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Reliable USB Modem Design Using the Combination of an
Integrated Load Switch and a Buck Converter

Introduction

In the portable electronics market, a wireless network
allows people to communicate effectively anywhere, at any
time, without wires. This is one of the critical factors to
consider when designing portable electronics. A wireless
modem is a modem that connects to a wireless network
instead of a telephone system. Connecting with a wireless
modem, attaches directly to a wireless internet services
provider. Global System for Mobile (GSM) and General
Packet Radio Service (GPRS) wireless modems, powered
by a VBUS line of USB, provide a good method to enable a
universal portable device environment. This modem design,
however, causes power management issues because the
GSM and GPRS transmitters require up to 2A peak current,
which exceeds the maximum current capacity of the USB
power source. Today, most USB ports are only able to
supply up to 1A at 5V. For better reliability, designers must
consider several design factors; including input over-current
protection (OCP) to avoid overloading the USB power
source, a robust step-down converter to make the most of
the limited input source, and bulk output capacitors to
supply enough power to the pulsed load condition during
GSM and GPRS transmission.

The combination of the FPF2195, InteliMAX™ load
switch, and FAN8S060 DC-to-DC converter provides
GSM/GPRS modem designers with both input OCP and a
maximum output current limit as it satisfies power
requirements in a pulsed load. The FPF2195 IntelliMAX is
a functional load switch with a 0.15 to 1.5A adjustable
current limit and low conductive resistance. The FPF2195
can be mounted on a small PWB (Printed Wiring Board)
while maintaining healthy thermal performance. The
FANS8060 is a synchronous step-down DC/DC converter
operating at 1.2MHz frequency, which allows a low-profile
inductor to charge the large output capacitors safely at 95%
efficiency. The FAN8060’s maximum output current
protection prevents the shutdown of the hub system during
output short conditions.

GSM / GPRS Power Demands

While transmitting signals over the carrier, GSM and GPRS
systems require up to 2A of peak current. This requires a
pulsating current for a relatively long period for a normal
power management design. A GSM transmitter consumes
2A of peak current for 577us when it is a single-slot period
from one time division made up of eight time slots. A GPRS
Class-10 transmitter (two uplink time slots) requires the
same peak current amplitude twice for 1.15ms out of eight
slots. During the other six or seven slots, the consumed
current decreases to approximately 100mA, so the average
current of the pulsed load is 340mA for GSM and 570mA
for GPRS. Figure 1 and Figure 2 show the GSM and GPRS
transmission models wused to evaluate the power
management circuit described in this article.
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Figure 1. GSM Transmission Mode
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Figure 2. GPRS Transmission Mode
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The rectangular current pulses represent a worst-case
condition to ensure the power supply design works well at
the GSM/GPRS modem load. To meet this pulsed load
condition, there are several areas a designer should consider
in GSM/GPRS wireless modem designs based on a USB
input source. First, the power supply should not overload
the self-powered USB hub’s limited power specification.
Although the power specification is 5V and 500mA, there
seems to be some margin at current supplying capacity
because most USB hubs in the market can provide up to 1A
to cover variable portable applications downstream. Second,
a DC/DC step-down converter should cover the periodic 2A
pulse load conditions with limited input current. In addition,
it should regulate the 3.6V output required by most power
amplifiers. Finally, the appropriate reservoir output
capacitor should be placed in front of the power amplifier to
supply pulsed current during transmission.

APPLICATION NOTE

Combination FPF2195 and FAN8060

The FPF2195 provides three different current-limit operations:
auto-restart, shut down after blanking time, and current source
type (see Table 1). The FPF2195 has an adjustable current
limit range that allows the requisite OCP level to be
programmed with an external resistor. This results in a current
limit accuracy of =25%. In Figure 3, a current limit of 600mA
is set using a 900Q) external resistor (see Equation 1). This
prevents overloading on the USB input source.

9000 612mA 1)
To control the main 5V input line and reduce conduction
losses, a typical conduction resistance of 44mQ at 5V is
recommended. The Immx1.5mmx0.65mm WLCSP package
allows designers to use the PWB space more effectively and
its 140°C thermal shutdown with 10°C hysteresis protects
the FPF2195 from going into thermal runaway.

Table 1. FPF2195 Family
Switch Current Cu.rretnt Auto
Part L . Behavour at Limit
Vin Package Specificatio Limit .y . Restart
Number ) S Current Limit Blanking ;
n (Typical) | (Minimum) . Time
Time
FPF2193 115 e - Auto Reset 30ms 450ms
x1.5mm A5 ~1.
FPF2194 1.8V ~ 5.5V WLCSP 44mQ at 5V Adjustable Shutdown na
FPF2195 Current Source 0
USB 5Vy Vi Vour . R PVIN o 3:3uH 3.6Vour / PA Input
1_] Avin
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Figure 3. The FPF2195 and FAN8060 in a GSM/GPRS Modem Design

Figure 4.

The FPF2195 and FAN8O060 Evaluation Board (40mm x 18mm)
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In concert with the FPF2195 for OCP, the FAN8060, a 1A
synchronous step-down converter, manages 2A pulsed load
applications. Its 1.2MHz fixed switching frequency allows
for a low profile inductor, which is ideal for compact
power-management applications. The user-defined external
compensation provides a more flexible design to meet
dynamic characteristics with large bulk capacitors required
by most pulsed-load conditions. With the soft-start pin, the
startup time can be adjusted without a large inrush to charge
the reservoir capacitors. Figure 5 shows a waveform of
charging the output capacitors. While the Voyr rising time
is 23ms, a 82nF capacitor is used to turn the system on
slowly. The FAN8060’s SYNC pin can be used for both
maximum load current limit function and to improve EMI
characteristics. When the SYNC pin is connected to the Vy
and GND, the peak inductor current is limited to 0.6A and
1.2A, respectively. In addition, when applying an external
PWM signal to the SYNC pin, the internal oscillator is
synchronized to improve EMI characteristics.

Based on the magnitude and duration of the GSM / GPRS
pulse mode, the output capacitor is selected to meet the
input voltage drop of the power amplifier. Ideally, this
should be within the recommended minimum input value.
Assuming the input capacitor supplies energy to the load
during transmission mode, the ESR (Equivalent Series
Resistance) of the output capacitor plays a critical role in
making the output voltage drop. The output voltage drop is
defined by the equation:
lpuLsE xtPULSE

Vbrop =lpuLse XESR +T 2

where Ipy;sg and tpyLsg are the peak current and duration of
the pulse and Coyr is the output capacitance. This represents
a worst-case scenario as it neglects the input current
provided by the FAN8060 and FPF2195 power supply. In
this design, two 1500uF TPME158K004R0015 tantalum
capacitors from AVX are used, each with an ESR of 15mQ.

+
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Figure 5. Charging the Output Capacitor

APPLICATION NOTE

The FAN8060’s external compensation circuit is optimized
for two 1500uF output capacitors and a 2A peak pulse load
condition. Figure 6 and Figure 7 show the transient
operation of the FPF2195 and FANS8060 using the
GSM/GPRS Class-10 pulsed load to verify the dynamic
response. In Figure 7, it assumes the 2A peak continues for
1.15ms, representing a worst-case scenario. During the
577us pulse load of GSM mode, the FAN8060 Vour
decreases by 300mV and recharges the output capacitance
for 1.5ms. In GPRS mode, Vour reduces to 3.08V and
recharges Voyr for 2ms. The Voyr drops between 300 and
520mV, which is well within the input range required by
most power amplifiers. Table 2 shows a performance
comparison between GSM and GPRS Class-10 mode.
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P T e
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Figure 6. GSM Mode Transient Operation
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Figure 7. GPRS Mode Transient Operation
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Table 2.

Transient Performance Data

APPLICATION NOTE

Parameter

GSM Mode

GPRS Class 10

PA Minimum

3.0V Minimum

3.0V Minimum

PA Peak Current

2A for 577us

2A for 1.5ms

Vouyr Drop

-300mV

-520mV

Input Current Limit by FPF2195

600mA

600mA

Protection and Efficiency

The FPF2195 and FAN8060 offer two key advantages. The
FPF2195 provides input OCP to ensure the pulsed load
during GSM/GPRS transmission does not damage the USB
hub side of the power management block or cause it to be
reset unexpectedly. The FAN8060 supplies the required 2A
peak current and recharges the output capacitance. This
limits the input current from the 5V USB input source to
600mA. In addition, the FAN8060 provides maximum
output current limit protection, which protects against a
dead-short condition at the output load, as shown in Figure
8. As soon as the FAN8060’s inductor current reaches a
preset threshold value at the short condition, the internal
error amplifier signal is pulled to ground and the inductor
current reduces to zero. Until the inductor current rises to
the output OCP threshold, the input current is limited to
600mA by the FPF2195 to ensure the output short condition
does not affect USB input capacity.

Load Current [2A/div.]
&-

Inputeurrent __|—  Limit by FPF2195

& [500mA/div.]

Vin of FPF2195 [2vrdiv.]

e e e i

P [2oms/div] Vour of FAN8060 [1v/div.] *

Figure 8. FAN8060 Output OCP at a Given
Pulse Load of 4A to 0.4A
The FPF2195 and FAN8060 power supply reaches 95%
efficiency at the average current consumption range shown
in Figure 9. The average load current over a 4.62ms period

of GSM and GPRS transmission is 340mA and 570mA,
respectively.
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Figure 9. Efficiency of FPF2195 and FAN8060
at Vin=5V, Vour=3.6V
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Conclusion

The combination of the FPF2195 and FAN8060 offers a
reliable solution for GSM/GPRS modems powered by a
USB source. The input current protection provided by the
FPF2195 prevents the USB input source from overloading
and the maximum output current limit

Author

llsoo Yang, Technical Product Marketing, and
SungGeun Yoon, Sr. Applications Engineer

Related Datasheets

FPF2193/4/5 — Full Function Load Switch with Adjustable
Current Limit

FAN8060 — 1.2MHz Synchronous Step-Down DC/DC
Regulator
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APPLICATION NOTE

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS

PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

A critical component is any component of a life support
device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

© 2009 Fairchild Semiconductor Corporation
Rev. 1.0.1 « 4/4/13

www.fairchildsemi.com



ON Semiconductor and J are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Toll Free  ON Semiconductor Website: www.onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada
19521 E. 32nd Pkwy, Aurora, Colorado 80011 USA Europe, Middle East and Africa Technical Support: Order Literature: http://www.onsemi.com/orderlit
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Phone: 421 33 790 2910 " . X
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada Japan Customer Focus Center For additional information, please contact your local
Email: orderlit@onsemi.com Phone: 81-3-5817-1050 Sales Representative

© Semiconductor Components Industries, LLC www.onsemi.com


 http://www.onsemi.com/
www.onsemi.com/site/pdf/Patent-Marking.pdf

