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TPS57160-Q1 1.5-A 60-V Step-Down DC-DC Converter
With Eco-mode™ Control
1 Features 3 Description

* Qualified for Automotive Applications
» 3.5-Vto 60-V Input Voltage Range
e 200-mQ High-Side MOSFET

» High Efficiency at Light Loads With Pulse-
Skipping Eco-mode™ Control Scheme

» 116-pA Operating Quiescent Current

e 1.5-yA Shutdown Current

* 100-kHz to 2.5-MHz Switching Frequency
» Synchronizes to External Clock

» Adjustable Slow Start/Sequencing

« Undervoltage and Overvoltage Power-good
Output

* Adjustable Undervoltage Lockout (UVLO) Voltage
and Hysteresis

* 0.8-V Internal Voltage Reference

e Supported by SwitcherPro™ Software Tool
(ti.com/tool/switcherpro)

o Z-Suffix Offers Improved Delamination

2 Applications
12-V, 24-V, and 48-V Industrial and Commercial
Low-Power Systems

Aftermarket Automotive Accessories: Video, GPS,
Entertainment

4 Simplified Schematic
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The TPS57160-Q1 device is a 60-V 1.5-A step-down
regulator with an integrated high-side MOSFET.
Current-mode control provides simple external
compensation and flexible component selection. A
low-ripple pulse-skip mode reduces the no load, input
supply current to 116 pA. Using the enable pin,
shutdown supply current is reduced to 1.5 pA.

Undervoltage lockout is set internally at 2.5 V but can
be increased using the enable pin. The output voltage
startup ramp is controlled by the slow-start pin that
can also be configured for sequencing or tracking. An
open-drain power-good signal indicates the output is
within 92% to 109% of the nominal voltage.

A wide switching frequency range allows efficiency
and external component size to be optimized.
Frequency foldback and thermal shutdown protects
the part during an overload condition.

The TPS57160-Q1 device is available in a 10-pin
thermally enhanced MSOP-PowerPAD™ (DGQ) or
10-pin VSON (DRC) package. The Z-suffix offers
reduced delamination compared to standard device.

Device Information®
PACKAGE BODY SIZE (NOM)
MSOP-PowerPAD (10) |3.00 mm x 3.00 mm
VSON (10) 3.00 mm x 3.00 mm

PART NUMBER

TPS57160-Q1

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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6 Pin Configuration and Functions

DGQ Package
10-Pin MSOP-PowerPAD

DRC Package

10-Pin VSON With Exposed Thermal Pad

Top View Top View
BOOTCI]1 _ _ _ 10T —PH BooT [>1!7" ““‘ilo:: PH
-~ | ~
VINCT 2 | gppeeq | 9 - GND VIN [321 gyposeq |9 GND
ENCT ]3| Thermal | 8 | _1COMP EN _33: Thermal !8C: COMP
SS/TRC T4 | Pad | 7 |11 VSENSE SS/TR >4 ! Pad 17 ] VSENSE
RT/CLKC I 5 =~ = 6| L JPWRGD RT/CLK _ZSL_I o '__:6fj PWRGD
Pin Functions
PIN
110 DESCRIPTION
NAME NO.
BOOT 1 o A bootstrap capacitor is required between BOOT and PH. If the voltage on this capacitor is below the
minimum required by the output device, the output is forced to switch off until the capacitor is refreshed.
COMP 8 o Error amplifier output, and input to the output switch current comparator. Connect frequency compensation
components to COMP.
EN 3 | Enable pin, internal pullup current source. Pull below 1.2 V to disable. Float to enable. Adjust the input
undervoltage lockout with two resistors.
GND 9 — | Ground
PH 10 | The source of the internal high-side power MOSFET.
Open-drain output, asserts low if output voltage is low due to thermal shutdown, dropout, overvoltage, or EN
PWRGD 6 O
shut down.
Resistor timing and external clock. An internal amplifier holds this pin at a fixed voltage when using an
external resistor to ground to set the switching frequency. If the pin is pulled above the PLL upper threshold,
RT/CLK 5 | a mode change occurs and the pin becomes a synchronization input. The internal amplifier is disabled and
the pin is a high impedance clock input to the internal PLL. If clocking edges stop, the internal amplifier is re-
enabled and the mode returns to a resistor set function.
Slow-start and tracking. An external capacitor connected to this pin sets the output rise time. Because the
SS/TR 4 | o . - - : .
voltage on this pin overrides the internal reference, it can be used for tracking and sequencing.
VIN | Input supply voltage, 3.5 V to 60 V.
VSENSE | Inverting node of the transconductance (gm) error amplifier.
Thermal Pad — | GND pin must be electrically connected to the exposed pad on the printed circuit board for proper operation.

Copyright © 2010-2015, Texas Instruments Incorporated
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7 Specifications

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

MIN MAX UNIT
VIN -0.3 65
EN@ -0.3 5
BOOT 73
Input voltage, Vy VSENSE =03 3 Y
COMP -0.3 3
PWRGD -0.3 6
SS/TR -0.3 3
RT/CLK -0.3 3.6
BOOT to PH 8
-0.6 65
Output voltage, Vour Y 200 ns -1 65 \%
30 ns -2 65
Maximum dc voltage, T; = -40°C -0.85
Differential voltage, Vpre PAD to GND +200 mV
EN 100 pA
BOOT 100 mA
Source current, Isource VSENSE 10 A
PH Current Limit
RT/CLK 100 A
VIN Current Limit
. COMP 100 MA
Sink current, lg;nk
PWRGD 10 mA
SS/TR 200 MA
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgyg —65 150 °C

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

(2) See the Enable and Adjusting Undervoltage Lockout section for details.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002® +2000
S All pins +500
V(esD) Electrostatic discharge Charged-device model (CDM), per AEC P , v
Q100-011 Corner pins (1, 5, 6, and +750
10) *
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Ta Operating ambient temperature -40 125 °C
4 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated
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7.4 Thermal Information

DGQ (MSOP-
DRC (VSON
THERMAL METRIC®® PowerPAD) ( ) UNIT
10 PINS 10 PINS

Rgia Junction-to-ambient thermal resistance (standard board) 67.4 45.2
ReJa Junction-to-ambient thermal resistance (custom board)® — 61.5
Raic(top) Junction-to-case (top) thermal resistance 46.7 52.1
Rgip Junction-to-board thermal resistance 38.4 20.6 °C/IW
Wit Junction-to-top characterization parameter 1.9 0.9
Wig Junction-to-board characterization parameter 38.1 20.8
Raic(bot) Junction-to-case (bottom) thermal resistance 15.9 5.2

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
(2) Power rating at a specific ambient temperature T, should be determined with a junction temperature of 150°C. This is the point where
distortion starts to substantially increase. See power dissipation estimate in application section of this data sheet for more information.

(3) Test boards conditions:

(a) 3 inches x 3 inches, 2 layers, thickness: 0.062 inch
(b) 2 oz. copper traces located on the top of the PCB

(c) 2 oz. copper ground plane, bottom layer

(d) 6 thermal vias (13mil) located under the device package

7.5 Electrical Characteristics

T; =-40°C to 150°C, VIN = 3.5 V to 60 V (unless otherwise noted)

PARAMETER ’ TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY VOLTAGE (VIN PIN)
Operating input voltage 35 60 \%
Internal undervoltage lockout s )
threshold No voltage hysteresis, rising and falling 25 \%
EN=0V,25°C,35V=sVy<60V 15
Shutdown supply current
EN=0V, 125°C,35V<V)<60V 1.9 6.5 uA
Operating nonswitching supply VSENSE = 0.83V, VIN = 12V, T, = 25°C 116 136
current ' ’ r
ENABLE AND UVLO (EN PIN)
Enable threshold voltage ?lo_vcz)lé_ﬁlge hysteresis, rising and falling, 1.15 1.25 1.36 \Y
3=
Enable threshold +50 mV -3.8
Input current HA
Enable threshold =50 mV -0.9
Hysteresis current -2.9 A
VOLTAGE REFERENCE
Voltage reference 0.792 0.8 0.808 \%
HIGH-SIDE MOSFET
. VIN =3.5V, BOOT-PH=3V 300
On-resistance mQ
VIN =12 V, BOOT-PH =6 V 200 410
ERROR AMPLIFIER
Input current 50 nA
Error amplifier transconductance (gy) | —2 MA < lcomp <2 WA, Vcomp =1 V 97 uMhos
Error amplifier transconductance (gy) | —2 MA < lcomp <2 WA, Vcomp = 1V, 26 Mhos
during slow start Vysense = 0.4V "
Error amplifier dc gain Vvsense = 0.8 V 10,000 VIV
Error amplifier bandwidth 2700 kHz
Error amplifier source/sink V(comp) = 1V, 100-mV overdrive +7 HA
COMP to switch current
transconductance 6 AN
Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics (continued)

T, =-40°C to 150°C, VIN = 3.5 V to 60 V (unless otherwise noted)

Product Folder Links: TPS57160-Q1

PARAMETER ’ TEST CONDITIONS MIN TYP MAX ’ UNIT
CURRENT LIMIT
Current limit threshold [VIN=12V, T, = 25°C 18 27 | A
THERMAL SHUTDOWN
Thermal shutdown ‘ 182 ‘ °C
TIMING RESISTOR AND EXTERNAL CLOCK (RT/CLK PIN)
ﬁ]v(\)/iécéhing frequency range using RT VIN = 12 V 100 2500|  KkHz
fsw Switching frequency VIN = 12 V, Rt = 200 kQ 450 581 720 | kHz
(S:\I/_viiéc:qi(r)lgefrequency range using VIN = 12 V 300 2200| KHz
Minimum CLK input pulse width 40 ns
RT/CLK high threshold VIN=12V 1.9 2.2 \%
RT/CLK low threshold VIN=12V 0.45 0.7 \%
E&Zgﬂ;gnng edge to PH rising Measured at 500 kHz with RT resistor in series 60 ns
PLL lock in time Measured at 500 kHz 100 us
SLOW START AND TRACKING (SS/TR)
Charge current Vsgmr =0.4V 2 MA
SS/TR-to-VSENSE matching Vsgmr=0.4V 45 mV
SS/TR-to-reference crossover 98% nominal 1 Y
SS/TR discharge current (overload) |VSENSE =0V, V(SS/TR) =04V 112 MA
SS/TR discharge voltage VSENSE =0V 54 mV
POWER-GOOD (PWRGD PIN)
VSENSE falling (Fault) 92%
VSENSE rising (Good) 94%
VvseENSE VSENSE threshold —
VSENSE rising (Fault) 109%
VSENSE falling (Good) 107%
Hysteresis VSENSE falling 2%
Output high leakage }I'/JS:EEE‘FC: VREF, V(PWRGD) =55V, 10 nA
On resistance I(PWRGD) = 3 mA, VSENSE < 0.79 V 50 Q
Minimum VIN for defined output V(PWRGD) < 0.5 V, II(PWRGD) = 100 pA 0.95 15 \%
6 Submit Documentation Feedback Copyright © 2010-2015, Texas Instruments Incorporated
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7.6 Typical Characteristics

T, - Junction Temperature - °C

Figure 3. Switch Current Limit vs Junction Temperature
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Figure 4. Switching Frequency vs Junction Temperature
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Typical Characteristics (continued)
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Figure 7. EA Transconductance During Slow Start vs
Junction Temperature

150

V=12V

130

110

gm - tAlV

70

50
-50 -25 0 25 50 75 100 125 150

T, - Junction Temperature - °C
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Figure 12. SS/TR Charge Current vs Junction Temperature
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Typical Characteristics (continued)

T, - Junction Temperature - °C

Figure 15. Shutdown Supply Current vs Junction

120 ‘ 100
V=12V V=12V,
T,=25°C
80
115 \
\ j 60
g 110 E
] \ =z
£ \ 5 40
X
105
20
100 0
-50 25 0 25 50 75 100 125 150 0 0.2 0.4 0.6 0.8
T, - Junction Temperature - °C Vsense -V
Figure 13. SS/TR Discharge Current vs Junction Figure 14. Switching Frequency vs VSENSE
Temperature
2 | 2
V=12V T,=25°C
15 15
<
< | —— o — |
ot s
z ~—_ / H
- \\—’
0.5 0.5
0 0
-50 -25 0 25 50 75 100 125 150 0 10 20 30 40 50 60

V, - Input Voltage -V

Figure 16. Shutdown Supply Current vs Input Voltage (V|n)

T, - Junction Temperature - °C

Figure 17. VIN Supply Current vs Junction Temperature
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Typical Characteristics (continued)
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Figure 19. PWRGD ON Resistance vs Junction Temperature
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Figure 20. PWRGD Threshold vs Junction Temperature
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Figure 21. BOOT-PH UVLO vs Junction Temperature
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Figure 22. Input Voltage (UVLO) vs Junction Temperature

600

V=12V
500 TJ =25°C

400

300 l
200 /
100 /
/

0 200 400 600 800
Voltage Sense (mV)

Offset Voltage Threshold (mV)

Figure 23. SS/TR to VSENSE Offset vs VSENSE
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8 Detailed Description

8.1 Overview

The TPS57160-Q1 device is a 60-V 1.5-A step-down (buck) regulator with an integrated high-side n-channel
MOSFET. To improve performance during line and load transients the device implements a constant frequency,
current mode control which reduces output capacitance and simplifies external frequency compensation design.
The wide switching frequency of 100 kHz to 2500 kHz allows for efficiency and size optimization when selecting
the output filter components. The switching frequency is adjusted using a resistor to ground on the RT/CLK pin.
The device has an internal phase lock loop (PLL) on the RT/CLK pin that is used to synchronize the power
switch turn on to a falling edge of an external system clock.

The TPS57160-Q1 has a default start up voltage of approximately 2.5 V. The EN pin has an internal pullup
current source that can be used to adjust the input voltage undervoltage lockout (UVLO) threshold with two
external resistors. In addition, the pullup current provides a default condition. When the EN pin is floating, the
device can operate. The operating current is 116 yA when not switching and under no load. When the device is
disabled, the supply current is 1.5 pA.

The integrated 200-mQ high-side MOSFET allows for high efficiency power supply designs capable of delivering
1.5-A continuous current to a load. The TPS57160-Q1 reduces the external component count by integrating the
boot recharge diode. The bias voltage for the integrated high-side MOSFET is supplied by a capacitor on the
BOOT to PH pin. The boot capacitor voltage is monitored by an UVLO circuit and turns off the high-side
MOSFET when the boot voltage falls below a preset threshold. The TPS57160-Q1 can operate at high duty
cycles because of the boot UVLO. The output voltage can be stepped down to as low as the 0.8-V reference.

The TPS57160-Q1 has a power-good comparator (PWRGD) which asserts when the regulated output voltage is
less than 92% or greater than 109% of the nominal output voltage. The PWRGD pin is an open drain output
which de-asserts when the VSENSE pin voltage is between 94% and 107% of the nominal output voltage
allowing the pin to transition high when a pullup resistor is used.

The TPS57160-Q1 minimizes excessive output overvoltage (OV) transients by taking advantage of the OV
power-good comparator. When the OV comparator is activated, the high-side MOSFET is turned off and masked
from turning on until the output voltage is lower than 107%.

The SS/TR (slow start/tracking) pin is used to minimize inrush currents or provide power supply sequencing
during power up. A small value capacitor should be coupled to the pin to adjust the slow start time. A resistor
divider can be coupled to the pin for critical power supply sequencing requirements. The SS/TR pin is discharged
before the output powers up. This discharging ensures a repeatable restart after an over-temperature fault,
UVLO fault or a disabled condition.

The TPS57160-Q1, also, discharges the slow-start capacitor during overload conditions with an overload
recovery circuit. The overload recovery circuit slow starts the output from the fault voltage to the nominal
regulation voltage once a fault condition is removed. A frequency foldback circuit reduces the switching
frequency during startup and overcurrent fault conditions to help control the inductor current.

Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 11
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8.2 Functional Block Diagram
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8.3 Feature Description

8.3.1 Fixed Frequency PWM Control

The TPS57160-Q1 uses an adjustable fixed frequency, peak current mode control. The output voltage is
compared through external resistors on the VSENSE pin to an internal voltage reference by an error amplifier
which drives the COMP pin. An internal oscillator initiates the turn on of the high-side power switch. The error
amplifier output is compared to the high-side power switch current. When the power switch current reaches the
level set by the COMP voltage, the power switch is turned off. The COMP pin voltage increases and decreases
as the output current increases and decreases. The device implements a current limit by clamping the COMP pin
voltage to a maximum level. The Eco-mode is implemented with a minimum clamp on the COMP pin.

8.3.2 Slope Compensation Output Current

The TPS57160-Q1 adds a compensating ramp to the switch current signal. This slope compensation prevents
sub-harmonic oscillations. The available peak inductor current remains constant over the full duty cycle range.

8.3.3 Low Dropout Operation and Bootstrap Voltage (BOOT)

The TPS57160-Q1 has an integrated boot regulator, and requires a small ceramic capacitor between the BOOT
and PH pins to provide the gate drive voltage for the high-side MOSFET. The BOOT capacitor is refreshed when
the high-side MOSFET is off and the low side diode conducts. The value of this ceramic capacitor should be 0.1
MF. A ceramic capacitor with an X7R or X5R grade dielectric with a voltage rating of 10 V or higher is
recommended because of the stable characteristics overtemperature and voltage.
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Feature Description (continued)

To improve drop out, the TPS57160-Q1 is designed to operate at 100% duty cycle as long as the BOOT to PH
pin voltage is greater than 2.1 V. When the voltage from BOOT to PH drops below 2.1 V, the high-side MOSFET
is turned off using an UVLO circuit which allows the low side diode to conduct and refresh the charge on the
BOOT capacitor. Because the supply current sourced from the BOOT capacitor is low, the high-side MOSFET
can remain on for more switching cycles than are required to refresh the capacitor, thus the effective duty cycle
of the switching regulator is high.

The effective duty cycle during dropout of the regulator is mainly influenced by the voltage drops across the
power MOSFET, inductor resistance, low side diode and printed circuit board resistance. During operating
conditions in which the input voltage drops and the regulator is operating in continuous conduction mode, the
high-side MOSFET can remain on for 100% of the duty cycle to maintain output regulation, until the BOOT to PH
voltage falls below 2.1 V.

Attention must be taken in maximum duty cycle applications which experience extended time periods with light
loads or no load. When the voltage across the BOOT capacitor falls below the 2.1-V UVLO threshold, the high-
side MOSFET is turned off, but there may not be enough inductor current to pull the PH pin down to recharge the
BOOT capacitor. The high-side MOSFET of the regulator stops switching because the voltage across the BOOT
capacitor is less than 2.1 V. The output capacitor then decays until the difference in the input voltage and output
voltage is greater than 2.1 V, at which point the BOOT UVLO threshold is exceeded, and the device starts
switching again until the desired output voltage is reached. This operating condition persists until the input
voltage and/or the load current increases. It is recommended to adjust the VIN stop voltage greater than the
BOOT UVLO trigger condition at the minimum load of the application using the adjustable VIN UVLO feature with
resistors on the EN pin.

The start and stop voltages for typical 3.3-V and 5-V output applications are shown in Figure 25 and Figure 26.
The voltages are plotted versus load current. The start voltage is defined as the input voltage needed to regulate
the output within 1%. The stop voltage is defined as the input voltage at which the output drops by 5% or stops
switching.

During high duty cycle conditions, the inductor current ripple increases while the BOOT capacitor is being
recharged resulting in an increase in ripple voltage on the output. This is due to the recharge time of the boot
capacitor being longer than the typical high-side off time when switching occurs every cycle.
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Figure 25. 3.3-V Start/Stop Voltage Figure 26. 5-V Start/Stop Voltage
Copyright © 2010-2015, Texas Instruments Incorporated Submit Documentation Feedback 13

Product Folder Links: TPS57160-Q1



13 TEXAS
INSTRUMENTS
TPS57160-Q1

SLVSAP1E —DECEMBER 2010—-REVISED MARCH 2015 www.ti.com

Feature Description (continued)
8.3.4 Error Amplifier

The TPS57160-Q1 has a transconductance amplifier for the error amplifier. The error amplifier compares the
VSENSE voltage to the lower of the SS/TR pin voltage or the internal 0.8-V voltage reference. The
transconductance (gm) of the error amplifier is 97 yA/V during normal operation. During the slow start operation,
the transconductance is a fraction of the normal operating gm. When the voltage of the VSENSE pin is below 0.8
V and the device is regulating using the SS/TR voltage, the gm is 25 pA/V.

The frequency compensation components (capacitor, series resistor and capacitor) are added from the COMP
pin to ground.

8.3.5 Voltage Reference

The voltage reference system produces a precise +2% voltage reference over temperature by scaling the output
of a temperature stable bandgap circuit.

8.3.6 Adjusting the Output Voltage

The output voltage is set with a resistor divider from the output node to the VSENSE pin. It is recommended to
use 1% tolerance or better divider resistors. Start with a 10 kQ for the R2 resistor and use the Equation 1 to
calculate R1. To improve efficiency at light loads consider using larger value resistors. If the values are too high,
the regulator is more susceptible to noise, and voltage errors from the VSENSE input current are noticeable
Vour - 0.8V ]

R1 =R2 x 08V

@

8.3.7 Enable and Adjusting Undervoltage Lockout

The TPS57160-Q1 is disabled when the VIN pin voltage falls below 2.5 V. If an application requires a higher
undervoltage lockout (UVLO), use the EN pin as shown in Figure 27 to adjust the input voltage UVLO by using
the two external resistors. Though it is not necessary to use the UVLO adjust resistors, for operation it is highly
recommended to provide consistent power up behavior. The EN pin has an internal pullup current source, 11, of
0.9 pA that provides the default condition of the TPS57160-Q1 operating when the EN pin floats. Once the EN
pin voltage exceeds 1.25 V, an additional 2.9 pA of hysteresis, lyys, is added. This additional current facilitates
input voltage hysteresis. Use Equation 2 to set the external hysteresis for the input voltage. Use Equation 3 to
set the input start voltage.

TPS57160

VIN

R1

R2 EN

Figure 27. Adjustable Undervoltage Lockout (UVLO)

R1- VsTART — VsToOP

I
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Feature Description (continued)

Another technique to add input voltage hysteresis is shown in Figure 28. This method may be used, if the
resistance values are high from the previous method and a wider voltage hysteresis is needed. The resistor R3
sources additional hysteresis current into the EN pin.

TPS57160

L
VIN

R1

R2 EN

VOuUT
R3

Figure 28. Adding Additional Hysteresis

R1~ VSTART ~ VsTop

V,
lHys + ggT
(4)
V,
RO - ENA
VstarT ~VEnA || _ VENA
R1 " R3 )

Do not place a low-impedance voltage source with greater than 5 V directly on the EN pin. Do not place a
capacitor directly on the EN pin if Vgy > 5 V when using a voltage divider to adjust the start and stop voltage.
The node voltage, (see Figure 29) must remain equal to or less than 5.8 V. The zener diode can sink up to 100
MA. The EN pin voltage can be greater than 5 V if the V| voltage source has a high impedance and does not
source more than 100 pA into the EN pin.
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Figure 29. Node Voltage
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