DNOO09
’I Design note

DESIGNS VIPer06X buck regulator, 12V 140 mA
from BouSr er06X buck regulator, 0
Designs from our labs describe tested circuit designs from ST labs which provide optimized solutions By John S. Lo Giudice

for specific applications. For more information or support, visit www.st.com

Main components

VIPer06 Fixed-frequency VIPer™ plus family
STTH1L06 Turbo 2 ultrafast high voltage rectifier

Specification

800V avalanche rugged power section
PWM operation current mode controller
Limiting current with adjustable set point
Fixed frequency with jitter for EMI improvement
Three operating frequencies:

o 30 kHz for X type

o 60 kHz for L type

o 115 kHz for H type
e Input voltage range:

o 85V to 265V AC

o 100V to 375V DC
Low power application without auxiliary winding
No load consumption below 30mW @265Vac
On board soft start
Auto-restart after a fault condition
Feedback disconnection protection
Hysteretic thermal shutdown

Circuit description

This design note describes a non-isolated buck topology regulator using the VIPer06X that
supplies a 12V output at up to 140mA. This reference design can be changed to any
voltage output by changing R4, the resistor divider off the output, and the compensation
RC.

The VIPer06X is a simple device to use. The pin descriptions are helpful in understanding
the implementation as shown in Figure 1. For reference, the bill of materials used is
shown in Table 1
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The circuit can be powered by either 85V to 265V AC or 100V to 375V DC. For the inputs
connected to J1, the carbon composition resistor on the input will withstand an input surge.
To withstand a 6 kV surge, a wire wound resistor is needed. To meet EMI, C1, LO and C2
form an input pie filter.

The dip version has two drain pins which are used as a heat sink and the SSO10 has 5
pins on one side for this as well. The drain of the 800 volt MOSFET and the built-in high
voltage switched start-up bias current are connected to one of the drain pins. When
running, the Viper06 device is able to power itself directly from the rectified mains,
eliminating the need for an auxiliary bias winding. For better efficiency and lower stand-by
power, a diode, D2, has been added to steer current from the output to the Vdd pin. This
works for output voltages ranging from 12V up to 23V. For anything higher than 23V, a
zener can be inserted in series with D2 so the Vdd is around 15V. The Vdd pin provides the
charging current of the external capacitor during startup and when running from the internal

supply.

The LIM pin allows setting the drain current limitation. The limit can be reduced by
connecting an external resistor between this pin and GND. The limit pin is left open if the
default drain current limitation is used.

The FB pin is the inverting input of the internal trans-conductance error amplifier.
Connecting the converter output to this pin through a single resistor results in an output
voltage equal to the error amplifier reference voltage or 3.3 volts. The external resistor
divider, R4 and R2, sets the output voltage.

The Comp pin is the output of the internal trans-conductance error amplifier. The
compensation network has to be placed between this pin and GND to achieve stability and
good dynamic performance of the voltage control loop. The linear voltage range extends
from VCOMPL to VCOMPH.

The functionality of the Viper06X buck converter, containing an active switch and a floating
reference is described below.

After turn on, the internal MOSFET builds energy in inductor L1. When the VIPer06X turns
off, the energy stored in L1 continues to flow in the same direction through diode D5 and
charges up C6 and the output. D8 charges C4 and gets divided down to 3.3V which goes
into the feedback pin and keeps the output regulated.
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Figure 1. Circuit diagram
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Table 1. Bill of Materials

Item Qty Ref. Part volt/wat Descrip. CATH#
1 1 CX 220pF X7R +/-10%
2 1 C1 4.7uF 400V 105C Compostar Ltec TKR2GM4R7G160
3 1 Cc2 10uF 400V 105C Compostar Ltec TKR2GM100G160
4 1 Cc3 1uF 25V X7R +/-10% TDK C3216X7R1E105K
5 1 ca 0.1uF 25V X7R +/-10% TDK C2012X7R1E474K
6 1 c6 47uF 50V 105 C Low ESR Low ESR
7 1 c8 0.1uF X7R +/-10%
8 1 Cc9 2.2nF X7R +/-10%
9 3 D1,D2,08 S1IMDICT SM GP Diode 1KV 1A S1IMD
10 1 D5 STTH1LO6A 600V 1A Ultrfast ST
11 2 11,2 2 pin Mouser 651-1751248
12 1 L0 470uH 140ma JW Miller 5300-33
| sat> Compostar Q3277 or Wurth
13 1 L1 1mH 400ma 744772102
14 1 Rdz1 10K 5%
15 1 RO 6.8 1/4W Carbon Comp 0068G)J
16 1 R1 1K 5% SMO0805
17 1 R2 10.6K 1% SMO0805
18 1 R3 NU SMO0805
19 1 R4 29.4K 1% SMO0805
20 1 R5 NU SMO0805
21 1 Ul VIPer06X DIP ST

Measurement results

Regulation (10% to 100%) and efficiency at max load, ripple, and stand-by at no load were
measured by ST is shown in Table 2.

Table 2.  Measured performance

VIPerbuck06X 12V / 140ma 30KHZ with VVdd diode
Vin 12V load 12V measure W in  Efficiency
85Vac 0.014 12.16 0.247
85Vac 0.14 11.97 2.03 82.6%
265Vac 0.014 12.7 0.28
265Vac 0.14 11.91 2.05 81.3%
MIN 1101
MAX g 12.7
DELTA 0.79
Line Reg. 0.5%
+/- %load reg (.03 to max) 3.3%
Ripple mv pp @ 120Vac 105
no load @ 265Vac in mw 40.2 mV
over current at 115Vac, Amps extra on top 0.08 A
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The conducted EMI measurement for line (purple) and neutral (green) are shown in Figure
2. The peaks are below the limit and the design passed EM55022. Figure 3 shows the

efficiency measurement results.

Figure 2. Conducted EMI measurements
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Figure 3. Efficiency measurements
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For the evaluation, a VIPer16 circuit board was used since it is pin—for-pin compatible with

the VIPer06X as shown in Figure 4.

Figure 4. PCB photo

Support material

Documentation

Datasheet: VIPERO6, Fixed-frequency VIPer™ plus family

Revision history

Date Version

Changes

02-Aug-2012 1 Initial release
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Please Read Carefully

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries
(“ST”) reserve the right to make changes, corrections, modifications or improvements, to this document, and the products and
services described herein at anytime, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST
assumes no liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If
any part of this document refers to any third party products or services it shall not be deemed a license grant by ST for the
use of such third party products or services, or any intellectual property contained therein or considered as a warranty
covering the use in any manner whatsoever of such third party products or services or any intellectual property contained
therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR
IMPLIED WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT
LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR
EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR
OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY TWO AUTHORIZED ST REPRESENTATIVES, ST PRODUCTS ARE
NOT RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING,
OR LIFE SUSTAINING APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY
RESULT IN PERSONAL INJURY,DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS
WHICH ARE NOT SPECIFIED AS "AUTOMOTIVEGRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT
USER’S OWN RISK.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall
immediately void any warranty granted by ST for the ST product or service described herein and shall not create or extend in
any manner whatsoever, any liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.
Information in this document supersedes and replaces all information previously supplied.
The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.
© 2012 STMicroelectronics - All rights reserved
STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel -
Italy - Japan - Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom - United
States of America
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