

I connected to |
ENC

GND Plane

——— — — )

OWWSAIWN———H T

O ®ongp
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Layout Example (continued)

Supply Decoupling Capacitors
Place nearby

gEd

ma[ Ml - Boost Switching Components

Minimize this loop area to reduce ringing
= =0 Hrit
&gl TITTTTITOTITT 8 ch

U 1

L o 3 Buck1 and Buck2 Switching Components
Minimize this loop area to reduce ringing

10.3 Power Dissipation Derating Profile, 38-Pin HTTSOP PowerPAD Package

A

Power Dissipation (W)

\ 4

T
25 50 75 100 125 150

Ambient Temperature (C)

Figure 32. Derating Profile for Power Dissipation Based on High-K JEDEC PCB
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11 2RI SRS 7 Fr
11.1 23 Fr

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.

11.2 CRYCHF

11.2.1 MR
P R a

(TPS4333xEVM) , SLVU457
11.3 FHREER:

N RRAS S TR UG B, VORI AR RR SO . SCRE S A IX TR TR, DLRRE A a0 S R
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The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

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

11.5 FFr

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.
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11.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 10-Nov-2025

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS43335QDAPRQ1 Active Production HTSSOP (DAP) | 38 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS43335Q1
TPS43335QDAPRQ1.A Active Production HTSSOP (DAP) | 38 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS43335Q1
TPS43336QDAPRQ1 Active Production HTSSOP (DAP) | 38 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS43336Q1
TPS43336QDAPRQ1.A Active Production HTSSOP (DAP) | 38 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPS43336Q1

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

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

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

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

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

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

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

Important Information and Disclaimer:The information provided on this page represents TlI'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.

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.

Addendum-Page 1
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 5-Dec-2023
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| 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 O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
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)
TPS43335QDAPRQ1 |HTSSOP| DAP 38 2000 330.0 24.4 8.6 13.0 18 12.0 | 24.0 Q1
TPS43336QDAPRQ1 |HTSSOP| DAP 38 2000 330.0 24.4 8.6 13.0 18 12.0 | 24.0 Q1

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 5-Dec-2023
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS43335QDAPRQ1 HTSSOP DAP 38 2000 350.0 350.0 43.0
TPS43336QDAPRQ1 HTSSOP DAP 38 2000 350.0 350.0 43.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
DAP 38 PowerPAD " TSSOP - 1.2 mm max height

8.1 x 12.5, 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.

4231599/A

INSTRUMENTS

www.ti.com



MECHANICAL DATA

DAP (R—PDS0O—-G38) PowerPAD™ PLASTIC SMALL—OUTLINE PACKAGE

PARRRRARRARRRRRRRRD

! THERMAL PAD !
| |

SIZE AND SHAPE 6,20 B
SHOWN ON SEPARATE SHEET 6,00 / N

OEL ____________ | = o f . / M
HEEERER R R E L

mmmmmmmﬂ Ly ey e it

1,20 MAX [A]0,10

*O
(@]
(@)

4073257-5/E 10/11

NOTES:  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 protrusion. 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. SLMAQQZ 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.

/A\ Falls within JEDEC MO-153 Variation DDT—1

PowerPAD is a trademark of Texas Instruments.

b TEXAS
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www.ti.com


http://www.ti.com/lit/slma002

THERMAL PAD MECHANICAL DATA

DAP (R-PDSO-G38) PowerPAD™ PLASTIC SMALL 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. SLMAQQ? and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQQ4.
Both documents are available at www.ti.com.

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

—> 2x 0,30

T T T T
HHHHHJHHHHHHH%HHHHH

Exposed Thermal Pad Dimensions

4206319-9/M 09/13

NOTE: All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments.
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LAND PATTERN DATA

DAP (R—PDS0O—G38)

PowerPAD™ PLASTIC SMALL OUTLINE PACKAGE

Example Board Layout
Via pattern and copper pad size

Stencil Openings
Based on a stencil thickness

may vary depending on layout constraints of .127mm (.005inch).

Reference table below for other
solder stencil thicknesses

Soldermask
over copper

40x$0,20— 1250 38X 03— [=—
i dmehusbbua e S AT
L% 714472, % (See Note E) 7 38X 1,8
5,20 - : : : : ae 7,40 s
1,30[ % 2277, } >ff.zg J

I A

Defined Pad
| (See Note C, D)

i Example Solder Mask Opening
(See Note F)

/ Center Power Pad Solder Stencil Opening

/ ‘ Stencil Thickness X Y
/0,07 ——=£ 1 a\ 0Imm 596 | 4.02
/ 7= 0.127mm 5,29 3,57
All Around ‘; 0.152mm 184 | 326
‘ - ! 178 4.47 3.02
\‘\“ V\/\Pod Geometry 0 mm
\\ 0’3 — | [—— /

— e

4210213-3/E 01/14

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

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

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. 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 alternate designs.

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. Refer to IPC-7525 for other stencil recommendations.

F. Contact the board fabrication site for recommended soldermask tolerances.

m

PowerPAD is a trademark of Texas Instruments
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