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A low-cost, non-isolated AC/DC buck
converter with no transformer
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and Dave Parks, Senior Member, Technical Staff
Introduction

The basic buck converter

Off-line equipment such as a smart meter or a power
monitor has electronics that require non-isolated DC power
under 10 W. Until recently, the only practical options for
providing a low-power DC power rail from an AC source
were to use an extremely inefficient, unregulated resistive/
capacitive divider following the rectifier, or a flyback DC/DC
converter that was cumbersome to design. Advances in
MOSFET technology and an innovative gate-drive circuit
for a hysteretic buck controller have resulted in an ultra
low-cost DC power rail.
Figure 1 shows the entire converter. The rectifier circuit
uses a standard, fast-switching rectifier diode bridge (D1)
and an LC filter (L1 and C2). The remaining components
will be explained in more detail.

The TPS64203 is a hysteretic buck controller designed to
drive a high-side pFET and has minimum turn-on and
minimum turn-off switching-time requirements. Unlike a
traditional hysteretic converter with a switching frequency
that varies with load current, the minimum on and off
times essentially clamp the switching frequency when the
converter begins to run in continuous-conduction mode at
high output-power levels. Other members of the TPS6420x
family actively avoid switching in the audible frequency
range, effectively having a maximum on and off time.
Originally designed for battery-powered applications, the
TPS6420x family has an input-voltage range of 1.8 V to
6.5 V and very low quiescent current (35 µA maximum).
During start-up, the TPS64203 is biased by Zener diode

Figure 1. AC/DC buck-converter circuit
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D2 and high-voltage resistors R2 and R3. After the 5-V rail
is up, Schottky diode D4 allows the 5-V output rail to
power the controller.
Power FET Q4 must have a high enough VDS voltage
rating not to be damaged by the input voltage, and a high
enough current rating to handle IPMOS(RMS) = IOUT(max) ×
√Dmax. It must also be in a package capable of dissipating
PCond = (IOUT(max) × √Dmax)2 × RDS(on). Traditionally, highvoltage p-channel FETs have had a gate capacitance or
turn-on/off times that were too large, a drain-to-source
resistance (RDS(on)) that was too high, a threshold voltage
(VTH) that was too large, and/or have simply been too
expensive to make a circuit like the one in Figure 1 practical (i.e., efficient enough relative to cost). Since the high
line of 230 VRMS + 10% tolerance comes from the 350-VPK
AC line, the FET, filter, and input capacitors need to be
rated for 400 V.
The FQD2P40 is a relatively new, 400-V p-channel
MOSFET. With an RDS(on) of 5.0 Ω from a 10-V gate drive
and a total gate charge of less than 13 nC, this FET can
easily be switched by the controller—with relatively fewer
conductive and switching losses than older FETs—with the
help of the innovative drive circuit consisting of Q2, Q3, C4,
and D3. The converter’s rectifying Schottky diode, D5, is
selected with a voltage rating capable of blocking the input
voltage, a peak-current rating slightly higher than the output voltage, and an average current rating of IDiode(Avg) =
(1 – D) × IOUT(max). With a Dmax of 5 V/120 V = 0.04 and
such low output power, the peak-current rating and the
power dissipation are not a concern in either switch.
The buck power stage’s LC filter is designed as explained
in the TPS6420x family data sheet. With the input voltage
being much larger than the output voltage, all of the
TPS6420x controllers will run in minimum-on-time mode.
Equation 1 computes the recommended buck-converter

Output Ripple (100 mV/div)

Figure 2. Output ripple at VIN = 250 VDC and
IOUT = 500 mA

Time (5 µs/div)

inductance at high line, assuming that K = 0.4 for the
inductor’s ripple-current factor.
L=

( VIN − VOUT ) × ton(min)
∆I L

=

( 230 V − 5 V ) × 0.65 µs
0.4 × 0.750 A
(1)

= 488 µH → 470 µH
The relatively high K value minimizes inductor size and
proves to be acceptable because the steady-state outputripple requirement for this particular application was no
larger than 0.02 × VOUT , or 100 mVPP at high load. Being
hysteretic, the TPS6420x controllers typically work best
with some ripple on the output voltage. An output capacitor with at least 50-mΩ ESR is recommended and would
produce a ripple voltage of ∆VPP(ESR) = ∆IL × RESR, which
typically far exceeds the capacitive component of the voltage ripple. The measured ripple for this application is
shown in Figure 2.
Because the TPS64203 is hysteretic, its output voltage
will have higher ripple at lower output power when it is
running in pulsed-frequency mode. The measured operating frequency of the converter is approximately 32 kHz,
which agrees with the predicted value of
fSW =

Dmin
5 V/250 V
=
= 31 kHz.
ton(min)
0.65 µs

How the drive circuit works
Bipolar transistor Q1 and resistors R4 and R5 form a
constant-current-driven level shifter that allows the lowvoltage TPS64203 controller to operate the discrete gatedrive circuit formed by Q2 and Q3. Like the controller, the
level shifter is powered by Zener diode D2 at start-up and
the regulated 5-V rail, through Schottky diode D4, after
start-up. Power FET Q4’s gate must be overdriven just
enough to provide the required output current with an
acceptable RDS(on). Too much drive increases switching
losses, while too little increases conduction losses. From a
review of the FQD2P40 data sheet and some trial and
error, VGS ≅ 12 V was selected.
Capacitor C4 and diode D3 are critical to the drive
circuit’s functionality. Resistor R5 is selected to set the
gate-drive level of 12 V below the voltage at the rectifier’s
output. Diode D3 clamps capacitor C4 to this level. Specif
ically, when U1’s switch pin outputs a low signal to turn on
the power FET, the signal gets level shifted to the base of
Q3. Transistor Q3 turns on and quickly charges Q4’s gateto-source capacitance, CGS, to 12 V. Without C4 and D3,
turning off Q4 would have required Q3 to be an expensive,
high-voltage bipolar transistor with its drain tied to ground.
When U1’s switch pin outputs a high signal to turn off the
power FET, the signal gets level shifted to the base of Q2.
Q2 turns on, effectively tying Q4’s gate to the input voltage.
It is important to note that without capacitor C4 acting as
a local power supply, transistors Q2 and Q3 would not be
able to provide the fast current spikes necessary to quickly
—and therefore efficiently—pull up or pull down Q4’s gate
17
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capacitance. Also, the level shifter’s current, ILS, set by R4,
must be high enough to move Q4’s gate charge, QGate,
during the ton(min). That is,
I LS = VZ( D 4 ) − VBE
R4

>>

Figure 3. Q4 gate and drain voltages during
one switching cycle

QGate
.
ton(min)

Capacitor C4 is sized to be much larger than Q4’s gate
capacitance, but it must be small enough that it can be
recharged during the shorter of the controller’s minimum
on and off times. Figure 3 shows the gate and drain turnon/off times during one switching cycle with an input
voltage of 300 V and a 500-mA load. Measured conversion
efficiency is shown in Table 1.

Q4 Gate Voltage
(5 V/div)

Q4 Drain Voltage
(100 V/div)

Current limit and soft start

Conclusion
Using a level shifter and gate driver with a localized power
source allows the use of a low-voltage buck controller to
provide a DC voltage from an AC power source. Conversion
efficiency near 60% can be achieved by using a simple
circuit and no transformer. This circuit can also be used
for DC/DC conversion where the input DC voltage is above
the maximum rating of the TPS6420x.

Related Web sites
power.ti.com
www.ti.com/sc/device/TPS64200

Time (0.1 µs/div)

Table 1. Measured conversion efficiency
VIN
(V)

IIN
(A)

PIN
(W)

IOUT
(A)

VOUT
(V)

POUT
(W)

EFFICIENCY
(%)

100

0.043

4.3

0.5

5.023

2.5115

58.40698

200

0.021

4.2

0.5

5.023

2.5115

59.79762

300

0.015

4.5

0.5

5.023

2.5115

55.81111

100

0.066

6.6

0.75

5.023

3.76725

57.07955

200

0.031

6.2

0.75

5.023

3.76725

60.7621

300

0.022

6.6

0.75

5.023

3.76725

57.07955

Figure 4. Start-up into a 10-W load with
VIN = 300 V

Output Voltage (1 V/div)

In low-voltage applications, the TPS6420x uses a highside current-limit circuit to compare the drop across
a current-sense resistor, placed between the VIN and
ISENSE pins, to a reference voltage. If the voltage across
the sense resistor exceeds that voltage, the circuit turns
off the switch, thereby implementing a pulse-by-pulse
current limit. In a high-voltage application, the currentlimit circuit cannot be used without overvoltage on the
ISENSE pin, so the ISENSE pin is tied high to VIN. There
fore, the circuit in Figure 1 does not have a current limit.
A high-side series fuse is recommended to provide shortcircuit protection.
In typical applications during start-up, the TPS64203’s
current-limit value is slowly ramped up to provide a
current-limited, controlled soft start. In this application,
the current-limit circuit and therefore the soft start are
disabled; therefore, the start-up inrush current may be
large and the output voltage may overshoot slightly, as
shown in Figure 4.

Time (1 ms/div)

18
High-Performance Analog Products

www.ti.com/aaj

4Q 2010

Analog Applications Journal

TI Worldwide Technical Support
Internet
TI Semiconductor Product Information Center
Home Page
support.ti.com

TI E2E™ Community Home Page
e2e.ti.com

Product Information Centers
Americas Phone

+1(972) 644-5580

Brazil

Phone

0800-891-2616

Mexico

Phone

0800-670-7544

Fax
Internet/Email

+1(972) 927-6377
support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa
Phone
European Free Call
		
International
Russian Support

00800-ASK-TEXAS
(00800 275 83927)
+49 (0) 8161 80 2121
+7 (4) 95 98 10 701

	Note: The European Free Call (Toll Free) number is not active
in all countries. If you have technical difficulty calling the free
call number, please use the international number above.
Fax
Internet

+(49) (0) 8161 80 2045
support.ti.com/sc/pic/euro.htm

Japan
Phone
Fax

Domestic
International
Domestic

0120-92-3326
+81-3-3344-5317
0120-81-0036

Internet/Email

International
Domestic

support.ti.com/sc/pic/japan.htm
www.tij.co.jp/pic

Asia
Phone
International
+91-80-41381665
Domestic
Toll-Free Number
		 Australia
1-800-999-084
		 China
800-820-8682
		 Hong Kong
800-96-5941
		 India
1-800-425-7888
		 Indonesia
001-803-8861-1006
		 Korea
080-551-2804
		 Malaysia
1-800-80-3973
		 New Zealand
0800-446-934
		 Philippines
1-800-765-7404
		 Singapore
800-886-1028
		 Taiwan
0800-006800
		 Thailand
001-800-886-0010
Fax
+886-2-2378-6808
Email	tiasia@ti.com or ti-china@ti.com
Internet
support.ti.com/sc/pic/asia.htm
Important Notice: The products and services of Texas Instruments
Incorporated and its subsidiaries described herein are sold subject to TI’s
standard terms and conditions of sale. Customers are advised to obtain the
most current and complete information about TI products and services
before placing orders. TI assumes no liability for applications assistance,
customer’s applications or product designs, software performance, or
infringement of patents. The publication of information regarding any other
company’s products or services does not constitute TI’s approval, warranty
or endorsement thereof.
A042210
E2E is a trademark of Texas Instruments. All other trademarks are the property of
their respective owners.

© 2010 Texas Instruments Incorporated

SLYT391

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.
TI 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 TI patent right, copyright, mask work right,
or other TI 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 TI 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 TI information in TI 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. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.
Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.
TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI 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 TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.
TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI 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.
TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI 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

amplifier.ti.com

Audio

www.ti.com/audio

Data Converters

dataconverter.ti.com

Automotive

www.ti.com/automotive

DLP® Products

www.dlp.com

Communications and
Telecom

www.ti.com/communications

DSP

dsp.ti.com

Computers and
Peripherals

www.ti.com/computers

Clocks and Timers

www.ti.com/clocks

Consumer Electronics

www.ti.com/consumer-apps

Interface

interface.ti.com

Energy

www.ti.com/energy

Logic

logic.ti.com

Industrial

www.ti.com/industrial

Power Mgmt

power.ti.com

Medical

www.ti.com/medical

Microcontrollers

microcontroller.ti.com

Security

www.ti.com/security

RFID

www.ti-rfid.com

Space, Avionics &
Defense

www.ti.com/space-avionics-defense

RF/IF and ZigBee® Solutions www.ti.com/lprf

Video and Imaging

www.ti.com/video

Wireless

www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated

