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5V to 26V Input Voltage Range

Integrated Power MOSFET

60mΩΩΩΩΩ PMOSFET for High Side Switch

30mΩΩΩΩΩ NMOSFET for Low Side Switch

Automatic PWM/PSM Operation for High
Efficiency

Up to 96% Conversion Efficiency

Accurate Reference: 0.8V (+1.5%)

Current Mode PWM Operation

Fixed Frequency: 300kHz

Internal Soft-Start

Under-Voltage Protection

Over-Temperature and Over-Current Protection

VQFN4x4-32L Packages

RoHS Compliant and Halogen Free

rebmuNredrO epyTegakcaP gnikraMpoT

IMQP8071Pu L23-4x4NFQV P8071Pu

300KHz, 5A, 26V High-Efficiency
Synchronous-Rectified Buck Converter

The uP1708 is a high efficiency synchronous-rectified buck
converter with internal power switches. Fixed 300kHz PWM
operation allows possible smallest output ripple and
external component size. With high conversion efficiency
and small package, the uP1708 is ideally suitable for
applications where PCB area is especially concerned.

Designed with slope-compensated current mode control,
the uP1708 features fast transient response to step load
change. The converter supports PSM mode operation at
light load condition, thus yields very high efficiency over a
wide range of load current.

With integrated high voltage MOSFET, the uP1708 is
capable of delivering 5A output current over a wide input
range from 5V to 26V. The output voltage is adjustable
from 0.8V to 80% of VIN by a voltage divider.

Other features include internal soft-start, chip enable,  under
voltage, over temperature and over current protections. The
uP1708 is available in thermally enhanced VQFN4x4-32L
package.

Distributed Power Systems

Networking Systems

FPGA/DSP/ASIC Power Supplies

Green Electronics/ Appliances

Notebook Computers

General Description

Applications

Ordering Information

Features

Note:
(1) Please check the sample/production availability with
uPI representatives.
(2) uPI products are compatible with the current IPC/JEDEC
J-STD-020 requirement. They are halogen-free, RoHS
compliant and 100% matte tin (Sn) plating that are suitable
for use in SnPb or Pb-free soldering processes.
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Typical Application Circuit

VDD5

VIN

VCC5

AGND

PGND

LX

FB

COMP/EN

VIN VOUT

R2

R1

Optional*

R3
C1C2

Optional*

COUT

L1

CIN
C3

C4

C5

V NI V TUO 5C,3C C NI L1 C TUO 1R 2R 3R 1C

V42~V21 V2.1 Fu7.4 2*Fu01 Hu3.3 Fu022 k01 k1.5 k26 P072

V42~V21 V5.2 Fu7.4 2*Fu01 Hu2.2 Fu022 k61 k43 k28 P033

V42~V21 V3.3 Fu7.4 2*Fu01 Hu8.6 Fu022 k1.5 k61 k001 P093

V42~V21 V5 Fu7.4 2*Fu01 Hu8.6 Fu022 k8.11 k26 k051 P093

V42~V21 V21 Fu7.4 2*Fu01 Hu51 Fu022 k02 k082 k002 P093
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Functional Block Diagram
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The uP1708 is a high efficiency synchronous-rectified buck
converter with internal power switches. Fixed 300kHz PWM
operation allows possible smallest output ripple and
external component size. With high conversion efficiency
and small package, the uP1708 is ideally suitable for
applications where PCB area is especially concerned.

Designed with current mode control, the uP1708 features
fast transient response to step load change. The converter
supports PSM mode operation at light load condition, thus
yields very high efficiency over a wide range of load current.

With integrated high voltage MOSFET, the uP1708 is
capable of delivering 5A output current over a wide input
range from 5V to 26V. The output voltage is adjustable
from 0.8V to 80% of V

IN
 with a voltage divider. Other features

include internal soft-start, chip enable, under voltage, over
temperature and over current protections. The uP1708 is
available in a thermally enhanced VQFN4x4-32L package.

Input Supply Voltage, VIN

The uP1708 operates with single supply input at VIN pin.
The VIN pin supplies current for output voltages and provides
current for internal control circuit and gate drivers. The
supply voltage ranges from 5V to 26V. The uP1708 draws
pulsed current from VIN pin with sharp edges each time
the upper switch turns on, resulting in voltage ripples and
spikes at supply input. A minimum 22uF ceramic capacitor
with shortest PCB trace is highly recommended for
bypassing the supply input.

The uP1708 integrates two 5V linear regulators. A linear
regulator regulates (VIN - VDD5) voltage at 5V for upper
gate driver.  The other linear regulator regulates (VCC5 -
GND) voltage at 5V for internal control circuit and lower
gate driver. Both VDD5 and VCC5 need a minimum 4.7uF
capacitor for locally bypassing the output voltage of linear
regulators.

The VCC5 voltage is continuously monitored for power on
reset (POR) to ensure its voltage high enough for normal
operation. The POR threshold level is typically 4.2V at
VCC5 rising. For fixed V

IN
 = 5V operation, connect VCC5

pin to VIN pin directly. Otherwise the dropout voltage of the
linear regulator will make VCC5 < 4.2V and below its POR
threshold voltage.

Power Switches

The uP1708 integrates internal power switches to form a
synchronous buck converter: 60mΩ PMOSFET for upper
switches 30mΩ NMOSFET for lower switch. The source
of PMOSFET is connected to VIN pin, the source of
NMOSFET is connected to PGND pin. The drains of both
MOSFETs are connected to LX pin.

Bias Voltage

Internal linear regulators generate voltages for driving the
power MOSFET and biasing the internal control circuits.
The VDD5 voltage is regulated to -5V with respect to VIN
for driving the PMOSFET. The gate of PMOSFET is driven
to VDD5 when turned on. A minimum 4.7uF ceramic
capacitor is required from VDD5 to VIN pin for locally
bypassing the VDD5 voltage.

The VCC5 is regulated to +5V with respective to AGND pin
for driving the NMOSFET and biasing the internal control
circuits. The gate of NMOSFET is driven to VCC5 when
turned on. A minimum 4.7uF ceramic capacitor is required
from VCC5 to AGND pin for locally bypassing the VCC5
voltage.

Chip Enable

The COMP/EN is a multifunctional pin: control loop
compensation and chip enable as shown in Figure 1. An
Enable Comparator monitors the COMP/EN pin for chip
enable. A signal level transistor is adequate to pull this pin
down to ground and shut down the uP1708. An 80uA current
source charges the external compensation network with
0.8V ceiling when this pin is released. If the voltage at
COMP/EN pin exceeds 0.5V, the uP1708 initiates its
softstart cycle.

The 80uA current source keeps charging the COMP/EN
pin to its ceiling until the feedback loop boosts the COMP/
EN pin higher than 0.8V according to the feedback signal.
The current source is cut off when V

COMP
 is higher than

0.8V during normal operation.

uP1708

Error
Amp.

COMP/EN

Enable
Comp.

0.8V

0.5V

80uA

Enable

Disable

Enable

Figure 1. Chip Enable Function

Functional Description
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Functional Description
Soft Start

A built-in Soft Start is used to prevent surge current from
power supply input during turn on (referring to the Functional
Block Diagram). The error amplifier is a three-input device.
Reference voltage V

REF
 or the internal soft start voltage SS

whichever is smaller dominates the behavior of the non-
inverting inputs of the error amplifier. SS internally ramps
up to 0.8V in 2ms after the softstart cycle is initiated. The
ramp is created digitally, so there will be 100 small discrete
steps. Accordingly, the output voltage will follow the SS
signal and ramp up smoothly to its target level.

The SS signal keeps ramping up after it exceeds the internal
0.8V reference voltage. However, the internal 0.8V reference
voltage takes over the behavior of error amplifier after SS >
V

REF
. When the SS signal climb to its ceiling voltage (4V),

the uP1708 claims the end of softstart cycle and enable
the under voltage protection of the output voltage.

Figure 2 shows a typical start up interval for uP1708 where
the COMP/EN pin has been released from a grounded
(system shutdown) state.

T1 T2 T3 T4 T5

Ramp

COMP/EN

SS

VOUT

VREF

VOUT

(2V/Div)

COMP/EN
(1V/Div)

5VCC
(2V/Div)

Time 1ms/Div

Figure 2. Softstart Behavior.

The internal 80uA current source starts to charge the
compensation network after the COMP/EN pin is released
from grounded at T1. The COMP/EN exceeds 0.5V and
enables the uP1708 at T2. The COMP/EN continues
ramping up and stays at 0.8V before the SS starts ramping
up at T3. The uP1708 initializes itself such as current limit
level setting (see the relative section) during the time interval
between T2 and T3. The output voltage follows the internal
SS and ramps up to its final level during T3 and T4.  At T4,
the reference voltage V

REF
 takes over the behavior of the

error amplifier as the internal SS crosses V
REF

. The internal
SS keeps ramping up and stay at 4V at T5, where the
uP1708 asserts the end of softstart cycle.

PWM Operation

The uP1708 adopts slope-compensated, current mode
PWM control capable of achieving 80% duty cycle. During
normal operation, the uP1708 operates at PWM mode to
regulate output voltage by transferring the power to the
output voltage cycle by cycle at a constant 300kHz
frequency. The uP1708 turns on the upper switch at each
rising edge of the internal oscillator allowing the inductor
current to ramp up linearly. The switch remains on until
either the current-limit is tripped or the PWM comparator
turns off the switch for regulating output voltage. The upper
switch current is sensed, slope compensated and
compared with the error amplifier output COMP/EN to
determine the adequate duty cycle. The FB pin senses
output feedback voltage from an external resistive divider.

When the load current increases, it causes a slight
decrease in the feedback voltage relative to the 0.8V
reference, which in turn, causes the error amplifier output
voltage to increase until the average inductor current
matches the new load current.

A Pseudo Diode Emulator monitors inductor current by
sensing voltage drop across the lower switch when it turns
on. The lower switch turns off to emulate the free wheel
diode used in traditional asynchronous buck converter and
allows the converter entering discontinuous conduction
mode when inductor current crosses zero. This reduces
conduction loss and increase power conversion efficiency
at light condition.
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Functional Description
PSM Operation

A finite minimum on-time for both upper and lower switches
is implemented for normal operation. Consequently, the
converter will enter pulse-skipping mode (PSM) during
extreme light load condition or when modulation index (V

OUT
/

V
IN

) is extreme low. The equivalent switching frequency is
reduced. This could reduce switching loss and further
increase power conversion efficiency. The lower switch turns
on with optimal deadtime and picks up the inductor current
after the upper switch turns off, allowing the inductor current
to ramp down linearly. The switch remains on until the next
rising edge of oscillator turns on the upper switch. The
uP1708 regulates the output voltage by controlling the ramp
up/down duty cycle of inductor current. The high frequency
switching ripple is easily smoothed by the output filter.

Current Limit Function

The uP1708 continuously monitors the inductor current for
current limit by sensing the voltage drop across the lower
switch when it turns on. When the inductor current is higher
than current limit threshold, the current limit function
activates and forces the upper switch turning off to limit
inductor current cycle by cycle. If the load continuously
demands more current than what uP1708 could provide,
uP1708 can not regulate the output voltage. Eventually
under voltage protection will be triggered and shuts down
the uP1708 if V

OUT
 is too low.

Under Voltage Protection

Under voltage protection is triggered if the FB voltage is
lower than 0.4V and shuts down uP1708. The uP1708 can
only be reset by POR of V

IN
 or toggling the COMP/EN pin.

Output Voltage Setting and Feedback Network

The output voltage can be set from V
REF

 to about 80% of
V

IN
 by a voltage divider as:

REFOUT V
1R

2R1R
V ×+=

The internal V
REF

 is 0.8V with +1.5% accuracy. When input
voltage becomes higher, the minimum V

OUT
 will be limited

by minimum on time. In real applications, a 22pF
feedforward ceramic capacitor is recommended in parallel
with R2 for better transient response.
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Note 1. Stresses listed as the above Absolute Maximum Ratings may cause permanent damage to the device.
These are for stress ratings. Functional operation of the device at these or any other conditions beyond those
indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum
rating conditions for extended periods may remain possibility to affect device reliability.

Note 2. Devices are ESD sensitive. Handling precaution recommended.

Note 3. θ
JA

 is measured in the natural convection at T
A
 = 25OC on a low effective thermal conductivity test board of

JEDEC 51-3 thermal measurement standard.

Note 4. The device is not guaranteed to function outside its operating conditions.

(Note 1)

Supply Input Voltage, VIN  ---------------------------------------------------------------------------------------------------------------  -0.3V to +30V

LX to GND

DC  ------------------------------------------------------------------------------------------------------------------------------  -0.7V to (VIN + 0.3V)

< 200ns  -----------------------------------------------------------------------------------------------------------------------------------  -5V to 40V

VDD to VIN  --------------------------------------------------------------------------------------------------------------------------------------  -6V to +0.3V

Other Pins  -------------------------------------------------------------------------------------------------------------------------------------  -0.3V to +6V

Storage Temperature Range  -----------------------------------------------------------------------------------------------------------  -65OC to +150OC

Junction Temperature  ------------------------------------------------------------------------------------------------------------------------------------  150OC

Lead Temperature (Soldering, 10 sec)  ------------------------------------------------------------------------------------------------------------  260OC

ESD Rating (Note 2)

HBM (Human Body Mode)  ---------------------------------------------------------------------------------------------------------------------  2kV

MM (Machine Mode)  -----------------------------------------------------------------------------------------------------------------------------  200V

(Note 4)
Operating Junction Temperature Range  ---------------------------------------------------------------------------------------  -40OC to +125OC
Operating Ambient Temperature Range  -------------------------------------------------------------------------------------------  -40OC to +85OC
Supply Input Voltage, VIN  -----------------------------------------------------------------------------------------------------------------  +5V to 26V

Absolute Maximum Rating

Thermal Information

Recommended Operation Conditions

Package Thermal Resistance (Note 3)
VQFN4x4 - 32L  θJA, controller  -------------------------------------------------------------------------------------------------------  54OC/W
VQFN4x4 - 32L  θJA, HS  -------------------------------------------------------------------------------------------------------------  42OC/W
VQFN4x4 - 32L  θJA, LS  -------------------------------------------------------------------------------------------------------------  38OC/W
VQFN4x4 - 32L  θJC, controller  ------------------------------------------------------------------------------------------------------  21OC/W
VQFN4x4 - 32L  θJC, HS  -------------------------------------------------------------------------------------------------------------  10OC/W
VQFN4x4 - 32L  θJC, LS  ---------------------------------------------------------------------------------------------------------------  6

OC/W
Power Dissipation, PD @ TA = 25OC

VQFN4x4 - 32L PD, controller  -----------------------------------------------------------------------------------------------------------------  1.85W
VQFN4x4 - 32L PD, HS  -----------------------------------------------------------------------------------------------------------------------  2.38W
VQFN4x4 - 32L PD, LS  ------------------------------------------------------------------------------------------------------------------------  2.63W
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LX (10V/Div)

IL (5A/Div)

IOUT (5A/Div)

VOUT (200mV/Div)

LX (10V/Div)

IL (5A/Div)

IOUT (5A/Div)

VOUT (200mV/Div)

VOUT

(2V/Div)

LX
(10V/Div)

IL (5A/Div)

VOUT

(2V/Div)

LX
(10V/Div)

IL (2A/Div)

VOUT

(2V/Div)

LX
(10V/Div)

IL (5A/Div)

VOUT

(2V/Div)

LX
(10V/Div)

IL (2A/Div)

Power On

Time (1ms/Div)
VIN = 12V, VOUT = 5V, Load = 2.5Ω

Power Off

Time (1ms/Div)
VIN = 12V, VOUT = 5V, Load = 2.5Ω

Undershoot: 0.5A to 4.5A

Time (40us/Div)
VIN = 12V, VOUT = 5V, L = 6.8uH, COUT = 220uF

Power On

Time (1ms/Div)
VIN = 12V, VOUT = 5V, Load = 1Ω

Power Off

Time (1ms/Div)
VIN = 12V, VOUT = 5V, Load = 1Ω

Overshoot: 4.5A to 5A

Time (40us/Div)
VIN = 12V, VOUT = 5V, L = 6.8uH, COUT = 220uF

Typical Operation Characteristics
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LX (10V/Div)

IL (10A/Div)

IOUT (10A/Div)

VOUT (5V/Div)

VOUT (20mV/Div)

LX (10V/Div)

IL (5A/Div)

VOUT (20mV/Div)

LX (10V/Div)

IL (5A/Div)

Typical Operation Characteristics

Line Regulation
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Efficiency

IOUT (A)
VOUT = 5.0V, L = 6.8uH, 22.5mΩ
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Stability, IOUT = 2.5A

Time (2us/Div)
VIN = 12V, VOUT = 5V, L = 6.8uH, COUT = 220uF

Over Current Protection

Time (20us/Div)
VIN = 12V, VOUT = 5V, L = 6.8uH, COUT = 220uF

Stability, IOUT = 5A

Time (2us/Div)
VIN = 12V, VOUT = 5V, L = 6.8uH, COUT = 220uF
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Package Information

Note
1.Package Outline Unit Description:

BSC: Basic. Represents theoretical exact dimension or dimension target
MIN: Minimum dimension specified.
MAX: Maximum dimension specified.
REF: Reference. Represents dimension for reference use only. This value is not a device specification.
TYP. Typical. Provided as a general value. This value is not a device specification.

2.Dimensions in Millimeters.
3.Drawing not to scale.
4.These dimensions do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15mm.

VQFN4x4 - 32L

3.90 - 4.10

Pin 1 mark

Bottom View - Exposed Pad

3.90 - 4.10

0.0 - 0.05

0.80 - 1.00

0.20 REF

2.12 - 2.20

0.90 - 1.16

0.25 - 0.35 0.95 - 1.21

0.40 BSC

0.10 - 0.20

0.20 - 0.35

0.20 - 0.35

0.20 - 0.35

0.25 - 0.35

0.00 - 0.10

0.20 - 0.35

0.20 - 0.35
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Important Notice

uPI and its subsidiaries 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.

uPI products are sold subject to the terms and conditions of sale supplied at the time of order acknowledgment.
However, no responsibility is assumed by uPI or its subsidiaries for its use or application of any product or circuit; nor
for any infringements of patents or other rights of third parties which may result from its use or application, including but
not limited to any consequential or incidental damages. No uPI components are designed, intended or authorized for
use in military, aerospace, automotive applications nor in systems for surgical implantation or life-sustaining. No license
is granted by implication or otherwise under any patent or patent rights of uPI or its subsidiaries.
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