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6 Device Comparison Table

Part Number Output Current PFM or FCCM or OOA SS or PG Pin
TPS62932 2A PFM SS
TPS62933 3A PFM SS

TPS62933F 3A FCCM SS
TPS62933P 3A PFM PG
TPS629330 3A OOA PG

7 Pin Configuration and Functions

RT[1]
EN[ 2]
VIN[ 3]
GND[ 4 |

[8]FB RT[1]© (8 ]FB
[7]ss EN[ 2] [ 7]PG
[6]BST VIN[ 3| [6]BsT
5 ]sw GND[ 4] (5 ]sw

B 7-1. TPS62932, TPS62933, and TPS62933F 8-Pin 7-2. TPS62933P and TPS629330 8-Pin SOT583

SOT583 DRL Package (Top View)

DRL Package (Top View)

Z 7-1. Pin Functions

Pin Tve() 5 -
e escription
Name NO. P P
RT 1 A Frequency programming input. Float for 500 kHz, tie to GND for 1.2 MHz, or connect to an
RT timing resistor. See 7 a2~ 9.3.5 for details.
Enable input to the converter. Driving EN high or leaving this pin floating enables the
EN 2 A converter. An external resistor divider can be used to implement an adjustable V,y UVLO
function.
Supply input pin to internal LDO and high-side FET. Input bypass capacitors must be directly
VIN 3 P Lo
connected to this pin and GND.
Ground pin. Connected to the source of the low-side FET as well as the ground pin for the
GND 4 G controller circuit. Connect to system ground and the ground side of Cjy and Coyt. The path
to Cyy must be as short as possible.
SW 5 = Switching output of the convertor. Internally connected to the source of the high-side FET
and drain of the low-side FET. Connect to the power inductor.
Bootstrap capacitor connection for high-side FET driver. Connect a high-quality, 100-nF
BST 6 P ) . S :
ceramic capacitor from this pin to the SW pin.
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# 7-1. Pin Functions (continued)

Pin

Name

NO.

Type(")

Description

SS/PG

TPS62932, TPS62933, and TPS62933F soft-start control pin. An external capacitor
connected to this pin sets the internal voltage reference rising time. See ©7<a>~ 9.3.7 for
details. A minimum 6.8-nF ceramic capacitor must be connected at this pin, which sets the
minimum soft-start time to approximately 1 ms. Do not float.

TPS62933P and TPS629330 open-drain power good indicator, which is asserted low if
output voltage is out of PG threshold, overvoltage, or if the device is under thermal
shutdown, EN shutdown, or during soft start.

FB

A

Output feedback input. Connect FB to the tap of an external resistor divider from the output
to GND to set output voltage.

(1)

A = Analog, P = Power, G = Ground
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8 Specifications
8.1 Absolute Maximum Ratings

Over the recommended operating junction temperature range of —40°C to +150°C , unless otherwise noted(")

MIN MAX UNIT
Vin -0.3 32
Input voltage EN -0.3
FB -0.3
SW, DC -0.3 32
SW, transient < 10 ns -3 33 \
Output voltage BST 03 SW+6
BST-SW -0.3 6
SS/PG -0.3 6
RT -0.3 6
T, Operating junction temperature(® —-40 150 .
Tstg Storage temperature -65 150 c

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Operating at junction temperatures greater than 150°C, although possible, degrades the lifetime of the device.

8.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/JEDEC +2000

o JS-001, all pins(") x

V(Esp) Electrostatic discharge - Vv
Charged device model (CDM), per ANSI/ESDA/JEDEC +500

JS-002, all pins(@

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

8.3 Recommended Operating Conditions

Over the recommended operating junction temperature range of —40°C to +150°C, unless otherwise noted(!)

MIN NOM MAX UNIT
ViN 3.8 30
EN -0.1 5.5
Input voltage
FB -0.1 5.5
PG -0.1 5.5
Vour 0.8 22 \Y
SW, DC -0.1 30
Output voltage | SW, transient < 10 ns -3 32
BST -0.1 SW+55
BST-SW -0.1 55
TPS62933, TPS62933x 0 3
Ouput current |loyt A
TPS62932 0 2
Temperature |Operating junction temperature, T, -40 150 °C

(1) The Recommended Operating Conditions indicate conditions for which the device is intended to be functional, but do not guarantee
specific performance limits. For compliant specifications, see the Electrical Characteristics.
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8.4 Thermal Information

TPS6293x
THERMAL METRIC(") DRL (SOT583), 8 PINS UNIT
JEDEC® EVM©)
Rgya Junction-to-ambient thermal resistance 112.2 N/A °C/W
ReJcitop) Junction-to-case (top) thermal resistance 291 N/A °C/W
Reys Junction-to-board thermal resistance 19.3 N/A °C/W
Wr Junction-to-top characterization parameter 1.6 N/A °C/W
Y Junction-to-board characterization parameter 19.2 N/A °C/W
Reua_EvM élilnl\cll;tltc))(r:a-tr?j-amblent thermal resistance on official N/A 60.2 SCIW

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

report.

(2) The value of Rgya given in this table is only valid for comparison with other packages and can not be used for design purposes. These
values were simulated on a standard JEDEC board. They do not represent the performance obtained in an actual application.
(3) The real Rgyais tested on TI EVM (2 layer, 2-ounce copper thickness).

8.5 Electrical Characteristics

The electrical ratings specified in this section apply to all specifications in this document, unless otherwise noted. These
specifications are interpreted as conditions that do not degrade the device parametric or functional specifications for the life
of the product containing it. T; = —40°C to +150°C, V|y = 3.8 V to 30 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLY (VIN PIN)
VN Operation input voltage 3.8 30 \%
EN=5V, Vgg =0.85V, TPS62932, 12
TPS62933, and TPS62933P
la Nonswitching quiescent current EN=5V, Vrg = 1 V, TPS62933F 125 MA
EN=5V, Vgg =1V, TPS629330 45
IsHDN Shutdown supply current Ven=0V 2 MA
Rising threshold 3.4 3.6 3.8 \Y
Vin_uvLo mf:;h“or;g:”o”age lockout Falling threshold 3.1 33 35 v
Hysteresis 300 mV
ENABLE (EN PIN)
VEN_RISE Enable threshold Rising enable threshold 1.21 1.28 V
VEN_FALL Disable threshold Falling disable threshold 1.1 1.17 \
[ EN pullup current Ven=1.0V 0.7 MA
In EN pullup hysteresis current Ven=1.5V 1.4 MA
VOLTAGE REFERENCE (FB PIN)
T,=25°C 792 800 808 mV
Ves FB voltage T,=0°Cto 85°C 788 800 812 mV
T,=-40°C to 150°C 784 800 816 mV
1= Input leakage current Vg = 0.8V 0.15 MA
INTEGRATED POWER MOSFETS
Rpson_Hs High-side MOSFET on-resistance |T;=25°C, Vgs1—SW =5V 76 mQ
Rpson_Ls Low-side MOSFET on-resistance |T,;=25°C 32 mQ
CURRENT LIMIT
IHs._LiMIT High-side MOSFET current limit TPS62933 and TPS62933x 42 > >8 A
- TPS62932 2.8 34 4
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8.5 Electrical Characteristics (continued)

The electrical ratings specified in this section apply to all specifications in this document, unless otherwise noted. These
specifications are interpreted as conditions that do not degrade the device parametric or functional specifications for the life
of the product containing it. T, = —-40°C to +150°C, V,y = 3.8 V to 30 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
TPS62933 and TPS62933x 29 3.8 45
ILs umiT Low-side MOSFET current limit A
A TPS62932 2 25 3
IL.s Noc Reverse current limit TPS62933F 1.2 2.4 3.6 A
o ) TPS62933, TPS62933P, and TPS629330 0.75
IPEAK MIN Minimum peak inductor current A
- TPS62932 0.53
SOFT START (SS PIN)
Iss Soft-start charge current TPS62932, TPS62933, and TPS62933F 45 5.5 6.5 MA
Tss Fixed internal soft-start time TPS62933P and TPS629330 2 ms
POWER GOOD (PG PIN)
Vg falling, PG high to low 85%
Vg rising, PG low to high 90%
VpGTH PG threshold, Vg percentage - -
Vgg falling, PG low to high 110%
Vg rising, PG high to low 115%
T R PG delay time PG from low to high 70 us
Trc_F PG delay time PG from high to low 18 us
- . Measured when PG < 0.5 V with 100-kQ
VIN_PG_VALID Minimum VIN for valid PG output pU”Up to external 5 V 2 2.5 \Y
VpG oL PG output low-level voltage Ipg = 0.5 mA 0.3 \Y
PG leakage current when open _
lpe_Lk drain is high VPe =5.5V -1 L WA
OSCILLATOR FREQUENCY (RT PIN)
RT = floating 450 500 550
o RT = GND 1000 1200 1350
fsw Switching center frequency kHz
RT =71.5kQ 310
RT =9.09 kQ 2100
fsw_min Minimum switching frequency TPS629330 30 kHz
ton_min Minimum ON pulse width 70 ns
torr min (" Minimum OFF pulse width 140 ns
ton_max (" Maximum ON pulse width 7 us
OUTPUT OVERVOLTAGE AND UNDERVOLTAGE PROTECTION
OVP detect (L—H) 112% 115% 118%
Vovp Output OVP threshold
Hysteresis 5%
Vuve Output UVP threshold UVP detect (H—L) 65%
b UV hiccup ON time before entering 256 s
hiccup_ON hiccup mode after soft start ends H
. ’ 10.5 x
thiccup_OFF UV hiccup OFF time before restart tes s
THERMAL SHUTDOWN
Tshon ! Thermal shutdown threshold Shutdown temperature 165 °C
Thys (1 Hysteresis 30 °C
SPREAD SPECTRUM FREQUENCY
f Modulation frequency f%vsl kHz

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: TPS62933 TPS62932 TPS62933F TPS62933P TPS629330

7


https://www.tij.co.jp
https://www.ti.com/product/ja-jp/tps62933?qgpn=tps62933
https://www.ti.com/product/ja-jp/tps62932?qgpn=tps62932
https://www.ti.com/product/ja-jp/tps62933f?qgpn=tps62933f
https://www.ti.com/product/ja-jp/tps62933p?qgpn=tps62933p
https://www.ti.com/product/ja-jp/tps62933o?qgpn=tps62933o
https://www.tij.co.jp/jp/lit/pdf/JAJSM97
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSM97D&partnum=TPS62933
https://www.ti.com/product/ja-jp/tps62933?qgpn=tps62933
https://www.ti.com/product/ja-jp/tps62932?qgpn=tps62932
https://www.ti.com/product/ja-jp/tps62933f?qgpn=tps62933f
https://www.ti.com/product/ja-jp/tps62933p?qgpn=tps62933p
https://www.ti.com/product/ja-jp/tps62933o?qgpn=tps62933o

13 TEXAS

TPS62933, TPS62932, TPS62933F, TPS62933P, TPS629330 INSTRUMENTS
JAJSM97D — JUNE 2021 — REVISED AUGUST 2022 www.tij.co.jp

8.5 Electrical Characteristics (continued)

The electrical ratings specified in this section apply to all specifications in this document, unless otherwise noted. These
specifications are interpreted as conditions that do not degrade the device parametric or functional specifications for the life
of the product containing it. T, = —-40°C to +150°C, V,y = 3.8 V to 30 V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Internal spread oscillator frequency 6%

fspread

(1)  Not production tested, specified by design.
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8.6 Typical Characteristics
T, =-40°C to 150°C, V|y = 12 V, unless otherwise noted.
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8-1. TPS62933 Quiescent Current vs Junction Temperature 8-2. Shutdown Current vs Junction Temperature
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8-5. Feedback Voltage vs Junction Temperature 8-6. Enable Threshold vs Junction Temperature
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8.6 Typical Characteristics (continued)
T, =-40°C to 150°C, V|y = 12V, unless otherwise noted.
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Temperature Temperature
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8.6 Typical Characteristics (continued)
T, =-40°C to 150°C, V|y = 12V, unless otherwise noted.

Junction Temperature (°C)
8-17. Soft-Start Charge Current vs Junction Temperature
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8-18. TPS62933 Efficiency, Vour = 3.3 V,
fsw = 500 kHz, L = 4.7 yH
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8.6 Typical Characteristics (continued)
T, =-40°C to 150°C, V|y = 12V, unless otherwise noted.
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fsw = 1200 kHz, L = 2.2 uH fsw = 500 kHz, L = 12 pH
100 = 100 ‘
::;E= ,—”—— L =
90 0 = 90 - %%
VA / p
80 @7y 80 4 i
/4//5/ / A/
70 / 7 70 /‘ V| Vi
S Y7/ S / /1
S 60 7 < 60 4 1/
g = / /
S st g 5 / /i
8 V, o / Vavs
© 2 / /
& 40 & 40 /
il w
/ /
30 30 Ly
—— Vin=6V / 1 / — Vin=6V
20 — Vin=12V 20 a7 — Vin=12V
10 —— Vin=19V 10 A —— Vin=19V
. —— Vin=24V . =~ —— Vin=24V
0.0001 0.001 0.01 005 02 05 1 2 0.001 0.005 002 00501 02 05 1 23
I-Load (A) I-Load (A)
8-21. TPS62932 Efficiency, Voyr = 5 V, 8-22. TPS62933F Efficiency, Vour =5V,
fsw = 500 kHz, L = 10 pH fsw = 500 kHz, L = 6.8 yH
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8-23. TPS629330 Efficiency, Voyr =5V, 8-24. TPS62933 Load Regulation,
fsw = 500 kHz, L = 6.8 yH Vout = 3.3 V, fgy = 500 kHz
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8.6 Typical Characteristics (continued)
T, =-40°C to 150°C, V|y = 12V, unless otherwise noted.

1

8-29. TPS629330 Load Regulation,
Vour =5V, fsw =500 kHz
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8-27. TPS62932 Load Regulation, 8-28. TPS62933F Load Regulation,
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8-30. TPS62933 Line Regulation,
Vout = 3.3V, fsyw =500 kHz
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8.6 Typical Characteristics (continued)
T, =-40°C to 150°C, V|y = 12V, unless otherwise noted.
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8.6 Typical Characteristics (continued)

T, =-40°C to 150°C, V|y = 12V, unless otherwise noted.
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400
200 — fgw=500kHz
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8-37. TPS62933 Switching Frequency vs Viy, Vout =3.3V, lopyt=3 A
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9 Detailed Description
9.1 Overview

The TPS62932 and TPS62933x are a 30-V, 2-A and 3-A, synchronous buck (step-down) converters with two
integrated n-channel MOSFETs. They employ fixed-frequency peak current control mode for fast transient
response and good line and load regulation. With the optimized internal loop compensation, the devices
eliminate the external compensation components over a wide range of output voltage and switching frequency.

The integrated 76-mQ and 32-mQ MOSFETs allow for high-efficiency power supply designs with continuous
output currents up to 2 A (TPS62932) or 3 A (TPS62933 and TPS62933x). The feedback reference voltage is
designed at 0.8 V. The output voltage can be stepped down from 0.8 V to 22 V. The devices are ideally suited for
systems powered from 5-V, 12-V, 19-V, and 24-V power-bus rails.

The TPS6293x has been designed for safe monotonic start-up into prebiased loads. The default start-up is at V)
equal to 3.8 V. After the device is enabled, the output rises smoothly from 0 V to its regulated voltage. The
TPS6293x has low operating current when not switching under no load, especially the TPS62932, TPS62933,
and TPS62933P whose operating current is 12 YA (typical). When the TPS6293x is disabled, the supply current
is approximately 2 pA (typical). These features are extremely beneficial for long battery life time in low-power
operation.

Pulse frequency modulation (PFM) mode allows the TPS62932, TPS62933, and TPS62933P to maximize the
light-load efficiency. Continuous current mode allows the TPS62933F to have low output ripple in all load
conditions. The TPS629330 operates in out of audio mode which can avoid the audible noise.

The EN pin has an internal pullup current that can be used to adjust the input voltage undervoltage lockout
(UVLO) with two external resistors. In addition, the EN pin can be floating for the device to operate with the
internal pullup current.

The switching frequency can be set by the configuration of the RT pin in the range of 200 kHz to 2.2 MHz, which
allows for efficiency and solution size optimization when selecting the output filter components. The TPS62932,
TPS62933, TPS62933P, and TPS629330 also have a frequency spread spectrum feature, which helps with
lowering down EMI noise.

A small value capacitor or resistor divider is connected to the SS pin of the TPS62932, TPS62933, and
TPS62933F for soft-start time setting or voltage tracking. The TPS62933P and TPS629330 indicate power good
through PG pin.

The devices have the on-time extension function with a maximum on time of 7 ys (typical). During low dropout
operation, the high-side MOSFET can turn on up to 7 ps, then the high-side MOSFET turns off and the low-side
MOSFET turns on with a minimum off time of 140 ns (typical). The devices support the maximum 98% duty
cycle.

The devices reduce the external component count by integrating the bootstrap circuit. The bias voltage for the
integrated high-side MOSFET is supplied by a capacitor between the BST and SW pins. A UVLO circuit monitors
the bootstrap capacitor voltage, Vgst.sw. When it falls below a preset threshold of 2.5 V (typical), the SW pin is
pulled low to recharge the bootstrap capacitor.

Cycle-by-cycle current limiting on the high-side MOSFET protects the device in overload situations and is
enhanced by a low-side sourcing current limit, which prevents current runaway. The TPS6293x provides output
undervoltage protection (UVP) when the regulated output voltage is lower than 65% of the nominal voltage due
to overcurrent being triggered, approximately 256-ps (typical) deglitch time later, both the high-side and low-side
MOSFET turn off, the device steps into hiccup mode.

The devices minimize excessive output overvoltage transient by taking advantage of the overvoltage
comparator. When the regulated output voltage is greater than 115% of the nominal voltage, the overvoltage
comparator is activated, and the high-side MOSFET is turned off and masked from turning on until the output
voltage is lower than 110%.

Thermal shutdown disables the devices when the die temperature, T,, exceeds 165°C and enables the devices
again after T decreases below the hysteresis amount of 30°C.
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9.2 Functional Block Diagram
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9.3 Feature Description
9.3.1 Fixed Frequency Peak Current Mode

The following operation description of the TPS6293x refers to the functional block diagram and to the waveforms
in 9-1. The TPS6293x is a synchronous buck converter with integrated high-side (HS) and low-side (LS)
MOSFETs (synchronous rectifier). The TPS6293x supplies a regulated output voltage by turning on the HS and
LS NMOS switches with controlled duty cycle. During high-side switch on time, the SW pin voltage swings up to
approximately Vy, and the inductor current, i, increases with linear slope (V\y — Vour) / L. When the HS switch
is turned off by the control logic, the LS switch is turned on after an anti-shoot—through dead time. Inductor
current discharges through the low-side switch with a slope of —Vgyt / L. The control parameter of a buck
converter is defined as Duty Cycle D = ton / tsw, Where toy is the high-side switch on time and tgy is the
switching period. The converter control loop maintains a constant output voltage by adjusting the duty cycle D. In
an ideal buck converter where losses are ignored, D is proportional to the output voltage and inversely
proportional to the input voltage: D = Voyt / V|N-

Vsw
A

Vin D = tow/ Tsw

SW Voltage

ton torr
€ — | —>

A Al

Tsw

Inductor Current

t
0 >

EJ 9-1. SW Node and Inductor Current Waveforms in Continuous Conduction Mode (CCM)

The TPS6293x employs the fixed-frequency peak current mode control. A voltage feedback loop is used to get
accurate DC voltage regulation by adjusting the peak current command based on voltage offset. The peak
inductor current is sensed from the HS switch and compared to the peak current threshold to control the on time
of the HS switch. The voltage feedback loop is internally compensated, which allows for fewer external
components, makes it easy to design, and provides stable operation with almost any combination of output
capacitors.

9.3.2 Pulse Frequency Modulation

The TPS62932, TPS62933, and TPS62933P are designed to operate in pulse frequency modulation (PFM)
mode at light load currents to boost light load efficiency.

When the load current is lower than half of the peak-to-peak inductor current in CCM, the devices operate in
discontinuous conduction mode (DCM). In DCM operation, the low-side switch is turned off when the inductor
current drops to I g z¢ to improve efficiency. Both switching losses and conduction losses are reduced in DCM,
compared to forced CCM operation at light load.

At even lighter current load, pulse frequency modulation (PFM) mode is activated to maintain high-efficiency
operation. When either the minimum high-side switch on time, ton min, OF the minimum peak inductor current
lpeak MIN IS reached, the switching frequency decreases to maintain regulation. In PFM mode, the switching
frequency is decreased by the control loop to maintain output voltage regulation when load current reduces.
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Switching loss is further reduced in PFM operation due to less frequent switching actions. Since the integrated
current comparator catches the peak inductor current only, the average load current entering PFM mode varies
with the applications and external output LC filters.

In PFM mode, the high-side MOSFET is turned on in a burst of one or more pulses to provide energy to the load.
The duration of the burst depends on how long it takes the feedback voltage catches Vrgr. The periodicity of
these bursts is adjusted to regulate the output, while zero current crossing detection turns off the low-side
MOSFET to maximize efficiency. This mode provides high light-load efficiency by reducing the amount of input
supply current required to regulate the output voltage at small loads. This trades off very good light-load
efficiency for larger output voltage ripple and variable switching frequency.

9.3.3 Voltage Reference

The internal reference voltage, Vggr, is designed at 0.8 V (typical). The negative feedback system of converter
produces a precise +2% feedback voltage, Vg, over full temperature by scaling the output of a temperature-
stable internal band-gap circuit.

9.3.4 Output Voltage Setting

A precision 0.8-V reference voltage, VRgr, is used to maintain a tightly regulated output voltage over the entire
operating temperature range. The output voltage is set by a resistor divider from the output voltage to the FB pin.
TI recommends using 1% tolerance resistors with a low temperature coefficient for the FB divider. Select the
bottom-side resistor, Rggg, for the desired divider current and use =\ 1 to calculate the top-side resistor, RrgT.
Lower Rggg increases the divider current and reduces efficiency at very light load. Larger Rggg makes the FB
voltage more susceptible to noise, so larger Rrggg values require a more carefully designed feedback path on the
PCB. Setting Rpgg = 10 kQ and Rggt in the range of 10 kQ to 300 kQ is recommended for most applications.

The tolerance and temperature variation of the resistor dividers affect the output voltage regulation.

Vour

RFBT

FB [

I:‘FBB

9-2. Output Voltage Setting

Vrer Q)

where
*  Vger is the 0.8 V (the internal reference voltage).
* Rggpis 10 kQ (recommended).

9.3.5 Switching Frequency Selection

The switching frequency is set by the condition of the RT input. The condition of this input is detected when the
device is first enabled. Once the converter is running, the switching frequency selection is fixed and cannot be
changed until the next power-on cycle or EN toggle. # 9-1 shows the selection programming. In adjustable
frequency mode, the switching frequency can be set between 200 kHz and 2200 kHz by proper selection of RT
resistor. See = 2.
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fsw(kHZ) = 17293 X RT(kQ)_O'942 (2)
where

* RTis the value of RT timing resistor in kQ.
+ fsw is the switching frequency in kHz.

& 9-1. RT Pin Resistor Settings

RT Pin Resistance Switching Frequency
Floating > 280 kQ 500 kHz
GND <1kQ 1200 kHz

RT to GND 8.9 kQ to 111 kQ 200 kHz to 2200 kHz

[X] 9-3 indicates the required resistor value for RT to set a desired switching frequency.
2200
2000 '\
1800 \
1600 \

1400 \

1200 \

1000 \\
800

600 AN

400 ~—

200
0

fSW (kHZ)

8 18 28 38 48 58 68 78 83 98 108 118
RT (kohm)

9-3. Switching Frequency vs Ry

There are four cases where the switching frequency does not conform to the condition set by the RT pin:

» Light load operation (PFM mode)
* Low dropout operation

*  Minimum on-time operation

* Current limit tripped

Under all of these cases, the switching frequency folds back, meaning it is less than that programmed by the RT
pin. During these conditions, the output voltage remains in regulation, except for current limit operation.

9.3.6 Enable and Adjusting Undervoltage Lockout

The EN pin provides electrical ON and OFF control of the device. When the EN pin voltage exceeds the enable
threshold voltage, Ven rise, the TPS6293x begins operation. If the EN pin voltage is pulled below the disable
threshold voltage, Ven_raLL, the converter stops switching and enters shutdown mode.

The EN pin has an internal pullup current source, which allows the user to float the EN pin to enable the device.
If an application requires control of the EN pin, use an open-drain or open-collector or GPIO output logic to
interface with the pin.

The TPS6293x implements internal undervoltage-lockout (UVLO) circuitry on the VIN pin. The device is disabled
when the VIN pin voltage falls below the internal V|y yvio threshold. The internal Viy yyLo threshold has a
hysteresis of typical 300 mV. If an application requires a higher UVLO threshold on the VIN pin, the EN pin can
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be configured as shown in 9-4. When using the external UVLO function, setting the hysteresis at a value
greater than 500 mV is recommended.

The EN pin has a small pullup current, |, which sets the default state of the EN pin to enable when no external
components are connected. The pullup hysteresis current, I, is used to control the hysteresis voltage for the
UVLO function when the EN pin voltage crosses the enable threshold. Use = 3 and =\ 4 to calculate the values
of R1 and R2 for a specified UVLO threshold. Once R1 and R2 are settled down, Vg can be calculated by =X 5,
which must be lower than 5.5 V with the maximum V.

Device

|

Eq 9-4. Adjustable V|y Undervoltage Lockout

VEN FALL
Vstart X 7=~ — Vstop
_ EN_RISE
Ri= VEN_FALL
Ip X (1 — V"—) + Ih
EN_RISE (3)
R. _ Ry x VEN_FaLL
b=
Vstop — VEn FaLL + Ry x (Ip + Ih) (4)
Ry x Vin+Ry xRy x (I +1y )
EN =
R1+R2 (5)
where
* lyis 0.7 pA.
o lyis 1.4 pA.

® VEN FALL is1.17 V.
* Ven rise is 1.21 V.
+  Vgrarr is the input voltage enabling the device.
* Vgrop is the input voltage disabling the device.

9.3.7 External Soft Start and Prebiased Soft Start

The SS pin of TPS62932, TPS62933, and TPS62933F are used to minimize inrush current when driving
capacitive load. The devices use the lower voltage of the internal voltage reference, Vggr, or the SS pin voltage
as the reference voltage and regulates the output accordingly. A capacitor on the SS pin to ground implements a
soft-start time. The device has an internal pullup current source that charges the external soft-start capacitor.
Use z{ 6 to calculate the soft-start time (tss, 0% to 100%) and soft-start capacitor (Csg).
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Css x VRer
tss = i
SS (6)
where

* Vgeris 0.8 V (the internal reference voltage).
* lggis 5.5 YA (typical), the internal pullup current.

If the output capacitor is prebiased at start-up, the devices initiate switching and start ramping up only after the
internal reference voltage becomes greater than the feedback voltage, Vgg. This scheme makes sure that the
converters ramp up smoothly into regulation point.

A resistor divider connected to the SS pin can implement voltage tracking of the other power rail.
9.3.8 Power Good

The TPS62933P and TPS629330 have a built-in power good (PG) function to indicate whether the output
voltage has reached its appropriate level or not. The PG signal can be used for start-up sequencing of multiple
rails. The PG pin is an open-drain output that requires a pullup resistor to any voltage below 5.5 V. TI
recommends a pullup resistor of 10 kQ — 100 kQ. The device can sink approximately 4 mA of current and
maintain its specified logic low level. After the FB pin voltage is between 90% and 110% of the internal reference
voltage (Vrer) and after a deglitch time of 70 us, the PG turns to high impedance status. The PG pin is pulled
low after a deglitch time of 18 ys when FB pin voltage is lower than 85% of the internal reference voltage or
greater than 115% of the internal reference voltage, or in events of thermal shutdown, EN shutdown, or UVLO
conditions. VIN must remain present for the PG pin to stay low.

& 9-2. PG Status

PG Logic Status
Device State
High Impedance Low
Vg does not trigger V, v
Enable (EN = High) Fp 7088 No" TI99eT TearH

Vg triggers Vpgth \
Shutdown (EN = Low) \
UVLO 2.5V <V <Vuwo \
Thermal shutdown T,>Tep \

Power supply removal ViN<25V v

9.3.9 Minimum On Time, Minimum Off Time, and Frequency Foldback

Minimum on time (ton min) IS the smallest duration of time that the high-side switch can be on. ton N is typically
70 ns in the TPS6293x. Minimum off time (torr min) is the smallest duration that the high-side switch can be off.
torr miN is typically 140 ns. In CCM operation, ton min: @and tope min, limit the voltage conversion range without
switching frequency foldback. - -

The minimum duty cycle without frequency foldback allowed is:

Dvin = ton_min X fsw @)
The maximum duty cycle without frequency foldback allowed is:

Dyax = 1 — topr min X fsw (8)

Given a required output voltage, the maximum V,y without frequency foldback is:

V. _ VOUT
IN_MAX — f X t
SW ON _MIN 9)
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The minimum V,y without frequency foldback is:

Vour

ViN MIN =
i 1 = fsw X torr miN (10)

In TPS6293x, a frequency foldback scheme is employed once ton_min OF torr min is triggered, which can extend
the maximum duty cycle or lower the minimum duty cycle.

The on time decreases while V|y voltage increases. Once the on time decreases to ton_min: the switching
frequency starts to decrease while V,y continues to go up, which lowers the duty cycle further to keep Voyr in

regulation according to =\ 7.

The frequency foldback scheme also works once larger duty cycle is needed under low V5 condition. The
frequency decreases once the device hits its torg pmin. Which extends the maximum duty cycle according to =X 8.
A wide range of frequency foldback allows the TPS6293x output voltage to stay in regulation with a much lower
supply voltage VN, which allows a lower effective dropout.

With frequency foldback, VN max is raised, and V|y_min is lowered by decreased fgyy.

1300 1500
1200 1250
—
1100 < //
\ N 1000
. 1000 N z /
I >
< 900 2 750
5 g
= 800 AN g
N_| | & 500
700 /
250 A
600 — lout=3A |/ — lout=1.5A
—— lout=1.5A — lout=3A
500 0
12 14 16 18 20 22 24 26 28 30 4 5 6 7 8 9 0 M 12
Vin (V) Vin (V)
B 9-5. Frequency Foldback at ton_mins B 9-6. Frequency Foldback at torr_min,
Vout = 1.8V, fsyy = 1200 kHz Voutr =5V, fsw =1200 kHz

9.3.10 Frequency Spread Spectrum

To reduce EMI, the TPS62932, TPS62933, TPS62933P, and TPS629330 introduce frequency spread spectrum.
The jittering span is typically Afc = +6% of the switching frequency with the modulation frequency of f,, = fgyw /
128. The purpose of spread spectrum is to eliminate peak emissions at specific frequencies by spreading
emissions across a wider range of frequencies than a part with fixed frequency operation. [X| 9-7 shows the
frequency spread spectrum modulation. [X] 9-8 shows the energy is spread out at the center frequency, f..
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fmax = fc * (1 + 6%)

Center Frequency fc

fmin =fc* (1 -6%)

Modulation Frequency fm = fsw/128

B 9-7. Frequency Spread Spectrum Diagram

fc Frequency
9-8. Energy vs Frequency

9.3.11 Overvoltage Protection

The device incorporates an output overvoltage protection (OVP) circuit to minimize output voltage overshoot.
The OVP feature minimizes the overshoot by comparing the FB pin voltage to the OVP threshold. If the FB pin
voltage is greater than the OVP threshold of 115%, the high-side MOSFET is turned off, which prevents current
from flowing to the output and minimizes output overshoot. When the FB pin voltage drops lower than the OVP
threshold minus hysteresis, the high-side MOSFET is allowed to turn on at the next clock cycle. This function is
non-latch operation.

9.3.12 Overcurrent and Undervoltage Protection

The TPS6293x incorporates both peak and valley inductor current limits to provide protection to the device from
overloads and short circuits and limit the maximum output current. Valley current limit prevents inductor current
run-away during short circuits on the output, while both peak and valley limits work together to limit the maximum
output current of the converter. Hiccup mode is also incorporated for sustained short circuits.

The high-side switch current is sensed when it is turned on after a set blanking time (ton_min), the peak current
of high-side switch is limited by the peak current threshold, Iys (wiT- The current going through low-side switch
is also sensed and monitored. When the low-side switch turns on, the inductor current begins to ramp down.

As the device is overloaded, a point is reached where the valley of the inductor current cannot reach below
Is Limit before the next clock cycle, then the low-side switch is kept on until the inductor current ramps below
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the valley current threshold, I s T, then the low-side switch is turned off and the high-side switch is turned on
after a dead time. When this occurs, the valley current limit control skips that cycle, causing the switching
frequency to drop. Further overload causes the switching frequency to continue to drop, but the output voltage
remains in regulation. As the overload is increased, both the inductor current ripple and peak current increase
until the high-side current limit, Iys (miT, is reached. When this limit is tripped, the switch duty cycle is reduced
and the output voltage falls out of regulation. This represents the maximum output current from the converter
and is given approximately by = 11. The output voltage and switching frequency continue to drop as the device
moves deeper into overload while the output current remains at approximately loyax. There is another situation,
if the inductor ripple current is large, the high-side current limit can be tripped before the low-side limit is
reached. In this case, 7\ 12 gives the approximate maximum output current.

s _umir+lis_omir
2 (11)

lomax =

| o _ (n-Vour) | Vour
OMAX ~ Hs_LIMIT

2xLxfgw VN (12)
Furthermore, if a severe overload or short circuit causes the FB voltage to fall below the Vyp threshold, 65% of
the VRgr, and triggering current limit, and the condition occurs for more than the hiccup on time (typical 256 us),
the converter enters hiccup mode. In this mode, the device stops switching for hiccup off time, 10.5 x tgg, and
then goes to a normal restart with soft-start time. If the overload or short-circuit condition remains, the device
runs in current limit and then shuts down again. This cycle repeats as long as the overload or short-circuit
condition persists. This mode of operation reduces the temperature rise of the device during a sustained
overload or short circuit condition on the output. Once the output short is removed, the output voltage recovers
normally to the regulated value.

For FCCM version, the inductor current is allowed to go negative. When this current exceed the LS negative
current limit I s ngg, the LS switch is turned off and HS switch is turned on immediately, which is used to protect
the LS switch from excessive negative current.

9.3.13 Thermal Shutdown

The junction temperature (T) of the device is monitored by an internal temperature sensor. If T; exceeds 165°C
(typical), the device goes into thermal shutdown, both the high-side and low-side power FETs are turned off.
When T, decreases below the hysteresis amount of 30°C (typical), the converter resumes normal operation,
beginning with a soft start.
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9.4 Device Functional Modes
9.4.1 Modes Overview

The TPS6293x moves between CCM, DCM, PFM, OOA and FCCM mode as the load changes. Depending on
the load current, the TPS6293x is in one of below modes:

» Continuous conduction mode (CCM) with fixed switching frequency when load current is above half of the
peak-to-peak inductor current ripple

» Discontinuous conduction mode (DCM) with fixed switching frequency when load current is lower than half of
the peak-to-peak inductor current ripple in CCM operation

* Pulse frequency modulation mode (PFM) when switching frequency is decreased at very light load

* Out of audio (OOA) mode when switching frequency is decreased but is always above 30 kHz at very light
load

» Forced continuous conduction mode (FCCM) with fixed switching frequency even at light load

9.4.2 Heavy Load Operation

The TPS6293x operates in continuous conduction mode (CCM) when the load current is higher than half of the
peak-to-peak inductor current. In CCM operation, the output voltage is regulated by switching at a constant
frequency and modulating the duty cycle to control the power to the load. Regulating the output voltage provides
excellent line and load regulation and minimum output voltage ripple, and the maximum continuous output
current of 2 A or 3 A can be supplied by the TPS6293x.

9.4.3 Light Load Operation

The TPS62932, TPS62933, and TPS62933P are designed to operate in pulse frequency modulation (PFM)
mode at light load currents to boost light load efficiency.

When the load current is lower than half of the peak-to-peak inductor current in CCM, the device operates in
discontinuous conduction mode (DCM), also known as diode emulation mode (DEM). In DCM operation, the LS
switch is turned off when the inductor current drops to I g z¢ to improve efficiency. Both switching losses and
conduction losses are reduced in DCM, compared to forced CCM operation at light load.

At even lighter current load, pulse frequency modulation (PFM) mode is activated to maintain high efficiency
operation. When either the minimum on time, ton min, OF the minimum peak inductor current, lpgak min (750 mA
typical), is reached, the switching frequency decreases to maintain regulation. In PFM mode, switching
frequency is decreased by the control loop to maintain output voltage regulation when load current reduces.
Switching loss is further reduced in PFM operation due to less frequent switching actions. The output current for
mode change depends on the input voltage, inductor value, and the programmed switching frequency. For
applications where the switching frequency must be known for a given condition, the transition between PFM
and CCM must be carefully tested before the design is finalized.

9.4.4 Out of Audio Operation

TPS629330 implements the out of audio (OOA) mode which is a unique control feature that keeps the switching
frequency above audible frequency (20 Hz to 20 kHz) even at no load condition. When operates in OOA mode,
the minimum switching frequency is clamped above 30 kHz which avoids the audible noise in the system. The
loading to enter OOA mode depends on output LC filter.

9.4.5 Forced Continuous Conduction Operation

The TPS62933F is designed to operate in forced continuous conduction mode (FCCM) under light load
conditions. During FCCM, the switching frequency is maintained at a constant level over the entire load range,
which is suitable for applications requiring tight control of the switching frequency and output voltage ripple at the
cost of lower efficiency under light load. For some audio applications, this mode can help avoid switching
frequency drop into audible range that can introduce some noise.

9.4.6 Dropout Operation

The dropout performance of any buck converter is affected by the Rpgon of the power MOSFETs, the DC
resistance of the inductor, and the maximum duty cycle that the controller can achieve. As the input voltage level
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approaches the output voltage, the off time of the high-side MOSFET starts to approach the minimum value.
Beyond this point, the switching frequency becomes erratic and the output voltage can fall out of regulation. To
avoid this problem, the TPS6293x automatically reduces the switching frequency (on-time extension function) to
increase the effective duty cycle and maintain in regulation until the switching frequency reach to the lowest limit
of about 140 kHz, the period is equal to ton max + tore min (7.14 US typical). In this condition, the difference
voltage between V|5 and Voyr is defined as dropout voltage. The typical overall dropout characteristics can be

found as [X] 9-9.
5.5

RV

S
3 yd //
35}
— 10=0.5A
—— lo=3A
3

4 45 5 55 6 65 7 75 8
Vin (V)

9-9. Overall Dropout Characteristic, Voyr =5V

9.4.7 Minimum On-Time Operation

Every switching converter has a minimum controllable on time dictated by the inherent delays and blanking times
associated with the control circuits, which imposes a minimum switch duty cycle and, therefore, a minimum
conversion ratio. The constraint is encountered at high input voltages and low output voltages. To help extend
the minimum controllable duty cycle, the TPS6293x automatically reduces the switching frequency when the
minimum on-time limit is reached. This way, the converter can regulate the lowest programmable output voltage
at the maximum input voltage. Use = 13 to find an estimate for the approximate input voltage for a given output
voltage before frequency foldback occurs. The values of toy_win and fsyy can be found in 7<= 8.5.

Vv
Vi < out
ton_min X fsw (13)

As the input voltage is increased, the switch on time (duty-cycle) reduces to regulate the output voltage. When
the on time reaches the minimum on time, ton_min, the switching frequency drops while the on time remains
fixed.

9.4.8 Shutdown Mode

The EN pin provides electrical ON and OFF control for the device. When Vgy is below typical 1.1 V, the
TPS6293x is in shutdown mode. The device also employs VIN UVLO protection. If V,y voltage is below their
respective UVLO level, the converter is turned off too.
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10 Application and Implementation
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