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No Design Offline Power Supply — Design Note 62

Anthony Bonte and Ron Vinsant

Offline Switcher Eliminates Optocoupler Feedback.
Low Cost, Simple, 50W, Universal Input Power Supply.

Linear Technology has brokenthrough the “buy-vs-build”
barrier for offline power supplies. The new LT11051
current-mode PWM control IC is used to make a simple,
triple output power supply (Figure1). The circuit features
low cost, high reliability and customizable footprint. It
accepts a universal input of 85VAC-270VAC while provid-
ingisolated and regulated output voltages of 5V at 5A, 12V
at 1.5A and —12V at 0.5A. MTBF is calculated at >100k
hours for full load at 25°C ambient. The power supply
contains all necessary components including an input
EMI filter. All outputs have continuous short-circuit pro-
tection. Figure 2 indicates 5V load regulation performance
as a function of input line voltage.

The LT1105 eliminates optocoupler feedback by regulat-
ing the flyback voltage of the bootstrap bias winding. This
reduces the number of components crossing the isola-
tion barrier to one: the transformer. The transformer is
designed to meet international safety standards and is
subject to a set of compromises involving efficiency,
maximum power output, size, coupling, leakage induc-
tance, interwinding capacitance and ultimately cost. A
unique sampling error amplifier incorporated into the
LT1105 allows operation in spite of the resultant trans-
former limitations. The error amplifier provides a feed-
back term allowing load regulation performance to be set
with one external resistor. Thus, +1% line and load
regulation performance is achievable for single output
voltage power supplies operating in either continuous or
discontinuous mode2.

LTC has simplified the magnetics design task by creating
a series of off-the-shelf transformers for a variety of
applications. Newtransformer design continuesasanarea
of development. Transformers in power levels of 50W and
100W are presently available and meet international safety
standards UL1950 and IEC950. Completed transformers
are available from Coiltronics at 305-781-8900.

The LT1105’s totem-pole output drives the gate of exter-
nal high-voltage FET switch Q1. R10 controls switching
transition speed. Transition speed is a trade-off between
minimizing switch dV/dt common mode current contri-
butions vs minimizing switching losses. FET conduction
losses are set by the values of switch “on” resistance and
primary current. The FET voltage rating must exceed the
sum of the maximum rectified DC input voltage plus the
leakage inductance spike. Finally, the external FET is
protected from insufficient or excessive gate drive volt-
age with a drive protection circuit built into the LT1105.

Short-circuit protection is provided by bootstrap opera-
tion of the LT1105. Shorting an output results in switch
duty cycle “on” time being limited to 500ns. The trans-
former cannot store sufficient energy to maintain a regu-
lated bias winding voltage. The LT1105 senses this
condition and shuts down the power supply. The power
supply thenreturnsto start-up mode. Trickle resistor R11
charges input bypass capacitor C8 to the LT1105 start
threshold voltage. If the output remains shorted, the
LT1105 starts and stops again. This “burp” mode pro-
tects the power supply from overload or indicates an
incomplete power loop. Sense resistor R22 sets the
maximum switch current available. To guarantee “burp”
mode operation under fault conditions, C8 must be
prevented from peak-detecting the large leakage induc-
tance spike during maximum switch current cycles. Oth-
erwise, the bootstrapped supply voltage would increase
under a fault condition thereby leading to catastrophic
failure. Resistor R3 along with C8 forms an R-C filter
which prevents the diode D2/G8 combination from peak
detection. This ensures well defined start cycles.

1. Data Sheet, LT1103/LT1105 Offline Switching Regulator,
Linear Technology Corporation, Milpitas, CA., March 1992

2. Bonte, A. and Vinsant R., “Offline Switching Regulators
Achieve +1% Regulation in a Flux-Sensed Converter”, Seventh
Annual Applied Power Electronics Conference, IEEE-7803-0485-
392, p 513-516, 1992

09/92/62



10290

uoijesuadwog uone|nbay peo yum 184aAu0) MOS ‘ZHN00L “NIeqAld aully ‘pajejos) Ajing GoLELT “| 8inbi4

A
NHNL3Y 30IS AHYANODIS =W0D wek
NHNL3Y 30IS AYYIIYd = 0 cm:r"
T zed § N
ANNOYY HLHYI = Iql
14 INTTAOHAATOd “OTA001 ‘2 d4 VINIM = 220 ‘520 ‘520
1NALN10 AS NO AS'0% = LNIALSANGY J9YL10A LML 914 9 o TI0EXS 2120 -8ASE4XT NOOINIHO GILINN = 120 ‘020 ‘610 ‘810 “L10
W14 TYL3W 34V SHOLSISIY %L T1Y 'S e g FAVAVAY
NOLLYNTYA3 3L3TdINOD LNOHLIM SLNINOAINOD ALNLILSENS LON 00 '+ 4 smo_m — m 1060 V10HOLOW = 3001 HANIN ‘SY9LHEIN 0LPHNIN
ATIYNYILNI JA0HLYD S.3JIA3A JHL OL 1L SI 9YL ONILNNOW SP9LHEIN € 19 Y00EING'+ INJNNYLSNI T¥HINID = 20
GO ANV ZD 0L GOFLLT INOY4 SI NHNLIH ANNOYD NIVIN "S0HHLT LV L3N SANNOYD 11V 2 LeAvE SdITIHd = €0 2a
%G 'Mp/L'SINHO NI 35Y STONVLSISIH 1TV “+ QW V_%m s (M¥d-4 GILYINSNI ATIN4) Y008-92b)Ng SdIiHd = 1O
:0314193dS 3SIMHIHLO SSTINN TLON . 9 v O wi I LIN-N0Z0Z ¥NISLY3H AOTIVINHIHL = 2SH “FSH
Jenli m_ _ A = >>m> 980 f= 0240 NOHOIW NITIY "9 = 22y
1-0601 1-20X19 SOINOHLTI09 *HIWHOASNYHL ! . %__m i BT ’ €02-1-M99¢E SNUNOE = 91
1 |0€ noos S3143S NI Mp/k A1S HNO4 = LY
PX3T0W e l sornn 9 Y3LSIATI0d QIZITTVLIN V0N ‘Z SYIN VINIM = GLO ‘71D ‘€10 ‘01D
v§0@ Ack- ot L rm » W14 3LYNO8HYIAT0d 29700+ HO I9N0SZ ‘2 O¥4 YINIM = 110 ‘6D
1 &1 e 06€04133 JINOSYNYd = 82
6 2500
Aty nge it 01
shosz ooy S 0z rlpg =~ 0Z0XS8EN 122028 INDVHAS = L0
4 8%“ 810 + 4000 oy 80 + MpNO SININNHLSNI TYHINTD = 148
@0 £0110-21 SOINOHLTI0D = NNIve
7 a5 732050 HOLSINHIHL OLN SININOINOD LSIMAIN = 114
W0J ¢ 20 A iy NOILISOdINOD NOSHYD MS'0 ‘DAL = 1y
oo onse e e | I 1 € t3dvd QIZITIVLIN ‘A-EdIN VINIM = 90 'S 7 ‘€D
i T il s o3l o0 g L0001 W H3dVd QIZITIVLIN ‘2X-EdN YIIM =20 ‘1D
VS @ AS m&ﬂms_ Lh ey 69 1817 S14Vd
4
8a A
— F—w— %l ¢ T
ol 661 f
nSe d | 13
arionoy = [ FI00H oz & [ RETEN
0+ ASN edi A€di
pXII0W R 4 e oo 1052 7052 OS2
3 S T woe s S 4doos9 Jdoozy —— 382
1y 109 L 0 0
_ e, s
VSl @ AZH >8m = drioee y z:._<m NN | ex3lon
X BT 0w s |
= WS
|_ yonao e i c e: c
0 1ug s
44000 gy
00 MO8+ \saw V2

afiejjop auiq sa uonenfiay peoq AG -z ainbi4

204 29N0

(¥) av01AS

06 G¥ 0y §¢€ 0¢ G¢ 0¢ G 0L G0 0

N0LeT
e

1
L

Yn0ze
I

A0L L
T~

G

(%08

I
Y520 = QY01 AZk—_|
(%06) ¥S2'0 = QY01 ATk
Il Il Il Il Il Il

SLy
08y
14

o

<
067 o
867
006
G0's
org I

=
GG
02's
Ge's

9VLI0A LNdLN:

‘_uwomn_

For literature on our DC to DC Converters,
call (800) 637-5545. For applications help,

call (408) 432-1900, Ext. 456
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