~3PEAK

TPQ5057Q, TPQ50571Q

2.2-MHz Wide Input Nonsynchronous Boost/SEPIC/Flyback

Features

¢ AEC-Q100 Qualified for Automotive Applications
— Grade 1: -40°C to +125°C Ta
e 2.9-V to 45-V Input Supply Voltage Range

¢ Minimum Boost Supply Voltage of 1.5 V when Vin > 2.9
\Y

e Low Shutdown Current (typical 2.6 pA)
e Low Operating Current (typical 570 pA)

e Programmable Switching Frequency Range from 100
kHz to 2.2 MHz

¢ 39-mQ Roson Power Switch

e Optional External Clock Synchronization

¢ +1% Reference Voltage Accuracy

e Power Good Indicator

e Optional Hiccup Short-Circuit Protection

¢ Optional Spread-Spectrum to Reduce EMI

e Programmable Input Voltage UVLO

¢ Adjustable Soft Start Time

¢ Available in QFN3X3-16 Package with Wettable Flanks

Applications

* Automotive Start-Stop Application

¢ Multiple-output Flyback without Optocoupler
¢ Automotive LED Lighting Supply

e General Boost, SEPIC, Flyback Applications

Converter

Description

The TPQ5057xQ (TPQ5057Q and TPQ50571Q) is a wide-
input-range, non-synchronous boost converter with an
integrated 48-V, 7-A power switch. The device can be used
in boost, SEPIC, and flyback topologies.

The TPQ5057xQ uses a peak current control scheme. The
device can start up from a minimum voltage of 2.9 V. When
the VIN pin is powered by an auxiliary supply voltage
above 2.9 V, the supply voltage for the power stage can
be down to 1.5 V.

The TPQ5057xQ integrates a wide input LDO that
supports the input voltage of up to 45 V for automotive
load dump and outputs 5 V at the VCC pin. The
switching frequency is either set by an external resistor
or synchronized to an external clock from 100 kHz to
2.2 MHz. Switching at 2.2 MHz minimizes AM band
interference and allows for a small solution size and fast
transient response. The TPQ5057xQ supports the use
of an external VCC supply to improve efficiency. Low
operating current and pulse-skipping operation improve
efficiency at light loads.

The device has built-in protection features such as cycle-
by-cycle current limit, overvoltage protection, hiccup mode
overload protection, and thermal shutdown. Additional
features include low shutdown current, programmable soft
start, programmable input UVLO, spread spectrum, and
power-good indicator.

The TPQ5057xQ is available in a QFN3x3-16 package.

Typical Application Circuit
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Product Family Table
Part Number Minimum Current Limit Package
TPQ5057Q M 6.5A QFN3x3-16
TPQ50571Q 53A QFN3x3-16
TPQ50571WQ 53A Wettable flank QFN3x3-16
(1) Future product
Revision History
Date Revision Notes
2024-10-31 Rev. A.0 Initial release
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Converter

Pin Configuration and Functions

TPQ5057xQ
QFN3X3-16
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Table 1. Pin Functions: TPQ50571Q

Pin No. Name 110 Description

Power ground of the IC. It is connected to the source of the internal MOSFET switch.

1,16 PGND GND Connect the PGND pin directly to the AGND pin through a low inductance wide and
short path.
5 vee P Output of the internal linear regulator and supply voltage input of the MOSFET
driver. Connect a ceramic bypass capacitor from this pin to PGND.
3 VIN P Supply voltage input to the VCC linear regulator. Connect a bypass capacitor from

this pin to PGND.

Power-good indicator with open-drain output. Output low impedance when the
4 PGOOD 0 voltage at the FB pin is below the under-voltage threshold. Output high impedance
when the voltage at the FB pin is above the under-voltage threshold.

Switching frequency setting pin. The switching frequency is programmed by an

° RT external resistor between the RT pin and AGND.
1. Enable pin. When the voltage at this pin falls below the enable threshold for more
than 40 us, the device turns off
2. Undervoltage lockout programming pin. The converter start-up and shutdown
EN/UVLO/ levels can be programmed by connecting this pin to the center tap of a resistor
6 SYNC divider between the supply voltage and ground.

3. The internal clock can be synchronized to an external clock by applying a
negative pulse signal to the EN/UVLO/SYNC pin.

This pin must not be left floating. Connect to the VIN pin if not used.
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7 AGND

GND

Signal ground pin. Connect to the ground plane at one point through a wide and
short path.

8 COMP

Output of the internal transconductance error amplifier. Connect the external loop
compensation RC network between this pin and AGND.

Inverting input of the error amplifier. Connect to the center tap of a feedback
resistor divider between the output and AGND to set output voltage in boost/SEPIC
topologies.

10 SS

Soft-start time programming pin. An external capacitor between the SS pin and
AGND is charged by an internal current source to set the ramp rate of reference
voltage for the internal error amplifier during soft start.

11 MODE

Operation mode setting by the resistance between the MODE pin and AGND pin
0Q : Hiccup mode protection is disabled and spread spectrum is disabled.
37.4kQ: Hiccup mode protection is enabled and spread spectrum is enabled
62.0kQ: Hiccup mode protection is enabled and spread spectrum is disabled
>100kQ: Hiccup mode protection is disabled and spread spectrum is enabled

12,13, 14 SW

The drain of the internal power MOSFET switch. Connect the SW pin to the external
inductor or transformer.

15 NC No internal connection
Thermal The underneath exposed pad for thermal enhancement. Connect the thermal pad to
Pad the ground plane for better thermal performance of the device.
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Specifications
Absolute Maximum Ratings (1)
Parameter Min Max Unit

VIN -0.3 48 \Y,

EN/UVLO/SYNC -0.3 VIN+0.2 \Y
Voltage Range | g5 RT, FB, COMP, MODE, VCC -0.3 55 v
at Terminals

SW (DC) -0.3 48 \Y,
(Refer to
AGND) SW (10ns transient, less than 1% duty cycle) -4 55 \%

PGND -0.3 0.3 V

PGOOD -0.3 18 \Y,
Ty Maximum Junction Temperature -40 150 °C
Ta Operating Temperature Range -40 125 °C
Tste Storage Temperature Range -65 150 °C
TL Lead Temperature (Soldering 10 sec) 260 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. Exposure
to any Absolute Maximum Rating condition for extended periods may affect device reliability and lifetime.

ESD, Electrostatic Discharge Protection

Parameter Condition Minimum Level Unit
VHBm Human Body Model ESD AEC Q100-002 (D +2000 \%
V Charged Device Model ESD AEC Q100-011 CDM ESD +750 \Y
VI T
o g Classification Level C4B

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

Recommended Operating Conditions

Parameter Min Typ Max Unit
ViN VIN Input 29 45 \Y
VsuepLy | Boost Converter Input Voltage 1.5 45 Vv
Vour Boost Converter Output Voltage VsuppLy 45 \Y
Vuvio UVLO Input 0 45 \Y
Vrs FB Input 0 5.0 \
fsw Typical Switching Frequency 100 2200 kHz
fsyne Synchronization Pulse Frequency 100 2200 kHz
Ty Junction Temperature Range —40 150 °C
www.3peak.com 6/36 EA20231101A0
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Thermal Information
Package Type 0.a 0.8 Buc(top) Unit
QFN3X3-16 50.9 16 39.3 °C/W
www.3peak.com 7136 EA20231101A0
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2.2-MHz Wide Input Nonsynchronous Boost/SEPIC/Flyback
Converter

Electrical Characteristics

All test conditions: Vin =12V, RT = 9.09 kQ, Ty = —-40°C to 125°C, unless otherwise noted. Typical values are at Ty = 25°C.

Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit

Supply Current
|

SHUTEOWNC | \/IN Shutdown Current ViN=12V, Vovio =0 V 2.6 5 HA
VIN)
| Vn=12V,V =20V, Vr =

OPERATNGC | \/IN Operating Current m o Fe 570 775 LA
VIN) VRrer, RT =220 kQ
VCC Regulation
Vvce rec | VCC Regulation Vin=8V, lcc =18 mA 4.8 5.0 5.2 \%
Y,

Ce-UMOR | \yeC UVLO Threshold Vee rising 2.7 2.8 2.9 i
ISING)
V

Ce-UYEO-TyiCC UVLO Hysteresis Vec falling 0.1 v
HYS
Enable
VEN_R Enable Threshold EN rising 0.6 0.9 1.05 \%
VEN_F Enable Threshold EN falling 0.46 0.78 0.95 \
VEN_HYs Enable Hysteresis EN falling 0.12 \%
UVLO/SYNC
Vuvio_R UVLO/SYNC Threshold UVLO rising 1.425 15 1.575 \%
Vuvio_F UVLO/SYNC Threshold UVLO falling 1.37 1.45 1.52 \Y,

UVLO/SYNC Threshold .
VuvLo_Hys . UVLO falling 0.05 \Y%
Hysteresis

luvio UVLO Hysteresis Current Vuvio=1.6V 4 5 6 MA

Spread Spectrum

Modulation Frequency (upper

8% f
limit) ° W
fico Modulation F I
odulation Frequency (lower
Vios ulati quency (low 7% few
limit)
SOFT START
Iss Soft-start Current 8.8 10 11.2 MA
Rss_pp SS Pulldown Switch Rpson 19 Q
Pulse Width Modulation
RT =220 kQ 85 100 115 kHz
fsw Switching Frequency RT =49.3 kQ 388 440 492 kHz
RT =9.09 kQ 1980 2200 2420 kHz
tonmin) Minimum on Time RT =9.09 kQ 80 ns
RT =9.09 kQ 85% 92% 98%
Dwmax Maximum Duty Cycle Limit
RT =220 kQ 90% 94% 98%
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2.2-MHz Wide Input Nonsynchronous Boost/SEPIC/Flyback

Converter
Parameter Conditions Min Typ Max Unit

VR RT Regulation Voltage 0.5 \Y,
Current Limit
LT Internal MOSFET Current Limit TPas0s7a 05 ro i A

TPQ50571Q, TPQ50571WQ 5.3 6.2 7.1 A
Hiccup Mode Protection
thiccur en | Hiccup Enable Cycles 64 Cycles
thiccup_rsT | Hiccup Timer Reset Cycles 8 Cycles
Error Amplifier
VRer FB Reference 0.99 1 1.01 \
Gmea Transconductance 2 mA/N
Isourcing | COMP Sourcing Current Vcowp = 1.2V 155 pA
Veiame 1 | High COMP Clamp Voltage COMP rising (Vuvio = 2.0 V) 1.7 2.3 \Y,
Veiamp L | Low COMP Clamp Voltage COMP falling 0.9 1.0 \
Acs AVcowmp / Alsw 0.099 VIA
OVP
VovTH Overvoltage Threshold FB rising (reference to Vrer) 107% 110% 113% VRer
VovrL Overvoltage Threshold FB falling (reference to VRrer) 105% VRer
PGOOD
Rec_pD PGOOD Pulldown Switch Roson | 1-mA sinking 55 Q
VuvtL Undervoltage Threshold FB falling (reference to Vrer) 87% 90% 93% VRer
VuvTH Undervoltage Threshold FB rising (reference to VRrer) 95% VRer
Power Switch

Vin=12V 39 75 mQ
Robson Internal MOSFET on-resistance V=35V 1 80 0
lke Leakage Current Vsw=12V 3.0 MA
Thermal Protection
Teo Itr:;eer;nhe;lljhutdown Protection T, rising 175 oC
Tsp_nvs Thermal Shutdown Hysteresis T, falling below Tsp 15 °C
www.3peak.com 9/36 EA20231101A0
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Typical Performance Characteristics
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Figure 18. Startup Waveform by EN
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Figure 19. Shutdown Waveform EN

Figure 20. Switching Waveform at 0-A Load Current
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Figure 21. Switching Waveform at 0.1-A Load Current

[ECHIVIN

Figure 22. Switching Waveform at 2-A Load Current

Figure 23. Line Transient
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Figure 24. Load Transient
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Detailed Description

Overview

The TPQ5057xQ is a wide input range, non-synchronous switching regulator with an integrated 48-V, 7-A power MOSFET
switch. The TPQ5057xQ uses a peak-current-mode control scheme. The device can be used in boost, SEPIC, and flyback
topologies.

The TPQ5057xQ can operate with the input supply voltage from 2.9 V to 45 V. An internal LDO output of 5 V at the VCC
pin to supply the internal circuit. When the VIN pin is supplied with a voltage greater than 2.9 V. The supply voltage for the
switching power stage can be down to 1.5 V.

The switching frequency is either set by an external resistor or synchronized to an external clock from 100 kHz to 2.2 MHz.
Switching at 2.2 MHz minimizes AM band interference and allows for a small solution size and fast transient response.

The TPQ5057xQ supports the use of an external VCC supply to improve efficiency. Low operating current and pulse-skipping
operation improve efficiency at light loads.

The device has built-in protection features such as cycle-by-cycle current limit, overvoltage protection, hiccup mode overload
protection, and thermal shutdown. Additional features include low shutdown current, programmable soft start, programmable
input UVLO, spread spectrum, and power-good indicator.

Functional Block Diagram

VIN 3]—) LDO

> A

EN/UVLO/SYNG 6:'— @) Ve

\V4
AGND

. b uvLo
Vuvio

Gate Driver

PWM Control

i

@ lumir
AGND 7:| Logic ﬂ Vrs 1(z| ss
Clock Generator

1 with Spread |—]
SYNC

Spectrum Vour ov e

\/
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Thermal
11
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Figure 25. Functional Block Diagram
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Feature Description

Enable and Programmable Input Undervoltage Lockout

The TPQ5057xQ has a dual function enable and input undervoltage lockout (UVLO) circuit. During power-on, when the
VIN pin voltage is greater than 2.9 V and the voltage at the EN/UVLO/SYNC pin is in between the enable threshold (Ven)
and the UVLO threshold (VuvLo) for more than 1.5us, the device starts up and an internal configuration starts. The device
typically requires 65-ps for internal start-up and then goes into standby mode. In standby mode, the VCC regulator and the
RT regulator are active, the SS pin is grounded, and there is no switching at the SW pin.

When the EN/UVLO/SYNC pin voltage continues to go up above the UVLO rising threshold, the device enters run mode.
In run mode, a soft-start sequence starts when the VCC voltage is greater than the VCC UVLO threshold (Vccuvio). The
UVLO threshold has 50-mV hysteresis and an additional 5-pA current source is switched on or off at the EN/UVLO/SYNC pin
to make a desired hysteresis for input voltage. When the EN/UVLO/SYNC pin voltage exceeds the UVLO rising threshold,
the current source is enabled to quickly raise the voltage at the EN/UVLO/SYNC pin. When the EN/UVLO/SYNC pin voltage
falls below the UVLO falling threshold, the current source is disabled, causing the voltage at the EN/UVLO/SYNC pin to fall
quickly. When the UVLO pin voltage is less than the enable threshold (Ven), the device enters shutdown mode after a 40-ps
(typical) delay with all functions disabled.

ViN
[ 3 |VIN

luvio

Ruvio_t § 40\

6 + UVLO
1 ENUVLOISYNG | [] —

Ruvio s i lCUVLO —_—

Vuvio
AGND

Figure 26. Input UVLO Threshold Setting

The external UVLO resistor divider must be designed so that the voltage at the EN/UVLO/SYNC pin is greater than 1.5 V
(typical) when the input voltage is in the desired operating range. The values of two resistors, Ruvio T and RuvLo 8 can be
calculated as shown in Equation 1 and Equation 2.

VuLvo_F
V X ——=_ =/
. _VINON* o R T VINLOFF ™)
UVLO T = 0vio
Vuvio R*Ruvio T
Ruvio B = v ————v = ()
IN_oN ~ VuvLo R
Where

e Vn_on is the desired start-up voltage of the converter.

e Vin_oFF is the desired turnoff voltage of the converter.
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A UVLO glitch filtering capacitor (CuvLo) is required in case the input voltage drops below the Vin_orr momentarily during the
start-up or during a severe load transient at the low input voltage. The UVLO filtering capacitor should be less than 1nF to
allow the voltage at the UVLO pin to be quickly raised when the 5-pA hysteresis current turns on.

Do not leave the EN/UVLO/SYNC pin floating. Connect it to the VIN pin if not used.

High Voltage VCC Regulator

The device has an internal wide input linear regulator which is sourced from the VIN pin. The VIN pin can be connected
directly to supply voltages from 2.9 V to 45 V. The regulator outputs regulated 5-V voltage at the VCC pin with 30-mA output
current capability. The recommended capacitor at the VCC pin is from 1 pF to 4.7 pF.

The linear regulator turns on when the device is enabled. When the VIN pin voltage is below the VCC regulation target, the
VCC output tracks the VIN pin voltage with a small dropout voltage. When the VIN pin voltage is greater than 5 V, the VCC
regulator provides a 5-V supply for the device and the internal N-channel MOSFET driver.

The minimum supply voltage for the power stage after start-up can be further decreased by supplying the VIN pin from the
boost converter output or from an external power supply as shown in Figure 27.

L1

V_SUPPLY 2:2uH VouT
o1 D1 Cc2
22uF
sw I=
VIN L
; R1

1L | TPasos71a

Figure 27. Decreasing the Minimum Operating Voltage after Start-up

In the flyback topology, the internal power dissipation of the device can be decreased by supplying the VCC using an
additional transformer winding. In this configuration, the external VCC supply voltage must be greater than the VCC
regulation target (Vccreg), and the VIN pin voltage must be always greater than 2.9 V.
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Figure 28. External VIN Supply (PSR Flyback)

Soft Start

When the TPQ5057xQ is enabled to start up, an internal 10-yA soft-start current source (Iss) turns on after the VCC voltage
exceeds the 2.8-V UVLO threshold. The soft-start current gradually increases the voltage on an external soft-start capacitor
connected to the SS pin. The TPQ5057xQ regulates the FB pin voltage to the SS pin voltage when the SS pin voltage is
below the internal reference voltage. This results in a gradual rise of the output voltage. When the SS pin voltage reaches the
internal reference voltage and above, the FB pin voltage is regulated to the internal reference voltage.

The SS pin is pulled down to GND by an internal switch when the VCC voltage is less than the VCC UVLO threshold or the
UVLO pin voltage is less than the UVLO threshold during hiccup mode off-time or thermal shutdown.

In boost topology, the soft-start time (tss) varies with the input supply voltage. The soft-start time in boost topology is
calculated as shown in Equation 3.

C \%
fgg = =S8 x (1 _ SUPPLY) 3)
Iss Vour
In SEPIC topology, the soft-start time (tss) is calculated as shown in Equation 4.
Css
tss = |_ (4)
SS

It is recommended to choose a soft-start time long enough so that the converter can start up without going into an
overcurrent state.

In primary side flyback topology, a PNP transistor can be used by connecting the base to the SS pin and emitter to the COMP
pin to achieve soft start. Figure 29 shows the implementation.
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Figure 29. Soft Start Configuration in Primary Side Flyback Topology

In secondary side flyback topology, the soft start is implemented by external RC circuit as shown in Figure 30.

VOUT
? <1

(0]

econdary Side
Rss Soft-start

_
>%i s
v

Figure 30. Soft Start Configuration in Secondary Side Flyback Topology

Switching Frequency
The switching frequency is set by an external resistor connected between the RT pin and the AGND pin. The resistor value to
set the switching frequency (frr) is calculated using Equation 5.
10
Rs = 2.21x10 - 955 (5)
fRT(TYPICAL)

The RT pin is regulated to 0.5 V by the internal regulator when the device is enabled.
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Dual Triangle Spread Spectrum

The device provides a digital spread spectrum which reduces the EMI of the power supply over a wide frequency range. This
function is enabled by a single resistor (37.4 kQ or >100 kQ) connected between the MODE pin and the AGND pin or by
programming the MODE pin voltage (370 mV or greater than 1.0 V) during initial power up. When the spread spectrum is
enabled, the internal modulator dithers the internal clock. When an external synchronization clock is applied to the EN/UVLO/
SYNC pin, the internal spread spectrum is disabled. The dual Triangle spread spectrum combines a low-frequency triangular
modulation profile with a high-frequency triangular modulation profile. The low-frequency triangular modulation improves
performance in lower radio frequency bands (for example, AM band), while the high-frequency triangular modulation
improves performance in higher radio frequency bands (for example, FM band). In addition, the frequency of the triangular
modulation is further modulated to reduce the likelihood of any audible tones. In order to minimize output voltage ripple
caused by the spread spectrum, the duty cycle is modified on a cycle-by-cycle basis to maintain a nearly constant duty cycle
when dithering is enabled (see Figure 31.)

+8% l— Low Frequency Modulation

1% —— 13.3kHz

High Frequency Modulation

o | P g T T
wl

Combined Dual Tri-angular
Modulation

Figure 31. Dual Tri-angular Switching Frequency Dithering

Clock Synchronization

The switching frequency of the device can be synchronized to an external clock by feeding the clock into the EN/UVLO/
SYNC pin. The internal clock of the device is synchronized at the falling edge but ignores the falling edge input during the
forced off-time which is determined by the maximum duty cycle limit. The external synchronization clock must pull down the
EN/UVLO/SYNC pin voltage below 1.45 V (typical). The duty cycle of the pulldown pulse is not limited, but the minimum
pulldown pulse width must be greater than 150 ns, and the minimum pull-up pulse width must be greater than 250 ns.

When the input UVLO is not required, the external synchronization clock can connect to the EN/UVLO/SYNC pin directly.
In this configuration, it is recommended to apply the external clock pulses after the VIN is supplied. By limiting the current
flowing into the EN/UVLO/SYNC pin below 1 mA using a current-limiting resistor, the external clock pulses can be supplied
before the VIN is supplied.

When the input UVLO is also required with an external resistor divider connected, Figure 32 shows an implementation of
the enable function and the external clock synchronization together with the programmable UVLO function. The EN/UVLO/
SYNC pin is pulled down by a discrete MOSFET or an open-drain output of an MCU. In this configuration, the device stops
switching immediately after the EN/UVLO/SYNC pin is grounded, and the device shuts down in 35 us (typical) after the
EN/UVLO/SYNC pin is grounded.
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Figure 32. Enable and External Clock Synchronization with Input UVLO Function

The external clock frequency (fsync) must be within +25% and —30% of the setting switching frequency frr(rvricaL). Because
the maximum duty cycle limit and the peak current limit are affected by the clock synchronization, take extra care when using
the clock synchronization function.

Current Sense and Slope Compensation

The device senses switch current which flows into the SW pin, and provides a fixed internal slope compensation ramp,
helping to prevent subharmonic oscillation at the high-duty cycle. The internal slope compensation ramp is added to the
sensed inductor current input for the PWM operation, but no slope compensation ramp is added to the current limit for an
accurate peak current limit operation over the input supply voltage.

According to peak current mode control theory, the slope of the compensation ramp must be greater than half of the sensed
inductor current falling slope to prevent subharmonic oscillation at the high-duty cycle. Therefore, the minimum amount of
slope compensation in boost topology should satisfy the following inequality:

V +Vp) -V
0.5 x (Yout * Vp) SUPPLY » p o

3 x Margin < Vg opg * fsw (6)

where

e Vpis the forward voltage drop of D1, the external diode.
e VsuppLy is the input voltage to the inductor of the power stage

e Vsiore is the peak slope voltage. For TPQ5057Q, VsLore is 750 mV. For TPQ50571Q and TPQ50571WQ, VsLore is 620
mV

o fswis the switching frequency

e Acs is the gain of the current sense

Typically, 82% of the sensed inductor current falling slope is known as an optimal amount of slope compensation. By
increasing the margin to 1.6, the amount of slope compensation becomes close to the optimal amount.

If clock synchronization is not used, the switching frequency fsw equals the frr frequency. If clock synchronization is used, the
fsw equals the fsync frequency.

Current Limit and Minimum On-time

The device provides cycle-by-cycle peak current limit protection that turns off the MOSFET when the inductor current reaches
the current limit threshold (ILmit). To avoid an unexpected hiccup mode operation during a harsh load transient condition, it is
recommended to have more margin when considering the maximum load current.

Boost converters have a natural pass-through path from the supply to the load through the high-side power diode (D1).
Because of this path and the minimum on-time limitation of the device, boost converters cannot provide current limit
protection when the output voltage is close to or less than the input supply voltage. The minimum on-time is calculated as
Equation 7.
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Feedback and Error Amplifier

The feedback resistor divider is connected to an internal transconductance error amplifier which features high output
resistance and wide bandwidth. The internal transconductance error amplifier sources current which is proportional to
the difference between the FB pin and the SS pin voltage or the internal reference, whichever is lower. The internal
transconductance error amplifier provides symmetrical sourcing and sinking capability during normal operation and reduces
its sinking capability when the FB is greater than the OVP threshold.

To set the output regulation target, select the feedback resistor values as shown in Equation 8.

Vour = VReFr X (EFB‘T + 1) 8)
FB_B
The output of the error amplifier is connected to the COMP pin, allowing the use of a Type 2 loop compensation network. R,
Cc, and optional CH loop compensation components configure the error amplifier gain and phase characteristics to achieve a
stable loop response. The absolute maximum voltage rating of the FB pin is 5.5 V. If necessary, especially during automotive
load dump transient, the feedback resistor divider input can be clamped with an external zener diode.

The COMP pin features internal clamps. The maximum COMP clamp limits the maximum COMP pin voltage below its
absolute maximum rating even in shutdown. The minimum COMP clamp limits the minimum COMP pin voltage in order to
start switching as soon as possible during no load to heavy load transition. The minimum COMP clamp is disabled when the
FB pin is connected to GND in the flyback topology.

Power Good Indicator

The device has a power-good indicator (PGOOQOD) to simplify sequencing and supervision. The PGOOD switches to a high
impedance open-drain state when the FB pin voltage is greater than the feedback undervoltage threshold (VuvtH), the VCC
is greater than the VCC UVLO threshold and the EV/UVLO/SYNC voltage is greater than the EN threshold. A 25-us deglitch
filter prevents any false pulldown of the PGOOD due to transients. The recommended minimum pullup resistor value is 10
kQ.

Due to the internal diode path from the PGOOQOD pin to the VIN pin, the PGOOD pin voltage cannot be above the VIN voltage
of more than 0.3 V.

Hiccup Mode Overload Protection

To further protect the converter during prolonged current limit conditions, the device provides an optional hiccup mode
overload protection. This function is enabled by a single resistor (37.4 kQ or 62.0 kQ) between the MODE pin and the AGND
pin or by programming the MODE pin voltage (370 mV or 620 mV) during initial power up. The internal hiccup mode fault
timer counts the PWM clock cycles when the cycle-by-cycle current limiting occurs. When the hiccup mode fault timer detects
64 cycles of current limiting, an internal hiccup mode off timer forces the device to stop switching and pulls down SS. Then,
the device will restart after 32768 cycles of hiccup mode off-time. The 64-cycle hiccup mode fault timer is reset if eight
consecutive switching cycles occur without exceeding the current limit threshold. The soft-start time must be long enough not
to trigger the hiccup mode protection during soft-start time because the hiccup mode fault timer is enabled during the soft
start.

Maximum Duty Cycle Limit and Minimum Input Supply Voltage

When designing boost converters, the maximum duty cycle happens at the minimum supply voltage. The minimum input
supply voltage that can achieve the target output voltage is limited by the maximum duty cycle limit, and it can be estimated
as follows.

VsuppLy(MIN) = (VLoap + VF) X (1 = Dmax) + IsuppLY(MAX) X (Rpcr + 110m x Dyax) 9)
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where

o lsuppLy(vax) is the maximum input current.
* Ropcr is the DC resistance of the inductor.

¢ Dwax can be estimated in Figure 17 at different switching frequencies.

Internal Power MOSFET

The device provides an internal switch with an Rps(oon) that is typically 39 mQ when the VIN pin is greater than 5 V. The
Roson) of the internal switch is increased when the VIN pin is less than 5 V. The device temperature must be checked at the
minimum supply voltage especially when the VIN pin is less than 5 V.

The dV/dt of the SW pin must be limited during the 90-us internal start-up delay to avoid a false turn-on, which is caused by
the coupling through Ccp parasitic capacitance of the internal MOSFET switch.

Overvoltage Protection

The device has overvoltage protection (OVP) for the output voltage. OVP is sensed at the FB pin. If the voltage at the FB pin
rises above the overvoltage threshold (VovtH), OVP is triggered and switching stops. During OVP, the internal error amplifier
is operational, but the maximum source and sink capability is decreased to 60 pA.

Thermal Shutdown

An internal thermal shutdown turns off the VCC regulator, disables switching, and pulls down the SS when the junction
temperature exceeds the thermal shutdown threshold (Tsp). After the temperature is decreased by 15°C, the VCC regulator
is enabled again, and the device performs a soft start.
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Application and Implementation

Note

Information in the following application sections is not part of the 3PEAK’s component specification and 3PEAK does not
warrant its accuracy or completeness. 3PEAK’s customers are responsible for determining suitability of components for
their purposes. Customers should validate and test their design implementation to confirm system functionality.

Application Information

The TPQ5057xQ is a wide-input-range, non-synchronous switching regulator with an integrated 48-V, 7-A power MOSFET
switch. The TPQ5057xQ uses a peak-current-mode control scheme. The device can be used in boost, SEPIC, and flyback
topologies.

Typical Application

Figure 33 shows a typical circuit of a boost converter.

L1

2.2uH 24V
D_.12V Y YY)\ g -
C1—L D1 —L Cc2
22uF:|: SW :I: 220F
VIN
EN/UVLO/SYNC PG
5 R6 SS § R1
L c3 RT
l TPQ50571Q -
R3 ele}
c4 PGND
COMP R2
[ o etV
R4 MODE
CS%
i R7

Figure 33. TPQ50571Q 12-V to 24-V Boost Converter Application Circuit

Selecting the Switching Frequency

Connect a resistor between the RT pin and the AGND pin to set the switching frequency. The resistance can be calculated by
Equation 5.

Setting Output Voltage

The output voltage is set by an external resistor divider with the center tap connecting to the FB pin. Typically, a minimum
current of 10 pA flowing through the feedback divider gives good accuracy and noise covering. A resistor of less than 100 kQ
is typically selected for low-side resistor R2.

When the output voltage is regulated, the typical voltage at the FB pin is Vrer. Thus, the value of R1 is calculated as:

www.3peak.com 23/36 EA20231101A0



~ 3PEAK TPQ5057Q, TPQ50571Q

2.2-MHz Wide Input Nonsynchronous Boost/SEPIC/Flyback
Converter

R, = Vour ~ VRer) X Ry
.

10
VRer (19)

Switching Duty Cycle
The duty cycle of the converter in continuous conduction mode (CCM) is related primarily to the input and output voltages as
computed by Equation 11.

_ Vour + Vb~ ViN

D
Vout + Vb

(11)

Where,
Vp is the forward voltage drop of the Schottky diode

At light load, the converter operates in discontinuous conduction mode (DCM). In this case, the duty cycle is a function of the
load, input and output voltages, inductance, and switching frequency as computer by Equation 12.

D= 2 * (Vout + Vp — ViN) X L X loyt % fsw
VIN

(12)

Selecting the Inductor

The selection of the inductor affects steady-state operation as well as transient behavior and loop stability. These factors
make it the most important component in power regulator design. There are three important inductor specifications: inductor
value, dc resistance, and saturation current. Considering inductor value alone is not enough. Inductor values can have +20%
tolerance with no current bias. When the inductor current approaches saturation level, the effective inductance can fall to a
fraction of the zero current value.

The following Equation 13, Equation 14, and Equation 15 calculate the peak current of the inductor. To calculate the current
in the worst case, use the minimum input voltage, maximum output voltage, and maximum load current of the application.
To leave enough design margin, it is recommended to use the minimum switching frequency, the inductor value with -20%
tolerance, and a low-power conversion efficiency for the calculation.

In a boost regulator, calculate the inductor DC current as in Equation 13.

Iog = (Vout \Z'\:/E)n" lout (13)
Where,

Vo is the forward voltage drop of the Schottky diode

n is the power conversion efficiency

Calculate the inductor current peak-to-peak ripple as in Equation 14.

1

ILpp =

1)

L x <+ + L) x f (
VOUT*VD-VIN VIN/ = SW

Therefore, the peak current of the inductor can be calculated by Equation 15.

ILpp
lLPEAK = Ipc + =5 (15)

The calculated peak current of the inductor must be less than the current limit of the TPQ50571Q. Select an inductor with a
saturation current higher than the calculated peak current.

www.3peak.com 2436 EA20231101A0



~Z3PEAK TPQ5057Q, TPQ50571Q

2.2-MHz Wide Input Nonsynchronous Boost/SEPIC/Flyback
Converter

Maximum Output Current

The overcurrent limit of the TPQ50571Q limits the maximum input current and thus the maximum input power for a given
input voltage. The maximum output power is less than the maximum input power due to power conversion losses. Because
of the TPQ50571Q’s peak current limit, the maximum output current can be calculated by Equation 16.

A smaller inductor can increase the high current ripple thus reducing the maximum output current.

|
<|LIMIT - L§P> * VINmINY X N

(16)

lout(vax) = Vour

Where,
lumiT is the switch current limit of the TPQ50571Q

Selecting the Output Capacitors

At least 4.7-uyF capacitance of ceramic X7R capacitor is recommended at the output. The output capacitance is mainly
selected to meet the requirements for the output ripple and voltage change during a load transient. Then the loop is
compensated for the output capacitor selected. The output capacitance should be chosen based on the most stringent of
these criteria. The output ripple voltage is related to the capacitance and equivalent series resistance (ESR) of the output
capacitor. Assuming a capacitor with zero ESR, the minimum capacitance needed for a given output ripple voltage can be
calculated by Equation 17. If high ESR capacitors are used, it will contribute additional ripple. The maximum ESR for a
specified ripple is calculated with Equation 18. ESR ripple can be neglected for ceramic capacitors but must be considered if
electrolytic capacitors are used. The minimum ceramic output capacitance needed to meet a load transient requirement can
be estimated by Equation 19.

Cout 2 Dmax * lout
VRippLE * fsw

vV _ Dvax*lout
RIPPLE ~ Tsw * Cout
Resr <
Al

(17)

(18)

Criin > Alrran
OUT = 2m xfe x AVrran

(19)

Where,

VrippLE is the output ripple voltage

fc is the crossover frequency of the open loop of the converter
Alrran is the output current change during load transient

AVTran is the output voltage change during load transient

Selecting the Input Capacitors

At least 4.7-uyF capacitance of ceramic input capacitor is recommended. Additional input capacitance may be required
to meet ripple and/or transient requirements. High-quality ceramic, type X7R is recommended to minimize capacitance
variations over temperature.

Selecting the Schottky Diode

The high switching frequency of the TPQ50571Q demands high-speed rectification for optimum efficiency. Ensure that
the average and peak current ratings of the Schottky diode exceed the average output current. In addition, the reverse
breakdown voltage of the diode must exceed the regulated output voltage. The diode must also be rated for the power
dissipated which can be calculated with Equation 20.

Pp = Vp * lout (20)
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Control Loop Compensation for Stability

Converter

The TPQ50571Q requires external compensation which allows the loop response to be optimized for each application.
The COMP pin is the output of the internal error amplifier. An external compensation network composed of resistors and
capacitors is connected to the COMP pin to provide poles and a zero as shown in Figure 34. These poles and zero, along

with the inherent pole and zero of a boost converter, determine the closed-loop frequency response.

Vour
o— 13 |vouT

R1§

-] FB |_
ZJ EA

R2
VRer

AGND

=y

COMP r1

_
i

Re

Cc

Figure 34. Type Il Compensation Network
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I
!

CH

In CCM mode, approximately, the small signal frequency response of the power stage of the peak current mode boost

converter can be modeled by Equation 21.

S

- 1+% x 1_x—
GPS(S):ROX(1 D)x( 2m fESRZ) ( 27 * TRHPZ

X S
2xAcs T+ o

Where,

D is the switching duty cycle

Ro is the load resistance at the output of the boost converter
Acs is the gain of the current sense of the power stage

fr is the pole's frequency

fesrz is the zero's frequency

frupz is the right-half-plane-zero frequency

The fp, fesrz, and frypz can be calculated by the following equations.

(21)

2
fo= —— &
P~ 2mxRo * Court (22)
Where
Cour is the effective capacitance of the output capacitor
fesrz = 1 23
ESRZ ™ 2 xResr * Cour 23)
Where
Resr is the equivalent series resistance of the output capacitor
2
Rox(1-D)
RHPZ 27 % L
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The COMP pin is the output of the internal transconductance amplifier. Equation 25 shows the small signal transfer function
of the compensation network

Gmea X Rea * VRer (1 N inMZ)
GC(S) = m X

Vout S —_S
(1 * 21T""COMP1) (1 2 xfcomp2

(25)

Where

Gmea is the transconductance of the internal error amplifier

Rea is the output resistance of the internal error amplifier, which is about 10 MQ
VRer is the reference voltage at the FB pin

Vour is the output voltage

fcomp1 and fcomp2 are the poles' frequency of the compensation network

fcomz is the zero's frequency of the compensation network

The next step is to choose the loop crossover frequency, fc. The higher in frequency that the loop gain stays above zero
before crossing over, the faster the loop response is. It is generally accepted that the crossover frequency is no higher than
the lower of either 1/10 of the switching frequency, fsw, or 1/5 of the RHPZ frequency, frrpz.

At the crossover frequency, the open loop gain is 0 dB. Thus, the value of the Rc can be calculated by Equation 26. Then set
the values of Cc and CH by Equation 27, and Equation 28.

R _ 21 xVoyt * fc x Cout * Acs
o=

26
(1-D) *x VRer * Gmea =0
_ Ro*Cour
Cc=Fxmre 27)
R x C
Cy = ESRR ouT (28)
c

If the calculated Ch is less than 10pF, it can be left open.

Designing the open loop frequency response with greater the 45° phase margin and greater than 10-dB gain margin
eliminates output voltage ringing during the line and load transient.
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Converter
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Figure 35. Typical SEPIC Converter

Cuk Converter

The TPQ50571Q can be configured as a Cuk converter to output negative voltage. An operational amplifier is needed to
invert the negative feedback voltage into the FB pin for output voltage regulation.
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Figure 36. Typical Cuk Converter for Negative Output

Flyback Converter
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Figure 37. Secondary-Side Regulated Isolated Flyback
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Layout

Layout Guideline

The performance of switching converters heavily depends on the quality of the PCB layout. The following guidelines help
users design a PCB with the best power conversion performance, and thermal performance, and minimize the generation of
unwanted EMI.

¢ Make the switching loop (Cout to D1 to SW to PGND to Cour) as small as possible.

e Use a small size ceramic capacitor for Cour.

e Leave a copper area near the D1 diode for thermal dissipation.

e Connect the AGND pin directly to the analog ground plane. Connect the AGND pin to the Rwope, RuvLo 8, Rt, Css, and
Res_s components.

e Connect the exposed pad to the AGND pin under the device.

¢ Add several vias under the exposed pad to help conduct heat away from the device. Connect the vias to a large ground
plane on the bottom layer.

Layout Example

Figure 38 shows the location of external components as they appear on the PCB.
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Figure 38. TPQ50571Q PCB Layout Example
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QFN3X3-16-WET
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Order Information

Order Number Operating Ambient Temperature Range Package In:larlr-:::s:m MSL Tran;z::til\tn;dia, Eco Plan
TPQ5057Q-QFNR-S () -40°C - 125°C QFN3X3-16 057Q MSL2 Tape & Reel, 4000 Green
TPQ50571Q-QFNR-S -40°C — 125°C QFN3X3-16 50571 MSL2 Tape & Reel, 4000 Green
TPQ50571WQ-QFNR-S ~40°C — 125°C Wettable flank 571WQ MSL2 Tape & Reel, 4000 Green
QFN3X3-16
(1) For future products, contact the 3PEAK factory for more information and samples
Green: 3PEAK defines "Green" to mean RoHS compatible and free of halogen substances.
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IMPORTANT NOTICE AND DISCLAIMER

Copyright© 3PEAK 2012-2024. All rights reserved.

Trademarks. Any of the B I&8 or 3PEAK trade names, trademarks, graphic marks, and domain names contained in
this document /material are the property of 3PEAK. You may NOT reproduce, modify, publish, transmit or distribute any
Trademark without the prior written consent of 3PEAK.

Performance Information. Performance tests or performance range contained in this document/material are either results
of design simulation or actual tests conducted under designated testing environment. Any variation in testing environment or
simulation environment, including but not limited to testing method, testing process or testing temperature, may affect actual
performance of the product.

Disclaimer. 3PEAK provides technical and reliability data (including data sheets), design resources (including reference
designs), application or other design recommendations, networking tools, security information and other resources "As Is".
3PEAK makes no warranty as to the absence of defects, and makes no warranties of any kind, express or implied, including
without limitation, implied warranties as to merchantability, fitness for a particular purpose or non-infringement of any third-
party’s intellectual property rights. Unless otherwise specified in writing, products supplied by 3PEAK are not designed to
be used in any life-threatening scenarios, including critical medical applications, automotive safety-critical systems, aviation,
aerospace, or any situations where failure could result in bodily harm, loss of life, or significant property damage. 3PEAK
disclaims all liability for any such unauthorized use.
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