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Abstract zation of new designs suggests developing worldwide suit-
Not isolated off-line power supplies for low cost applicaable applications, considering wide range input voltage.
tions are becoming more and more common in the induSwitch mode approach makes this possible since it is based
trial field as well as in home appliances. Since the size of the modulation of the conduction time of a power semi-
the power supply is a key factor, the industry is looking faronductor switch. In the industrial and home appliances
viable new solutions without bulky 50/60Hz transformeranarkets the specifications are pretty standard, since the sys-
Moreover the smart power approach is getting diffuseem usually consists in microcontroller, relays, LEDs, dis-
thanks to its simplicity and easy using. STMicroelectronigdays, triacs for low power motor control or gate drivers for
VIPer12A is a low cost monolithic smart power with arisolated gate devices. Thus the required DC voltages are
integrated 60kHz PWM controller and a high voltage Powersually +15V for gate drivers, +5 for microcontroller and
MOSFET with 730V breakdown voltage. The smart powdrEds, +24V or +12V for relays, etc. What makes the dif-
IC performs high efficient power conversion with reduceéerence between different applications is the complexity of
space and cost compared to discrete counterpart. the system and then the power required to feed all the com-

In this paper several not isolated topologies using thponents.
power IC are analyzed, such as the standard Buck and Buck-Smart power approach further simplify the design and
boost configurations, a two-output topology and a novelevelopment of such power supplies simplifying design
topology with double complementary outputs. The consigirocedure, since controller and power device are on-board
ered topologies are suitable to cover the major part of theupled, no power device driving issue has to be managed
low power applications in the industrial as well as in thas well as layout issues related to the core block of the power
home appliances market. supply.

Design tips and applications examples are given show- In the paper an overview of not isolated topologies is
ing how simple is to build small power supplies thanks tocarried out and some typical applications are analyzed us-
the power IC features, such as start-up capability, integratied) the smart power integrated approach using VIPer12A.
thermal and overcurrent protections, and feedback circuit.

2. Off-line low power topology overview
1. Intoduction Off-line not isolated topologies convert the mains to regu-
In the last years new a migration from linear to switch modated dc voltage with no need of any isolation transformer,
power supply has been taking place in industrial market adjusting the duty cycle of a power switch. The energy is
well as in the home appliances market in order to redutransferred from input to output by a low cost inductor.
size and cost of the converter. Moreover energy efficient Two topologies are used to generate either positive or
solutions are preferred and almost mandatory becausenefgative voltage with respect to the common terminal
international standard, recommendations and marketiof the input voltage, “step down” (or “buck”) and “step-
look. As a consequence old projects have to be updatkaivn/up” (or buck-boost”) topology respectively, shown
shifting from the 50/60Hz transformer plus linear regulatan Fig. 1.
to high frequency power converter. Moreover cost optimi-

11IC-China/ESC-China 2002 ¢ Conference Proceedings



s L current ramps up and down around the DC va|wéth a

la

* —+  ripple determined by the value of L.
\A 4+ Starting from the basic topologies, double output con-
D C verters can be obtained with low cost components, as shown

Vin T in Fig. 2. In particular they are referred to Buck converter,
p— but Buck-Boost topology applies as well. The topology in
Fig. 2a) uses an output inductor with two windings coupled
in flyback mode with a proper turns ratio n. The second

I.-
|
s

. - topology represents a novel configuration and is suitable to
a) supply double complementary output. The main advantage
S D lo is the cost optimization due to the standard single winding
-« «— inductor. The second complementary output is generated
\ - charging a capacitor during the free-wheeling of the induc-
c I tor current. The voltage across the capacitor is regulated by
o Vi L T v means of a zener diode of suitable value.

o)

Fig. 1 - Not isolated power converters: a) Buck, b) Buck-boost

3

Both topologies use an inductor for energy storage, \
charged during the turn-on of the power switch. The induc-
tor current waveform defines the mode of operation of the—
converter, i.e. “continuous” and “discontinuous”. In con ) Vin
tinuous mode, the inductor current never goes to zero, while
in discontinuous mode such a current is zero for a given
time period. A “boundary mode” is also defined, referring GNDY
to a single zero point of the inductor current. *

In continuous mode, both converters operates like a trans- a)
former with a voltage ratio continuously controlled elec-
tronically by means of duty cycle of the switch, D, defined \
by the ratio between the turn on timg, and the switching
period T, according to (1) and (2): n D =G

.

! +Wau
— =

| {7 buck converter (1) D

.~ P buck-boost converter (2)
¥ o1-p =G

When the switch is on, there is a constant voltage across T et
the output inductor (W ), making the current in it rising
linearly at a rate, di/dt, given by (3). b)

Fig. 2 - Two output Buck converter: a) coupled inductor, b) complementary.

-:-'Il- Fi—Faa (3)
L L In the standard Buck topology the voltage of the node 1,
As the switch is turned off, the voltage polarity acros Fig. 3, is clamped by the diode D, allowing the free-wheel-
the inductor immediately reverses trying to maintain thimg of the inductor current. In the considered solution, the
same current as just before turn off. The diode turns on areher diode, D clamps such a voltage to (W), where
clamps the inductor voltage to ideally zero. The voltagé, is the voltage drop across the diode andhé zener
across L is Vo and its current ramps down linearly at a rateltage. If a capacitor is connected across the zener and the
given by (4). ground, a negative voltage source is generated. Of course,
i Vo due to the principle of operation, the second output cannot
1 (4) supplies more current than the first one. The switching cycle
’ can be basically divided in two periods as shown in Fig. 3.
Once the switch turns on again the current in L is diEonsidering discontinuous conduction mode, DCM, dur-
verted from D to the switch S, back biasing the diode. Thieg the conduction of the switch §, the input DC bus is
current in L consists of the switch current when it is on armbnnected to the output and supplies the load, as shown in
of the diode current when the switch is off. The inductdfig. 3a). Once the switch is turned off, the inductor current
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free-wheels through the diode,Cas shown in Fig. 3b),

As the current drawn from OUT2 increases, the free-

until it reaches zero and the output capacitpfe€ds the wheeling current flows through a different path, splitting in

load.

S

- Vi

Fig. 3 - Functional circuit of the proposed Buck converter: a) t , b) t ..

two components as shown in Fig. 4b). In this way the power
dissipation in Dis reduced and the efficiency is increased
accordingly. Thus, the converter performs better if the
complementary output is loaded, for a given output current
I~ The selection of both the output capacitors depends on
the output ripple specification. A propeysglection has to

be made taking into account that the complementary output
is somehow related to the main output. If decoupled out-
puts are required, a suitable control circuit has to be used,
as shown in Fig. 5. This circuit works like a dummy load
and can be easily implemented with very low cost compo-
nents. The circuit consists in two transistors,a@d Q,

e.g. apnp and anpn BJT, a resistpail a zener diode D

The transistor Q driven by Qand D,, assures a given cur-
rentin L regardless of the load supplied ky,V Doing so,

I, can be varied regardless gf land is only limited by

out2

the maximum allowable |

outl’

L)
1]

Fig. 5 - Double-output regulated converter in Buck configuration.

The presence of the zener diode in the free-wheeli3gDesigning a not isolated converter using a VIPer12A
path does not affect the basic operation of the converter [utte design of a Buck converter using a VIPer12Ais straight-
it could impact the efficiency. In order to understand hoforward thanks to the device features. The circuit schematic
the zener diode affects the efficiency of the converter, Fig. shown in Fig. 6a. The supply voltage for VIPer12A can
4 can be considered. If there is no load on OUT2, the frdge easily obtained through the output of the converter by
wheeling current flows through both diodes,dbd D.

Fig. 4 - Effect of zener diode on power conversion: a) |
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means of a diode and a capacitor gppih, D, and G. The
diode voltage rating depends on the input voltage, e.g. for
European voltage range 185-265Vac a 400V diode can be
used. Cvalue is chosen according to the start-up time and
the short circuit behavior of the converter. In fact, during
short circuit the Y, voltage falls down below the minimum
required value, enabling the internal high voltage current
generator for a new start-up sequence. The charging and
discharging time of the capacitor depends on its value, thus
the time period during which the power switch is properly
supplied changes accordingly. Moreover, if current pulses
heat considerably the device, the over temperature protec-
tion shut off the circuit. Typical values range from 300nF
to 10uF, while the voltage rating is 25-50V, depending on
the output voltage. The regulation circuit simply consists
in a zener diode Pacross FB and )/ pins. To perform a
better regulation, a filter capacitoy €n be connected across
FB and S pins. Qvalue is in the order of some tens of nF.

If the output voltage is lower than 15V the circuit has to be
slightly modified in order to allow the start up of VIPer12A.

In such a case the regulation circuit has to be decoupled
from the supply circuit, using separate diode and capacitor
to supply the zener diode on FB pin, &nhd G in Fig. 6b.

The diode Dis a low voltage diode, e.g. 1N4148, and al-
lows the voltage on Vdd to reach the start-up value. Since
D, and G realize a peak detector of the output voltage, C



value influences the precision of the regulation circuit. i6f C, is about 100nF in order to store the energy required by
high precision is not an issue it can be as low as 100nF the VIPerl2A. The capacitor C1 is calculated following
the standard procedure. The capacitor C2 is connected be-
tween FB and S pins to improve the regulation.

RS
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Fig. 6 - Buck converter: a) V_ >15V, b) V_ <15V.
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If the required output voltage is lower than 8V, a differ-#
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ent solution has to be used. In fact, although the control
feedback path and supply circuit are separated, since the
output voltage is lower than the minimum voltage Qf V g 7 - uck-boost converter: a) V. <-15V, (-15V)<V__<(-8V).
pin, the device would not start anyway and would work in
start up mode with no voltage regulation and high peak cur-
rent. Apatented approach is introduced that allows supply-
ing the power IC. As shown in Fig. 8a the proposed circuit
needs one more inductor compared to the standard Buck
topology to generate the supply voltage. It stores the re-
quired energy in an auxiliary capacitor through a low volt- o:

age diode by means of a voltage divider. The capacitor

is charged during the turn-on time of the power switch

through D3 and then is discharged during the turn-off time™ o A

through D1 transferring energy to C1. D3 is a low voltage

diode, i.e. 1N4148, and C4 is a low voltage capacitor whichk

&)

out out

GND

b

Dy

Ca

= Vot

value ranges from 10nF to 1uF. In particular., such a ca-
pacitor has to be calculated in order to store the charge re-
quired by the VIPer12A and supply the proper voltage de-
pending on output inductors ratio L1/L2 and ac input volt-
age. Due to inductor ESR, the voltage across C4 may de-
pend on the output current too. The capacitor C1 is calcu-
lated following the standard procedure. In Fig. 7 are shown
the schematics for Buck-Boost converter with output volt-

age lower than (-15V)<y, and for (-15V)<V (-8V). Ifthe

required output voltage is higher than (-8V), i.e. (-5V), a
different solution has to be used as shown in Fig. 8b. The
diode D, is a low voltage diode, e.g. 1N4148, and the value

GHD
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Fig. 8 - Buck-boost converter with (-8V) <V_ <0. 2 il
Table 1. Part list
4. Application examples L
In this section three application examples using VIPer12 x l ) g
are introduced and fully analyzed. The first applicatio 15 7= m el
example is a 16V-100mA off-line power supply. Converte Vi r_ajc{ i \J_;
specifications are y=185-265V,, V =15V and e N atan =
l,,=100mA. In order to have a regulated output in ope | . | o Lo el Yo
load condition a burden resistor Rburden is connected " T '[ TF
the output providing a minimum output current of less the

2mA. The schematic of the circuit is shown in Fig. 66,_. 9 - Applicati le: doubl N for mi e I |
Single wave rectifier is used in order to have the groung- - Application example: double output converter for microcontroller supply.
connected to the neutral of the mains. In this case to ir

prove the reverse voltage robustness a second rectifier L+
ode can be connected on the neutral wire. Moreover t . == |
input bulk capacitor can be split into two capacitors an ( ; ey
an inductor inserted in between, realizing a low cost EN P
filter. The part list is given in Tab I. The proposed powe -
supply can be successfully applied in microcontroller-bast
low power motor drive systems. Such an application re (=] ; =
quires two regulated output voltage: 15V for power switcr

gate driver and 5V for microcontroller. In Fig. 9 is show9- 10 - PCB Layout

the circuit schematic, using a 5V linear regulator with re-

set for proper system operation. The size of the board isk mn = oouses  Hines

3.5x4 mm as shown in Fig. 10 and can be further reduced =g
using SMD components. P"- Ir\\ f‘ i '\. A ] -
Typical waveforms of the 15V power supply are shown || 'I TR J ' | 1 Cdemd
in Fig. 11a with | =100mA (boundary condition). In Fig. [T J RN Nl N
11b are shown the output voltage and the source voltage in 1/ = o P S
open load condition. In such a case the VIPer12A operates, A T '
in burst mode, decreasing the effective switching frequency Fr— |y~ 7 e € rlich
and reducing the power consumption to less the 200mW. HT i i “  Bision
a4 : ] K2 — Waource
| | i ! Teaon
é ' L 1 et - vad
ThT ol oms CH W 10 ONs ChE L R
LMz 100ma Cha 0oy

a)
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Fig. 12 - Buck converter with V =15V: a) regulation, b) efficiency.
| 1 = Toait
©2 - Veource The EMI behavior of VIPer12A-based power supply is
C4-ved shown in Fig. 13. Conducted emission measurements have
L L M L L been performed according to the standard EN55022 using a
' 50( LISN (Line Impedance Stabilization Network), with a
C) peak detector, in the frequency range 0.15-30 MHz.

Fig. 11 - Buck converter with vV =15V: @) | ,=100mA, b) open load, c) short circuit .
BuY
108
In short circuit condition VIPer12A limits the short cir- s

ER SEART, Claes b Condicted, Guac Fos

cuit current, as shown in Fig. 11c, thanks to three main fea“ ) T

[Stast = 0,15, Stop = 00} MELE

tures: start-up sequence due to low Vdd voltage, curreng = e Y W

limit function and thermal shut down. In this way the power® | | i1k " A Y

dissipation is strongly reduced and the converter is safely,, T;n,;',u_.,\-;,;.;i );LM A....,'L,., { [ sl e
protected. The performance of the circuit has been evalue

ated and fully characterized, as shown in Fig. 12. In par-; ' 10

ticular, the circuit features a gOOd line and load regulatlop 13 - Buck converter with V_ =16V: EMI behavior with low cost EMI filter.

The worst regulation at low input voltage and high output

current is basically related to the value of the input capaci- The second application example is based on Buck to-

tors, a trade off between performance, size and cost. Tit@logy with two complementary outputs, i.e, \*12V-

efficiency of the power supply is higher than 50%, considtO0mA and V =-5V, as shown in Fig. 14. The power sup-

erably affected by the parasitic resistor of the componengdy operates with wide range input voltage, i.e. 85-265Vac,

High quality components could be used to improve the effand is designed to operate in DCM. A single diode rectifi-

ciency, but a trade off between cost and performance hagation is used to limit the cost and the input fuse is replaced

be done for such a low cost application. with a suitable resistor. A simple input CLC EMI filter is
connected but it could be removed thanks to the low emis-
sion related to the power level. In Tab. Il is given the part
list of the considered power supply. The VIPer12A makes
the power supply short circuit protected. In fact if a short
circuit appears on OUT1 the restart mode is entered, limit-
ing the power dissipation. On the other hand, if a short cir-
cuit appears on OUT2, the converter operates as a conven-
tional Buck converter with Voutl given by, DSome ex-
perimental waveforms are shown and a performance evalu-
ation is carried out in terms of line and load regulation as
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well as efficiency. In Fig. 15 typical waveforms of the Bucl e srop: 10.0M5/5 2 ACCS
based converter are shown: the voltage across the po\
device, VDS, the output current, the inductor and the diot
currents with Viao = 220V The static performance of

-ﬁ
1+
i

rms’

the power supply can be evaluated from Fig. 15c¢ that sho
OUT1 voltage ripple, limited to SOnW i.e.lessthan 0.5%, <+
with a small and low cost output capacitor. Regulation ar
efficiency diagrams are shown in Fig. 16. The maximui

——

current that can be supplied by the negative output curre [ . |— _ | ol ——
is related to the current of the positive output. If morecu | ik =
rent is required, the regulation circuit described previous -
has to be used. N A M
~ i ™
Part | Yalus Par byps \‘\ -
ia:z ‘\“\ — T
(=] 10 ST Fasror
b | WFMAEY | B G RO TR ToomA Moo TRT SOV
Che 50.0mA
Cas 1F N Eler . Capaoine
Ci 10uF ) 7= Flsz Capacim a)
R ol il Mo Tek Stop: 10.0MS/S 2 ACOS
Canr s 1] MR 1 Elsc Capactm I £+ H
Cam | Ll T Flez Capscie [
o 14 = |08 Chace K007 -
= 14 - B3 Chadm STTAIME &+ L
Ca 1k = PRl [hars STT&DM
= Hy 4L e Ui [
Cs | ay I orer Dxyda o — e
W TR W
' bW I e’ Db
L 1.5l (LT
La AT Irchcinr \:I:
(| WP 18 \\,_ \"\
= . : 2 ; § "\\ )
able Il. Part list E

R 1oV Chd  TOOmA MS.O0Ms LR J SOmA

, Chad 50.0ma
L]
; b
v {3 o )
Cy
] [ Tek 5top: 10.0MS5#5 7 ACIS
Vi FB| T I s 1
. D, L. iPerl s L
] f l;.u:r] as .
xZo N T M Y I TRV M
Cu Gt — e = A DL U U \J ] U U
-[ ]- q!!\l)_q
) ) GHD
Con =|:
&y ™| '*
3 R
) ] r “\.-L\_\ ]
Fig. 14 - Double output converter: 12V-100mA , -5V. LA ] n«i\"\, R Wq
il &
2 = L
TR 800V ORI S0 0mA  MST0us CRZ 7 TemA
Chz S0.0myva,
c)

Fig. 15 - Double output converter: @)l ,,=50mA (Ch 4):V  (Ch 1) @ 220V, and I_
(Ch 2), b) I,,,=50mA (Ch 4):V, (Ch 1) @ 220Vand I, (Ch 2), I ,.=50mA:V  (Ch 2)
@ 220V, and ripple on V., (Ch 3).
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the input voltage, from 80 to 285Vac, and supplie
V,.,=24V@30mAand Y =5V@50mA . The input section
consists in a resistor as a fuse, a single diode rectifier, & i
an input LC filter. Such a filter provides both DC voltage ' -
stabilization and improved EMI performance (compliantd 17 - Two output converter
with EN55022 Class B standard). The capacitgraduld
be connected to provide a further reduction of conductédConclusion
EMI, if required. The regulation feedback is connected t8everal configurations have been introduced in Buck , Buck-
“V .. as well as the supply circuit of the Viper12A. Doingboost and modified configuration exploiting the main fea-
S0, only one high voltage diode and one capacitor are neededes of STMicroelectronics VIPer12Ato realize low power
i.e. D3 and C3 in Fig. 17, reducing the complexity and thend low cost not isolated power supplies for industrial and
cost of the circuit. appliances applications. The inherent advantages of high
The output inductor, L, has two coupled windings ofrequency switched mode power conversion allow off line
the same ferrite core, with a proper turn ratio and couplirmpwer supplies to operate with high efficiency and reduced
factor in order to get the correct output voltage. In particeost and size. Viperl2A smart power IC, integrating a PWM
lar, 1.5mH inductor is used, with N1=200t - wound on theontroller and a power device in a single chip, maximizes
ferrite core of “PANASONIC ELC10D152E" inductor - andsuch advantages in the power range up to few watts.
N2=60t. Both outputs are protected against overvoltage by Finally, smart power approach make the innovation pos-
Zener diodes, Dand D, respectively. Aburden resistor issible in terms of cost and size even in such applications
connected across Y, in order to perform the regulation onwhere the added value of the power supply is usually not
V... WhenV isin open load condition. Such a resistoconsidered.
greatly improves the regulation with a slight impact on the
efficiency. 6. References
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The last application example regards two outputs co *o g, 5 1 5y
verter using a coupled inductor. The converter is based - -+ ] C-'T O B o
a Buck topology, as shown in Fig. 17. The power supply VI3 F \ *
operated in off-line mode with an extended wide range £ L ey
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