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5 Pin Configuration and Functions

RHL Package
20 Pin VQFN With Thermal Pad

Top View
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Pin Functions
PIN
1/0 DESCRIPTION
NAME NUMBER
Output of the internal regulator. A ceramic capacitor of more than 1.0 pF is required between
VCC 1 (0] P
this pin and ground.
EN 2 | Enable logic input. Logic high level enables the device. Logic low level disables the device
and turns it into shutdown mode.
FSW 3 | The switching frequency is programmed by a resistor between this pin and the SW pin.
sw 456 7 | The switching node pin of the converter. It is connected to the drain of the internal low-side
e power MOSFET and the source of the internal high-side power MOSFET.
BOOT 8 o Power supply for high-side MOSFET gate driver. A ceramic capacitor of 0.1 uF must be
connected between this pin and the SW pin
VIN 9 | IC power supply input
Soft-start programming pin. An external capacitor sets the ramp rate of the internal error
SS 10 (6] e :
amplifier's reference voltage during soft-start
NC 11. 12 . No connection inside the device. Connect these two pins to ground plane on the PCB for
' good thermal dissipation
Operation mode selection pin for the device in light load condition. When this pin is connected
MODE 13 | to ground, the device works in PWM mode. When this pin is left floating, the device works in
PFM mode.
VOUT 14, 15, 16 O Boost converter output
FB 17 | Voltage feedback. Connect to the center tape of a resistor divider to program the output
voltage.
COMP 18 o Output of the internal error amplifier, the loop compensation network should be connected
between this pin and the AGND pin.
Adjustable switch peak current limit. An external resistor should be connected between this
ILIM 19 (6] ) .
pin and the AGND pin.
AGND 20 — Signal ground of the IC
PGND 21 — Power ground of the IC. It is connected to the source of the low-side MOSFET.

Copyright © 2015-2019, Texas Instruments Incorporated
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6 Specifications

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

MIN MAX UNIT
BOOT -0.3 SW+7
2 VIN, SW, FSW, VOUT -0.3 14.5

Voltage @ \Y

EN, VCC, SS, COMP, MODE -0.3 7

ILIM, FB -0.3 3.6
T, Operating junction temperature -40 150 °C
Tstg Storage temperature -65 150 °C

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

(2) All voltage values are with respect to network ground terminal.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic | Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +2000 v
ESD) discharge Charged device model (CDM), per JEDEC specification JESD22-C101, all pins® +500
(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 NOM MAX UNIT
VN Input voltage range 2.7 12 Y,
Vout Output voltage range 4.5 12.6 \%
L Inductance, effective value 0.47 2.2 10 puH
C Input capacitance, effective value 10 uF
Co Output capacitance, effective value 6.8 47 1000 uF
T, Operating junction temperature -40 125 °C
6.4 Thermal Information
TPS61088 TPS61088
THERMAL METRIC® RHL 20 Pins RHL 20 Pins UNIT
Standard EVM
Rosa Junction-to-ambient thermal resistance 38.8 29.7 °CIW
RoJc(top) Junction-to-case (top) thermal resistance 39.8 N/A °CIW
Ross Junction-to-board thermal resistance 15.5 N/A °CIW
LAL Junction-to-top characterization parameter 0.6 0.5 °CIW
Vi Junction-to-board characterization parameter 15.5 9.8 °CIW
RoJc(bot Junction-to-case (bottom) thermal resistance 3.1 N/A °CIW

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

report, SPRA953.

Copyright © 2015-2019, Texas Instruments Incorporated
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6.5 Electrical Characteristics
Minimum and maximum values are at V|, = 2.7 Vto 5.5 V and T; = -40°C to 125°C. Typical values are at Vy,=3.6 Vand T; =

25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
POWER SUPPLY
Vin Input voltage range 2.7 12 \%
Viy oo Undervoltage lockout (UVLO) Vin risihg 27| Vv
- threshold V) falling 2.4 25 \Y
ViN_HYs VIN UVLO hysteresis 200 mV
Vee uvio UVLO threshold Vcc falling 2.1 \%
Opera}ting quiescent current from the 1 3 LA
o VIN p"T . LC enable_d, Ven=2V, no load, Ry m = 10(3
Operating quiescent current from the | k&, Veg = 1.3V, Voyr =12V, T; up to 85°C
VOUT pin 110 250| pA
IC disabled, Vgn = 0V, no load, no feedback
Isp Shutdown current into the VIN pin resistor divider connected to the VOUT pin, T, 1 3 A
up to 85°C
Ve VCC regulation lycc =5 MA, V=8V 5.8 \%
EN AND MODE INPUT
VENH EN high threshold voltage Vec =6V 1.2 \%
VENL EN low threshold voltage Vec =6V 0.4 \%
Ren EN internal pull-down resistance Vec =6V 800 kQ
VMODEH MODE high threshold voltage Vec =6V 4.0 \%
VMODEL MODE low threshold voltage Vec =6V 15 \%
Rmope MODE internal pull-up resistance Vec =6V 800 kQ
OUTPUT
Vout Output voltage range 45 12.6 \%
VRer Reference voltage at the FB pin PWM mode 1186 1.204 1222 \Y
PFM mode 1.212
likc_FB FB pin leakage current Veg=1.2V 100 nA
Iss Soft-start charging current 5 pA
ERROR AMPLIFIER
lsink COMP pin sink current Veg = Vger +200 mV, Veomp = 1.5V 20 HA
lsource COMP pin source current Veg = Vrer —200 mV, Vcomp = 1.5V 20 HA
VceLPH High clamp voltage at the COMP pin | Vg =1V, R = 100 kQ 2.3 v
VeelpL Low clamp voltage at the COMP pin | Vgg = 1.5V, R m = 100 kQ, MODE pin floating 1.4
Gga Error amplifier transconductance Veomp =15V 190 ANV
POWER SWITCH
Roson High-side MOSFET on-resistance VCC=6V 13 18| mQ
Low-side MOSFET on-resistance VCC=6V 11 16.5| mQ
CURRENT LIMIT
Peak switch current imit in PEM RiLim = 100 kQ, Ve = 6 V, MODE pin floating 106 119 13 A
um Peak switch current limit in FPWM RiLim = 100 kQ, Ve = 6 V, MODE pin short to
mode ground 9.0 10.3 11.4 A
Vium Reference voltage at the ILIM pin 1.204 \%
SWITCHING FREQUENCY
fsw Switching frequency Rrreq = 301 kQ, Viy=3.6 V, Voyr =12V 500 kHz
toN_min Minimum on-time Rrreq = 301 kQ, Viy=3.6 V, Voyr =12V 20 180 ns
PROTECTION
Voup t?]‘r‘;gﬂt)%"e“’o'tage protection Vour fising 127 132  136| V
Copyright © 2015-2019, Texas Instruments Incorporated 5
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Electrical Characteristics (continued)

Minimum and maximum values are at V= 2.7 Vto 5.5 V and T, = -40°C to 125°C. Typical values are at V\y, =3.6 Vand T; =

25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Output overvoltage protection .
VOVPfHYS hysferesis ge p Vourt falllng below Vovp 0.25 \%
THERMAL SHUTDOWN
Tsp Thermal shutdown threshold T, rising 150 °C
Tsp Hys Thermal shutdown hysteresis T, falling below Tsp 20 °C
6.6 Typical Characteristics
100% U, 100% -
90% = 90% PP ii—
/1 il
80% 7 80% y
70% / 70%
Z 60% 3z 60%
o o
L 50% L 50%
= =
W 40% w 40%
30% 30%
/
20% L/ — 3-V Input 20% // 7 —— 5-V Output
10% A — 3.6-V Input 10% A 7 —— 9-V Output
[+~ 4.2V Input | Lt ‘ 12-V Output
0 — 0 l=—x
0.0001 0.001 0.01 0102 051 235710 0.0001 0.001 0.01 0102 051 23 5710
Output Current (A) Output Current (A)
1. Efficiency vs Output Current, Vout =9 V, FPWM 2. Efficiency vs Output Current, V|y = 3.6 V, FPWM
100% 100%
=T TN
90% = N 90% = L=
— AT T
il / LA
80% 80% v/
70% 70%
5 5 )
c c /
2 60% 2 60%
& & /
50% / 50% [
40% / 40%
—— 3-V Input / —— 5-V Output
30% — 3.6-V Input 30% — 9-V Output
4.2-V Input 12-V Output
20% 20%
0.0001 0.001 0.01 0.102 051 23 5710 0.0001 0.001 0.01 0.102 051 23 5710
Output Current (A) Output Current (A)
3. Efficiency vs Output Current, Voutr =9 V, PFM 4. Efficiency vs Output Current, V|y = 3.6 V, PFM
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Typical Characteristics (T X)

14 2500
—— PFM Mode
12 —— FPWM Mode
\ 2000
1 . |\
< N
E 8 \\ é 1500
£ \ \\ §
‘ac: 6 N [ \
E \ I~ o 1000
=1 N o
O 4 N I~ v \
T~ \—\— 500 \
T —— \__
0 0
80 120 160 200 240 280 320 360 0 100 200 300 400 500 600 700 800 900
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0
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9. Shutdown Current vs Temperature
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7 Detailed Description

7.1 Overview

The TPS61088 is a fully-integrated synchronous boost converter with a 11-mQ power switch and a 13-mQ
rectifier switch to output high power from a single cell or two-cell Lithium batteries. The device is capable of
providing an output voltage of 12.6 V and delivering up to 30-W power from a single cell Lithium battery.

The TPS61088 uses adaptive constant off-time peak current control topology to regulate the output voltage. In
moderate-to-heavy load condition, the TPS61088 works in the quasi-constant frequency pulse width modulation
(PWM) mode. The switching frequency in the PWM mode is adjustable ranging from 200 kHz to 2.2 MHz by an
external resistor. In light load condition, the device has two operation modes selected by the MODE pin. When
the MODE pin is left floating, the TPS61088 works in the pulse frequency modulation (PFM) mode. The PFM
mode brings high efficiency at the light load. When the MODE pin is short to ground, the TPS61088 works in the
forced PWM mode (FPWM). The FPWM mode can avoid the acoustic noise and other problems caused by the
low switching frequency. The TPS61088 implements cycle-by-cycle current limit to protect the device from
overload conditions during boost switching. The switch peak current limit is programmable by an external
resistor. The TPS61088 uses external loop compensation, which provides flexibility to use different inductors and
output capacitors. The adaptive off-time peak current control scheme gives excellent transient line and load
response with minimal output capacitance.

8 MY © 2015-2019, Texas Instruments Incorporated
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7.2 Functional Block Diagram

L1
VIN ~Y -
C1 i lCS
I VIN BOOT sw
1 -1
== LT - ’J_‘ VOuT
VOUT
Cc2 1Y L
Deadtime
Control Logic
LDO —
_—I E I
vee 8 Y
I JUL 5
L1 % )
+<—‘
c5 Comp PGND R3 §
0 —le—— AV [
CLMIT
IS f
+ FB
FSW st omp o {1
1 - gm
L + R4
R1
C 1K SS
I
VIN
COMP vref| C7
']
L
R2 SS  Vref
Shutdown
EN [ ON/ Shutdown ) Vref C AGND
c6 OFF Control
CLMIT
VOUT— OVP ILIM
1
— UVLO T
VIN Mode
Selecti
Thermal election R5
Shutdown J_‘
L
MODE

7.3 Feature Description

7.3.1 Enable and Startup

The TPS61088 has an adjustable soft start function to prevent high inrush current during start-up. To minimize
the inrush current during start-up, an external capacitor, connected to the SS pin and charged with a constant
current, is used to slowly ramp up the internal positive input of the error amplifier. When the EN pin is pulled
high, the soft-start capacitor Cgg (C7 in 12) is charged with a constant current of 5 pA typically. During this
time, the SS pin voltage is compared with the internal reference (1.204 V), the lower one is fed into the internal
positive input of the error amplifier. The output of the error amplifier (which determines the inductor peak current
value) ramps up slowly as the SS pin voltage goes up. The soft-start phase is completed after the SS pin voltage
exceeds the internal reference (1.204 V). The larger the capacitance at the SS pin, the slower the ramp of the
output voltage and the longer the soft-start time. A 47-nF capacitor is usually sufficient for most applications.

When the EN pin is pulled low, the voltage of the soft-start capacitor is discharged to ground.

10. Functional Block Diagram

MR © 2015-2019, Texas Instruments Incorporated
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Feature Description (3T )
Use 243 1 to calculate the soft-start time.
teo = Vrer X Css
Ss ~© |
Ss
where
e tggis the soft start time.
* Vger is the internal reference voltage of 1.204 V.
* Cggis the capacitance between the SS pin and ground.
e lgg is the soft-start charging current of 5 pA. )

7.3.2 Undervoltage Lockout (UVLO)

The UVLO circuit prevents the device from malfunctioning at low input voltage and the battery from excessive
discharge. The TPS61088 has both VIN UVLO function and VCC UVLO function. It disables the device from
switching when the falling voltage at the VIN pin trips the UVLO threshold V,y yvio » Which is typically 2.4 V. The
device starts operating when the rising voltage at the VIN pin is 200-mV above the V|y yvio. It also disables the
device when the falling voltage at the VCC pin trips the UVLO threshold V¢ yyio, Which is typically 2.1 V.

7.3.3 Adjustable Switching Frequency

This device features a wide adjustable switching frequency ranging from 200 kHz to 2.2 MHz. The switching
frequency is set by a resistor connected between the FSW pin and the SW pin of the TPS61088. A resistor must
always be connected from the FSW pin to SW pin for proper operation. The resistor value required for a desired
frequency can be calculated using 23 2.

1 Vour
—tpELAY X v )
sw IN

4 x
3

R =
FREQ Crreo
where

* Rggreg is the resistance connected between the FSW pin and the SW pin.

*  Crreq = 23 pF

* fswis the desired switching frequency.

* toeay=89ns

e V) is the input voltage.

e Vgur is the output voltage. 2)

7.3.4 Adjustable Peak Current Limit

To avoid an accidental large peak current, an internal cycle-by-cycle current limit is adopted. The low-side switch
is turned off immediately as soon as the switch current touches the limit. The peak switch current limit can be set
by a resistor at the ILIM pin to ground. The relationship between the current limit and the resistance depends on
the status of the MODE pin.

When the MODE pin is floating, namely the TPS61088 is set to work in the PFM mode at light load, use 23 3
to calculate the resistor value:
1190000
LIM = —&
ILIM

where
e Ry u is the resistance between the ILIM pin and ground.
e I is the switch peak current limit. 3)

When the resistor value is 100 kQ, the typical current limit is 11.9 A.

When the MODE pin is connected to ground, namely the TPS61088 is set to work in the forced PWM mode at
light load, use A3\ 4 to calculate the resistor value.

10 MY © 2015-2019, Texas Instruments Incorporated
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_ 1190000 ,
RiLiv @

When the resistor value is 100 kQ. the typical current limit is 10.3 A.

Considering the device variation and the tolerance over temperature, the minimum current limit at the worst case
can be 1.3 A lower than the value calculated by above equations.

7.3.5 Overvoltage Protection

If the output voltage at the VOUT pin is detected above 13.2 V (typical value), the TPS61088 stops switching
immediately until the voltage at the VOUT pin drops the hysteresis value lower than the output overvoltage
protection threshold. This function prevents overvoltage on the output and secures the circuits connected to the
output from excessive overvoltage.

7.3.6 Thermal Shutdown

A thermal shutdown is implemented to prevent damages due to excessive heat and power dissipation. Typically,
the thermal shutdown happens at a junction temperature of 150°C. When the thermal shutdown is triggered, the
device stops switching until the junction temperature falls below typically 130°C, then the device starts switching
again.

7.4 Device Functional Modes

7.4.1 Operation

The synchronous boost converter TPS61088 operates at a quasi-constant frequency pulse width modulation
(PWM) in moderate to heavy load condition. Based on the V| to Vgyr ratio, a circuit predicts the required off-
time of the switching cycle. At the beginning of each switching cycle, the low-side N-MOSFET switch, shown in
the Functional Block Diagram, is turned on, and the inductor current ramps up to a peak current that is
determined by the output of the internal error amplifier. After the peak current is reached, the current comparator
trips, and it turns off the low-side N-MOSFET switch and the inductor current goes through the body diode of the
high-side N-MOSFET in a dead-time duration. After the dead-time duration, the high-side N-MOSFET switch is
turned on. Because the output voltage is higher than the input voltage, the inductor current decreases. The high-
side switch is not turned off until the fixed off-time is reached. After a short dead-time duration, the low-side
switch turns on again and the switching cycle is repeated.

In light load condition, the TPS61088 implements two operation modes, PFM mode and forced PWM mode, to
meet different application requirements. The operation mode is set by the status of the MODE pin. When the
MODE pin is connected to ground, the device works in the forced PWM mode. When the MODE pin is left
floating, the device works in the PFM mode.

7.4.11 PWM Mode

In the forced PWM mode, the TPS61088 keeps the switching frequency unchanged in light load condition. When
the load current decreases, the output of the internal error amplifier decreases as well to keep the inductor peak
current down, delivering less power from input to output. When the output current further reduces, the current
through the inductor will decrease to zero during the off-time. The high-side N-MOSFET is not turned off even if
the current through the MOSFET is zero. Thus, the inductor current changes its direction after it runs to zero.
The power flow is from output side to input side. The efficiency will be low in this mode. But with the fixed
switching frequency, there is no audible noise and other problems which might be caused by low switching
frequency in light load condition.

7.4.1.2 PFM Mode

The TPS61088 improves the efficiency at light load with the PFM mode. When the converter operates in light
load condition, the output of the internal error amplifier decreases to make the inductor peak current down,
delivering less power to the load. When the output current further reduces, the current through the inductor will
decrease to zero during the off-time. Once the current through the high side N-MOSFET is zero, the high-side
MOSFET is turned off until the beginning of the next switching cycle. When the output of the error amplifier
continuously goes down and reaches a threshold with respect to the peak current of 1., / 12, the output of the
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Device Functional Modes (T R)

error amplifier is clamped at this value and does not decrease any more. If the load current is smaller than what
the TPS61088 delivers, the output voltage increases above the nominal setting output voltage. The TPS61088
extends its off time of the switching period to deliver less energy to the output and regulate the output voltage to
0.7% higher than the nominal setting voltage. With the PFM operation mode, the TPS61088 keeps the efficiency
above 80% even when the load current decreases to 1 mA. In addition, the output voltage ripple is much smaller
at light load due to low peak current. Refer to B 11.

A Output Voltage

PFM mode at light load

\4

. 1.007 x Vout_nom

/\/\/\/\ Vout nom
VV NV VA

<&

PWM m‘ode at heavy load
11. PFM Mode Diagram

>
>»
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8 Application and Implementation

x

/:

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

8.1 Application Information

The TPS61088 is designed for outputting voltage up to 12.6 V with 10-A switch current capability to deliver more
than 30-W power. The TPS61088 operates at a quasi-constant frequency pulse-width modulation (PWM) in
moderate to heavy load condition. In light load condition, the converter can either operate in the PFM mode or in
the forced PWM mode according to the mode selection. The PFM mode brings high efficiency over entire load
range, but the PWM mode can avoid the acoustic noise as the switching frequency is fixed. The converter uses
the adaptive constant off-time peak current control scheme, which provides excellent transient line and load
response with minimal output capacitance. The TPS61088 can work with different inductor and output capacitor
combination by external loop compensation. It also supports adjustable switching frequency ranging from 200
kHz to 2.2 MHz.

8.2 Typical Application

C6 ||
0L uFl] VOUT =9V
L1 12pH IOUT =3 A
VIN=33t04.2V . — o o
© * sw BOOT VouT co L ca_L_ "1
R3 1pF 3% 22 pF 360 kQ
FSwW — e R2
c1 | 255 kQ FB .
- VIN C8 || 56 kQ
10 pF RS |
c2
_— VCC COMP AN G5 |
0.1 uF ca_[ |
e ON R4 100 kQ
22WF| o EN ILIM VA
4 I c7
— PGND SS 4{ }—0
47 nF
AGND MODE [— v
=
12. TPS61088 3.3 V to 9-V/3-A Output Converter

8.2.1 Design Requirements

% 1. Design Parameters

Design Parameters Example Values
Input voltage range 33to4.2V
Output voltage 9V
Output voltage ripple 100 mV peak to peak
Output current rating 3A
Operating frequency 600 kHz
Operation mode at light load PFM
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8.2.2 Detailed Design Procedure

8.2.2.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the TPS61088 device with the WEBENCH® Power Designer.
1. Start by entering your V|, Vourt and loyt requirements.

2. Optimize your design for key parameters like efficiency, footprint and cost using the optimizer dial and
compare this design with other possible solutions from Texas Instruments.

3. WEBENCH Power Designer provides you with a customized schematic along with a list of materials with real
time pricing and component availability.

4. In most cases, you will also be able to:

— Run electrical simulations to see important waveforms and circuit performance,
Run thermal simulations to understand the thermal performance of your board,
Export your customized schematic and layout into popular CAD formats,

Print PDF reports for the design, and share your design with colleagues.
5. Get more information about WEBENCH tools at www.ti.com/webench.

8.2.2.2 Setting Switching Frequency

The switching frequency is set by a resistor connected between the FSW pin and the SW pin of the TPS61088.
The resistor value required for a desired frequency can be calculated using 23 5.

1
4x(—— —tpgLay X

fsw

CFREO

VOUT )
Vin

Rereg =

where
*  Rggreg is the resistance connected between the FSW pin and the SW pin.
* Cpreq =23 pF
e fswis the desired switching frequency.
* toelay =89 ns
e V) is the input voltage.
e Vgyr is the output voltage. (5)

8.2.2.3 Setting Peak Current Limit

The peak input current is set by selecting the correct external resistor value correlating to the required current
limit. Because the TPS61088 is configured to work in the PFM mode in light load condition, use 23 6 to
calculate the correct resistor value:

1190000

RiLim

where
* Ry m is the resistance connected between the ILIM pin and ground.
* Iym is the switching peak current limit. (6)

For a typical current limit of 11.9 A, the resistor value is 100 kQ. Considering the device variation and the
tolerance over temperature, the minimum current limit at the worst case can be 1.3 A lower than the value
calculated by 23 6. The minimum current limit must be higher than the required peak switch current at the
lowest input voltage and the highest output power to make sure the TPS61088 does not hit the current limit and
still can regulate the output voltage in these conditions.

8.2.2.4 Setting Output Voltage

The output voltage is set by an external resistor divider (R1, R2 in the 12 circuit diagram). Typically, a
minimum current of 20 uA flowing through the feedback divider gives good accuracy and noise covering. A
standard 56-kQ resistor is typically selected for low-side resistor R2.

The value of R1 is then calculated as:
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8.2.2.5 Inductor Selection

Because the selection of the inductor affects the power supply’s steady state operation, transient behavior, loop
stability, and boost converter efficiency, the inductor is the most important component in switching power
regulator design. Three most important specifications to the performance of the inductor are the inductor value,
DC resistance, and saturation current.

The TPS61088 is designed to work with inductor values between 0.47 and 10 pH. A 0.47-pH inductor is typically
available in a smaller or lower-profile package, while a 10-puH inductor produces lower inductor current ripple. If
the boost output current is limited by the peak current protection of the IC, using a 10-pH inductor can maximize
the controller’'s output current capability.

Inductor values can have *20% or even *30% tolerance with no current bias. When the inductor current
approaches saturation level, its inductance can decrease 20% to 35% from the value at 0-A current depending
on how the inductor vendor defines saturation. When selecting an inductor, make sure its rated current,
especially the saturation current, is larger than its peak current during the operation.

Follow 23 8 to 243\ 10 to calculate the peak current of the inductor. To calculate the current in the worst case,
use the minimum input voltage, maximum output voltage, and maximum load current of the application. To leave
enough design margin, Tl recommends using the minimum switching frequency, the inductor value with —30%
tolerance, and a low-power conversion efficiency for the calculation.

In a boost regulator, calculate the inductor DC current as in 235 8 .

_ Vout *lout

Ibc
VIN X1

where
e Vgyr is the output voltage of the boost regulator.
e oyt is the output current of the boost regulator.
e V) is the input voltage of the boost regulator.
» nis the power conversion efficiency. 8)

Calculate the inductor current peak-to-peak ripple as in 23 9.

e Ipp is the inductor peak-to-peak ripple.

e L is the inductor value.

* fswis the switching frequency.

e Vgyr is the output voltage.

e V) is the input voltage. 9

Therefore, the peak current, I peak, S€€N by the inductor is calculated with 23 10.

lpp

I =lpec +—
Lpeak DC 2 (10)
Set the current limit of the TPS61088 higher than the peak current I e Then select the inductor with saturation
current higher than the setting current limit.

Boost converter efficiency is dependent on the resistance of its current path, the switching loss associated with
the switching MOSFETs, and the inductor’'s core loss. The TPS61088 has optimized the internal switch
resistance. However, the overall efficiency is affected significantly by the inductor's DC resistance (DCR),
equivalent series resistance (ESR) at the switching frequency, and the core loss. Core loss is related to the core
material and different inductors have different core loss. For a certain inductor, larger current ripple generates
higher DCR and ESR conduction losses and higher core loss. Usually, a data sheet of an inductor does not
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provide the ESR and core loss information. If needed, consult the inductor vendor for detailed information.
Generally, Tl would recommend an inductor with lower DCR and ESR. However, there is a tradeoff among the
inductor’s inductance, DCR and ESR resistance, and its footprint. Furthermore, shielded inductors typically have
higher DCR than unshielded inductors. % 2 lists recommended inductors for the TPS61088. Verify whether the
recommended inductor can support the user's target application with the previous calculations and bench
evaluation. In this application, the Sumida's inductor CDMC8D28NP-1R2MC is selected for its small size and low
DCR.

& 2. Recommended Inductors

Part Number L (uH) DCR Max (m€) Saturation Current / Heat Size Max Vendor
Rating Current (A) (L x W x Hmm)

CDMC8D28NP-1R2MC 1.2 7.0 12.2/129 9.5x8.7x3.0 Sumida

744311150 15 7.2 14.0/11.0 7.3x7.2x4.0 Wurth

PIMB104T-2R2MS 2.2 7.0 18/12 11.2 x10.3x4.0 Cyntec

PIMB103T-2R2MS 2.2 9.0 16 /13 11.2 x 10.3 x 3.0 Cyntec

PIMB065T-2R2MS 2.2 125 12/10.5 7.4%6.8x5.0 Cyntec

8.2.2.6 Input Capacitor Selection

For good input voltage filtering, TI recommends low-ESR ceramic capacitors. The VIN pin is the power supply for
the TPS61088. A 0.1-uF ceramic bypass capacitor is recommended as close as possible to the VIN pin of the
TPS61088. The VCC pin is the output of the internal LDO. A ceramic capacitor of more than 1.0 pF is required at
the VCC pin to get a stable operation of the LDO.

For the power stage, because of the inductor current ripple, the input voltage changes if there is parasite
inductance and resistance between the power supply and the inductor. It is recommended to have enough input
capacitance to make the input voltage ripple less than 100mV. Generally, 10-pF input capacitance is sufficient for
most applications.

Pz

/.

DC bias effect: High-capacitance ceramic capacitors have a DC bias effect, which has a
strong influence on the final effective capacitance. Therefore, the right capacitor value
must be chosen carefully. The differences between the rated capacitor value and the
effective capacitance result from package size and voltage rating in combination with
material. A 10-V rated 0805 capacitor with 10 uF can have an effective capacitance of less
5 uF at an output voltage of 5 V.

8.2.2.7 Output Capacitor Selection

For small output voltage ripple, TI recommends a low-ESR output capacitor like a ceramic capacitor. Typically,
three 22-uF ceramic output capacitors work for most applications. Higher capacitor values can be used to
improve the load transient response. Take care when evaluating a capacitor’'s derating under DC bias. The bias
can significantly reduce capacitance. Ceramic capacitors can lose most of their capacitance at rated voltage.
Therefore, leave margin on the voltage rating to ensure adequate effective capacitance. From the required output
voltage ripple, use the following equations to calculate the minimum required effective capacitance Coyr:

(Mour — VIN_MIN) xlout

Vripple_dis =

Vour * fsw xCour (11)
Viipple_ESR = lLpeak XRc_Esr

where
*  Vipple_dis IS OUtput voltage ripple caused by charging and discharging of the output capacitor.
*  Vipple_Esr IS OUtpUL voltage ripple caused by ESR of the output capacitor.
*  Vin_w is the minimum input voltage of boost converter.
e Vgyr is the output voltage.
e oyt is the output current.
* I peak is the peak current of the inductor.
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* fswis the converter switching frequency.
* Rc esr is the ESR of the output capacitors. (12)

8.2.2.8 Loop Stability

The TPS61088 requires external compensation, which allows the loop response to be optimized for each
application. The COMP pin is the output of the internal error amplifier. An external compensation network
comprised of resistor R5, ceramic capacitors C5 and C8 is connected to the COMP pin.

The power stage small signal loop response of constant off time (COT) with peak current control can be modeled
by A= 13.

g ) 2 )
G S_Rox(1_D) 2xmx fesrz 2x X frupz
PS()—ZXR x S

sense 1+

2xnxfp

where
« D is the switching duty cycle.
* Ry is the output load resistance.

*  Rqense IS the equivalent internal current sense resistor, which is 0.08 Q. (13)
2
fo=g e
2n xR x Cq
where
e C, is output capacitor. (14)
1
Tesrz = 21 x Regr X Co
where
* Regsgr is the equivalent series resistance of the output capacitor. (15)
; Ro x (1- D)
RHPZ = o xL (16)

The COMP pin is the output of the internal transconductance amplifier. 23 17 shows the small signal transfer
function of compensation network.

Gea * Rea X VRer y 2x7mx feomz

Vour [1+ S j[1+ S ]
2x 7 x feomp1 2x 7 x feomp2

e Gga is the amplifier’s transconductance

* Rega is the amplifier’s output resistance

* Vger is the reference voltage at the FB pin

*  Vgur is the output voltage

*  fcompr1: fcompz are the poles' frequency of the compensation network.

* fcowmz is the zero's frequency of the compensation network. a7

Gce(S) =

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

fRHPZ-
Then set the value of R5, C5, and C8 (in B 12) by following these equations.
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_ 21 x Vout XRsense X fc xCo
(1= D)x Vrer x Gga

R5

where
* fcis the selected crossover frequency.

The value of C5 can be set by 2= 19.

c5 - RoxCo
2R5
The value of C8 can be set by 2= 20.
c8 = RESR x CO
R5

(18)

(19)

(20)

If the calculated value of C8 is less than 10 pF, it can be left open.

Designing the loop for greater than 45° of phase margin and greater than 10-dB gain margin eliminates output

voltage ringing during the line and load transient.

8.2.3 Application Curves
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9 Power Supply Recommendations

The device is designed to operate from an input voltage supply range between 2.7 V to 12 V. This input supply
must be well regulated. If the input supply is located more than a few inches from the converter, additional bulk
capacitance may be required in addition to the ceramic bypass capacitors. A typical choice is an electrolytic or
tantalum capacitor with a value of 47 pF.

10 Layout

10.1 Layout Guidelines

As for all switching power supplies, especially those running at high switching frequency and high currents,
layout is an important design step. If layout is not carefully done, the regulator could suffer from instability and
noise problems. To maximize efficiency, switch rise and fall times are very fast. To prevent radiation of high-
frequency noise (for example, EMI), proper layout of the high-frequency switching path is essential. Minimize the
length and area of all traces connected to the SW pin, and always use a ground plane under the switching
regulator to minimize interplane coupling.

The input capacitor needs to be close to the VIN pin and GND pin in order to reduce the Iy, supply ripple.

The layout should also be done with well consideration of the thermal as this is a high power density device. A
thermal pad that improves the thermal capabilities of the package should be soldered to the large ground plate,
using thermal vias underneath the thermal pad.

10.2 Layout Example

The bottom layer is a large ground plane connected to the PGND plane and AGND plane on top layer by vias.

11 AGND
an
N Fo i e
VIN S i
P S L
o]

s

s

L§vout

Fee R vouT

g MODE,

'
- - povo

= i _ | -, TN
FE ]
A 1 1

20. Bottom Layer
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10.3 Thermal Considerations

The maximum IC junction temperature should be restricted to 125°C under normal operating conditions.
Calculate the maximum allowable dissipation, Ppmax, and keep the actual power dissipation less than or equal to
Ppmax)- The maximum-power-dissipation limit is determined using A= 21

125-T,

P
o RGJA

max) —
where

e T, is the maximum ambient temperature for the application.
* Ry is the junction-to-ambient thermal resistance given in the Thermal Information table. (22)

The TPS61088 comes in a thermally-enhanced VQFN package. This package includes a thermal pad that
improves the thermal capabilities of the package. The real junction-to-ambient thermal resistance of the package
greatly depends on the PCB type, layout, and thermal pad connection. Using thick PCB copper and soldering the
thermal pad to a large ground plate enhance the thermal performance. Using more vias connects the ground
plate on the top layer and bottom layer around the IC without solder mask also improves the thermal capability.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
TPS61088RHLR ACTIVE VQFN RHL 20 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 S61088A
TPS61088RHLT ACTIVE VQFN RHL 20 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 S61088A

® 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.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ 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.

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI'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.
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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 5-Dec-2019
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS61088RHLR VQFN RHL

20

3000 330.0 12.4 3.71 | 471 11 8.0 12.0

Q1

TPS61088RHLT VQFN RHL

20

250 180.0 12.4 371 | 471 11 8.0 12.0

Q1
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i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 5-Dec-2019
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS61088RHLR VQFN RHL 20 3000 367.0 367.0 35.0
TPS61088RHLT VQFN RHL 20 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RHL 20 VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

3.5 x 4.5 mm, 0.5 mm pitch

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4205346/L
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PACKAGE OUTLINE

RHLOO20A VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

36 A
4 7
PIN 1 INDEX AREA 7
4.6
4.4
}
1 MAX T
[ I S e T Y N e R BN i SEATING PLANE
le— 2.05£0.1 —=] S[oog
= 2X
i SYMM i l=— 20X 82
. > . : »1 (0.2) TYP
| | |
14X E ! I ;
= 9*3 m LH u ‘(: 12
| | |9
- | -
ox  SYMM [ |21 ]
% e 745H77,ﬁ,f,477:,k 3.05:0.1
o | -
o | Oy
o = | e
2 | |
M ; m; N f 20x 029
PIN1 1D LI [ g
(OPTIONAL) | —[— 4X (0.2) 1@ clAle
| =] 0.05@]|C
==~ 2X (0.55)
4219071 /A 05/2017

NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RHLOO20A VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
| 3:3) |
i (2.05) ‘
| 2X (1'5)ﬂ |
SYMM
! 1] ¢ [20 ‘
20X (0.6) | I | BN \  2X(04)
— I =" fgk*ifji’i ’’’’’’’’’ T
N DT
2 1] J | }L - @19
20X (0.24) | (— T T
( ) | ¢ |
mnl) IS
| | D
14X (0.5) | i O CP O i |
SYQMM, 4@ ,,,,,,, L21@T (3.05) (4.3)
{E | | (1) exws2s)
10 &t
SOLDER MASK : \ J i [I] 2X (io.75)
OPENING | !
METAL UNDER L //@ i f@
SOLDER MASK —— F=—F— !
/IJ (N T
(R0.05) TYP S 1
(©0.2) VIA W [
TYP) O T T i”
4X(0.2) - | ‘
2X (0.55) —f=—-m]

0.07 MAX

LAND PATTERN EXAMPLE
ALL AROUND 0.07 MIN

EXPOSED METAL SHOWN
SCALE: 18X

[‘ ALL AROUND *‘ t’
EXPOSED METAL —~_| @/ METAL

SOLDER MASK
OPENING

SOLDER MASK
OPENING

EXPOSED METAL

‘\ N METAL UNDER

T SOLDER MASK

SOLDER MASK
DEFINED

NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK DETAILS 4219071 /A 05/2017

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments
literature number SLUA271 (www.ti.com/lit/slua271).

5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

6. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to theri

locations shown on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHLO020A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK- NO LEAD

SOLDER MASK EDGE

(0.775)

TYP
7777777777 I
1) |
o
| =
| | Nl
gl T
e T B IDZ4 | N |
R==9 F O
i om0 x:mmoniBin ¢ “'3’
i | i [_V_] BX
(R0.05) TYP | /L i ! (0.85)
METAL | L,,, M ,,,J; I ¢
TYP - -
L8 T >
i
i

4X(02) ”J L 6X (0.92)

SYMM
¢

SOLDER PASTE EXAMPLE
BASED ON 0.1mm THICK STENCIL

EXPOSED PAD
75% PRINTED COVERAGE BY AREA

SCALE: 20X
4219071 /A 05/2017
NOTES: (continued)
7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations..
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