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5 Device Comparison Table

PART NUMBER OUTPUT VOLTAGE

TPS61099 Adjustable
TPS610997 50V
TPS610996 45V
TPS610995 36V
TPS610994 33V
TPS610993 3.0V
TPS610992 25V

TPS610991(1) 1.8V

(1)  Product Preview. Contact Tl factory for more information.

6 Pin Configuration and Functions
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& 6-2. DRV Package 6-Pin DRV Top View

% 6-1. Pin Functions

PIN
TYPE DESCRIPTION
NAME YFF DRV
VIN A1 6 | IC power supply input
SW B1 5 PWR |Switch pin of the converter. It is connected to the inductor
Enable logic input. Logic high voltage enables the device; logic low voltage disables the device.
EN C1 4 | . -
Do not leave it floating.
GND A2 1 PWR |Ground
VOUT B2 2 PWR |Boost converter output
FB co 3 | Voltage feedback of adjustable output voltage. Connect to the center tap of a resistor divider to
program the output voltage. Connect to GND pin for fixed output voltage versions.
PowerPad 7 Connect to GND
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7 Specifications
7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Voltage range at terminals(@ VIN, SW, VOUT, FB, EN -0.3 6.0 \Y
Operating junction temperature, T, -40 150 °C
Storage temperature range, Tgg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated 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.

7.2 ESD Ratings

VALUE UNIT
Human Body Model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") +2000 \Y
V(Esp) Electrostatic discharge | Charged Device Model (CDM), per JEDEC specification JESD22- +500
C101, all pins®®

(1) JEDEC document JEP155 states that 500V HBM rating allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM rating allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions

MIN NOM MAX| UNIT
VN Input voltage range 0.7 5.5 \%
Vout Output voltage range 1.8 5.5 \%
L Inductor 0.7 22 286 uH
Cin Input capacitor 1.0 10 uF
Coutr  Output capacitor 10 20 100 uF
T, Operating virtual junction temperature -40 125 °C

7.4 Thermal Information

TPS61099
THERMAL METRIC" YFF (6 BALLS, | DRV(6 PINS, UNIT
WCSP) WSON)
R ya Junction-to-ambient thermal resistance 134.4 71.7 °C/W
R0 yctop Junction-to-case (top) thermal resistance 0.9 83.0 °C/W
Royp Junction-to-board thermal resistance 36.1 33.9 °C/W
L Junction-to-top characterization parameter 0.1 2.7 °C/W
LT Junction-to-board characterization parameter 36.2 334 °C/W
R o ycbot Junction-to-case (bottom) thermal resistance N/A 14.4 °C/W

(1)  For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics
T,=-40°Cto 125°C and V|y = 0.7 V to 5.5 V. Typical values are at V| = 3.7 V, T, = 25°C, unless otherwise noted.

PARAMETER Version TEST CONDITIONS MIN TYP MAX| UNIT
POWER SUPPLY
VN Input voltage range TPS61099x 0.7 5.5 \
Vuvio Input under voltage lockout threshold | TPS61099x V) rising 0.6 0.7 \%
UVLO hysteresis TPS61099x 200 mV
. . . IC enabled, no Load, no Switching
Quiescent current into VIN pin TPS61099x T,=-40°C t0 85 °C 0.4 1.1 pA
la IC enabled, no Load, no Switching,
Quiescent current into VOUT pin TPS61099x Boost or Down Mode 0.6 1.5 pA
T;=-40°Cto85°C
. . IC disabled, Viy =3.7 V, Vour =0V
Isp Shutdown current into VIN pin TPS61099x T,=-40°C t0 85 °C 0.5 1.6 pA
OUTPUT
Vout Output voltage range TPS61099 1.8 55 \%
VIN < VOUT, PWM mode 4.90 5.00 5.10 \Y
TPS610997
VIN < VOUT, PFM mode 5.15
VIN < VOUT, PWM mode 3.23 3.30 3.37 \
TPS610994
VIN < VOUT, PFM mode 34
VIN < VOUT, PWM mode 2.94 3.0 3.06
TPS610993 \Y
VIN < VOUT, PFM mode 3.1
Output accuracy
VIN < VOUT, PWM mode 4.4 45 4.6
TPS610996 \
VIN < VOUT, PFM mode 4.63
VIN < VOUT, PWM mode 245 25 2.55
TPS610992 \Y
VIN < VOUT, PFM mode 2.58
VIN < VOUT, PWM mode 3.53 3.6 3.67
TPS610995 \Y
VIN < VOUT, PFM mode 3.71
VRer Feedback reference voltage TPS61099 VN < Vout, PWM mode 0.98 1.00 1.02 \%
TPS61099 Vin < Vout, PFM mode 1.03 \Y
Vovp Output overvoltage protection threshold | TPS61099x Vour rising 5.6 5.8 6.0 \
OVP hysteresis TPS61099x 100 200 mV
IFB_LkG Leakage current into FB pin TPS61099x Veg =1.0V 10 50 nA
POWER SWITCH
Vour=5.0V 250 mQ
Rbs(on) Ls  Low side switch on resistance TPS61099x Voutr =33V 300 mQ
Vour =18V 400 mQ
VOUT =50V 300 350 mQ
Rpsn)_Hs  Rectifier on resistance TPS61099x Vour=3.3V 350 450 mQ
Vour =18V 500 750 mQ
Vour=5.0V 350 mA
Il Inductor current ripple TPS61099x Vour=3.3V 300 mA
Vour=18V 250 mA
Vout = 2.5V, boost operation 0.8 1 1.25 A
ILim Current limit threshold TPS61099x
Vout < 2.5V, boost operation 0.5 0.75 A
lsw LKG ;ﬁ\atk:%eN%‘)"e”t into SW pin (from SW | 15561090x |V = 5.0 V, no switch, T, = -40 °C to 85 °C 200| nA
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7.5 Electrical Characteristics (continued)

T,=-40°C to 125°C and V| = 0.7 V to 5.5 V. Typical values are at V| = 3.7 V, T; = 25°C, unless otherwise noted.

PARAMETER ‘ Version ‘ TEST CONDITIONS MIN TYP MAX| UNIT

CONTROL LOGIC

Vi EN input low voltage threshold TPS61099x  |Viy < 1.5V 02x v

Vi EN input high voltage threshold TPS61099x |V < 1.5V 0\'?";‘ v

Vi EN input low voltage threshold TPS61099x ViN>15V 0.4 \

Viy EN input high voltage threshold TPS61099x ViN>15V 1.2 \%

IEN_LkG Leakage current into EN pin TPS61099x VeEn=5.0V 50 nA
Overtemperature protection TPS61099x 150 °C
Overtemperature hysteresis TPS61099x 25 °C
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7.6 Typical Characteristics
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B 7-1. TPS61099 Load Efficiency with Different Inputs
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B 7-2. TPS610997 Load Efficiency with Different Inputs
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& 7-3. TPS610996 Load Efficiency with Different Inputs

100
g
95 —-“// NN
90 vl T
_ 85 %/ iy
2 80 ™
< Iii A
2 75 B
Q
£ 70
w
65| — VIN=0.7v
— VIN=15V
60 VIN = 2.5V
55| — VIN = 3.0V
— VIN= 3.3V
50
0.01 0102 051 23 5710 20 50100 1000
lout (mA)

TPS610995, ViN=0.7 V,1.5V,2.0,3.0V, 3.3V
& 7-4. TPS610995 Load Efficiency with Different Inputs
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7.6 Typical Characteristics (continued)
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7.6 Typical Characteristics (continued)
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8 Detailed Description
8.1 Overview

The TPS61099x synchronous step-up converter is designed for alkaline battery, coin-cell battery, Li-ion or Li-
polymer battery powered systems, which requires long battery running time and tiny solution size. The
TPS61099x can operate with a wide input voltage from 0.7 V to 5.5 V. It only consumes 1 pA quiescent current
and can achieve high efficiency under light load condition.

The TPS61099x operates in a hysteretic control scheme with typical 1-A peak switch current limit. The
TPS61099x provides the true shutdown function and the load is completely disconnected from the input so as to
minimize the leakage current. It also adopts Down Mode and Pass-Through operation when input voltage is
close to or higher than the regulated output voltage. The TPS61099x family is available in both adjustable and
fixed output voltage versions. Adjustable version offers programmable output voltage for flexible applications
while fixed versions offer minimal solution size and achieve up to 75% high efficiency under 10-pA load.

8.2 Functional Block Diagram
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A. Internal FB resistor divider is implemented in fixed output voltage versions.

& 8-1. Functional Block Diagram

8.3 Feature Description
8.3.1 Boost Controller Operation

The TPS61099x boost converter is controlled by a hysteretic current mode controller. This controller regulates
the output voltage by keeping the inductor ripple current constant in the range of 300 mA and adjusting the offset
of this inductor current depending on the output load. Since the input voltage, output voltage and inductor value
all affect the rising and falling slopes of inductor ripple current, the switching frequency is not fixed and is
determined by the operation condition. If the required average input current is lower than the average inductor
current defined by this constant ripple, the inductor current goes discontinuously to keep the efficiency high
under light load condition. ¥ 8-2 illustrates the hysteretic current operation. If the load current is reduced further,
the boost converter enters into Burst mode. In Burst mode, the boost converter ramps up the output voltage with
several switching cycles. Once the output voltage exceeds a setting threshold, the device stops switching and
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goes into a sleep status. In sleep status, the device consumes less quiescent current. It resumes switching when
the output voltage is below the setting threshold. It exits the Burst mode when the output current can no longer
be supported in this mode. Refer to |¥] 8-3 for Burst mode operation details.

To achieve high efficiency, the power stage is realized as a synchronous boost topology. The output voltage
Vour is monitored via an external or internal feedback network which is connected to the voltage error amplifier.
To regulate the output voltage, the voltage error amplifier compares this feedback voltage to the internal voltage
reference and adjusts the required offset of the inductor current accordingly.

ILA

Continuous Current Operation Discontinuous Current Operation

300 mA
(typ.)

i

R

K 8-2. Hysteretic Current Operation

Output Voltage of
Boost Converter

A

Burst Mode Operation at
Light Load

_____________ — —- Vour Bst

Continuous Current Operation at
Heavy Load

Vout Nom
-t

K 8-3. Burst Mode Operation

8.3.2 Under-Voltage Lockout

An under-voltage lockout (UVLO) circuit stops the operation of the converter when the input voltage drops below
the typical UVLO threshold of 0.4 V. A hysteresis of 200 mV is added so that the device cannot be enabled again
until the input voltage goes up to 0.6 V. This function is implemented in order to prevent malfunctioning of the
device when the input voltage is between 0.4 V and 0.6 V.

8.3.3 Enable and Disable

When the input voltage is above UVLO rising threshold and the EN pin is pulled to high voltage, the TPS61099x
is enabled. When the EN pin is pulled to low voltage, the TPS61099x goes into shutdown mode. In shutdown
mode, the device stops switching and the rectifying PMOS fully turns off, providing the completed disconnection
between input and output. Less than 0.5-uyA input current is consumed in shutdown mode.

8.3.4 Soft Start

After the EN pin is tied to high voltage, the TPS61099x begins to startup. At the beginning, the device operates
at the boundary of Discontinuous Conduction Mode (DCM) and Continuous Conduction Mode (CCM), and the
inductor peak current is limited to around 200 mA during this stage. When the output voltage is charged above
approximately 1.6 V, the device starts the hysteretic current mode operation. The current limit threshold is
gradually increasing to 0.7x Iy within 500 ps. In this way, the soft start function reduces the inrush current
during startup. After Voyt reaches the target value, soft start stage ends and the peak current is now determined
by the output of an internal error amplifier which compares the feedback of the output voltage and the internal
reference voltage.
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The TPS61099x is able to start up with 0.7-V input voltage with larger than 3-kQ load. However, if the load
during startup is so heavy that the TPS61099x fails to charge the output voltage above 1.6 V, the TPS61099x
can't start up successfully until the input voltage is increased or the load current is reduced. The startup time
depends on input voltage and load current.

8.3.5 Current Limit Operation

The TPS61099x employs cycle-by-cycle over-current protection (OCP) function. If the inductor peak current
reaches the current limit threshold I, the main switch turns off so as to stop further increase of the input
current. In this case the output voltage will decrease until the power balance between input and output is
achieved. If the output drops below the input voltage, the TPS61099x enters into Down Mode. The peak current
is still limited by I cycle-by-cycle in Down Mode. If the output drops below 1.6 V, the TPS61099 enters into
startup process again. In Pass-Through operation, current limit function is not enabled.

8.3.6 Output Short-to-Ground Protection

The TPS61099x starts to limit the switch current to 200 mA when the output voltage is below 1.6 V. If short-to-
ground condition occurs, switch current is limited at 200 mA. Once the short circuit is released, the TPS61099x
goes back to soft start again and regulates the output voltage.

8.3.7 Over Voltage Protection

TPS61099x has an output over-voltage protection (OVP) to protect the device in case that the external feedback
resistor divider is wrongly populated. When the output voltage of the TPS61099 exceeds the OVP threshold of
5.8 V, the device stops switching. Once the output voltage falls 0.1 V below the OVP threshold, the device starts
operating again.

8.3.8 Down Mode Regulation and Pass-Through Operation

The TPS61099x features Down Mode and Pass-Through operation when input voltage is close to or higher than
output voltage.

In the Down Mode, output voltage is regulated at target value even when V,\ > Voyr. The control circuit changes
the behavior of the rectifying PMOS by pulling its gate to input voltage instead of to ground. In this way, the
voltage drop across the PMOS is increasing as high as to regulate the output voltage. The power loss also
increases in this mode, which needs to be taken into account for thermal consideration.

In the Pass-Through operation, the boost converter stops switching. The rectifying PMOS constantly turns on
and low side switch constantly turns off. The output voltage is the input voltage minus the voltage drop across
the dc resistance (DCR) of the inductor and the on-resistance of the rectifying PMOS.

With V,y ramping up, the TPS61099x goes into Down Mode first when V|y > Voyt - 50mV. It stays in Down
Mode until V| > Vout + 0.5 V and then goes automatically into Pass-Through operation. In the Pass-Through
operation, output voltage follows input voltage. The TPS61099x exits Pass-Through Mode and goes back to
Down Mode when V| ramps down to 103% of the target output voltage. It stays in Down Mode until input
voltage falls 100mV below the output voltage, returning to Boost operation.
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K 8-4. Down Mode and Pass-Through Operation

8.3.9 Thermal Shutdown

The TPS61099x has a built-in temperature sensor which monitors the internal junction temperature in boost
mode operation. If the junction temperature exceeds the threshold 150°C, the device stops operating. As soon
as the junction temperature drops below the shutdown temperature minus the hysteresis, typically 125°C, it
starts operating again.

8.4 Device Functional Modes
8.4.1 Burst Mode Operation under Light Load Condition

The boost converter of TPS61099x enters into Burst Mode operation under light load condition. Refer to Boost
Controller Operation for details.

8.4.2 Down Mode Regulation and Pass-Through Mode Operation

The boost converter of TPS61099x automatically enters into Down Mode or pass-through mode operation when
input voltage is higher than the target output voltage. Refer to Down Mode Regulation and Pass-Through
Operation for details.
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9 Application and Implementation

Note
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9.1 Application Information

The TPS61099x is a synchronous boost converter designed to operate at a wide input voltage from 0.7 V to 5.5
V with 1-A peak switch current limit. The device adopts a hysteretic control scheme so the operating frequency is
not a constant value, which varies with different input/output voltages and inductor values. It only consumes 1-
MA quiescent current under light load condition. It also supports true shutdown to disconnect the load from the
input in order to minimize the leakage current. Therefore, it is very suitable for alkaline battery, coin-cell battery,
Li-ion or Li-polymer battery powered systems to extend the battery running time.

9.2 Typical Application - 5 V Output Boost Converter

—r;rjrb?_ SW VOUT * 0 \;O{J/T
R1 Cc2 C3
Vi © VIN TPS61099 FB 10 uF 10 uF
27Vt042V o~ | Ro
10uF | EN GND [—%_ - T
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9.2.1 Design Requirements

A typical application example is the memory LCD, which normally requires 5-V output as its bias voltage and
only consumes less than 1 mA current. The following design procedure can be used to select external
component values for the TPS61099x.

% 9-1. Design Requirements

PARAMETERS VALUES
Input Voltage 27V~42V
Output Voltage 5V
Output Current 1mA
Output Voltage Ripple +50 mV

9.2.1.1 Detailed Design Procedure
9.2.1.1.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPS61099 device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (VouT), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

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

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance
* Export customized schematic and layout into popular CAD formats
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* Print PDF reports for the design, and share the design with colleagues
Get more information about WEBENCH tools at www.ti.com/WEBENCH.
9.2.1.1.2 Programming the Output Voltage

There are two ways to set the output voltage of the TPS61099x. For adjustable output voltage version, select the
external resistor divider R1 and R2, as shown in /5#£3{ 1, the output voltage is programmed to the desired
value. When the output voltage is regulated, the typical voltage at the FB pin is Vgrgg 0of 1.0 V.

R1+R2
Vout = VRer- 25

(1)

For fixed output voltage versions, the FB pin should be connected to the GND. The TPS61099x offers diverse
fixed voltage versions, refer to Device Comparison Table for version details.

In this example, 5-V output is required to bias the memory LCD. For the best accuracy, the current following
through R2 should be 100 times l