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HIGH VOLTAGE DC/DC BOOST CONVERTER WITH 0.5-A/1.3-A INTEGRATED SWITCH

FEATURES
e 2.5-Vto 6-V Input Voltage Range
e Up to 27-V Output Voltage

¢ 0.5-A Integrated Switch (TPS61080)
1.3-A Integrated Switch (TPS61081)

e 12 V/400 mA and 24 V/170 mA From 5-V Input
(TYP)

¢ Integrated Power Diode

e 1.2-MHz/600-kHz Selectable Fixed Switching
Frequency

¢ Input to Output Isolation

e Short-Circuit Protection

¢ Programmable Soft Start

¢ Overvoltage Protection

« Up to 87% Efficiency

e 10-Pin 3 mmx3 mm QFN Package

APPLICATIONS

¢ 3.3Vto 12V, 5V to 12V and 24V Boost
Converter

¢ White LED Backlight for Media Form Factor
Display

e OLED Power Supply

« XxDSL Applications

e TFT-LCD Bias Supply

¢ White LED Flash Light

TYPICAL APPLICATION

TPS61081
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L1: TDK VLCF5020T-4R7N1R7-1
C1: Murata GRM188R60J105K
C2: Murata GRM219R61C475K

C3: Feed forward capacitor for stability
R3: Noise decoupling resistor
Cs: Soft start programming capacitor

Figure 1. 5V to 12V, 250mA Step-Up DC/DC
Converter

DESCRIPTION

The TPS61080/1 is a 1.2MHz/600kHz fixed
frequency boost regulator designed for high
integration, which integrates a power switch, an
input/output isolation switch and a power diode.
When a short circuit condition is detected, the
isolation switch opens up to disconnect the output
from the input. As a result, the IC protects itself and
the input source from any pin, except VIN, from
being shorted to ground. The isolation switch also
disconnects the output from input during shutdown to
prevent any leakage current. Other provisions for
protection include 0.5A/1.3A peak-to-peak over
current protection, programmable soft start (SS),
over voltage protection (OVP), thermal shutdown and
under voltage lockout (UVLO).

The IC operates from input supplies including single
Li-ion battery, triple NiMH, and regulated 5V, such as
USB output. The output can be boosted up to 27V.
TPS61080/1 can provide the supply voltages of
OLED, TFT-LCD bias, 12V and 24V power rails. The
output of TPS61080/1 can also be configured as a
current source to power up to 7 WLED in flash light
applications.

ORDERING INFORMATION

Tp | OVERCURRENT PACKAGE PACKAGE
LIMIT MARKING
0.5A(min) TPS61080DRCR BCN
_40°C 1.3A(min) TPS61081DRCR BCO
to 85°C 0.5A(min) TPS61080DRCT BCN
1.3A(min) TPS61081DRCT BCO
TOP VIEW
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10-PIN 3mm x 3mm x 1mm QFN

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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TERMINAL FUNCTIONS
TERMINAL
110 DESCRIPTION
NAME NO.
L 1 | The inductor is connected between this pin and the SW pin. This pin connects to the source of the
isolation FET as well. Minimize trace area at this pin to reduce EMI.
Input pin to the IC. It is the input to the boost regulator, and also powers the IC circuit. It is connected to
VIN 2 | . . .
the drain of the isolation FET as well.
EN 6 | Enable pin. When the voltage of this pin falls below enable threshold for more than 74ms, the IC turns off
and consumes less than 2 pA current.
GND 4 Signal ground of the IC
PGND 8 Power ground of the IC. It is connected to the source of the PWM switch. This pin should be made very

close to the output capacitor in layout.

Voltage feedback pin for the output regulation. It is regulated to an internal reference voltage. An external
FB 5 | voltage divider from the output to GND with the center tap connected to this pin programs the regulated
voltage. This pin can also be connected to a low side current sense resistor to program current regulation.

ouT 9 o Output of the boost reg_ulator. When the_ output voltage exceeds the 27V overvoltage protection (OVP)
threshold, the PWM switch turns off until Vout drops 0.7V below the overvoltage threshold.

SW 10 | Switching node of the IC. Connect the inductor between this pin and the L pin.

SS 3 | Soft start programming pin. A capacitor between the SS pin and GND pin programs soft start timing.

EFSW 7 | Switching frequency selection pin. Logic high on the pin selects 1.2MHz, while logic low reduces the

frequency to 600KHz for better light load efficiency.

The thermal pad should be soldered to the analog ground. If possible, use thermal via to connect to

Thermal Pad - ground plane for ideal power dissipation.

FUNCTIONAL BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)®

VALUE UNIT

Supply Voltages on pin VIN®@ -0.3t0 7 \Y
Voltages on pins EN, FB, SS, L and FSW® -0.3t0 7 \Y
Voltage on pin OUT®@ 30V \Y
Voltage on pin SW®) 30V \Y
Continuous Power Dissipation See Dissipation Rating Table

Operating Junction Temperature Range —40 to 150 °C
Storage Temperature Range —65 to 150 °C
Lead Temperature (soldering, 10 sec) 260 °C

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

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

DISSIPATION RATINGS

PACKAGE Oc O34 POWER RATING POWER RATING POWER RATING
QFN® 3.21°C/W 270°C/W 370 mw 204 mW 148 mw
QFN®@ 3.21°C/W 48.7°CIW 2.05 W 1.13 W 821 mw

(1) Soldered PowerPAD™ on a standard 2-layer PCB without vias for thermal pad
(2) Soldered PowerPAD on a standard 4-layer PCB with vias for thermal pad
RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)
MIN NOM  MAX UNIT
VIN Input voltage range 2.5 6.0 \
VOUT  Output voltage range VIN 27 \
L Inductor® 4.7 10 uH
Cin Input capacitor® 1 UF
Cour  Output capacitor®) 4.7 uF
Ta Operating ambient temperature -40 85 °C
T, Operating junction temperature -40 125 °C
(1) Refer to application section for further information
ELECTRICAL CHARACTERISTICS
VIN =3.6 V, EN = VIN, T, = -40°C to 85°C, typical values are at T, = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY CURRENT
VIN Input voltage range 2.5 6.0 \%
lo Operating quiescent current into VIN Device switching no load mA
Isp Shutdown current EN = GND UHA
VuviLo Under-voltage lockout threshold VIN falling 1.65 1.8 \
Vhys Under-voltage lockout hysterisis 50 mV
ENABLE
Ven Enable level voltage VIN=25Vto6V 1.2 v
Disable level voltage VIN=25Vto6V 0.4
Ren Enable pull down resistor 400 800 1600 kQ
Toff EN pulse width to disable EN high to low 74 ms
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ELECTRICAL CHARACTERISTICS (continued)
VIN = 3.6 V, EN = VIN, T, = —40°C to 85°C, typical values are at T, = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
SOFT START
. Tp=25°C 4.75 5 5.25
lss Soft start bias current HA
4.6 5 54
Vep SS pin to FB pin accuracy Vss = 500 mV 487 500 513 mV
FEEDBACK FB
s Feedback input bias current Vpg =1.229V -100 100 nA
Veg Feedback regulation voltage 1.204 1.229 1.254 \%
POWER SWITCH AND DIODE
Isolation MOSFET on-resistance 0.06 0.1 Q
R Vin=VGS =36V 0.17 0.22
PSON) | N-channel MOSFET on-resistance N Q
Vn=VGS =25V 0.2 0.32
Iin_neer N-channel leakage current Vps =28V 1 2 HA
Ve Power diode forward voltage Id=1A 0.85 1 \%
I IS0 Isolation FET leakage current L pin to ground 1 HA
OC AND SC
o TPS61080, FSW = High or FSW = Low 0.5 0.7 1.0
Im N-Channel MOSFET current limit® - A
TPS61081, FSW = High or FSW = Low 1.3 1.6 2.0
o o TPS61080 1.0 2.2
Isc Short circuit current limit A
TPS61081 2.0 35
Tsed Short circuit delay time 13 us
Tser Short circuit release time 57 ms
Vsc OUT short detection threshold @ VIN — VOUT 1.4 \Y
OSCILLATOR
. FSW pin high 1.0 1.2 15
fs Oscillator frequency - MHz
FSW pin low 0.5 0.6 0.7
Dmax Maximum duty cycle FB=10V 90%  94%
Dmin Minimum duty cycle 5%
Rfsw FSW pin pull down resistance 400 800 1600 kQ
FSW high logic 1.6
Vesw : Y
FSW low logic 0.8
ovP
v Output overvoltage protection Vout rising 27 28 29 \
ov|
P Output overvoltage protection hysteresis | Vout falling 0.7 \
THERMAL SHUTDOWN
Tshutdown  Thermal shutdown threshold 160 °C
Thysteresis 1 hermal shutdown threshold hysteresis 15 °C

(1) VIN=3.6V, Vout =15V, Duty cycle = 76%. See to for other operation conditions.
(2) OUT short circuit condition is detected if OUT stays lower than VIN — Vsc for 2 ms after IC enables.
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TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE
Efficiency Vs lout, VIN=3.6V OUT=12V, 15V, 20V, 25V, FSW=HIGH, L=4.7 pH 2
Vs lout, VIN=3.6V OUT=12V, 15V, 20V, 25V, FSW=LOW, L=10 pH 3
Vs lout, VIN=3V, 3.6V, 5V, OUT=12V, FSW=HIGH, L=4.7 yH 4
Vs lout, VIN=3V, 3.6V, 5V, OUT=12V, FSW=LOW, L=10 pH 5
Overcurrent Limit VIN=3.0V, 3.6V, 5V, FSW=High/Low 6,7,8,9
Line Regulation TPS61081, VIN=2.5V to 6V, OUT=12V, lout=100mA 10
Load Regulation TPS61081, VIN=3.6V, OUT=12V 11
Soft Start TPS61081, VIN=3.6V, OUT=12V, lout=150mA, FSW=HIGH, Css=47nF 12
OUT SC Protection TPS61081, VIN=3.6V, OUT=12V, lout=150mA, FSW=HIGH 13
Transient Response TPS61080, VIN=3.6V, OUT=12V, lout=10mA to 60mA, Cff=33pF, L=10uH 14
TPS61081, VIN=3.6V, OUT=12V, lout=25mA to 150mA, Cff=33pF, L=4.7uH 15
Input and Output Ripple TPS61081, VIN=3.6V, OUT=12V, lout=150mA 16
OVP TPS61080/1 17
SS to FB accuracy TPS61080/1 18
Minimum Load Requirement | TPS61080/1, VIN =3.6V and 5V, FSW = HIGH, L=4.7uH 19

EFFICIENCY (TPS61081 FSW=HIGH)

EFFICIENCY (TPS61081 FSW=LOW)
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Figure 2. Figure 3.
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EFFICIENCY (TPS61081 FSW=HIGH)
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OVER CURRENT LIMIT (TPS61081 FSW=LOW)
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LINE REGULATION TPS61081
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LOAD REGULATION TPS61081
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Figure 11.
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SS TO FB ACCURACY TPS61080 MINIMUM LOAD REQUIREMENT TPS61081
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Figure 18. Figure 19.
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DETAILED DESCRIPTION

OPERATION

TPS61080/1 is a highly integrated boost regulator for up to 27V output. In addition to the on-chip 0.5A/1.2A
PWM switch and power diode, this IC also builds in an input side isolation switch as shown in the block diagram.
One common issue with conventional boost regulator is the conduction path from input to output even when
PWM switch is turned off. It creates three problems, inrush current during start up, output leakage voltage under
shutdown, and unlimited short circuit current. To address these issues, TPS61080/1 turns off the isolation switch
under shutdown mode and short circuit condition to eliminate any possible current path. Although the isolation
switch has low Rpg(ny for small power losses, shorting the VIN and L pin can bypass the switch and further
enhance the efficiency.

TPS61080/1 adopts current mode control with constant PWM (pulse width modulation) frequency. The switching
frequency can be configured to either 600KHz or 1.2MHz through the FSW pin. 600KHz improves light load
efficiency, while 1.2MHz allows using smaller external component. The PWM operation turns on the PWM switch
at the beginning of each switching cycle. The input voltage is applied across the inductor and stores the energy
as inductor current ramps up. The load current is provided by the output capacitor. When the inductor current
across the threshold set by error amplifier output, the PWM switch is turned off, and the power diode is forward
biased. The inductor transfers its stored energy to replenish the output capacitor. This operation repeats in the
next switching cycle.

The error amplifier compares the FB pin voltage with an internal reference, and its output determines the duty
cycle of the PWM switching. This close loop system requires loop compensation for stable operation.
TPS61080/1 has internal compensation circuitry which accommodates a wide range of input and output
voltages. The TPS61080/1 integrates slope compensation to the current ramp to avoid the sub-harmonic
oscillation that is intrinsic to current mode control schemes.

START UP

TPS61080/1 turns on the isolation FET when the EN pin is pulled high, provided that the input voltage is higher
than the undervoltage lockout threshold. The Vgs of the isolation FET is clamped to maintain high on-resistance
and limit the current charging the output capacitor. This feature limits the in-rush current that could pull down the
input supply and cause system instability. Once the output capacitor is charged to VIN, the IC removes the Vgs
clamp to fully turn on the isolation FET and at the same time actives soft start by charging the capacitor on the
SS pin. If OUT stays lower than VIN-Vsc following a 2ms delay after enable is taken high, the IC recognizes a
short circuit condition. In this case, the isolation FET turns off, and IC remains off until the EN pin toggles or VIN
cycles through power on reset (POR).

During the soft start phase, the SS pin capacitor is charged by internal bias current of the SS pin. The SS pin
capacitor programs the ramp up slope. The SS pin voltage clamps the reference voltage of the FB pin, therefore
the output capacitor rise time follows the SS pin voltage. Without the soft start, the inductor current could reach
the over current limit threshold, and there is potential for output overshoot. see the APPLICATION
INFORMATION section on selecting soft start capacitor values. Pulling the SS pin to ground disables the PWM
switching. However, unlike being disabled by pulling EN low, the IC continues to draw quiescent current and the
isolation FET remains on.

OVERCURRENT AND SHORT CIRCUIT PROTECTION

TPS61080/1 has a pulse by pulse over current limit feature which turns off the power switch once the inductor
current reaches the overcurrent limit. The PWM circuitry resets itself at the beginning of the next switch cycle.
The overcurrent threshold determines the available output current. However, the maximum output is also a
function of the input voltage, output voltage, switching frequency and inductor value. Larger inductor values and
1.2MHz switching frequency increase the current output capability because of the reduced current ripple. See
the APPLICATION INFORMATION section for the maximum output current calculation.

In typical boost converter topologies, if the output is grounded, turning off the power switch does not limit the
current because a current path exists from the input to output through the inductor and power diode. To
eliminate this path, TPS61080/1 turns off the isolation FET between the input and the inductor. This circuit is
triggered when the inductor current remains above short circuit current limit for more than 13us, or the OUT pin
voltage falls below VIN-1.4V for more than 2ms. An internal catch-diode between the L pin and ground turns on
to provide a current discharge path for the inductor. If the short is caused by the output being low, then the IC
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DETAILED DESCRIPTION (continued)

shuts down and waits for EN to be toggled or a POR. If the short protection is triggered by short circuit current
limit, the IC attempts to start up one time. After 57ms, the IC restarts in a fashion described in the above section.
If the short is cleared, the boost regulator properly starts up and reaches output regulation. However, after
reaching regulation, if another event of short circuit current limit occurs, the IC goes into shutdown mode again,
and the fault can only be cleared by toggling the EN pin or POR. Under a permanent short circuit, the IC shuts
down after a start up failure and waits for POR or the EN pin toggling.

The same circuit also protects the ICs and external components when the SW pin is shorted to ground. These
features provide much more comprehensive and reliable protection than the conventional boost regulator.
lists the IC protection against the short of each IC pin.

Table 1. TPS61080/1 Short Circuit Protection Mode

SHORTED TO GND FAULT DETECTION IC OPERATION HOW TO CLEAR THE FAULT
IC restarts after 57ms; If it happens again,
L, SW INDUCTOR > Ig¢ for 13 ps Turn off isolation FET the fault can only be cleared by toggling
EN or POR.
UOF:;T (during start OUT <Vin- 1.4V for 2 ms IC shuts down Cleared by toggling EN or POR
OUT (after start up) | OUT <Vin- 1.4V without delay | IC shuts down Cleared by toggling EN or POR
EN N/A IC disabled N/A
FSW N/A 600 kHz switching frequency N/A
Disable PWM switching and no output;
SS N/A but still dissipate quiescent current. N/A
FB N/A :))ixer voltage protection of the OUT OUT voltage fails by OVP hysteresis
GND, PGND, VIN N/A N/A N/A

OVERVOLTAGE PROTECTION

When TPS61080/1 is configured as regulated current output as shown in the TYPICAL APPLICATIONS, the
output voltage can run away if the current load is disconnected. The over voltage condition can also occur if the
FB pin is shorted to the ground. To prevent the SW node and the output capacitor from exceeding the maximum
voltage rating, an over voltage protection circuit turns off the boost regulator as soon as the output voltage
exceeds the OVP threshold. When the output voltage falls 0.7V below the OVP threshold, the regulator resumes
the PWM switching unless the output voltage exceeds the OVP threshold.

UNDERVOLTAGE LOCKOUT (UVLO)

An undervoltage lockout prevents mis-operation of the device for input voltages below 1.65 V (typical). When the
input voltage is below the undervoltage threshold, the device remains off and both PWM and isolation switch are
turned off, providing isolation between input and output. The undervoltage lockout threshold is set below
minimum operating voltage of 2.5V to avoid any transient VIN dip to trigger UVLO and causes converter reset.
For the VIN voltage between UVLO threshold and 2.5V, the IC still maintains its operation. However, the spec is
not assured.

THERMAL SHUTDOWN
An internal thermal shutdown turns off the isolation and PWM switches when the typical junction temperature of
160°C is exceeded. The IC restarts if the junction temperature drops by 15°C.

ENABLE

Connecting the EN pin low turns off the power switch immediately, but keeps the isolation FET on. If the EN pin
is logic low for more than 74ms, the IC turns off the isolation FET and enters shutdown mode drawing less than
1pA current. The enable input pin has an internal 800kQ pull down resistor to disable the device when the pin is
floating.
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FREQUENCY SELECTION

The FSW pin can be connected to either a logic high or logic low to program the switching frequency to1.2MHz
or 600kHz respectively. The 600kHz switching frequency provides better efficiency because of lower switching
losses. This advantage becomes more evident at light load when switching losses dominate overall losses. The
higher switching frequency shrinks external component size and thus the size of power solution. High switching
frequency also improves load transient response since the smaller value inductor takes less time to ramp up and
down current. The other benefits of high switching frequency are lower output ripples and a higher maximum
output current. Overall, it is recommended to use 1.2MHz switching frequency unless light load efficiency is a
major concern.

The FSW pin has internal 800kQ pull up resistor to the VIN pin. Floating this pin programs the switching
frequency to 1.2MHz.

MAXIMUM and MINIMUM OUTPUT CURRENT

The over-current limit in a boost converter limits the maximum input current and thus maximum input power from
a given input voltage. Maximum output power is less than maximum input power due to power conversion
losses. Therefore, the over-current limit, the input voltage, the output voltage and the conversion efficiency all
affect maximum current output. Since the over-current limit clamps the peak inductor current, the current ripple
has to be subtracted to derive maximum DC current. The current ripple is a function of the switching frequency,
the inductor value and the duty cycle.

L 1
P 1 1
L x (Vout+Vf—Vin + W) x Fs

(1)
where

Ip = inductor peak to peak ripple

L = inductor value

Vf = power diode forward voltage

Fs = Switching frequency

The following equations take into account of all the above factors for maximum output current calculation.

'o
Vin x IIim—f X1

lout_max =
- Vout 2)

where

llim = overcurrent limit

n = conversion efficiency
To minimize the variation in the overcurrent limit threshold, the TPS61080/1 uses the VIN and OUT pin voltage
to compensate for the variation caused by the slope compensation. However, the threshold still has some

dependency on the VIN and OUT voltage. Use Figure § to Figure g to identify the typical over-current limit in
your application, and use 25% tolerance to account for temperature dependency and process variations.

Because of the minimum duty cycle of each power switching cycle of TPS61080/1, the device can lose
regulation at the very light load. Use the following equations to calculate PWM duty cycle under discontinues
conduction mode (DCM).

Vout + Vf — Vin
L X Fs

Ipeak = \/2 X lload x

Ipeak % Fs

D=Lx Vin 3)

Where

Ipeak = inductor peak to peak ripple in DCM
lload = load current
D = PWM switching duty cycle

12 bubmit Documentation FeedbacH


http://focus.ti.com/docs/prod/folders/print/tps61080.html
http://focus.ti.com/docs/prod/folders/print/tps61081.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVS644B&partnum=TPS61080

X3 Texas PS61080
INSTRUMENTS PS61081

www.ti.com

SLVS644B —FEBRUARY 2006—REVISED JANUARY 2007

If the calculated duty cycle is less than 5%, minimum load should be considered to the boost output to ensure
regulation. provides quick reference to identify the minimum load requirements for two input voltages.

APPLICATION INFORMATION

PROGRAM OUTPUT VOLTAGE

100 O

el

Figure 20. Feed Forward Capacitor Connecting With Feedback Resistor Divider

FB

ouT
R1 j_c 1
TPS61080/1 R3 C2
4.7 uF
R2

To program the output voltage, select the values of R1 and R2 (See Figure 20) according to the following
equation.

_ Vout
R1 = R2 X (71.229\/ 1) @

A optimum value for R2 is around 50kQ which sets the current in the resistor divider chain to 1.229V/50kQ =
24.58pA. The output voltage tolerance depends on the Vg accuracy and the resistor divider.
FEED FORWARD CAPACITOR

A feed forward capacitor on the feedback divider, shown in Figure 20, improves transient response and phase
margin. This network creates a low frequency zero and high frequency pole at

Fo—_ 1
Z 7 27R1 x C1 (5)

o )

P R1 R2/2nC1 (6)
The frequency of the pole is determined by C1 and paralleled resistance of R1 and R2. For high output voltage,
R1 is much bigger than R2. So

1

Fp = 57TRICL when R1 > > R2. @
The loop gains more phase margin from this network when (Fz+Fp)/2 is placed right at crossover frequency,
which is approximately 15kHz with recommended L and C. The typical value for the zero frequency is between
1kHz to 10KHz. For high output voltage, the zero and pole are further apart which makes the feed forward
capacitor very effective. For low output voltage, the benefit of the feed forward capacitor is less visible.
gives the typical R1, R2 and the feed forward capacitor values at the certain output voltage. However, the
transient response is not greatly improved which implies that the zero frequency is too high or low to increase
the phase margin.

Table 2. Recommended Feed Forward Capacitor
Values With Different Output Voltage

Output Voltage R1 R2 Igolr(\:v:grec(lj)
12v 437kQ 49.9kQ 33pF
16V 600kQ 49.9kQ 42pF
20V 762kQ 49.9kQ 56pF
25V 582kQ 30.1kQ 120pF
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The 100Q resistor is added to reduce noise coupling from the OUT to the FB pin through the feed forward
capacitor. Without the resistor, the regulator may oscillate at high output current.

SOFT START CAPACITOR
The voltage at the SS pin clamps the internal reference voltage, which allows the output voltage to ramp up

slowly. The soft start time is calculated as
_ Cgs X 1.229

tSS |
ss (8)
where

C, = soft start capacitor

ls = soft start bias current (TYP 5 pA)

1.229V is the typical value of the reference voltage.

During start up, input current has to be supplied to charge the output capacitor. This current is proportional to
rising slope of the output voltage, and peaks when output reaches regulation.

y _ s X Vour

in_cout out Cgs X Vin X1 ©
Where

lin_cout = @dditional input current for charging the output capacitor
The maximum input during soft start is
\%
lin_ss = lin_cout V. O:itn X load
- - in (10)

Output overshoot can occur if the input current at startup exceeds the inductor saturation current and/or reaches
current limit because the error amplifier loses control of the voltage feedback loop. The in-rush current can also
pull down input sources, potentially causing system reset. Therefore, select C,; to make |, ;s Stay below the
inductor saturation current, the IC over current limit and the input's maximum supply current. ~

TPS61080/1 can also be configured for constant current output, as shown in the typical applications. In this
configuration, a current sense resistor is connected to FB pin for output current regulation. In order to reduce
power loss on the sense resistor, FB pin reference voltage can be lowered by connecting a resistor to the SS pin
The new reference voltage is simply the resistor value times the SS pin bias current. However, keep in mind that
this reference has higher tolerance due to the tolerance of the bias current and sense resistor, and the offset of
the clamp circuit. Refer to the specification V p and Igg to calculate the tolerance as following.

Kref = \/K\2/clp + Klzss + Ké

(11)
Where

Kt = percentage tolerance of the FB reference voltage.
Kvelp = percentage tolerance of the clamp circuit.

Kiss = percentage tolerance of the SS pin bias current.
Kgr = percentage tolerance of the SS pin resistor.

Without considering the SS pin resistor tolerance, the FB reference voltage has +5.6% under the room
temperature.

INDUCTOR SELECTION

Because the selection of the inductor affects steady state operation, transient behavior and loop stability, the
inductor is the most important component in power regulator design. There are three important inductor
specifications, inductor value, DC resistance and saturation current. Considering inductor value alone is not
enough.
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The inductor's inductance value determines the inductor ripple current. It is generally recommended to set peak
to peak ripple current given by to 30-40% of DC current. Also, the inductor value should not be
beyond the range in the recommended operating conditions table. It is a good compromise of power losses and
inductor size. Inductor DC current can be calculated as

| _ Vout X lout
L_DC Vin X M (12)
The internal loop compensation for PWM control is optimized for the external component shown in the typical
application circuit with consideration of component tolerance. Inductor values can have +20% tolerance with no
current bias. When the inductor current approaches saturation level, its inductance can decrease 20% to 35%
from the OA value depending on how the inductor vendor defines saturation current. Using an inductor with a
smaller inductance value forces discontinuous PWM in which inductor current ramps down to zero before the
end of each switching cycle. It reduces the boost converter's maximum output current, causes large input
voltage ripple and reduces efficiency. An inductor with larger inductance reduces the gain and phase margin of
the feedback loop, possibly resulting in instability.

For these reasons, 10pH inductors are recommended for TPS61080 and 4.7uH inductors for TPS61081 for most
applications. However, 10uH inductor is also suitable for 600kHz switching frequency.

Regulator efficiency is dependent on the resistance of its high current path and switching losses associated with
the PWM switch and power diode. Although the TPS61080/1 has optimized the internal switches, the overall
efficiency still relies on inductor’'s DC resistance (DCR); Lower DCR improves efficiency. However, there is a
trade off between DCR and inductor size, and shielded inductors typically have higher DCR than unshielded
ones. list recommended inductor models.

Table 3. Recommended Inductor for TPS61080/1

TPS61080 L DCR MAX SATURATION CURRENT Size VENDOR
(WH) (mQ) (A) (LxWxH mm)
VLCF4018T 10 188 0.74 40x4.0x1.8 TDK
CDRH4D16NP 10 118 0.96 40x4.0x1.8 Sumida
LQH43CN100K 10 240 0.65 45x3.6x2.6 Murata
TPS61081 L DCR MAX SATURATION CURRENT Size VENDOR
(uH) (mQ) &) (LxWxH mm)
VLCF5020T 4.7 122 1.74 5.0x5.0x%x2.0 TDK
VLCF5014A 6.8 190 1.4 50x5.0x14 TDK
CDRH4D14/HP 4.7 140 1.4 48x%x48x15 Sumida
CDRH4D22/HP 10 144 15 50x5.0x%x24 Sumida

INPUT AND OUTPUT CAPACITOR SELECTION

The output capacitor is mainly selected to meet output ripple and loop stability requirements. This ripple voltage
is related to the capacitor’'s capacitance and its equivalent series resistance (ESR). Assuming a capacitor with
zero ESR, the minimum capacitance needed for a given ripple can be calculated by

c _ (Vout - Vin)lout
out —
U Vout X Fs x Vripple (13)

Viipple = Peak to peak output ripple.

For VIN = 3.6V, Vout = 20V, and Fs = 1.2MHz, 0.1% ripple (20mV) would require 1.0u capacitor, however, the
minimum recommended output capacitor for control loop stability is 4.7 pF. For this value, ceramic capacitors
are a good choice for its size, cost and availability.

The additional output ripple component caused by ESR is calculated using:
Viipple_ESR = lout X Resr (14)

Due to its low ESR, Ve esr Can be neglected for ceramic capacitors, but must be considered if tantalum or
electrolytic capacitors are used.
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During a load transient, the output capacitor at the output of the boost converter has to supply or absorb
transient current before the inductor current ramps up its steady state value. Larger capacitors always help to
reduce the voltage over and under shoot during a load transient. A larger capacitor also helps loop stability.
Care must be taken when evaluating a ceramic capacitor’'s derating under dc bias, aging and AC signal. For
example, larger form factor capacitors (in 1206 size) have their self resonant frequencies in the range of the
switching frequency. So the effective capacitance is significantly lower. The Dc bias can also significantly reduce
capacitance. Ceramic capacitors can loss as much as 50% of its capacitance at its rated voltage. Therefore,
almost leave margin on voltage rating to ensure adequate capacitance.

The popular vendors for high value ceramic capacitors are:
TDK (http://www.component.tdk.com/components.phg)
Murata (http://www.murata.com/cap/index.html)

LAYOUT CONSIDERATION

As for all switching power supplies, the layout is an important step in the design, especially for high current and
high switching frequencies. If layout is not carefully done, the regulator could show stability problems as well as
EMI problems. Therefore, use wide and short traces for high current paths and for power ground tracks. Input
capacitor needs not only close to the VIN, but also to the GND pin to reduce the voltage ripple seen by the IC.
The L and SW pin are conveniently located on the edge of the IC, therefore inductor can be placed close to the
IC. The output capacitor needs to be placed near the load to minimize ripple and maximize transient
performance.

To minimize the effects of ground noise, use a common node for all power ground that is connected to the
PGND pin, and a different one for signal ground tying to the GND pin. Connect two ground nodes together at the
load if possible. This allows the GND pin to be close to the output ground for good DC regulation. Any voltage
difference between these two nodes would be gained up by feedback divider on the output. It is also beneficial
to have the ground of the output capacitor close to PGND since there is a large current between them. To lay
out signal ground, it is recommended to use short traces separated from power ground traces.

Vin L1 Vout
— G—
—VVV ? —
F=a0t b Ly Pl c2
L —
|C1 | _ ™ PL_
el e
I (2 3 L]
L - P -
Cs 11752 iffe]ren
L ! CCH -
== .IE_.
b= 1 b=d [
=7 L
F=d T b=
GND i :
—
R2 R3* l ]
EN FSW
R1
|1
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TYPICAL APPLICATION

3.3V to12V, 80 mA Step-up DC/DC Converter

L1
10 uH
Vin 3.3V TPS61080 ’_/‘\/\/\/:,
O VIN L sw 12 V/80 mA
EN ouT o
c1-L L R3 R1 _L c2
-4 FSW 53 pF
1 uF
ss FB 1 ec3
Cs [ |
T 47.F
a7 nFT GND PGlND M

L1: Sumida CDRH4D16FBNP-100NC
C1: Murata GRM188R60J105K; C3: Murata GRM219R61C475K

Figure 21.

5V to 24 V, 120 mA Step-up DC/DC Converter

L1
4.7p,H
Vin 5V TPS61081 ]_/\AA/:,
o L
VIN sw 24 V120 mA
—1EN out O
c1 S c2
a7uF T FSW 120 pF
LR I Ss FB L c3
Cs— | GND PGND T 47 uF
47 nF 1
L1: TDK VLCF5020T- 4RN1R7-1
C1: Murata GRM188R60J475K; C3: Murata GRM55ER61H475K
Figure 22.
50 mA Torch Light and 100 mA Flash Light
L1
4.7uH
A Torch light
Vin3.6V  TPS61081 ’_/\/\/\/\4_, Flash light
o viN L sw 6
c1 L EN out %
1 uF T _— c2 1
FSW — o1
Res Ss FB R2
100 Ko GND PGND R1 100
| 100 Lo ONOFF
Flash light

L1: TDK VLCF5020T- 4|;{7N1 R7-1
C1: Murata GRM188R60J105K; C2: Murata GRM219R61C475K

Figure 23.
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TYPICAL APPLICATION (continued)

30 WLEDs Driver in Media Factor Form Display

L1
47uH 10 strings
TPS61081 10.5V/200 mA
Vin5V
O VIN L sw
c1 EN ouT
4.7uF | FSW
R2 ss FB
B0KQS o0\ o GND PGND
PWM
Signal o
L1: TDK VLCF5020T- 4R7N1R7-1
C1: Murata GRM188R60J475K; C2: Murata GRM219R61C475K
Figure 24.
+/-15V Dual Output Converter
L1 -15V/30mA
10 uH c2
0.1 uF
TPS61080
Vin5V 4.7 uF
o) L aa
VIN sw - 15V/30mA
EN out —0
c1_L L R1
4TuF T FSW 560.3 KQ
_,__ SS FB C3_|
cs— | GND PGND R1 4.7 uF—
20nF 50 KQ

L1: Sumida CDRH4D16NP-100NC
C1: Murata GRM188R60J475K; C3,C4: Murata GRM219R61C475K
D1,D2: ON Semiconductor MBR0520

Figure 25.

5V to 50 V,50 mA Step-up DC/DC Converter with Output Doubler

L1 50V/50 mA
4.7 pH c2 o
TPS61081 i b1 D2
Vin5V R1 ——C4
VIN L  sw 794KQ | 4.7uF
EN ouT -
c1 = —Fsw T 47uF
4.7uF _,__ SS FB
Cs GND PGND R2
20nF T l 20KQ

L1: TDK VLCF5020_T-4R7N1 R7-1
C1: Murata GRM188R60J475K; C3: Murata GRM219R61C475K
D1,D2: ON Semiconductor MBR0520

Figure 26.
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Device Package| Pins Site Reel Reel A0 (mm) BO (mm) KO (mm) P1 W Pinl
Diameter| Width (mm) | (mm) |Quadrant
(mm) (mm)

TPS61080DRCR DRC 10 MLA 330 12 3.3 3.3 1.1 8 12 PKGORN
T2TR-MS

P

TPS61080DRCT DRC 10 MLA 180 12 3.3 3.3 1.1 8 12 PKGORN
T2TR-MS

P

TPS61081DRCR DRC 10 MLA 330 12 3.3 3.3 1.1 8 12 PKGORN
T2TR-MS

P

TPS61081DRCT DRC 10 MLA 180 12 3.3 3.3 1.1 8 12 PKGORN
T2TR-MS

P

bt

>

£l

TAPE AND REEL BOX INFORMATION

Device Package Pins Site Length (mm) | Width (mm) | Height (mm)
TPS61080DRCR DRC 10 MLA 346.0 346.0 29.0
TPS61080DRCT DRC 10 MLA 190.0 212.7 31.75
TPS61081DRCR DRC 10 MLA 346.0 346.0 29.0
TPS61081DRCT DRC 10 MLA 190.0 212.7 31.75
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MECHANICAL DATA

DRC (S—PDSO—N10)

PLASTIC SMALL OUTLINE

TOP AND BOTTOM

o
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o
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PIN 1 INDEX AREA —
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&[o0e]

0,20 REF.

SEATING PLANE

0,50

10X ﬁl

EXPOSED THERMAL PAD

Yo\

FEATURE (4x)

~L

/EN EXPOSED METALZED/‘

-

4204102 /F 06,06

NOTES: A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. Small Outline No—Lead (SON) package configuration.
The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the Product Data Sheet for details regarding the exposed thermal pad dimensions.

ﬁ Metalized features are supplier options and may not be on the package.
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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 a ground or power plane (whichever is applicable), or alternatively, 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,
Quad Flatpack No—-Lead Logic Packages, Texas Instruments Literature No. SCBAO1/. This document is available
at www.ti.com.

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

nguu

| — Exposed Thermal Pad

— 0,23 4 Places

1T A
1,65 +0,10 4+ -—t+— - - - - 41+ T
S A

F

— 0,50

alalimala

— 2,40£0,10 ————

Bottom View

NOTE: All linear dimensions are in millimeters

Exposed Thermal Pad Dimensions

4206565-2/D 11/05




LAND PATTERN

DRC (S—PDSO-N10)

Example Board Layout Example Stencil Design
(Note E)
Note D —— 8x0,5 —| |~o0s
4x1,38

026 ’4; —|—20.24_, &
O /O ; Z e
3 !

38 2,1 1,65 — 215 3,75
O O 240 zzJA J
' 0,25
\DD DT 4x0,68— 41,05 |=—
08 — —— |=—10x023
2,40
72% solder coverage on center pad
Non Solder Mask Exposed Pad Geometry
Defined Pad
Solder Mask Opening
O,O8l (Note F)
0,28 Pad Geometry
(Note C)
4206987-2/A 09/05
NOTES: All linear dimensions are in millimeters.

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
Packages, Texas Instruments Literature No. SCBAO17, 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>.
E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
F. Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.

A
B. This drawing is subject to change without notice.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All products are sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's
standard warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this
warranty. Except where mandated by government requirements, testing of all parameters of each product is not necessarily
performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should
provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask
work right, or other Tl intellectual property right relating to any combination, machine, or process in which TI products or services
are used. Information published by TI regarding third-party products or services does not constitute a license from Tl to use such
products or services or a warranty or endorsement thereof. Use of such information may require a license from a third party under
the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an
unfair and deceptive business practice. Tl is not responsible or liable for such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service
voids all express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would
reasonably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement
specifically governing such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications
of their applications, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related
requirements concerning their products and any use of Tl products in such safety-critical applications, notwithstanding any
applications-related information or support that may be provided by TI. Further, Buyers must fully indemnify Tl and its
representatives against any damages arising out of the use of Tl products in such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is
solely at the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in
connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products
are designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any
non-designated products in automotive applications, Tl will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers Audio ww Ircom/audid
Data Converters Automotive [vww i.com/automotivg
DSP fisp t.con] Broadband [Www it.com/broadband
Interface Digital Control
Logic [ogic.ficom Military
Power Mgmt pRowerfr.coni Optical Networking [vww.fi.com/opficalnetworH
Microcontrollers  picrocontroller-tr.com Security
RFID Telephony [pww ir-com/telephony
Low Power Video & Imaging [vww fi.com/vided
Wireless

Wireless [vww Ti.com/wirelesd
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