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TPS40170 4.5V to 60 V, Wide-Input Synchronous PWM Buck Controller

1 Features

e Wide Input Voltage Range from 4.5 V to 60 V

* 600 mV Reference Voltage with 1% Accuracy

» Programmable UVLO and Hysteresis

» Voltage Mode Control With Voltage Feed Forward

* Programmable Frequency Between 100 kHz and
600 kHz

» Bi-directional -Frequency Synchronization With
Master/Slave Option

e Low-side FET Sensing Overcurrent Protection and
High-Side FET Sensing Short-Circuit Protection
With Integrated Thermal Compensation

* Programmable Closed Loop Soft-Start

» Supports Pre-Biased Outputs

» Thermal Shutdown at 165°C with Hysteresis

* Voltage Tracking

» Powergood

e ENABLE with 1-pA Low Current Shutdown

+ 8.0-V and 3.3-V LDO Output

» Integrated Bootstrap Diode

e 20-Pin 3.5 mm x 4.5 mm VQFN (RGY) Package
» Create a Custom Design with WEBENCH Tools

2 Applications

 POL Modules
» Wide Input Voltage, High-Power Density DC - DC

Simplified Application

Vin 1

ENABLE

ENABLE UVLO

1
|

Vourt

Converters for Industrial, Networking and Telecom
Equipment

3 Description

TPS40170 is a full-featured, synchronous PWM buck
controller that operates at an input voltage between
45 V and 60 V and is optimized for high-power
density, high-reliability DC-DC converter applications.
The controller implements voltage-mode control with
input voltage feed-forward compensation that enables
instant response to input voltage change. The
switching frequency is programmable from 100 kHz to
600 kHz.

The TPS40170 has a complete set of system
protection and monitoring features such as
programmable  undervoltage lockout (UVLO),
programmable overcurrent protection (OCP) by
sensing the low-side FET, selectable short-circuit
protection (SCP) by sensing the high-side FET and
thermal shutdown. The ENABLE pin allows for
system shutdown in a low-current (1 MA typical)
mode. The controller supports pre-biased output,
provides an open-drain PGOOD signal, and has
closed-loop soft-start, output voltage tracking and
adaptive dead-time control.

Device Information®
PACKAGE BODY SIZE (NOM)
VQFN (20) 3.50 mm x 4.50 mm

PART NUMBER
TPS40170

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

RGY PACKAGE

QFN-20
(Top View)
ENABLE UVLO
SYNC|[ D2 1 20 19 C|VvIN
ms|[ D3 18 (] BOOT
RT[ D4 17 ] HDRV
ss[ D5 16 | sw
TPS40170
TRK| D6 15| vBP
FB[ 7 14 (| LDRV
COMP | D8 13| PGND
AGND [ D9 10 11 12C | um
VDD PGOOD

Pin Functions

PIN
110 DESCRIPTION
NAME NO.
AGND 9 — | Analog signal ground. This pin must be electrically connected to power ground PGND externally.
BOOT 18 Boot capacitor node for high-side FET gate driver. The boot capacitor is connected from this pin to SW.
Output of the internal error amplifier. The feedback loop compensation network is connected from this pin
COMP 8 (0] h
to the FB pin.
This pin must be high for the device to be enabled. If this pin is pulled low, the device is put in a low-
ENABLE 1 | )
power consumption shutdown mode.
FB 7 | Negative input to the error amplifier. The output voltage is fed back to this pin through a resistor divider
network.
HDRV 17 O Gate driver output for the high-side FET.
A resistor from this pin to PGND sets the overcurrent limit. This pin provides source current used for
ILIM 12 | . :
overcurrent protection threshold setting.
Gate driver output for the low-side FET. Also, a resistor from this pin to PGND sets the multiplier factor to
LDRV 14 O determine short-circuit current limit. If no resistor is present the multiplier defaults to 7 times the ILIM pin
voltage.
Master or slave mode selector pin for frequency synchronization. This pin must be tied to VIN for master
M/S 3 | mode. In the slave mode this pin must be tied to AGND or left floating. If the pin is tied to AGND, the
device synchronizes with a 180° phase shift. If the pin is left floating, the device synchronizes with a 0°
phase shift.
PGND 13 — | Power ground. This pin must externally connect to the AGND at a single point.
PGOOD 1 o Power good indicator. This pin is an open-drain output pin and a 10 kQ pull-up resistor is recommended
to be connected between this pin and VDD.
A resistor from this pin to AGND sets the oscillator frequency. Even if operating in slave mode, it is
RT 4 | - . > - —
required to have a resistor at this pin to set the free running switching frequency.
ss 5 | Soft-start. A capacitor must be connected at this pin to AGND. The capacitor value sets the soft-start
time.
This pin must connect to the switching node of the synchronous buck converter. The high-side and low-
SW 16 | . . :
side FET current sensing are also done from this node.
SYNC 5 /o Synchronization. This is a bi-directional pin used for frequency synchronization. In the master mode, it is
the SYNC output pin. In the slave mode, it is a SYNC input pin. If unused, this pin can be left open.
Tracking. External signal at this pin is used for output voltage tracking. This pin goes directly to the
TRK 6 | internal error amplifier as a positive reference. The lesser of the voltages between V1rk and the internal
600 mV reference sets the output voltage. If not used, this pin should be pulled up to VDD.
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Pin Functions (continued)

PIN
110 DESCRIPTION
NAME NO.
Undervoltage lockout. A resistor divider on this pin from VIN to AGND can be used to set the UVLO
UVLO 20 |
threshold.
VBP 15 o 8 V regulated output for gate driver. A ceramic capacitor with a value from 1 pF to 10 uF must be
connected from this pin to PGND and placed close to this pin.
VDD 10 o 3.3 V regulated output. A ceramic by-pass capacitor with a value from 0.1 pF to 1 pF must be connected
from this pin to AGND and placed close to this pin.
Input voltage for the controller which is also the input voltage for the DC/DC converter. A ceramic by-pass
VIN 19 | capacitor with a value from 0.1 pF to 1 puF must be connected from this pin to PGND and placed close to
this pin.

6 Specifications

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

MIN MAX UNIT
VIN -0.3 62
M/S -0.3 VIN
UVLO -0.3 16
Input voltage SwW -5 Vvin v
SW (for duration less than 200 ns) -10 Vyin
BOOT Vsw +
8.8
HDRV Vsw BOOT
BOOT-SW, HDRV-SW (differential from BOOT or HDRV to SW) -0.3 8.8
Output voltage \%
VBP, LDRV, COMP, RT, ENABLE, PGOOD, SYNC -0.3 8.8
VDD, FB, TRK, SS, ILIM -0.3 3.6
AGND-PGND, PGND-AGND 200 200 v
PowerPAD to AGND (must be electrically connected external to device) 0
Lead Temperature 260 °C
Operating junction T, -40 125 °C
temperature
6.2 Handling Ratings
MIN MAX | UNIT
Tsg Storage temperature -55 150 °C
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® 2000
V(esp) | Electrostatic discharge F()Zil'rllzlz%ed device model (CDM), per JEDEC specification JESD22-C101, all 1000 v
(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.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN  MAX| UNIT
VN Input voltage 4.5 60 \%
T, Operating junction temperature range -40 125 °C
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6.4 Thermal Information

TPS40170
THERMAL METRIC® RGY UNIT
20 PINS

Rgia Junction-to-ambient thermal resistance 35.0
Rojctop) Junction-to-case(top) thermal resistance 36.7
Rgis Junction-to-board thermal resistance 12.6 CIW
WIT Junction-to-top characterization parameter 0.4
viB Junction-to-board characterization parameter 12.7
Rosc (ot Junction-to-case(bottom) thermal resistance 3.1

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

6.5 Electrical Characteristics

Unless otherwise stated, these specifications apply for -40°C < T, < 125°C, V=12 V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT SUPPLY
Vyin Input voltage range 45 60 \%
Isp Shutdown current VenagLe < 100 mV 1 2.5 pA
lo Operating current, drivers not switching VenagLe 2 2V, fsw = 300 kHz 4.5 mA
ENABLE
Vpis ENABLE pin voltage to disable the device 100
Ven ENABLE pin voltage to enable the device 600 mv
lENABLE ENABLE pin source current 300 nA
8-V AND 3.3-V REGULATORS
Vep 8 V regulator output voltage \O/Er:ZBZEIi,i\gosrﬁAv <Vins60V, 78 80 83 \Y%
Voo \B/I\N/-Br:gulator dropout voltage, ﬁ’;‘S;l\c/)":nSA&Z V,Vegn 220V, 110 200 my
Vyop 3.3 V regulator output voltage gEanAB'flii\é’ :]i V<Vins60V, 322 330 342 \%
FIXED AND PROGRAMMABLE UVLO
Vuvio Programmable UVLO ON voltage (at UVLO pin) Venasle 22 V 878 900 919 mv
luvio Hysteresis current out of UVLO pin VenagLe 22V, UVLO pin > Vyyo 406 5.00 6.20 HA
VBP(on) VBP turn-on voltage 3.85 4.40 v
VBP orf) VBP turn-off voltage VenagLe 2 2 V, UVLO pin > Vyyio 3.60 4.05
VBP ys) VBP UVLO Hysteresis voltage 180 400 mVv
REFERENCE
T;=25°C,45V<Vys60V 594 600 606
VRer Reference voltage (+ input of the error amplifier) mV
—40°C £ T;<125°C, 45V <V<60V 591 600 609
OSCILLATOR
Range (typical) 100 600
Rgr = 100 kQ, 4.5 V <V £ 60 V 90 100 110
fsw Switching frequency kHz
Rgr = 31.6 kQ, 4.5V <V)y <60 V 270 300 330
Rrr=14.3kQ, 45V <Vy<60V 540 600 660
VyALLEY Valley voltage 0.7 1 1.2 \%
Kpwm® PWM Gain (Viy / Veawpe) 45V<Vy<60V 14 15 16 VIV
PWM AND DUTY CYCLE
Viy = 4.5V, fgy = 300 kHz 100 150
ton(min ™ Minimum controlled pulse Vi = 12V, fgw = 300 kHz 75 100 s
VN =60V, fow = 300 kHz 50 80
torrmay ™ Minimum OFF time Vin = 12V, fgw = 300 kHz 170 250

(1) Specified by design. Not production tested.
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Electrical Characteristics (continued)

Unless otherwise stated, these specifications apply for -40°C < T; < 125°C, V=12 V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fow = 100 kHz, 4.5V < V;y €60 V 95%
Duax® Maximum duty cycle Fsw = 300 kHz, 4.5V < V\y <60 V 91%
fow = 600 kHz, 4.5V < V;y <60 V 82%
ERROR AMPLIFIER
GBWP @ Gain bandwidth product 7 10 13 MHz
Ao @ Open-loop gain 80 90 95 dB
Iis Input bias current 100 nA
leaop Output source current Veg =0V mA
leaom Output sink current Veg =1V
PROGRAMMABLE SOFT-START
Isssourcestary  SOft-start source current at Vg < 0.5 V Vss = 0.25 V 42 52 62
Iss(source,normaly  SOft-start source current at Vgs > 0.5 V Vgs =15V 93 116 139 HA
Iss(sink) Soft-start sink current Vss =15V 0.77 105 133
VA, tslilsén HIGH voltage during fault (OC or thermal) reset 238 250 261 v
Vssii) tsﬁnelgn LOW voltage during fault (OC or thermal) reset 235 300 375 my
Vssisteady state) SS pin voltage during steady-state 325 330 350 \%
Vss(offst) Initial offset voltage from SS pin to error amplifier input 525 650 775 mvV
TRACKING
Vrrkey® Range of TRK which overrides Vgee 45V<Vy<s60V 0 600 mv
SYNCHRONIZATION (MASTER/SLAVE)
VusTR M/S pin voltage in master mode 3.9 VIN
VsLv(o) M/S pin voltage in slave 0 deg mode 1.25 1.75 \%
VsLv(iso) M/S pin voltage in slave 180 deg mode 0 0.75
Isync(iny SYNC pin pull-down current 8 11 14 pA
Vsync(in_high) SYNC pin input high-voltage level ] 2 v
Vsyncin lowy  SYNC pin input low-voltage level Z'; ?/ec—igf(l)ggéz(rjeiss slave- 0 degrees or 0.8
tsyncehigh_ming ~ Minimum SYNC high pulse-width 40 50 ns
tsYNC(low_min) Minimum SYNC low pulse-width 40 50
GATE DRIVERS
RupHi High-side driver pull-up resistance 137 264 350
RupLo High-side driver pull-down resistance 1.08 240 335
CiLoap = 2.2 nF, Ipgry = 300 mA Q
RipHi Low-side driver pull-up resistance 137 240 3.20
Riplo Low-side driver pull-down resistance 044 110 1.70
tnon-overLapr  Time delay between HDRYV fall and LDRV rise Cioap = 2.2 nF, 50 ns
tnon-overLap2  Time delay between HDRV rise and LDRYV fall Vhpry =2V, Vipry =2V 60
OVERCURRENT PROTECTION (LOW-SIDE MOSFET SENSING)
liLim ILIM pin source current 9.00 9.75 10.45
45V <V <60V, T;=25C HA
liLiv,ss) ILIM pin source current during Soft-start 15
T, 7c@ Temperature coefficient of ILIM current 45V <Vy<60V 1400 ppm
Vien®@ ILIM pin voltage operating range 45V <Vy<60V 50 300
OCPr  Suercument poiclon e (yoteoe seosslon | o <1010 =10 o o0 el ™
SHORT CIRCUIT PROTECTION HIGH-SIDE MOSFET SENSING)
V bRV(max) LDRV pin maximum voltage during calibration Riprv = Open 300 360 mvV
Aocs Ripry = 10 kQ 275 320 3.60
Aocy zfletitllt:]p;lzrt ft?](;t?liltl\(/)l z(lert] the SCP based on OCP level RLory = Open 640 725 791 VIV
Aocis Riprv = 20 kQ 13.9 164 18.0

(2) Specified by design. Not production tested.
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Electrical Characteristics (continued)

Unless otherwise stated, these specifications apply for -40°C < T; < 125°C, V=12 V

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT

THERMAL SHUTDOWN

Tspset @ Thermal shutdown set threshold 155 165 175

Tspreset™ Thermal shutdown reset threshold 45V <V)y<60V 125 135 145 °C

Thyst® Thermal shutdown hysteresis 30

POWERGOOD

Vov FB pin voltage upper limit for power good 627 647 670

Vuv FB pin voltage lower limit for power good 527 552 570

VG HysT Power good hysteresis voltage at FB pin 45V<Vy<60V 85 200 320 mvV

Veo(ou CGOIOD El; r\]/q(?;tage when FB pin voltage > Vg or < 100

UV 'PGD™

Veg(np) PGOOD pin voltage when device power is removed V|y is open, 10 kQ to Vgxr =5V 1 15 \%

BOOT DIODE

Vorwp Bootstrap diode forward voltage I =20 mA 0.5 0.7 0.9 \Y

RpooT-sw Discharge resistor from BOOT to SW 1 MQ

(3) Specified by design. Not production tested.
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6.6 Typical Characteristics

600.0 100.0
Vin=45V
995 — V=24V
599.8 = 99.0 — /iy =60V
S I
E =3
=599.5 S 985
) o
g g 980
S599.2 g o75
] L
g o 97.0
55900 5 965
2 s
508.8 % 96.0
955 | tou= 100 kHz
598.5 95.0

-40 -25 -10 5 20 35 50 65 80 95 110 125

Temperature (°C)

Figure 1. Reference Voltage vs. Junction Temperature
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Figure 2. Switching Frequency vs. Junction Temperature
(fsw = 100 kHz)
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Figure 3. Switching Frequency vs. Junction Temperature
(fSW =300 kHZ)
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Figure 4. Switching Frequency vs. Junction Temperature
(fSW =600 kHZ)
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Figure 5. Shutdown Current vs. Junction Temperature
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Figure 6. Operating Current vs. Junction Temperature
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Typical Characteristics (continued)
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Figure 7. UVLO Pin On Voltage vs. Junction Temperature Figure 8. UVLO Pin Hysteresis Current vs. Junction
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Figure 9. VBP Turn-On Voltage vs. Junction Temperature Figure 10. VBP UVLO Hysteresis Voltage
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Figure 11. Soft-Start Source Current vs. Junction Figure 12. Soft-Start Source Current vs. Junction
Temperature (Vgs > 0.5 V) Temperature (Vgs < 0.5 V)
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Typical Characteristics (continued)
11.1 680
10.8 S 674
105 % 668
ER g 662
% 10.2 g 656
3 99 % 650
[
S 96 s 644
3 93 £ 638
% g 632
= 90 ({)
& 626
8.7 ” 620
8.4 614
-40 -25 -10 5 20 35 50 65 80 95 110 125 -40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) Junction Temperature (°C)
Figure 13. ILIM Source Current vs. Junction Temperature Figure 14. Soft-Start Initial Offset Voltage vs. Junction
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7 Detailed Description

7.1 Overview

The TPS40170 is a synchronous PWM buck controller that accepts a wide range of input voltage from 4.5 V to
60 V and features voltage-mode control with input-voltage, feed-forward compensation. The switching frequency
is programmable from 100 kHz to 600 kHz.

The TPS40170 has a complete set of system protections such as programmable undervoltage lockout (UVLO),
programmable overcurrent protection (OCP), selectable short-circuit protection (SCP) and thermal shutdown. The
ENABLE pin allows for system shutdown in a low-current (1 YA typical) mode. The controller supports pre-biased
outputs, provides an open-drain PGOOD signal, and has closed loop programmable soft-start, output voltage
tracking and adaptive dead time control.

The TPS40170 provides accurate output voltage regulation via 1% specified accuracy.

Additionally, the controller implements a novel scheme of bidirectional synchronization with one controller acting
as the master other downstream controllers acting as slaves, synchronized to the master in-phase or 180° out-of-
phase. Slave controllers can be synchronized to an external clock within +30% of the internal switching
frequency.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 LDO Linear Regulators and Enable

The TPS40170 has two internal low-drop-out (LDO) linear regulators. One has a nominal output voltage of Vygp
and is present at the VBP pin. This is the voltage that is mainly used for the gate-driver output. The other linear
regulator has an output voltage of V\pp and is present at the VDD pin. This voltage can be used in external low-
current logic circuitry. The maximum allowable current drawn from the VDD pin must not exceed 5 mA.

The TPS40170 has a dedicated device enable pin (ENABLE). This simplifies user level interface design because
no multiplexed functions exist. If the ENABLE pin of the TPS40170 is higher than Vg, then the LDO regulators
are enabled. To ensure that the LDO regulators are disabled, the ENABLE pin must be pulled below Vps. By
pulling the ENABLE pin below Vp,s, the device is completely disabled and the current consumption is very low
(nominally, 1 pA). Both LDO regulators are actively discharged when the ENABLE pin is pulled below Vps. A
functionally equivalent circuit to the enable circuitry on the TPS40170 is shown in Figure 16.

VIN

o]
9]

TPS40170
Always Active

lgp=1 pA

ENABLE |:1:|— >

+ DISABLE
+

—‘VVD|S
AGND [ 9 | 1 )
UDG-09147

Figure 16. TPS40170 Enable Functional Block

The ENABLE pin must not be allowed to float. If the ENABLE function is not needed for the design, then it is
suggested that the ENABLE pin be pulled up to VIN by a high value resistor ensuring that the current into the
ENABLE pin does not exceed 10 pA. If it is not possible to meet this clamp current requirement, then it is
suggested that a resistor divider from VIN to GND be used to connect to ENABLE pin. The resistor divider should
be such that the ENABLE pin should be higher than Vgy and lower than 8 V.

NOTE
To avoid potential erroneous behavior of the enable function, the ENABLE signal applied
must have a minimum slew rate of 20 V/s.

7.3.2 Input Undervoltage Lockout (UVLO)

The TPS40170 has both fixed and programmable input undervoltage lockout (UVLO). In order for the device to
turn ON, all of the following conditions must be met:

« The ENABLE pin voltage must be greater than Vgy

+ The VBP voltage (at VBP pin) must be greater than VBP q

e The UVLO pin must be greater than Vo

In order for the device to turn OFF, any one of the following conditions must be met:
* The ENABLE pin voltage must be less than Vp,g

« The VBP voltage (at VBP pin) must be less than VBP

* The UVLO pin must be less than Vo
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Feature Description (continued)

Programming the input UVLO can be accomplished using the UVLO pin. A resistor divider from the input voltage
(VIN pin) to GND sets the UVLO level. Once the input voltage reaches a value that meets the Vo level at the
UVLO pin, then a small hysteresis current, I,y o at the UVLO pin is switched in. The programmable UVLO

function is shown in Figure 17.

VIN
@] TPS40170

luvLo

VW
R
A

r = VIN_OK
§ R2 ::1 nF
Ly
AGND —[
T

Figure 17. UVLO Functional Block Schematic

UDG-09199

7.3.2.1 Equations for Programming the Input UVLO:
Components R1 and R2 represent external resistors for programming UVLO and hysteresis and can be
calculated in Equation 1 and Equation 2 respectively.
R, = Von — Vorr
luviLo (6h)
(Von —Vuvio)

* Vg is the desired turn-on voltage of the converter

*  Vore is the desired turn-off voltage for the converter

e lyyLo is the hysteresis current generated by the device, 5.0 YA (typ)

*  Vyuvio is the UVLO pin threshold voltage, 0.9 V (typ) (2

NOTE
If the UVLO pin is connected to a voltage greater than 0.9 V, the programmable UVLO is
disabled and the device defaults to an internal UVLO (VBP 4, and VBP ). For example,
the UVLO pin can be connected to VDD or the VBP pin to disable the programmable
UVLO function.

A 1 nF ceramic by-pass capacitor must be connected between the UVLO pin and GND.

7.3.3 Oscillator and Voltage Feed-Forward

TPS40170 implements an oscillator with input-voltage feed-forward compensation that enables instant response
to input voltage changes. Figure 18 shows the oscillator timing diagram for the TPS40170. The resistor from the
RT pin to GND sets the free running oscillator frequency. The voltage Vit on the RT pin is made proportional to
the input voltage (see Equation 3).
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Feature Description (continued)
Vin
VRt =
PWM
where
e Kpym=15 (3)

The resistor at the RT pin sets the current in the RT pin. The proportional current charges an internal 100-pF
oscillator capacitor. The ramp voltage on this capacitor is compared with the RT pin voltage, Vgr. Once the ramp
voltage reaches Vg, the oscillator capacitor is discharged. The ramp that is generated by the oscillator (which is
proportional to the input voltage) acts as voltage feed-forward ramp to be used in the PWM comparator.

The time between the start of the discharging oscillator capacitor and the start of the next charging cycle is fixed
at 170 ns (typical). During the fixed discharge time, the PWM output is maintained as OFF. This is the minimum
OFF-time of the PWM output.

VIN
|
Minimum OFF Time
RAMP L |«
Vcomp \,
|
Ve [ [ [ n,
PWM [
>
t-Time UDG-09200
Figure 18. Feed-Forward Oscillator Timing Diagram
7.3.3.1 Calculating the Timing Resistance (Rgt)
10%
Rer =| 220 |- 2(ka)
fsw
where
o fswis the switching frequency in kHz
¢ Rgyis the resistor connected from RT pin to GND in kQ (4)

NOTE
The switching frequency can be adjusted between 100 kHz and 600 kHz. The maximum
switching frequency before skipping pulses is determined by the input voltage, output
voltage, FET resistances, DCR of the inductor, and the minimum on time of the
TPS40170. Use Equation 5 to determine the maximum switching frequency. For further
details, please see application note SLYT293.

Vour(min) * QOUT(min) x(Rps2 +RiLoap ))

fs