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PMU for Embedded Camera Module
Check for Samples: TPS65708

1FEATURES
DESCRIPTION• Two 400mA Step-Down Converters

• Up to 95% Efficiency TPS65708 is a power management unit targeted for
embedded camera modules or other portable• VIN Range for DCDC Converters From
low-power consumer end equipment. It contains two3.6V to 6V
high-efficiency step-down converters, two low-dropout

• 2.25MHz Fixed Frequency Operation linear regulators, and a 7.5mA current sink for driving
• Power Save Mode at Light Load Current a LED. The 2.25MHz step-down converter enters a

low-power mode at light load for maximum efficiency• Output Voltage Accuracy in PWM mode ±1.5%
across the widest possible range of load currents. For

• 100% Duty Cycle for Lowest Dropout low-noise applications, the devices can be forced into
• 180° Out of Phase Operation fixed frequency PWM mode using the MODE pin. The

device allows the use of small inductors and• 2 General Purpose 200mA LDOs
capacitors to achieve a small solution size.• LDOs Optionally Powered From Step-Down TPS65708 provides an output current of up to 400mA

Converters on both DCDC converters and up to 200mA on each
• 7.5mA PWM Dimmable Current Sink of the LDOs. The enable signal to the dcdc

converters and LDOs is generated internally by the• Available in a 16-Ball WCSP with 0.5mm Pitch
undervoltage lockout circuit.

APPLICATIONS The TPS65708 comes in a small 16-ball wafer
chip-scale package (WCSP) with 0.5mm ball pitch.• Monitors

• Laptops
• Handheld Equipment

APPLICATION CIRCUIT

1

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.

PRODUCTION DATA information is current as of publication date. © 2010–2011, Texas Instruments Incorporated
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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These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

ORDERING INFORMATION
SIZE FOR WCSP PACKAGE PACKAGETA PART NO. (1) OPTIONS PACKAGEVERSION CODE MARKING

VDCDC1 = 3.3V
VDCDC2 = 1.8V
VLDO1 = 2.8VD = 2076 µm ±25 µm–40°C to 85°C TPS65708 VLDO2 = 1.2V YZH WCSP TPS65708E = 2076 µm ±25 µm ISINK(PWM=1) = 7.5mA

SEQUENCING : DCDC1,
LDO1, DCDC2, LDO2

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or visit the
device product folder on ti.com, (http://www.ti.com)

ABSOLUTE MAXIMUM RATINGS
Over operating free-air temperature range (unless otherwise noted). (1)

VALUE UNIT

MIN MAX

all pins except A/PGND pins with respect to –0.3 7 VAGNDVoltage range
pin VLDO1 and VLDO2 with respect to AGND –0.3 3.6 V

L1, L2, VLDO1, VLDO2, PGND 700mA mA

Current AGND, ISINK 50mA mA

all other pins 3mA mA

Operating free-air temperature, TA –40 85 °C
Maximum junction temperature, TJ 125 °C
Storage temperature, TST –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.

THERMAL INFORMATION
TPS65708

THERMAL METRIC (1) UNITS
YZH (16 Pins)

θJA Junction-to-ambient thermal resistance 75

θJCtop Junction-to-case (top) thermal resistance 22

θJB Junction-to-board thermal resistance 26
°C/W

ψJT Junction-to-top characterization parameter 0.2

ψJB Junction-to-board characterization parameter 24

θJCbot Junction-to-case (bottom) thermal resistance N/A

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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RECOMMENDED OPERATING CONDITIONS
Over operating free-air temperature range (unless otherwise noted).

MIN NOM MAX UNIT

VIN1/2 Input voltage range for step-down converter DCDC1and DCDC2 3.6 6 V

VOUTDCDC1/2 Output voltage range for DCDC1 and DCDC2 step-down converter 0.8 3.3 V

IOUTDCDC1 DC output current at L1 or L2 400 mA

L Inductor at L1 or L2 (1) 1 1.5 2.2 µH

VINLDO1 Input voltage range for LDO1 1.7 6 V

VLDO Output voltage range for LDO1 and LDO2 0.8 3.3 V

VINLDO2 Input voltage range for LDO2 1.7 6 V

ILDO Output current at LDO1 or LDO2 200 mA

CINDCDC1/2 Input capacitor at VIN1 and VIN2 4.7 µF

COUTDCDC1/2 Output capacitor at VOUT1, VOUT2 4.7 10 22 µF

COUTLDO1/2 Output capacitor at VLDO1, VLDO2 2.2 µF

TA Operating ambient temperature –40 85 °C
TJ Operating junction temperature –40 125 °C

(1) To support a typical inductor value of 1.5µH, the minimum inductance can go as low as 1.0µH. It is not recommended to use a 1µH
labeled inductor as the inductance will drop significantly below 1µH in operation due to initial tolerances and saturation.

ELECTRICAL CHARACTERISTICS
Unless otherwise noted: VIN1 = VIN2 = VCC = 5V, L = 1.5µH, COUTDCDCx = 10µF, COUTLDOx = 2.2µF, TA = –40°C to 85°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

SUPPLY CURRENT

DCDC1, DCDC2, LDO1 and LDO2 enabled,
IOUT = 0 mA, MODE = 0; (PFM mode) 140 200 μA
ISINK in standby for PWM = 0

DCDC1, DCDC2, LDO1 and LDO2 enabled,
IOUT = 0 mA, MODE = 1 ; (PWM mode)Operating quiescent current DCDCx and 4 mAIQ ISINK in standby if PWM = 0;LDOx Not including inductor losses

DCDC1, DCDC2, LDO1 and LDO2 enabled,
IOUT = 0 mA, MODE = 0; (PFM mode) ; 170 μAISINK in standby PWM = 0;
During power-up sequencing

DCDCx, LDOx and ISINK disabled;ISD Shutdown Current 6 15 μAVCC < 1.8V

DIGITAL PINS ( MODE)

VIH High Level Input Voltage for MODE 1.2 VCC V

VIL Low Level Input Voltage for MODE 0 0.4 V

Ilkg Input Leakage Current MODE tied to GND or VIN1 / VIN2 0.01 0.1 μA

UNDERVOLTAGE LOCKOUT (UVLO), SENSED AT PIN VCC

Internal undervoltage lockout threshold VCC, VIN1, VIN2 rising 3.5 3.6 3.7 V
UVLO Internal undervoltage lockout threshold VCC, VIN1, VIN2 falling 130 mVhysteresis

STEP-DOWN CONVERTERS

VIN1 Input voltage for DCDC1 3.5 6 V

VIN2 Input voltage for DCDC2 3.5 6 V

POWER SWITCH

High side MOSFET on-resistance VIN1 / VIN2 = 3.6V 250 400 mΩ
RDS(on)

Low side MOSFET on-resistance VIN1 / VIN2 = 3.6V 150 300 mΩ
ILIMF Forward current limit 3.6V ≤ VIN1 / VIN2 ≤ 6V 650 820 1050 mA

IO DC output current VIN1 / VIN2 > 3.5V , L = 1.5µH 400 mA
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ELECTRICAL CHARACTERISTICS (continued)
Unless otherwise noted: VIN1 = VIN2 = VCC = 5V, L = 1.5µH, COUTDCDCx = 10µF, COUTLDOx = 2.2µF, TA = –40°C to 85°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

OSCILLATOR

fSW Oscillator frequency 2.03 2.25 2.48 MHz

OUTPUT

VOUT1 DCDC1 default output voltage VIN1 ≥ 3.6V 3.3 V

VOUT2 DCDC2 default output voltage VIN2 ≥ 3.6V 1.8 V

dcdc converter input voltage belowIFB FB pin input current 0.1 µAundervoltage lockout threshold

FB pin input resistance due to internal dcdc converter input voltage aboveRFB 990 kΩvoltage divider undervoltage lockout threshold; VOUT = 3.3V

FB pin input resistance due to internal dcdc converter input voltage aboveRFB 585 kΩvoltage divider undervoltage lockout threshold; VOUT = 1.8V

VIN1 and VIN2 = 3.6V to 6V, +1% voltage
DC output voltage accuracy (1) positioning active; PFM operation, 1.25% 3%

0 mA < IOUT < IOUTmax
VOUT VIN1 / VIN2 = 3.3V to 6V, PWM operation,DC output voltage accuracy –1.5% 1.5%0 mA < IOUT < IOUTmax

DC output voltage load regulation PWM operation 0.5 %/A

Time from UVLO is exceeded (Vin > 3.6V) totStart Start-up time 200 µsStart switching

tRamp VOUT ramp time Time to ramp from 5% to 95% of VOUT 250 µs

RDIS Internal discharge resistor at L1 and L2 DCDCx disabled; 1V < VIN1/2 < 3.6V 300 400 550 Ω
THERMAL PROTECTION SEPARATELY FOR DCDC1, DCDC2 and LDO1

TSD Thermal shutdown Increasing junction temperature 150 °C
Thermal shutdown hysteresis Decreasing junction temperature 30 °C

VLDO1, VLDO2 LOW DROPOUT REGULATOR

VINLDO Input voltage range for LDO1 and LDO2 1.7 6 V

VLDO1 LDO1 Default Output Voltage (1) 2.8 V

VLDO2 LDO2 Default Output Voltage 1.2 V

IO Output current for LDO1 and LDO2 200 mA

ISC LDO1 and LDO2 short circuit current limit VLDOx = GND 260 360 550 mA

Dropout voltage at LDOx IO = 200mA; VINLDOx = 3.3V 200 mV

Dropout voltage at LDOx IO = 200mA; VINLDOx = 1.8V 300 mV

Output voltage accuracy for LDO1 and IO = 200mA –2% 2%LDO2

VINLDO = VLDO + 0.5V (min 1.7V) to 6V,Line regulation for LDO1 and LDO2 –1% 1%IO = 50mA

Load regulation for LDO1 and LDO2 IO = mA to 200mA –1.5 1 %

f = 10kHz, COUT ≥ 2.2μF VINLDOx = 5V, VOUTPSRR Power-Supply Rejection Ratio 50 dB= 2.8V, IOUT = 100mA

µVVn Output noise voltage VOUT = 2.8V, BW = 10Hz to 100kHz 160 RMS

Internal soft-start when LDO is enabled;tRamp VOUT ramp time 250 µsTime to ramp from 5% to 95% of VOUT

Internal discharge resistor at VLDO1 andRDIS VIN < UVLO 200 400 550 ΩVLDO2

(1) VINLDO > 2.8V
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ELECTRICAL CHARACTERISTICS (continued)
Unless otherwise noted: VIN1 = VIN2 = VCC = 5V, L = 1.5µH, COUTDCDCx = 10µF, COUTLDOx = 2.2µF, TA = –40°C to 85°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

LED CURRENT SINK

Set internally by EEPROM to 7.5mA; availableIsink Current (LED current for 100% dutyILED current range from 7.5mA to 30mA; contact 7.5 mAcycle) factory about default settings other than 7.5mA

Minimum voltage drop from ISINK to at 7.5mA ≤ ISINK ≤ 20mA 0.4 VAGND needed for proper regulation

Minimum voltage drop from ISINK to at 20mA < ISINK ≤ 30mA 0.55 VAGND needed for proper regulation

ISINK accuracy ISINK ≥ 10mA –5% 5%

ISINK accuracy 7.5mA ≤ ISINK < 10mA –10% 10%

PWM duty cycle 5% 100%

PWM frequency 50 kHz

VIH High Level Input Voltage for PWM pin ISINK is enabled 1.2 VCC V

VIL Low Level Input Voltage for PWM pin ISINK is high resistive 0 0.4 V

Ilkg Input Leakage Current on PWM pin 0.01 0.1 μA

V(ISINK) ≥ 0.4V for 7.5 mA ≤ ISINK ≤ 20mA; orISINK rise / fall time 500 nsV(ISINK) > 0.6V for 20mA < ISINK ≤ 30mA

ISINK rise / fall time V(ISINK) ≤ 0.6V; 20mA < ISINK ≤ 30 mA 700 ns
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PIN ASSIGNMENTS

YZH PACKAGE
(BOTTOM VIEW)

Pin Functions for Chip Scale Version (YZH Package)
PIN

I/O DESCRIPTION
NAME NO.

VCC B4 I Supply Input for internal reference, has to be connected to VIN1 and VIN2

PGND1 D1 Power ground

PGND2 D4 Power ground

VIN1 C1 I Input voltage pin for buck converter (1)

VIN2 C4 I Input voltage pin for buck converter (2)

L1 D2 O Switch output from buck converter (1)

FB1 C2 I Feedback input from buck converter (1)

L2 D3 O Switch output from buck converter (2)

FB2 C3 I Feedback input from buck converter (2)

VLDO1 A1 O Output voltage from LDO1

VLDO2 A4 O Output voltage from LDO2

VINLDO1 A2 I Input voltage pin for LDO1

VINLDO2 A3 I Input voltage pin for LDO2

Set low to enable Power Save Mode. Pulling this PIN to high forces the device to operate in PWM modeMODE B3 I over the whole load range.

ISINK B1 O Open drain current sink; connect to the cathode of a LED

PWM B2 I Input for LED PWM dimming

(1) VCC must be the highest input voltage for the device to operate correctly.
(2) VIN1/VIN2 must be connected to VCC
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FUNCTIONAL BLOCK DIAGRAM

PARAMETER MEASUREMENT INFORMATION

SETUP

The graphs below were taken using the TPS65708EVM with the passive components as listed:

L(Vout1) = L(Vout2) = BRC1608T1R5M (1.5μH)

C(Vout1) = C(Vout2) = GRM188R60J106 (10μF / 6.3V)

C(LDO1) = C(LDO2) = GRM185R60J225 (2.2μF / 6.3V)

C(VIN1) = C(VIN2) = GRM188R60J106 (10μF / 6.3V)

C(VINLDO1) = C(VINLDO2) = GRM185R60J225 (2.2μF / 6.3V)

VCC = VIN1= VIN2 = VINLDO1 = VINLDO2 unless otherwise noted
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TYPICAL CHARACTERISTICS

TABLE OF GRAPHS

FIGURE

η Efficiency DCDC (VO = 3.3V) vs Load current / PFM mode; Figure 1

η Efficiency DCDC (VO = 3.3V) vs Load current / PWM mode Figure 2

η Efficiency DCDC (VO = 1.2V) vs Load current / PFM mode Figure 3

η Efficiency DCDC (VO = 1.2V) vs Load current / PWM mode Figure 4

Line transient response DCDC (PWM) Scope plot for a 3.6V to 5V to 3.6V input voltage Figure 5
change

Line transient response DCDC (PFM) Scope plot for a 3.6V to 5V to 3.6V input voltage Figure 6
change

Line transient response LDO Scope plot for a 3.6V to 5V to 3.6V input voltage Figure 7
change

Load transient response DCDC (PFM) Scope plot for a 10% to 90% load step (40mA to Figure 8
360mA)

Load transient response DCDC (PWM) Scope plot for a 10% to 90% load step (40mA to Figure 9
360mA)

Load transient response LDO Scope plot for a 10% to 90% load step (20mA to Figure 10
180mA)

Startup timing DCDC1, DCDC2, LDO1 and LDO2 Scope plot of startup; R1 = supply voltage is Figure 11
applied

LDO POWER SUPPLY REJECTION RATIO (PSRR) Scope plot Figure 12

Figure 1. EFFICIENCY DCDC (VO = 3.3 V) vs LOAD Figure 2. EFFICIENCY DCDC (VO = 3.3 V) vs LOAD
CURRENT / PFM MODE; for VIN = 3.6 V to 5 V CURRENT / PWM MODE; for VIN = 3.6 V to 5 V
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Figure 3. EFFICIENCY DCDC (VO = 1.2 V) vs LOAD Figure 4. EFFICIENCY DCDC (VO = 1.2 V) vs LOAD
CURRENT / PFM MODE; for VIN = 3.0 V to 5 V CURRENT / PWM MODE; for VIN = 3.0 V to 5 V

Figure 5. LINE TRANSIENT RESPONSE DCDC (PWM) Figure 6. LINE TRANSIENT RESPONSE DCDC (PFM)

Figure 7. LINE TRANSIENT RESPONSE LDO Figure 8. LOAD TRANSIENT RESPONSE DCDC (PFM)
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Figure 9. LOAD TRANSIENT RESPONSE DCDC (PWM) Figure 10. LOAD TRANSIENT RESPONSE LDO

Figure 11. STARTUP SEQUENCING Figure 12. LDO POWER-SUPPLY REJECTION RATIO
(PSRR)
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DETAILED DESCRIPTION

DCDC CONVERTERS

The TPS65708 step down converters operate with typically 2.25MHz fixed frequency pulse width modulation
(PWM) at moderate to heavy load currents. With MODE pin set to low, at light load currents the converter can
automatically enter Power Save Mode and operates then in PFM mode.

During PWM operation the converter uses a unique fast response voltage mode control scheme with input
voltage feed-forward to achieve good line and load regulation allowing the use of small ceramic input and output
capacitors. At the beginning of each clock cycle initiated by the clock signal, the High Side MOSFET switch is
turned on. The current flows now from the input capacitor via the High Side MOSFET switch through the inductor
to the output capacitor and load. During this phase, the current ramps up until the PWM comparator trips and the
control logic will turn off the switch. The current limit comparator will also turn off the switch in case the current
limit of the High Side MOSFET switch is exceeded. After an off time preventing shoot through current, the Low
Side MOSFET rectifier is turned on and the inductor current will ramp down. The current flows now from the
inductor to the output capacitor and to the load. It returns back to the inductor through the Low Side MOSFET
rectifier.

The next cycle is initiated by the clock signal again turning off the Low Side MOSFET rectifier and turning on the
on the High Side MOSFET switch. A 180° phase shift between DCDC1 and DCDC2 decreases the input RMS
current and synchronizes the operation of the two dcdc converts. The FB pin must directly be connected to the
output voltage of the DCDC converter and no external resistor network must be connected. As the Feedback
input serves as the power input to the LOD, the external connection should be as short and as thick as possible
to keep the voltage drop as small as possible.

POWER SAVE MODE

The Power Save Mode is enabled with Mode Pin set to low. If the load current decreases, the converter will enter
Power Save Mode operation automatically. During Power Save Mode the converter skips switching and operates
with reduced frequency in PFM mode with a minimum quiescent current to maintain high efficiency. The
converter positions the output voltage typically +1% above the nominal output voltage. This voltage positioning
feature minimizes voltage drops caused by a sudden load step. The transition from PWM mode to PFM mode
occurs once the inductor current in the Low Side MOSFET switch becomes zero, which indicates discontinuous
conduction mode. During the Power Save Mode the output voltage is monitored with a PFM comparator. As the
output voltage falls below the PFM comparator threshold of VOUT nominal +1%, the device starts a PFM current
pulse. The High Side MOSFET switch will turn on, and the inductor current ramps up. After the On-time expires,
the switch is turned off and the Low Side MOSFET switch is turned on until the inductor current becomes zero.
The converter effectively delivers a current to the output capacitor and the load. If the load is below the delivered
current, the output voltage will rise. If the output voltage is equal or higher than the PFM comparator threshold,
the device stops switching and enters a sleep mode with typical 25µA current consumption.

If the output voltage is still below the PFM comparator threshold, a sequence of further PFM current pulses are
generated until the PFM comparator threshold is reached. The converter starts switching again once the output
voltage drops below the PFM comparator threshold. With a fast single threshold comparator, the output voltage
ripple during PFM mode operation can be kept small. The PFM Pulse is time controlled, which allows to modify
the charge transferred to the output capacitor by the value of the inductor. The resulting PFM output voltage
ripple and PFM frequency depend in first order on the size of the output capacitor and the inductor value.
Increasing output capacitor values and inductor values will minimize the output ripple. The PFM frequency
decreases with smaller inductor values and increases with larger values. The PFM mode is left and PWM mode
is entered in case the output current can not longer be supported in PFM mode. The Power Save Mode can be
disabled by setting Mode pin to high. The converter will then operate in fixed frequency PWM mode.

DYNAMIC VOLTAGE POSITIONING

This feature reduces the voltage under/overshoots at load steps from light to heavy load and heavy to light. It is
active in Power Save Mode and regulates the output voltage 1% higher than the nominal value. This provides
more headroom for both the voltage drop at a load step, and the voltage increase at a load throw-off.
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SOFT START

The step-down converter in TPS65708 has an internal soft start circuit that controls the ramp up of the output
voltage. The output voltage ramps up from 5% to 95% of its nominal value within typical 250µs. This limits the
inrush current in the converter during ramp up and prevents possible input voltage drops when a battery or high
impedance power source is used.

Figure 13. Soft Start

100% DUTY CYCLE LOW DROPOUT OPERATION

The device starts to enter 100% duty cycle mode once the input voltage comes close to the nominal output
voltage. In order to maintain the output voltage, the High Side MOSFET switch is turned on 100% for one or
more cycles. With further decreasing VIN the High Side MOSFET switch is turned on completely. In this case,
the converter offers a low input-to-output voltage difference. This is particularly useful in battery-powered
applications to achieve longest operation time by taking full advantage of the whole battery voltage range. The
minimum input voltage to maintain regulation depends on the load current and output voltage, and can be
calculated as:

VINmin = VOmax + IOmax (RDS(on)max + RL)

With

IOmax = maximum output current plus inductor ripple current
RDS(on)max = maximum high side switch RDS(on).
RL = DC resistance of the inductor
VOmax = nominal output voltage plus maximum output voltage tolerance
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180° OUT-OF-PHASE OPERATION

In PWM Mode, the converters operate with a 180° turn-on phase shift of the PMOS (high side) transistors. This
prevents the high-side switches of both converters from being turned on simultaneously, and therefore smooths
the input current. This feature reduces the surge current drawn from the supply.

UNDERVOLTAGE LOCKOUT / ENABLE for DCDC1, DCDC2, LDO1, and LDO2

The undervoltage lockout circuit prevents the device from malfunctioning at low input voltages and from
excessive discharge of the battery. It disables the dcdc converters and LDOs at too low input voltages.

As TPS65708 does not have enable pins for the dcdc converters and LDOs, the internal undervoltage lockout
not only serves as a protection circuit but also as an enable circuitry. The supply voltage to TPS65708 is
internally sensed at pin VCC. When the voltage at VCC exceeds 3.6V, the internal enable signals to the dcdc
converter and LDOs are set HIGH to start-up the outputs in the pre-defined sequence. When the supply voltage
drops below 3.6V, the dcdc converters and LDOs are disabled again and the discharge circuitry is enabled to
make sure the voltage at the output capacitor ramps down quickly. Disabling the dcdc converter or LDO, forces
the device into shutdown, with a shutdown quiescent current as defined in the electrical characteristics. In this
mode, the power FETs are turned-off and the entire internal control circuitry is switched-off.

OUTPUT VOLTAGE DISCHARGE

The dcdc converters and LDOs contain an output capacitor discharge feature which makes sure that the
capacitor is discharged when the supply voltage drops below the undervoltage lockout threshold. The discharge
has a built in delay function, so the output discharge is active for a couple of 100ms after the VCC voltage
dropped below its undervoltage lockout threshold. This will make sure that the cap is discharged even the supply
voltage dropped below 2.1V. The discharge function is also enabled when voltage is applied at VCC starting at
about 2.1V until the voltage exceeded the undervoltage lockout threshold that enables the power-up sequencing.

POWER-UP SEQUENCING

There are 3 different power-up sequencing options available. The options are factory set and can not be
changed by the user. Contact TI if an option different from the default is needed.
1. DCDC1, DCDC2, LDO1, and LDO2 are turning on at the same time.
2. DCDC1 first, when power good, LDO1 is enabled, when power good, DCDC2 is enabled when power good,

LDO2 is enabled
3. DCDC2 first, when power good, LDO2 is enabled, when power good, DCDC1 is enabled when power good,

LDO1 is enabled

TPS65708 is set to option 2 such that DCDC1 starts first followed by LDO1, DCDC2, and LDO2. See also the
timing diagram under the table of graphs.

SHORT-CIRCUIT PROTECTION

All outputs are short circuit protected with a maximum output current as defined in the electrical specifications.

THERMAL SHUTDOWN

As soon as the junction temperature, TJ, exceeds typically 150°C for the dcdc converters or LDOs, the device
goes into thermal shutdown. In this case, the low side and high side MOSFETs for the dcdc converters as well
as the LDOs are turned-off. The device continues its operation and powers up the dcdc converters and LDOs
with the pre-defined sequencing when the junction temperature falls below the thermal shutdown hysteresis
again. During thermal shutdown also the LED driver is disabled.

LDOs

The low dropout voltage regulators are designed to operate well with low value ceramic input and output
capacitors. They operate with input voltages down to 1.7V. Both LDOs offer a maximum dropout voltage of
300mV at rated output current. The LDOs support a current limit feature.
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LED DRIVER

TPS65708 contains a LED driver for a current of up to 30mA. ISINK is an open drain current sink that regulates a
current in an LED. The anode of the LED needs to be tied to a positive supply voltage; for example, VCC or the
output voltage of one of the dcdc converters in TPS65708, depending on the forward voltage of the LED. The
cathode of the LED is connected to ISINK which sets a constant current to GND. ISINK is regulated internally
based on the default current set internally. In addition, the LED current can be PWM dimmed by a signal applied
to pin PWM. If pin PWM is pulled LOW, the LED driver is disabled and its output ISINK is high resistive. If PWM
is HIGH, the current sink regulates to the current defined by EEPROM (TI factory set in two ranges. 7.5mA to
15mA with 0.5mA resolution and 15mA to 30mA in 1mA resolution). The maximum PWM frequency is 50kHz
with a duty cycle range of 5% to 100%. TPS65708 is set to 7.5mA as a default. Contact TI about different default
settings.

APPLICATION INFORMATION

OUTPUT FILTER DESIGN (INDUCTOR AND OUTPUT CAPACITOR)

Inductor Selection

The converter operates typically with a 1.5µH or 2.2µH output inductor. The selected inductor has to be rated for
its dc resistance and saturation current. The DC resistance of the inductance will influence directly the efficiency
of the converter. Therefore an inductor with lowest dc resistance should be selected for highest efficiency.

Equation 1 calculates the maximum inductor current under static load conditions. The saturation current of the
inductor should be rated higher than the maximum inductor current as calculated with Equation 1. This is
recommended because during heavy load transient the inductor current will rise above the calculated value.

(1)

With:

f = Switching Frequency (2.25MHz typical)
L = Inductor Value
ΔIL = Peak-to-Peak inductor ripple current
ILmax = Maximum Inductor current

The highest inductor current will occur at maximum Vin.

Open core inductors have a soft saturation characteristic and they can usually handle higher inductor currents
versus a comparable shielded inductor.

A more conservative approach is to select the inductor current rating just for the maximum switch current of the
corresponding converter. It must be considered, that the core material from inductor to inductor differs and will
have an impact on the efficiency especially at high switching frequencies.

Note that the step down converter has internal loop compensation. The internal loop compensation is designed
to work with an output filter corner frequency calculated as follows:

(2)

This leads to the fact the selection of external L-C filter has to be coped with the above equation. As a general
rule the product of L x COUT should be constant while selecting smaller inductor or increasing output capacitor
value.
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Refer to Table 1 and the typical applications for possible inductors.

Table 1. Tested Inductors

Inductor type Inductor Value Supplier

BRC1608 1.5µH Taiyo Yuden

MLP2012 2.2µH TDK

MIPSA2520 2.2µH FDK

GLCR1608T1R5M-HC 1.5µH TDK

LQM21P 2.2µH Murata

Output Capacitor Selection

The advanced Fast Response voltage mode control scheme of the step-down converter allows the use of small
ceramic capacitors with a typical value of 10µF, without having large output voltage under and overshoots during
heavy load transients. Ceramic capacitors having low ESR values result in lowest output voltage ripple and are
therefore recommended. For an inductor value of 1.5µH or 2.2µH, an output capacitor with 10µF can be used.
See the recommended components.

If ceramic output capacitors are used, the capacitor RMS ripple current rating will always meet the application
requirements. Just for completeness the RMS ripple current is calculated as:

(3)

At nominal load currents, the inductive converters operate in PWM mode and the overall output voltage ripple is
the sum of the voltage spike caused by the output capacitor ESR plus the voltage ripple caused by charging and
discharging the output capacitor:

(4)

Where the highest output voltage ripple occurs at the highest input voltage Vin.

At light load currents, the converter operates in Power Save Mode and the output voltage ripple is dependent on
the output capacitor value. The output voltage ripple is set by the internal comparator delay and the external
capacitor. The typical output voltage ripple is less than 1% of the nominal output voltage.

Input Capacitor Selection

Because of the nature of the buck converter having a pulsating input current, a low ESR input capacitor is
required for best input voltage filtering and minimizing the interference with other circuits caused by high input
voltage spikes. The converters need a ceramic input capacitor of 10μF. The input capacitor can be increased
without any limit for better input voltage filtering.

Table 2. Tested Capacitors

Type value Voltage rating Size Supplier Material

GRM155R60G475ME47D 4.7µF 4V 0402 Murata Ceramic X5R

GRM155R60J225ME15D 2.2µF 6.3V 0402 Murata Ceramic X5R

GRM185R60J225 2.2µF 6.3V 0603 Murata Ceramic X5R

GRM188R60J475K 4.7µF 6.3V 0603 Murata Ceramic X5R

GRM188R60J106ME47D 10µF 6.3V 0603 Murata Ceramic X5R
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APPLICATION CIRCUITS

Figure 14. Powering All Rails From the Input Supply of 5V
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Figure 15. Powering the LDOs From the Output of the DCDC Converters to Improve Efficiency
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