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ORDERING INFORMATION®®)

UDG-09219

T, PACKAGE PINS | TRANSPORT MEDIA | QUANTITY | DEVICE NUMBER
. Tape and Reel (small) 250 TPS40170RGYT

-40°C to 125°C Plastic QFN 20
Tape and Reel (large) 3000 TPS40170RGYR

(1) For the most current package and ordering information see the Package Option Addendum at the end
of this document, or see the Tl web site at www.ti.com.
(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
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ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)

VALUE
MIN MAX UNIT
VIN -0.3 62
M/S -0.3 VIN
Input voltage UVLO -0.3 16 \%
SW ) VIN
BOOT Vgw + 8.8
HDRV Vsw BOOT
BOOT-SW, HDRV-SW (differential from BOOT or -0.3 8.8
Output voltage HDRV to SW) v
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
PowerPAD to AGND (must be electrically connected 0 mv
external to device)
o Human body model (HBM) 2
Electrostatic discharge (ESD) - kv
Charge device model (CDM) 1
Lead Temperature 260 °C
Operating junction temperature range T, -40 125 °C
Storage temperature Tstg -55 150 °C
THERMAL INFORMATION
TPS40170
THERMAL METRIC® RGY UNITS
20 PINS
Ba Junction-to-ambient thermal resistance @ 35.0
93c(top) Junction-to-case(top) thermal resistance 36.7
B35 Junction-to-board thermal resistance ) 12.6 i
Wit Junction-to-top characterization parameter ® 0.4 cw
Wig Junction-to-board characterization parameter © 12.7
8,3c(bottom) 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.

(2) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as
specified in JESD51-7, in an environment described in JESD51-2a.

(3) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific
JEDEC-standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

(4) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.

(5) The junction-to-top characterization parameter, g7, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 8;,, using a procedure described in JESD51-2a (sections 6 and 7).

(6) The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 63, , using a procedure described in JESD51-2a (sections 6 and 7).

(7) The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific
JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

VN Input voltage 4.5 60 \%

Copyright © 2011 £, Texas Instruments Incorporated 3
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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
Vvin Input voltage range 4.5 60 \Y
Isp Shutdown current VenagLe < 100 mV 1 25 uA
loo Operating current, drivers not switching VenasLe 2 2V, fsw = 300 kHz 4.5 mA
ENABLE
Vbis ENABLE pin voltage to disable the device 100 mvV
Ven ENABLE pin voltage to enable the device 600 mvV
lENABLE ENABLE pin source current 300 nA

8-V AND 3.3-V REGULATORS

Venasle 22V, 8.2V < Vi <60V,

OmA<Iy<5mA

Vyep 8-V regulator output voltage 0mA < I, < 20 MA 7.8 8.0 8.3 \%
- < >
Voo 8-V regulator dropout voltage, 4.5_< Vyn£8.2V,Vgy22.0V, 110 200 mv
Vvin-vwep In =10 mA
> <
Vvop 3.3-V regulator output voltage Venase 22V, 45V < Vyy <60V, 3.22 330 3.42 \Y

FIXED AND PROGRAMMABLE UVLO

Programmable UVLO ON voltage (at UVLO

Vuvio pin) Venagle 22 V 878 900 919 mv
luvio Hysteresis current out of UVLO pin VenagLe 22 V , UVLO pin > Vyyio 4.06 5.00 6.20 uA
VBPoy VBP turn-on voltage 3.85 4.40
VBPore VBP turn-off voltage VenasLe 2 2 V, UVLO pin > Vyy o 3.60 4.05 v
VBPhys VBP UVLO Hysteresis voltage 180 400 mVv
REFERENCE
Vegr Reference voltage (+ input of the error T,=25°C, 45V <Vyn<60V 594 600 606 mv
amplifier) —40°C £ T; £ 125°C, 4.5V < Vyy £ 60 V 591 600 609
OSCILLATOR
Range (typical) 100 600
Rgr = 100 KQ, 4.5 V <V < 60 V 90 100 110
fsw Switching frequency kHz
Rrt = 31.6 KQ, 4.5 V <Vyy < 60 V 270 300 330
Rgr = 14.3KQ, 4.5V <Vy < 60 V 540 600 660
VvaLLEY Valley voltage 0.7 1 1.2 \%
Kpwn @ PWM Gain (Vyin / Vravp) 45V <Vy<60V 14 15 16 VIV
PWM AND DUTY CYCLE
Vi = 4.5V, fgy = 300 kHz 100 150
ton(min ™ Minimum controlled pulse Vyin = 12V, fsw = 300 kHz 75 100 ns
Vyiy = 60 V, fgw = 300 kHz 50 80
torrmay " Minimum OFF time Vyin = 12V, fgw = 300 kHz 170 250 ns
fow = 100 kHz, 4.5 V < Vy;y <60 V 95%
Dyax® Maximum duty cycle Fsw = 300 kHz, 4.5V < Vyy £ 60 V 91%
fsw = 600 kHz, 4.5 V < Vyy < 60 V 82%

(1) Ensured by design, not production tested.

Copyright © 2011 £, Texas Instruments Incorporated
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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
ERROR AMPLIFIER
GBwWP @ Gain bandwidth product 7 10 13 MHz
Aol @ Open-loop gain 80 90 95 dB
s Input bias current 100 nA
leaop Output source current Vyrg =0V mA
lEaom Output sink current Vyrg =1V mA
PROGRAMMABLE SOFT START
Iss(source,star) Soft-start source current at Vgg < 0.5 V Vgs = 0.25 V 42 52 62 uA
Iss(source.normal) Soft-start source current at Vg > 0.5 V Vss = 1.5V 9.3 11.6 139 pA
Iss(sink) Soft-start sink current Vs =15V 0.77 1.05 1.33 uA
Ve  gapi e votege duing it (0C o 20 280 26 v
Vssqit) iﬁﬂg&?evsve‘t’%ﬁ%g during fault (OC or 235 300 375| mv
Vss(steady._state) SS pin voltage during steady-state 3.25 3.30 3.50 \%
Vssfsy g]rir:i;)illifgsiitp \L/J(t)ltage from SS pin to error 505 650 775 mv
TRACKING
Vrrietr @ Range of TRK which overrides Vger 45V <Vy<60V 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(180) M/S pin voltage in slave 180 deg mode 0 0.75 \Y
Isync(in) SYNC pin pull-down current 8 11 14 uA
Vsync(in_high) SYNC pin input high-voltage level 2 \%
VsyNc(in_low) SYNC pin input low-voltage level gﬁec_iggggg;?eiz slave- 0 degrees or 0.8 \%
tsyNC(high_min) Minimum SYNC high pulse-width 40 50 ns
tsYNC(low_min) Minimum SYNC low pulse-width 40 50 ns
GATE DRIVERS
RHpHI High-side driver pull-up resistance 1.37 2.64 350 Q
RupLo High-side driver pull-down resistance 1.08 240 3.35 Q
RipHi Low-side driver pull-up resistance Croap = 2.2 NF, lpry = 300 mA 1.37 240 3.20 Q
RipLo Low-side driver pull-down resistance 0.44 1.10 1.70 Q
{NON-OVERLAP1 Time delay between HDRYV fall and LDRV rise Cioap = 2.2 NF, 50 ns
tNON-OVERLAP? Time delay between HDRYV rise and LDRV fall | Viorv =2V, Vipry =2V 60
OVERCURRENT PROTECTION (LOW-SIDE MOSFET SENSING)
liLm ILIM pin source current 9.00 9.75 10.45

45V <V<60V,T,=25C HA

liLim,(ss) ILIM pin source current during Soft-start 15
hum, 1@ Temperature coefficient of ILIM current 45V <V)y<60V 1400 ppm
Vien®@ ILIM pin voltage operating range 45V <Vy<60V 50 300 mv
I e T e o 0 o et v
SHORT CIRCUIT PROTECTION HIGH-SIDE MOSFET SENSING)
VLDRV(max) LDRYV pin maximum voltage during calibration | R pgry = open 300 360 mv
Aocs Ripry = 10 kQ 2.75 320 3.60 VIV
o aclor 36 1 SCP b3S OCP | 1~ pen a0 725 ren| w
Aocis Riprv = 20 kQ 13.9 16.4 18.0 VIV

(2) Ensured 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 °C
Tspreset™ Thermal shutdown reset threshold 45V <Vyy<60V 125 135 145 °C
Thyst® Thermal shutdown hysteresis 30 °C
POWER GOOD
Vov FB pin voltage upper limit for power good 627 647 670
Vyv FB pin voltage lower limit for power good 527 552 570 mv
Vpg HysT Power good hysteresis voltage at FB pin 45V <Vyy<60V 8.5 20.0 32.0
o S o e w
Vs Z%%se% pin voltage when device power is Vyp is open, 10-kQ to Vexr = 5 V 1 15 v
BOOT DIODE
Vpewb Bootstrap diode forward voltage 1=20 mA 0.5 0.7 0.9 \Y
RgooT-sw Discharge resistor from BOOT to SW 1 MQ

(3) Ensured by design, not production tested.
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DEVICE INFORMATION

RGY PACKAGE

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

PIN FUNCTIONS

PIN
lfe} DESCRIPTION
NAME NO.
AGND 9 — Analog signal ground. This pin must be electrically connected to power ground PGND externally.
BOOT 18 (0] 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-power
ENABLE 1 | )
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 (0] 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.
RT 4 | A resistor from this pin to AGND sets the oscillator frequency. Even if operating in slave mode, it is 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.
SW 16 | This pin must connect to the switching node of the synchronous buck converter. The high-side and low-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 internal
TRK 6 | 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.
Undervoltage lockout. A resistor divider on this pin from VIN to AGND can be used to set the UVLO
UvLO 20 ! threshold

Copyright © 2011 £, Texas Instruments Incorporated


http://focus.ti.com.cn/cn/docs/prod/folders/print/tps40170.html
http://www.ti.com.cn

TPS40170

ZHCS155 -3 B 2011 &

13 TEXAS

INSTRUMENTS

www.ti.com.cn

PIN FUNCTIONS (continued)

PIN

/0 DESCRIPTION
NAME NO.
VBP 15 o 8-V regulated output for gate driver. A ceramic capacitor with a value between 1 yF and 10 pF must be
connected from this pin to PGND
VDD 10 o 3.3-V regulated output. A ceramic by-pass capacitor with a value between 0.1 yF and 1 yF must be
connected between this pin and the AGND pin and placed closely to this pin.
VIN 19 | Input voltage for the controller which is also the input voltage for the DC/DC converter. A 1-uF by-pass

capacitor from this pin to AGND must be added and placed closed to VIN.

DEVICE BLOCK DIAGRAM

ENABLE VIN UVLO
|_1_| 19 20
; TPS40170
| 8v
" | Regulator
VBP Input and
v " | Regulators OK —> Run
| 33V A
Regulator Gate Drivers
voD [10} l Vep —
RT CLK
Oscillator > PWM Lodi
SYNC and ogic
RAMP .
Synchronization A > Anti-Cross
M/S — | Conduction
+
PWM 1
Comparator T
TRK n Error
o Run
S~ Amplifier
+ » Fault
+
8 -~ } Run J
COMP | 8
AGND | 9 FB
VREF—®|  Power Good
> Ol\:/er-ITfémpera"ture T_FAULT . Controller 4Ei| PGOOD
> ault Controller
CLK ! < FAULT
\Y Run J
N } Run J
FAULT
SW —» Reset >
ILIM 12] »  Overcurrent [ SO:'nSdtart B e lss
LDRV —{ Fault Controller > Fault Logic - L
CLK — ] OC_FAULT 9 > SSeawp

Run J

Run J

UDG-09218
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TYPICAL CHARACTERISTICS
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Figure 1. Reference Voltage vs. Junction Temperature
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Figure 3. Switching Frequency vs. %unction Temperature
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Figure 4. Switching Frequency vs. J)unction Temperature
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Figure 5. Shutdown Current vs. Junction Temperature Figure 6. Operating Current vs. Junction Temperature
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TYPICAL CHARACTERISTICS (continued)
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TYPICAL CHARACTERISTICS (continued)
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APPLICATION INFORMATION

FUNCTIONAL DESCRIPTION

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 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-pyA 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.

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 Vgy, 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 yA). Both LDO regulators are actively discharged when the ENABLE pin is pulled below Vp5. A
functionally equivalent circuit to the enable circuitry on the TPS40170 is shown in Figure 16.

VIN

9]
il

TPS40170
Always Active

lgp=1 pA

ENABLE |:1:|— >

+ DISABLE
.

—‘VVD|S
AGND [ 9 | 1 J
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.
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NOTE
To avoid potential erroneous behavior of the enable function, the ENABLE signal applied
must have a minimum slew rate of 20 V/s.

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 Vygpon)

* The UVLO pin must be greater than Vyy, o

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 Vpg

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

* The UVLO pin must be less than Vy, o

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

%Y
R

A

UVLO

r = VIN_OK
§ R2 ::1 nF
Ly
AGND —[
T

Figure 17. UVLO Functional Block Schematic

UDG-09199
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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
luvio )

R, =Ry x Vuvio
(Von —Vuvio)

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

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

* 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 (Vygp(on) and Vygp(orr)). 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.

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 Vgt on the RT pin is made proportional to
the input voltage (see Equation 3).

ViN

Vgr = -IN
RT K

where
« K=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, Vgt. 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.
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Vi
-
Minimum OFF Time
RAMP L |«
Veomp \,
-
Vewk >
PWM [
»-
t-Time UDG-09200

Figure 18. Feed-Forward Oscillator Timing Diagram

Calculating the Timing Resistance (Rgy)

10*

» fgw is the switching frequency in kHz

* Rgris 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 +RLoap ))
1:SW(max) =
toN(min) X (VIN(max) ~lout(min) < (Ros1 ~Ros2 ))
where
* fsw(max iS the maximum switching frequency
* Voutmin iS the minimum output voltage
* Vinmax IS the maximum input voltage
* lout(miny is the minimum output current
* Rpgs is the high-side FET resistance
*  Rpgy is the low-side FET resistance
* and R ppp is the inductor series resistance (5)
Copyright © 2011 £, Texas Instruments Incorporated 15
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Overcurrent Protection and Short-Circuit Protection (OCP and SCP)

The TPS40170 has the capability to set a two-level overcurrent protection. The first level of overcurrent
protection (OCP) is the normal overload setting based on low-side MOSFET voltage sensing. The second level
of protection is the heavy overload setting such as short-circuit based on the high-side MOSFET voltage sensing.
This protection takes effect immediately. The second level is termed short-circuit protection (SCP).

The OCP level is set by the ILIM pin voltage. A current (I, ;) is sourced into the ILIM pin from which a resistor
Rium is connected to GND. Resistor R, sets the first level of overcurrent limit. The OCP is based on the
low-side FET voltage at the switch-node (SW pin) when the LDRV is ON after a blanking time, which is the
product of inductor current and low-side FET turn-on resistance Rpgn). The voltage is inverted and compared to
ILIM pin voltage. If it is greater than the ILIM pin voltage, then a 3-bit counter inside the device increments the
fault-count by 1 at the start of the next switching cycle. Alternatively, if it is less than the ILIM pin voltage, then
the counter inside the device decrements the fault-count by 1. When the fault-count reaches 7, an overcurrent
fault (OC_FAULT) is declared and both the HDRV and LDRV are turned OFF. The resistor R,y can be
calculated by the following Equation 6.

loc *Rps(on) _ loc *Rps(on)
hiim 9.0pA ©)

RiLim =

The SCP level is set by a multiple of the ILIM pin voltage. The multiplier has three discrete values, 3, 7 or 15
times, which can be selected by respectively choosing a 10-kQ, open circuit, or 20-kQ resistor from LDRV pin to
GND. This multiplier AOC information is translated during the tca, time, which starts after the enable and UVLO
conditions are met.

The SCP is based on sensing the high-side FET voltage drop from Vy,y to Vgw when the HDRYV is ON after a
blanking time, which is product of inductor current and high-side FET turn-on resistance Rpsn). The voltage is
compared to the product of multiplier and the ILIM pin voltage. If it exceeds the product, then the fault-count is
immediately set to 7 and the OC_FAULT is declared. The HDRV is terminated immediately without waiting for
the duty cycle to end. When an OC_FAULT is declared, both the HDRV and LDRV are turned OFF. The
appropriate multiplier (A), can be selected using Equation 7.

Ao Isc *Rps(on)Hs
loc XRps(on)Ls R

Figure 19 shows the functional block of the two-level overcurrent protection.

R prv (k)| A tgnk [— HDRV On
10 3 AxV
X
OPEN 7 ) ( N iLim) -
3-Bit ! | |—1
20 15 State
Machine <
N [t
tgnk [ LDRV On AN
R
= AM——]1
+
+
OC_FAULT - VDD

UDG-09198

Figure 19. OCP and SCP Protection Functional Block Diagram
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NOTE
Both OCP and SCP are based on low-side and high-side MOSFET voltage sensing at the
SW node. Excessive ringing on the SW node can have negative impact on the accuracy of
OCP and SCP. Adding an R-C snubber from the SW node to GND helps minimize the
potential impact.

Soft-Start and Fault-Logic

A capacitor from the SS pin to GND defines the SS time, tgs. The TPS40170 enters into soft-start immediately
after completion of the overcurrent calibration. The SS pin goes through the device's internal level-shifter circuit
before reaching one of the positive inputs of the error amplifier. The SS pin must reach approximately 0.65 V
before the input to the error amplifier begins to rise above 0 V. To charge the SS pin from 0 V to 0.65 V faster, at
the beginning of the soft-start in addition to the normal charging current, (11.6 pA, typ.), an extra charging current
(40.4 pA, typ.) is switched-in to the SS pin. As the SS capacitor reaches 0.5 V, the extra charging current is
turned off and only the normal charging current remains. Figure 20 shows the soft-start function block.

TPS40170
VDD

40.4 A 11.6 pA
\

!
Css 0.875 pA ¥

7
il
o—o/
1
A

Soft-Start
Charge/Discharge
Control

A

Vour J7 TRK
SS Error
q SS_EAmp I—+ Amplifier
+
R k8 J\N\/ REF + comp
[71
L

R2

UDG-09202

Figure 20. Soft-Start Schematic Block

As the SS pin voltage approaches 0.65 V, the positive input to the error amplifier begins to rise (see Figure 21).
The output of the error amplifier (the COMP pin) starts rising. The rate of rise of the COMP voltage is mainly
limited by the feedback loop compensation network. Once Vcoup reaches the valley of the PWM ramp, the
switching begins. The output is regulated to the error amplifier input through the FB pin in the feedback loop.
Once the FB pin reaches the 600-mV reference voltage, the feedback node is regulated to the reference voltage,
Vger. The SS pin continues to rise and is clamped to VDD.
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The SS pin is discharged through an internal switch during the following conditions:
* Input (VIN) undervoltage lock out UVLO pin less than Vyy, o

» Overcurrent protection calibration time (tca))

* VBP less than threshold voltage (Vgp(off)

Because it is discharged through an internal switch, the discharging time is relatively fast compared with the
discharging time during the fault restart which is discussed in the Soft-start During Overcurrent Fault section.

Internal Logic RUN

A .
»
Clamped at VDD
<—tCAL—J Ss
11V SS_EAMP
o5v ¢ -~
0.65V
A
Vs -
[e———tss———P
VvaLLEY
Vcomp >
@ A
Y (1)
Vv
out >
t—Time UDG-09203
Figure 21. Soft-Start Waveforms
NOTE
Referring to Figure 21
* (1) VREF dominates the positive input of the error amplifier
* (2) SS_EAMP dominates the positive input of the error amplifier
For 0 < Vss eamp < Vrer
v V. (R1 + R2)
= X —_—
ouT SS(EAMP) R ®)
For Vss eavp > Vrer
v V. (R1 + R2)
= X —
ouT REF R2 )
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Soft-Start During Overcurrent Fault

The soft-start block also has a role to controls the fault-logic timing. If an overcurrent fault (OC_FAULT) is
declared, the soft-start capacitor is discharged internally through the device by a small current Isgsing (1.05 PA,
typ.). Once the SS pin capacitor is discharged to below Vsgitjow) (300 mV, typ.), the soft-start capacitor begins
charging again. If the fault is persistent, a fault is declared which is determined by the overcurrent protection
state machine. If the soft-start capacitor is below Vsgit highy (2.5 V, typ.), then the soft-start capacitor continues to
charge until it reaches Vg higny before a discharge cycle is initiated. This ensures that the re-start time-interval
is always constant. Figure 22 shows the re-start timing.

Persistent FAULT
OC_FAULT

[ ] LI L] L

FAULT Reset /_\ FAULT Set

SS

>
t - Time UDG-09204

Figure 22. Overcurrent Fault Restart Timing

NOTE
For the feedback to be regulated to the SS_EAMP voltage, the TRK pin must be pulled up
high directly or through a resistor to VDD.

Equations for Soft-Start and Restart Time

The soft-start time (tgs) is defined as the time taken for the internal SS_EAMP node to go from 0 V to the 0.6 V
Vrer Voltage. The SS_EAMP starts rising as the SS pin goes beyond 0.65 V. The offset voltage between the SS
and the SS_EAMP starts increasing as the SS pin voltage starts rising. Figure 21, shows that the SS time can be
defined as the time taken for the SS pin voltage to change by 1.05 V (see Equation 10).

The restart time (tgg) is defined in Equation 11 as the time taken for the soft-start capacitor (Cgg) to discharge
from 2.5 V to 0.3 V and to then recharge up to 2.5 V.
Ss = lss
0.09 (10)
tRS =~ 228>< CSS

where
* Cgg is the soft-start capacitance in nF
* tggis the soft-start time in ms
*  tgsis the re-start time in ms (11)

NOTE
During soft-start (Vgs < 2.5 V), the overcurrent protection limit is 1.5 times normal
overcurrent protection limit. This allows higher output capacitance to fully charge without
activating overcurrent protection.
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Over-Temperature Fault

Figure 23 shows the over-temperature protection scheme. If the junction temperature of the device reaches the
thermal shutdown limit of tgpsery (165°C, typ) and SS charging is completed, an over-temperature FAULT is
declared. The soft-start capacitor begins to be discharged. During soft-start discharging period, the PWM
switching is terminated; therefore both HDRV and LDRYV are driven low, turning off both MOSFETS.

The soft-start capacitor begins to charge and over-temperature fault is reset whenever the soft-start capacitor is
discharged below Vsgiitiow) (300 mV, typ.). During each restart cycle, PWM switching is turned on. When SS is
fully charged, PWM switching is terminated. These restarts repeat until the temperature of the device has fallen
below the thermal reset level, tsppesery (135°C typ). PWM switching continues and system returns to normal
regulation.

Persistent FAULT
TS_FAULT
- [ | L LI L
< FAULT Reset /_\ FAULT Set
\'
SS
|
t—Time UDG-09205

Figure 23. Over-Temperature Fault Restart Timing

The soft-start timing during over-temperature fault is the same as the soft-start timing during overcurrent fault.
See the Equations for Soft-Start and Re-Start Time section.
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Frequency Synchronization

The TPS40170 has three modes.

+ Master mode: In this mode the master/slave selector pin, (M/S) is connected to VIN. The SYNC pin emits a
stream of pulses at the same frequency as the PWM switching frequency. The pulse stream at the SYNC pin
is of 50% duty cycle and the same amplitude as Vygp. Also, the falling edge of the voltage on SYNC pin is
synchronized with the rising edge of the HDRV.

+ Slave-180° mode: In this mode the M/S pin is connected to GND. The SYNC pin of the TPS40170 accepts a
synchronization clock signal, and the HDRV is synchronized with the rising edge of the incoming
synchronization clock.

+ Slave-0° mode: In this mode, the M/S pin is left open. The SYNC pin of the TPS40170 accepts a
synchronization clock signal, and the HDRV is synchronized with the falling edge of the incoming
synchronization clock.

The two slave modes can be synchronized to an external clock through the SYNC pin. They are shown in
Figure 24. The synchronization frequency should be within £30% of its programmed free running frequency.

Master Mode (SYNC as an output pin)

V|
HDRV -

Vsync | = —

t—Time

Slave 180 Mode (SYNC as an input pin)
Vsync >
t—Time
Slave 0 Mode (SYNC as an input pin)
Vsync >

t—Time
UDG-09206

Figure 24. Frequency Synchronization Waveforms in Different Modes
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TPS40170 provides a smooth transition for the SYNC clock signal loss at slave mode. In slave mode, a
synchronization clock signal is provided externally through the SYNC pin to the device. The switching frequency
is synchronized to the external SYNC clock signal. If for some reason the external clock signal is missing, the
device switching frequency is automatically overridden by a transition frequency which is 0.7 times its
programmed free running frequency. This transition time is approximately 20 ps. After that, the device switching
frequency is changed to its programmed free running frequency. Figure 25 shows this process.

—| SYNC clock pulse missing

SYNC

SO |

Synchronized duration —p@¢———20-us transition duration ———— P €¢—Free running duration

Vv

fg = SYNC clock frequency fg= 0.7 x running frequency fg = free running frequency

UDG-09207

Figure 25. Transition for SYNC Clock Signal Missing (for Slave-180 Mode)

NOTE
When the device is operating in the master mode with duty ratio around 50%, PWM
jittering may occur. Always configure the device into the slave mode by either connecting
the M/S pin to GND or leaving it floating if master mode is not used.

When external SYNC clock signal is used for synchronization, limit maximum slew rate of
the clock signal to 10 V/us to avoid potential PWM jittering and connect the SYNC pin to
the external clock signal via a 5 kQ resistor.
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Tracking

The TRK pin is used for output voltage tracking. The output voltage is regulated so that the FB pin equals the
lowest of the internal reference voltage (Vgge) or the level-shifted SS pin voltage (SSgave) Of the TRK pin
voltage. Once the TRK pin goes above the reference voltage, then the output voltage is no longer governed by
the TRK pin, but it is governed by the reference voltage.

If the voltage tracking function is used, then it should be noted that the SS pin capacitor must remain connected
as the SS pin and is also used for FAULT timing. For proper tracking using the TRK pin, the tracking voltage
should be allowed to rise only after SSgaup has exceeded Vger, SO that there is no possibility of the TRK pin
voltage being higher than the SSgaype Voltage. From Figure 21, for SSgayp = 0.6 V, the SS pin voltage is typically
1.7 V.

The maximum slew rate on the TRK pin should be determined by the output capacitance and feedback loop
bandwidth. A higher slew rate can possibly trip overcurrent protection.

Figure 26 shows the tracking functional block. For SSgayp Voltages greater than TRK pin voltage, the Vgt is
given by Equation 12 and Equation 13.

For 0 V < Vigk < Vger TRK TPS40170
TRK
TRKIN »——— 6
v v (R1 + R2) v
OUT = VTRK X — (55
R2 (2 o SSeamp
+
For Vrrk > Vger I—i COMP
R1 FB v Ii =z
vy (R1+R2) 7 REF
= X —
OUT = VREF R (13) FB
R2

UDG-09208

Figure 26. Tracking Functional Block

There are three potential applications for the tracking function.
* simultaneous voltage tracking

+ ratiometric voltage tracking

* sequential startup mode
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The tracking function configurations and waveforms are shown in Figure 27, Figure 29, and Figure 31
respectively.

In simultaneous voltage tracking shown in Figure 27, tracking signals, VTRK1 and VTRK2, of two modules,
POL1 and POL2, start up at the same time and their output voltages VOUTl1initial and VOUT2initial are
approximately the same during initial startup. Since VTRK1 and VTRK2 are less than Vree (0.6 V, typ),
Equation 12 is used. As a result, components selection should meet Equation 14.

[M] x VIRK] = [(RLR“)J x Vrrko = Rs [(R:?RZ)]

R Rj Rg m -

After the lower output voltage setting reaches output voltage Vgoyt1 Set point, where Virk; increases above Vggr,
the output voltage of the other one (Voyr2) continues increasing until it reaches its own set point, where Vigk»
increases above Vgxge. At that time, Equation 13 is used. As a result, the resistor settings should meet
Equation 15 and Equation 16.

(R1 + R2 )
Vourt = | ———=2 |x
OUT1 { R, JX REF
(15)
R3 + R4
Vour2 = [(R—3)] x VREF
(16)

Equation 14 can be simplified into Equation 17 by replacing with Equation 15 and Equation 16

Re Vour1 17)
If 5-V Voute and 2.5-V Vgt are required, according to Equation 15, Equation 16 and Equation 17, the selected
components can be as following:

* R5=R6=R4=R2=10k0

* Rl = 316 kQ
+ R3=1.37kQ
VIN
v
External Voutt TRK1
Tracking
|nput VTRK1
—1—>0 POL1 R2 v
TRK2
R1 0.6
)
R
g ° = S >
(=]
Vin > Vour2
VOUT2
VTRK2 v
+—»0— oo Ra ouT1
R6
| R3
. 0 >
1 t-Time UDG-09210
- UDG-09209
Figure 27. Simultaneous Voltage Tracking Figure 28. Simultaneous Voltage Tracking
Schematic Waveform
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In ratiometric voltage tracking shown in Figure 29, the two tracking voltages, VTRK1 and VTRK2, for two
modules, POL1 and POL2, are the same. Their output voltage, VOUT1 and VOUT2, are different with different
voltage divider R2/R1 and R4/R3. VOUT1 and VOUT2 increase proportionally and reach their output voltage set
points at about the same time.

VIN
¢ Vourt Virk2  VTRki
VTRK1
—»0—
POL1 R2 0.6
External
Tracking R1
Input
— g
L 8 >
S Y
ViN > ouT2
? Vout2
VTRK2 v
- O0—
POL2 R4 ouT1
R3
0 >
1 t—Time UDG-09212

UDG-09211

Figure 29. Ratiometric Voltage Tracking Schematic Figure 30. Ratiometric Voltage Tracking Waveform

Copyright © 2011 £, Texas Instruments Incorporated 25


http://focus.ti.com.cn/cn/docs/prod/folders/print/tps40170.html
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS40170

ZHCS155-3 B 2011 & www.ti.com.cn

Sequential startup is shown in Figure 31. During start-up of the first module, POL1, its PGOODL1 is pulled to low.
Since PGOODL1 is connected to soft-start SS2 of the second module, POL2, is not able to charge its soft-start
capacitor. After output voltage VOUT1 of POL1 reaches its setting point, PGOODL1 is released. POL2 starts
charging its soft-start capacitor. Finally, output voltage Vo1, of POL2 reaches its setting point.

Vin

\'
? Vourt ouT1

PGOOD1 VSSZ’ VPGOOD1
G POL1

WV
I
Voltage

>
\Y
o VOUTZ
? Vour2
SS2
—0——pol2| S ra __Veooonz
—TCss
R3
0 >
L L t—Time UDG-09214
= = UDG-09213
Figure 31. Sequential Start-Up Schematic Figure 32. Sequential Start-Up Waveform

NOTE
The TRK pin has high impedance, so it is a noise sensitive terminal. If the tracking
function is used, a small R-C filter is recommended at the TRK pin to filter out
high-frequency noise.

If the tracking function is not used, the TRK pin must be pulled up directly or through a
resistor (with a value between 10 kQ and 100 kQ) to VDD.
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Adaptive Drivers

The drivers for the external high-side and low-side MOSFETs are capable of driving a gate-to-source voltage,
Vygp. The LDRYV driver for the low-side MOSFET switches between VBP and PGND, while the HDRYV driver for
the high-side MOSFET is referenced to SW and switches between BOOT and SW. The drivers have
non-overlapping timing that is governed by an adaptive delay circuit to minimize body diode conduction in the
synchronous rectifier.

Start-Up Into Pre-Biased Output

The TPS40170 contains a circuit to prevent current from being pulled out of the output during startup in case the
output is pre-biased. When the soft-start commands a voltage higher than the pre-bias level (internal soft-start
becomes greater than feedback voltage [Vygg]), the controller slowly activates synchronous rectification by
starting the first LDRV pulses with a narrow on-time (see Figure 33), where:

e V=5V

e Vour=33V

* Vpre=14V

o fgw =300 kHz

e« L=0.6pH

It then increments the on-time on a cycle-by-cycle basis until it coincides with the time dictated by (1-D), where D
is the duty cycle of the converter. This scheme prevents the initial sinking of the pre-bias output, and ensures
that the output voltage (Voyt) Starts and ramps up smoothly into regulation and the control loop is given time to
transition from pre-biased startup to normal mode operation with minimal disturbance to the output voltage. The

time from the start of switching until the low-side MOSFET is turned on for the full (1-D) interval is between
approximately 20 and 40 clock cycles.

6.0V

4.5V

3.0v

2.5V

ov = ‘ L H H H
,,,,,,,,,, S IS NSRS SR SO N 20-40 clock cycles ,,,,,,,,,,,,,, \l ,,,,,,,,

-1.5V
3.0v

25V —— ‘ 3 —

2.0V [

1.5V : : p———

1.52ms 1.53ms 1.54ms 1.55ms 1.56ms 1.57ms

Figure 33. Start-Up Switching Waveform During Pre-Biased Condition

If the output is pre-biased to a voltage higher than the voltage commanded by the reference, then the PWM
switching does not start.
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NOTE

When output is pre-biased at Vpregas, that voltage also applies to the SW node during
start-up. When the pre-bias circuitry commands the first few high-side pulses before the
first low-side pulse is initiated, the gate voltage for the high-side MOSFET is as described
in Equation 18. Alternatively, If pre-bias level is high, it is possible that SCP can be tripped
due to high turn-on resistance of the high-side MOSFET with low gate voltage. Once
tripped, the device resets and then attempts to re-start. The device may not be able to
start up until output is discharged to a lower voltage level by either an active load or
through feedback resistors.

In the case of a a high pre-bias level, a low gate-threshold voltage rated device is
recommended for the high-side MOSFET and increasing the SCP level also helps
alleviate the problem.

Veate(ns) = (Vep — Vorwp — Vere-sias )

where
*  Vearteps) is the gate voltage for the high-side MOSFET
*  Vpgp is the BP regulator output
*  Vprwp IS bootstrap diode forward voltage (18)
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Power Good (PGOOD)

The TPS40170 provides an indication that the output voltage of the converter is within the specified limits of the
regulation as measured at the FB pin. The PGOOD pin is an open-drain signal and pulls low when any condition
exists that would indicate that the output of the supply might be out of regulation. These conditions include:

*  Vygg is not within the PGOOD threshold limits.

+ Soft-start is active, i.e., SS pin voltage is below Vs g 1 iy limit.
* An undervoltage condition exists for the device.

* An overcurrent or short-circuit fault is detected.

* An over-temperature fault is detected.

Figure 34 shows a situation where no fault is detected during the startup, (the normal PGOOD situation). It
shows that PGOOD goes high tpgp (20 ps, typ.) after all the conditions (listed above) are met.

VDD
Track
|
VSS, steady-state
VSS, FLT, HI
VSS »
VOV
/ Yov
Veg - >
toep

L—pl e
VeGoob »

t—Time

UDG-09215

Figure 34. PGOOD Signal

When there is no power to the device, PGOOD is not able to pull close to GND if an auxiliary supply is used for
the power good indication. In this case, a built-in resistor connected from drain to gate on the PGOOD pull-down
device allows the PGOOD pin to operate like as a diode to GND.

PGND and AGND

NOTE
TPS40170 provides separate signal ground (AGND) and power ground (PGND) pins.
PGND is primarily used for gate driver ground return. AGND is an internal logic signal
ground return. These two ground signals are internally loosely connected by two
anti-parallel diodes. PGND and AGND must be electrically connected externally.

Bootstrap Capacitor

A bootstrap capacitor with a value between 0.1 pF and 0.22 pF must be placed between the BOOT pin and the
SW pin. It should be 10 times higher than MOSFET gate capacitance.
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Bypass and Filtering

In an integrated circuit, supply bypassing is important for jitter-free operation. To decrease noise in the converter,
ceramic bypass capacitors must be placed as close to the package as possible.

1. VIN to GND: use 0.1 pyF ceramic capacitor.
2. BP to GND: use 1 yF to 10 yF ceramic capacitor. It should be 10 times higher than bootstrap capacitance
3. VDD to GND: use 0.1 pF to 1 yF ceramic capacitor

Design Hints

Bootstrap Resistor

A small resistor in series with the bootstrap capacitor reduces the turn-on time of the internal MOSFET, thereby
reducing the rising edge ringing of the SW node and reduces short through induced by dv/dt. A bootstrap resistor
value that is too large delays the turn-on time of the high-side switch and may trigger an apparent SCP fault. See
design example.

SW Node Snubber Capacitor

Observable voltage ringing at the SW node is caused by fast switching edges and parasitic inductance and
capacitance. If the ringing results in excessive voltage on the SW node, or erratic operation of the converter, an
R-C snubber may be used to dampen the ringing and ensure proper operation over the full load range. See
design example.

Input Resistor

The TPS40170 has a wide input voltage range which allows for the device input to share power source with
power stage input. Power stage switching noise may pollute the device power source if the layout is not
adequate in minimizing noise. It may trigger short-circuit fault. If so, adding a small resistor between the device
input and power stage input is recommended. This resistor composites an R-C filter with the device input
capacitor and filter out the switching noise from power stage. See design example.

LDRYV Gate Capacitor

Power device selection is important for proper switching operation. If the low-side MOSFET has low gate
capacitance Cgs (if Cgs<Cgd), there is a risk of short-through induced by high dv/dt at switching node (See
reference[1]) during high-side turned-on. If this happens, add a small capacitance between LDRV and GND. See
design example.
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DESIGN EXAMPLES

Introduction

The wide input TPS40170 controller can function in a very wide range of applications. This example describes
the design process for a very wide input (10 V to 60 V) to regulated 5-V output at a load current of 6 A. The
design parameters are provide in Table 1.

Table 1. Design Example Parameters

PARAMETER TEST CONDITIONS MIN ‘ NOM ‘ MAX | UNIT

VN Input voltage 10 60 \%
ViN(ripple) Input ripple louT=6 A 0.5 \%
Vout Output voltage 0A<Iour<20A 4.8 5.0 52| V

Line regulation 10VsVys60V 0.5%

Load regulation OA<IpyT<6A 0.5%
VRIPPLE Output ripple lour=6 A 100| mVvV
VovER Output overshoot Aloyt=25A 250 mV
VUNDER Output undershoot Aloyt=-25A 250 mV
lout Output current 10V=VN=60V 0 6 A
tss Soft-start time ViN=24V 4 ms
Iscp Short circuit current trip point 8 A
n Efficiency VN=24V, lgur=6 A 94%
fsw Switching frequency 300 kHz

Size 15| in?

Design Procedure

Select A Switching Frequency

To maintain acceptable efficiency and meet minimum on-time requirements, a 300 kHz switching frequency is
selected.

Inductor Selection (L1).

Synchronous buck power inductors are typically sized for approximately 20-40% peak-to-peak ripple current
(IrippLE) Given this target ripple current, the required inductor size can be calculated in Equation 19.

_VNmax)“Vour  Vour 1 60V-5V 5V 1

L~ = X x =8.5puH
0.3xlgyt V,N(max) fsw 0.3x6A 60V 300kHz
19)
Selecting a standard 8.2 pH inductor value, solving for Ixjpp e =1.86 A.
The RMS current through the inductor is approximated by Equation 20.
2 2 2
lL(rms) = \/{L(an)j + (%2 X IR|PPLE)2 = \/(lou'r) + (%2 X IRlPPLE )2 = \/(6) + %2 X (1 86) =6.02A (20)

Output Capacitor Selection (C9)

The selection of the output capacitor is typically driven by the output transient response. The Equation 21 and
Equation 22 overestimate the voltage deviation to account for delays in the loop bandwidth and can be used to
determine the required output capacitance:

2
Vover < RAN | A7 _ lTRAN | HRAN XL (rran)” <L
Cour Cour  Vour  Vour xCourt 1)
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I I I x L (ITRAN )2 xL
VunpER < TRAN , AT — TRAN , __'TRAN _
Cout Cour (Mn—Vour) (Mn—Vour)xCour 22)

If Vinminy > 2 X Vour, Use overshoot to calculate minimum output capacitance. If Viyminy < 2 X Vour, use
undershoot to calculate minimum output capacitance.

QTRAN(max))2 <L (3)2 x8.2uH 5

Cotrr(miy = _EQuF
OUT(min) = "y “xVoyer  5x250mV o

(23)

With a minimum capacitance, the maximum allowable ESR is determined by the maximum ripple voltage and is
approximated Equation 24.

I 1.86A
VRIPPLE(t —[R'PPLE J 100mV —[ j
VRIPPLE(tot) ~ VRIPPLE(cap) _ (o) " 8xCour x fow _ 8x59uFx300kHz ) _

ESRyax =
lRiPPLE lRiPPLE 1.86A

(24)

Two 1210, 22-pF, 16-V X7R ceramic capacitors plus two 0805 10-pF, 16-V X7R ceramic capacitors are selected
to provide more than 59 yF of minimum capacitance (including tolerance and DC bias derating) and less than
47 mQ of ESR (parallel ESR of approximately 4 mQ).

Peak Current Rating of Inductor

With output capacitance, it is possible to calculate the charge current during start-up and determine the minimum
saturation current rating for the inductor. The start-up charging current is approximated in Equation 25.

I (peak) = louT(max) * (% *rippLE )+ IlchaRGE = 6A + 4 x1.86A+0.08A =7.01A 26

An IHLP5050FDER8R2MO01 8.2 uH is selected. This 10-A, 16-mQ inductor exceeds the minimum inductor ratings
ina 13 mm x 13 mm package.

IcHARGE =

Input Capacitor Selection (C1, C6)

The input voltage ripple is divided between capacitance and ESR. For this design VRIPPLE(cap) = 400mV and
VRIPPLE(ESR) = 100mV. The minimum capacitance and maximum ESR are estimated by:

lLoap * Vout B 6Ax5V

Cingmin) = = — 251F
NI =\ mpLE(cap) % Vin < fw  400mV <10V x300kHz on
V,
ESRyax = RIPI:LE(esr) _ 100mV —14.4mO
ILoap + A xlrppLe  6.93A o8
The RMS current in the input capacitors is estimated in Equation 29.
lRms (cin) = ILoaD *y/D (1-D)=6Ax,/0.5x(1-0.5) =3.0A 29

To achieve these values, four 1210, 2.2-yF, 100 V, X7R ceramic capacitors plus a 120-uF electrolytic capacitor
are combined at the input. This provides a smaller size and overall cost than 10 ceramic input capacitors or an
electrolytic capacitor with the ESR required.

Table 2. Inductor Summary

PARAMETER VALUE UNIT
L Inductance 8.2 uH
I (rms) RMS current (thermal rating) 6.02 A
I (peak) Peak current (saturation rating) 7.01 A
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MOSFET Switch Selection (Q1, Q2)
Using the J/K method for MOSFET optimization, apply Equation 30 through Equation 33.
High-side gate (Q1):
-0 [ VMinxlour | Qg
J=(10)" x + x Vprive |*fsw
(10 ( brive  Qsw CA%C) (30)
PR 2 2. [ Vout
=007 our P+ e )< Y2 (W)
(31)
Low-side gate (Q2):
a3 2 2 ~ Vout
=00 four  + (oo F ) 1208 (47.0)
(32)
Vep x| Q
brive  Qsw (V\%C) (33)

Optimizing for 300 kHz, 24-V input, 5-V output at 6 A, calculate ratios of 5.9 mQ/nC and 0.5 mQ/nC for the
high-side and low-side FETS respectively. BSC110NO6NS2 (Ratio 1.2) and BSCO076N0O6NS3 (Ratio 0.69)
MOSFETS are selected.

Timing Resistor (R7)

The switching frequency is programmed by the current through Rzt to GND. The Rgit value is calculated using
Equation 34.

(10)° (10)°
Rrr =——-2kQQ=——~-—-2=31.3kQ = 31.6kQ
fsw 300kHz (34)
UVLO Programming Resistors (R2, R6)
The UVLO hysteresis level is programmed by R2 using Equation 35.
VUVLo(on) - VUVLo(off) _9Vv-8V

RuvLohys) = = =200kQ
(hys) luvLo 5.0pA (35)
VUVLO(max) 0.919Vv
R >R =200kQ =22.7kQ = 22.1kQ
UVLO(set UVLO(hys
(st) ¢ )(VUVLO_ON(min) _VUVLO(max)) (9.0v-0.919V)

(36)

Boot-Strap Capacitor (C7)

To ensure proper charging of the high-side FET gate, limit the ripple voltage on the boost capacitor to less than
250 mV.

CBOOST = v QG1 = 25nC =100nF

BOOT(ripple)  290MV @37

VIN Bypass Capacitor (C18)

Place a capacitor with a a value of 1.0 yF. Select a capacitor with a value between 0.1 yF and 1.0 yF, X5R or
better ceramic bypass capacitor for VIN as specified in RECOMMENDED OPERATING CONDITIONS . For this
design a 1.0-uF, 100 V, X7R capacitor has been selected.

VBP Bypass Capacitor (C19)

Select a capacitor with a value between 1.0 yF and 10 yF, X5R or better ceramic bypass capacitor for BP as
specified in RECOMMENDED OPERATING CONDITIONS. For this design a 4.7-uF, 16 V capacitor has been
selected.
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SS Timing Capacitor (C15)
The soft-start capacitor provides smooth ramp of the error amplifier reference voltage for controlled start-up. The
soft-start capacitor is selected by using Equation 38.

1ss _ 4ms

sSS = =——=44nF = 47nF
0.09 009 (38)

ILIM Resistor (R19, C17)

The TPS40170 use the negative drop across the low-side FET at the end of the "OFF" time to measure the
inductor current. Allowing for 30% over the minimum current limit for transient recovery and 20% rise in Rpg(on)g2
for self-heating of the MOSFET, the voltage drop across the low-side FET at current limit is given by
Equation 39.

Vo = ((1 3% locp(min) )+ (%x IRIPPLE ))x 1.25xRpg(onyaz = (1.3x8A + 7 x1.86A)x1.25x7.6mQ =107.6mV
(39)

The internal current limit temperature coefficient helps compensate for the MOSFET Rpsen temperature
coefficient, so the current limit programming resistor is selected by Equation 40.

Voo _107.6mV _ ., ora~12.1kQ
OCSET(min) 90],LA (40)

Rcs:|

A 1000-pF capacitor is placed in parallel to improve noise immunity of the current limit set-point.

SCP Multiplier Selection (R5)

The TPS40170 controller uses a multiplier (Agc) to translate the low-side over-current protection into a high-side
Rps(on) Pulse-by-pulse short circuit protection. Ensure that Equation 41 is true.

S locp(min) +(2 XIRIPPLE) RDS(on)Q1 8A+1x1. 86A 11mQ
locp(min) *+ (2 XIRIPPLE) Rps(onya2 8A+ ; <1.86A  7.6mQ

Aoc =1.45

(41)
Aoc = 3 is selected as the next greater Agc. The value of R5 is set to 10 kQ.

Feedback Divider (R10, R11)

The TPS40170 controller uses a full operational amplifier with an internally fixed 0.6-V reference. The value of
R4 is selected to be between 10 kQand 50 kQ for a balance of feedback current and noise immunity. With the
value of R4 set to 10 kQ, the output voltage is programmed with a resistor divider given by Equation 42.

Veg xR11 0.600V x 20.0kQ

R10= (Vout -Veg)  (5.0V—-0.600V)

=2.73kQ ~ 2.74kQ

(42)

Compensation: (R4, R13, C13, C14, C21)

Using the TPS40k Loop Stability Tool for a 60 kHz bandwidth and a 50° phase margin with an R10 value of
20.0 kQ, the following values are obtained. The tool is available from the TI website, Literature Number
SLVC165.

+ (C21=C1=1500pF
+ C13=C2=8200 pF
» C14=C3=220pF
*+ R13=R2=511Q

* R4 =R3=3.83kQ
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Typical Performance Characteristics

Figure 35 shows a 10 Vto 60 V t0 5.0 V @ 6 A efficiency graph for this design. Figure 36 shows a 24-V to 5.0-V
@ 6 A loop response where V|y = 24V and lgyt = 6A, yielding 58 kHz bandwidth, 51° phase margin. Figure 37
shows the output ripple 20 mV/div, 2 us/div, 20 MHz bandwidth.

100 100 225
80 180
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60 135
= 9 _. 40 90
& g -
> = 20 45 3
g s g 8
g 0 o °
&
80 -20 -45
-40 | == Gain -90
75 = Phase
-60 -135
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Figure 35. Efficiency vs. Load Current Figure 36. Loop Response
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Figure 37. Output Ripple Waveform
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Schematic
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Figure 38. Design Example Application
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List of Materials

Table 3. Designh Example List of Materials

RELERENCE | QTY | vALUE DESCRIPTION SIZE PART NUMBER MANUF
C1 4 2.2 yF Capacitor, Ceramic, 100 V, X7R, 15% 1210 |Std Std
cé 1 |120F Sapacitor, Aluminum, 63V, 20%, KZE 0.315" | KZE63VB12IM10X16LL | Chemi-con
Cc7 1 0.1 uF Capacitor, Ceramic, 50 V, X7R, 15% 603 Std Std
co 2ea |22 :jE Capacitor, Ceramic, 16 V, X7R, 15% 1210 | Std std
C13 1 8200 pF Capacitor, Ceramic, 50 V, X7R, 15% 603 Std Std
Cl4 1 220 pF Capacitor, Ceramic, 50 V, X7R, 15% 603 Std Std
C15 1 47 nF Capacitor, Ceramic, 50 V, X7R, 15% 603 Std Std
C16 1 1pF Capacitor, 1 6V, X7R, 15% 603 Std Std
C17 1 1000 pF Capacitor, Ceramic, 50 V, X7R, 15% 603 Std Std
C18 1 1uF Capacitor, Ceramic, 100 V, X7R, 15% 1206 |Std Std
C19 1 4.7 uF Capacitor, Ceramic, 16 V, X5R, 15% 805 Std Std
Cc21 1 1500 pF Capacitor, Ceramic, 50 V, X7R, 15% 603 Std Std
L1 1 8.2 yH Inductor, SMT, 10 A, 16 mQ 0.51"? | IHLP5050FDER8R2M01 Vishay
Q1 1 MOSFET, N-channel, 60 V, 50 A, 11 mQ BSC110NO6NS3G Infineon
Q2 1 MOSFET, N-channel, 60 V, 50 A, 7.6 mQ BSCO76NO6NS3G Infineon
R10 1 2.74 kKQ Resistor, Chip, 1/16W, 1% 603 Std R603
R4 1 3.83 kQ Resistor, Chip, 1/16W, 1% 603 Std R603
R5 1 10.0 kQ Resistor, Chip, 1/16W, 1% 603 Std R603
R9 1 12.1 kQ Resistor, Chip, 1/16W, 1% 603 Std R603
R11 1 20.0 kQ Resistor, Chip, 1/16W, 1% 603 Std R603
R6 1 22.1 kQ Resistor, Chip, 1/16W, 1% 603 Std R603
R7 1 31.6 kQ Resistor, Chip, 1/16W, 1% 603 Std R603
R2 1 200 kQ Resistor, Chip, 1/16W, 1% 603 Std R603
R13 1 511 kQ Resistor, Chip, 1/16W, 1% 603 Std R603
B L o wid ot sy PN
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Layout Recommendations

Figure 39 illustrates an example layout. For the controller, it is important to carefully connect noise sensitive
signals such as RT, SS, FB, and comp as close to the IC as possible and connect to AGND as shown. The
PowerPad should be connected to any internal PCB ground planes using multiple vias directly under the IC. The
AGND and PGND should be connected at a single point.

When using high-performance FETs such as NexFET™ from Texas Instruments, careful attention to the layout is
required. Minimize the distance between positive node of the input ceramic capacitor and the drain pin of the
control (high-side) FET. Minimize the distance between the negative node of the input ceramic capacitor and the
source pin of the syncronization (low-side) FET. Becasue of the large gate drive, smaller gate charge, and faster
turn-on times of the high-performance FETS, it is recommended to use a minimum of 4, 10 -yF ceramic input
capacitors such as TDK #C3216X5R1A106M. Ensure the layout allows a continuous flow of the power planes.

The layout of the HPA578 EVM is shown in Figure 39 through Figure 42 for reference.

Figure 39. Top Copper, Viewed From Top
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Figure 40. Bottom Copper, Viewed From Bottom
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Figure 41. Internal Layer 1, Viewed From Top
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Figure 42. Internal Layer 2, Viewed From Top
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Technology.

RELATED DEVICES
The following devices have characteristics similar to the TPS40170 and may be of interest.

TI LITERATURE
DEVICE DESCRIPTION NUMBER
TPS40057 Wide Input Synchronous Buck Controller SLUS593

42
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PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty 0) ®3) (4/5)
TPS40170RGYR ACTIVE VQFN RGY 20 3000 Green (RoHS CUNIPDAU Level-2-260C-1 YEAR  -40to 125 40170
& no Sh/Br)
TPS40170RGYT ACTIVE VQFN RGY 20 250 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR  -40 to 125 40170
& no Sh/Br)

® The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability

information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1



http://www.ti.com/product/TPS40170?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS40170?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 30-Jul-2013

OTHER QUALIFIED VERSIONS OF TPS40170 :
o Automotive: TPS40170-Q1

¢ Enhanced Product: TPS40170-EP

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

e Enhanced Product - Supports Defense, Aerospace and Medical Applications

Addendum-Page 2
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MECHANICAL DATA

RGCY (R—PVQFN—NZO) PLASTIC QUAD FLATPACK NO—LEAD
-0
El
19 ‘ 12
|
20 ‘ 1"

| #} I 3,65
\ 3,35
Pin 1 Index Area /

Top and Bottom 2 9

=]
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T Seating Plane
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All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.

This drawing is subject to change without notice.

QFN (Quad Flatpack No—Lead) package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

A

B

C

D

E.

ﬁ Pin 1 identifiers are located on both top and bottom of the package and within the zone indicated.

The Pin 1 identifiers are either a molded, marked, or metal feature.
G. Package complies to JEDEC MO-241 variation BA.
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THERMAL PAD MECHANICAL DATA

RGY (R—PVQFN—N20) PLASTIC QUAD FLATPACK NO—-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the

integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

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

L2J UUuuUjguU LQJ |_—— Exposed Thermal Pad
T 1 1o
2,05+0,10 — ; _
! 20 1
1(91 ANANAIANAND 1@
«— 3,05+0,10—»

Bottom View

Exposed Thermal Pad Dimensions

4206353-4/P 03/14

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

PLASTIC QUAD FLATPACK NO—-LEAD

RGY (R—PVQFN—N20)
Example Stencil Design
Example Board Layout 0.125mm Stencil Thickness
(Note E)
14X0,5 14X0,5—— = |
weo—_ 0000000 o) U0 0100 0 [z
4X1,8255 = f
- 2,05 +——— 4,3425 - — =1
O | . - o110, — —
/- — \ 4%0,82— !
(D0pOnODN 1000000
oo 53 . 20x0,25
." ’ \\\ 67% solder coverage by printed
! \\ area on center thermal pad
| .
i \
! N\
-" Non Solder Mask \\ Example Via Layout Design
! Defined Pad AN may vary depending on constraints
J ________ Example N (Note D, F)
- .. Solder Mask Opening .
, // N (Note F) N\ 4x1,0
/0,08 A o O
/ ) \
/' RO14 — 0,85 \ - — (—ﬁ
/ | "\ 2 P 6%
' ! Example —/ '
\\ T _O}/\ Pad Geometry 6x00,3
\ ’ / (Note C)
\ 0,07 /
\ All Around /
\. //
N s
S L
4208122-4/P 03/14

NOTES: A

oow

All linear dimensions are in millimeters.
This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.
This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack

QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

These documents are available at www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
Refer to IPC 7525 for stencil design considerations.

contact their board assembly site for stencil design recommendations.
Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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