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External-Sync Power Supply with
Universal Input Voltage Range for Monitors

By S.K. Tong and K.T. Cheng

ABSTRACT

This paper describes the design of a low-cost 90 W
flyback switching power supply for a multi-sync coior
monitor. In order to minimize the screen interference
from the switching noise, the power supply can be auto-
matically synchronize at the fixed frequency of the hor-
izontal scanning frequency {15 to 32 kHz) of the color
monitor. The line and load regulations of the power sup-
ply are excellent. Also, a new universal input-voltage
adaptor enables the power supply to operate at two input
voltage ranges, 90-130 Vac or 180-260 Vac. It can min-
imize the ripple current requirement of the input bulk
capacitors and the stresses on the power switch. The
design demonstrates how to use recently introduced
components in a low-cost power supply. The state-of-
the-art perforated emitter epi-collector bipolar power
transistor MJE18004 and opto-isolator MOCB102 are
utilized.

1. INTRODUCTION

As the resolution of modern color display increases,
the power supply for these high-definition monitors
become critical in its features and performance. Nowa-

days, switching power supplies repiace the linear regu-
lators due to high efficiency and light weight. However,
the EMI/RF! generated by switching power supplies has
adverse effects on the resolution of high-definition color
monitors (e.g. 800x600 or higher). Asynchronous switch-
ing noise beat with the horizontal scanning frequency of
the color monitor, creating undesirabie interferences and
jitter on the screen. It affects the horizontal resolution of
the high-definition color monitor because the random
pulses generated by the asynchronous switching oper-
ation and also deflect the electron beams and biur their
precisely controlled positions. Thus, the switching power
supply for the high-definition monitors or TVs must be
synchronous with the horizontal frequency.

Recently, multi-sync color monitors became poputar
because they can adapt to several modes of computer
displays. For examples, CGA, EGA and VGA display
modes are used in IBM PCs. The three dispiay modes
nhave different horizontal resolutions and scanning fre-
quencies, ranging from 15.7 kHz to 31.5 kHz. Hence, the
switching power supply developed in this note can be
synchronize to the horizontal scanning frequencies of the
multi-sync color monitor, as shown in Figure 1. It pro-
vides three d.c. outputs. The specifications are:
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o2y, Figure 1. Block Diagram of Modern Multi-Sync Color Monitor
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Outputs
+110V 0.7 A for HV, RGB drivers and deflection.
+12V 0.3 A for auxilary use.
+5V 0.2 A forlogiclCs.

Inputs
90-130 Vac or 180-260 Vac 50/60 Hz

Power
90 W with overload protection

Conversion Efficiency
Minimum 70% at full load

Others

External synchronization with d.c. isolation {15 kHz to
32 kHz) which are regarded power supply standards for
modern color monitors. The two low-voltage outputs are
obtained by post-regulators of the +15 V and +8 V
inputs.

in Figure 2, the block diagram of the switching power
supply, according to the specifications, is shown. Besides
the input filter, it mainly consists of three parts — the
rectification circuit, the universal input-voltage adaptor
and the 90 W flyback converter.

The universal input-voltage adaptor can automatically
select the input-voltage range and controis the triac in
order to provide the rectified d.c. voltage V¢ in between
200 to 370 V. In 90-130 V range, the triac is continuously
fired and the whole rectification circuit forms a voltage
doubler. In 180-260 V range, the triac turns off and the
rectification circuit works as normal. This design can sig-
nificantly reduce the current ripples of the two smoothing
capacitors, Cjn, and the switching stresses on the power
transistor(s) due to wide range of V¢ Some previous
designs without the universal adaptor handie the full
input-voltage range only by simple bridge rectification.
The current ripple of the smoothing capacitors are usually
several amperes for 30 W power converters. Further-
more, the output voitage ripple (at Vge) is generally
higher for the same value of smoothing capacitors at low
line.

In section 2, the design of the fiyback converter is
reviewed, whereas the design of the universal input-
voltage adaptor is given in section 3. Then, in section

4, the performance and further improvements of the
power supply are discussed. In the last section, the con-
clusions include a summary of the design of the power
supply and the future developments of switching power
converters suitable for multi-sync monitors.

2. DESIGN OF THE FLYBACK POWER SUPPLY

2.1 TOPOLOGY SELECTION

The single-ended discontinuous-mode flyback topo!-
ogy is selected to perform the major power transfer from
the rectified output (Vcc) to the load. Advantages and
disadvantages of this topology are:

Advantages

1. 1t has smaller transformer size and output choke. The
power density and cost of the power supply are
lowered.

2. Current mode operation is excelient because the cur-
rent waveform fed to the current mode controller is
strictly triangular. It can improve the noise immunity
of the current sensing circuit.

3. Single-pole roll-off characteristic of the power con-
verter simplifies the design of feedback circuits. [1]

4. Simplified in design if single-ended configuration is
used.

5. Good cross regulation. {1]

6. The working duty cycle can be greater than 50%. This
is particuiarly important for multi-sync monitor power
supply.

7. Lower cost than other topologies.

Disadvantages

1. High RMS and peak transformer currents resultin high
losses in power switch, windings and voltage clamp.

2. The large air gap in the flyback transformer causes
higher EMI/RF| and fiux fringe.

3. Higher ripple current appearing in output capacitors
produces greater output ripple voltage which may
cause screen interference. The switching frequency of

the power supply is designed in synch ronization with -

the horizontal frequency. The adverse effect due to
this point becomes less significant.
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Figure 2. Block Diagram of Switched-Mode Power Supply for Multi-Sync Monitor
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4, Transformer and snubber capacitor ring after the mag-
netic energy stored in the magnetic core is completely
released. This phenomenon can be often found in the
previous designs.

With the considerations of cost effectiveness, size, and

cross regulations, flyback topology is selected. it is par-

ticularly suitable for 80 W switching power converter
application. Disadvantages are minimized through care-
ful design (see later).

Current-mode cantrol is employed in this power supply
because:

1. Inherent line ripple rejection (8 Vo/8 Vec = 0)

2. Eliminate the possible double-pole characteristics in
continuous mode. This would cause instability of the
power supply under some critical conditions.

3. Discontinuous mode flyback topology has excellent
current mode operation due to large current
amplitude,

4, Synchronization is easier to implement without
greatly affecting the converter performances and cir-
cuit configuration.

5. Simple and low cost as commercial current-mode con-
troller IC is avatlable.

UC3842A/3843A, Motorola current mode control IC, is
used in the power supply to perform the current mode
operation. The feedback from secondary side to primary
is through MOC8102, a new Motarola opto-isolator.

2.2 DESIGN CF FLYBACK TRANSFORMER

The lowest value of Ve is assumed to be 200 V, i.e.
50 V below the rectified low-line peak voltage (180 x 1.414
= 255 V), and the highest value is about 370 V. Therefore,
the flyback converter shown in Figure 3 should operate
within 200-370 Vdc. The total power is 90 W, slightly
higher than the sum of all three outputs. The switching
frequency is from 15 kHz to 32 kHz with external
synchronization.

If the efficiency is taken into account and it is assumed
that the typical conversion efficiency is about 70%, the
total input power Pj, is,

Pin = 90/0.7 = 1286 W
Then, the following problem is how to determine suitable
primary inductance Lp and maximum working duty cycle
D of the power transistor. Assuming that the primary
inductance and input power are constant,

Pin = Lp lpk? f/2 (Energy law) ()

Vee = Lp Ipk/tc  (Faraday's law) 2)
where to = conduction time of the switch = DT,

T = 1/g = switching period,
Hence,

Pin = (Ve te) Ipk fs/2 = Ve Ipk D72 (3)
If we setD = 0.4 at Ve = 200V, {5 = 15 kHz and P,
= 128.6 W, we have, from (3}, ka = 3.215 A.

The current waveform is shown in Figure 4. Put lpk into
{1} or (2}, then the primary inductance is calculated to be,

Lp = 1.66 mH
The duty cycle at Voo = 370 V is 0.216 under fuli-load

condition. t becomes smaller as the load decreases. Also
from (1), at same power level,

Ipk at 32 kHz 15
—D-k---——-— = —_— =
lpk at 15 kHz 32 0.6847

Ipk at 32 kHz = (0.6847) (3.215) = 2.2 A
and Dmax at 32 kHz = 0.4/0.6847 = 0.584
For the flyback converter aperating in discontinuous
mode at 32 kHz, the duty cycie with respect to secondary
side of transformer D' = t4/T is set to 0.4, which is slightly
less than (1-0.584) = 0.418, because the remaining
switching time is used to compensate other non-idealities
such as leakage inductances, stray capacitances, finite
switching fall and rise times, etc. To calculate the sec-
ondary inductances, the power relation is used again. If
the output power {30 W) was lumped to + 110 V output,

. from (3}, at fg = 32 kHz and Vg = 200V,
fos
FLYBACK TRANSFORMER v
—————— ~ T ‘ o
| U HE T +70V v
' | 1 Bs
VOLTAGE ez 2R2 | . g 14 +
CLaup | Lo Lyth0) R110 I+
1 N Ngi110 T
| %ot P e G gy Vo~ A
0 I I
——— — Vee + Vg
[ o g | B15 +15Y T 5 C
RC TURN-OFF I I Pt 0
NUBSER
SNUBSE | I“ | L018) RIS 2k Col5 Voo
L b
| . oV
P ‘ ¥o)
70 CONTROLLER o8 +3V
> o 0 >t
id P te
la L8l RS 2kl
Iy . . oV Ig a R [+ sk
¥ 0 405
HA = ka RS-"-/
TO CURRENT
SENSE 0F CM 3 fig
CONTROLLER 1 0 .
1Y PEAK: = » |
_ Figure 3. Flyback Converter Figure 4. Switching Waveforms of Flyback Converter
(Discentinuous Inductor-Current Mode)
AN1080 MOTOROLA
3

ClibPD www fastio.com


http://www.fastio.com/

i
|
i

ClibPD

Po =90W= Vo lpk’ D'/2

where Py = net output power
Vg = output voltage of +110 V
lpk’ = peak inductor current of +110 V windings
D' = tg/T = 0.4 (referred to Figure 3).

Hence, Ipk’ = 4.1 Aandtg = 12.5 us.
Then, substitute Ip’ into (1) or (2), we have,

Ls{110) = inductance of +110 V winding
0.334 mH
And, the inductances of other two windings are,

Ls(15) = Lg(110) (16/111)2 = 6.9 pH

Ls(8) = Ls{110) (9/111)2 = 2.2 uH.

The diode drops of the output rectifiers are taken into
consideration for the two low-voltage outputs. The turn
ratio n is equal to,

n = Np/Ns(110) = [Lp/Lsi110))1/2 = 2.22 (4)
where Np = number of turns of Lp {primary inductance)

Ns(110) = number of turns of Lg{110).

Two magnetic cores are found to be suitable for the
implementation of the flyback transformer. They are EE40
core and ETD3% core. The spacing factars are just around
0.4 for both. The maximum working flux density Bmgay
is set to 0.25T. For EE40 core, the effective cross-sectional
area Ag is 130.65 mm2.

Np = {VCC tcmBmax Ae) = (200 x 0.4 x 66.67,/(0.25

x 130.65) = 163

Ng(110) = 163/2.22 = 73

Ns(15) = 1

Nsig) = 6
where Ng(15) = number of turns of Lg(15), and

Ns(g) = number of turns of Lg(g).

For ETD39 core, Ag is 124.15 mm2. The required wire
gauges of each winding are also listed in the following-
lrms value is equal to (D/3)V2 Iy, At fg = 15 kHz, lpk’ =
6 A and ty = 18.2 us, hence,

D' = 18.2/66.67 = 0.273
Np = {200 x 0.4 x 66.67)/(0.25 x 124.15)
= 172 lrms = (0.4/3)1/2x 3215 = 1,17 A
(AWG #23)
Ng(110) = 77 lrms = (0.273/3)12 x 2 x 0.7/0.273 =
1.55 A (AWG #22)

Na = 18 for MTP4NS0 and Na = 13 for MJE18004
{see later).

The ETD39 core will be used in the power supply due to
its round bobbin shape and efficient AP product [1]. The
temperature rise of the transformer core is about 30°C.
To obtain an approximate length of air gap lg, the cal-
culation is based on:
1. the reluctances of the magnetic core are negligible.
2. the air gap are in the middles of the three limbs, all
equal to 19.
the relative permeability u, is constant and equals
2000 for TDK H7C4 material.
Hence, Ly = pg Np2 Agl(2lg)
orlg = 1.4 mm

But, a 4 mm air gap is used practically to obtain the
required inductance due to fiux fringe and other non-
idealities. The transformer construction diagram is
shown in Figure 10. To meet with the world safety reg-
ulations (e.g. VDE, UL, CSA, etc.) for the transformer,
readers should refer to corresponding regulation books
and (4}.

3.

(5)
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Figure Sa. Current-Mode Controifler and Sync Circuit for MTP4NS0 (MOSFET)
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Figure 5b. Current-Mode Controller and Sync Circuit
for MJE18004 (Bipolar Junction Transistor)

2.3 DESIGN OF OUTPUT CIRCUITS

The following paragraphs describe how to determine
the values of output capacitors and to select output rec-
tifiers as shown in Figure 3. The ultrafast recovery rec-
tifier MUR140 is chosen for D10 due to its fast recovery
time (75 ns), reliability and low cost. The maximum
reverse voltage of this diode is 110 + 370/n = 277 V, so
400 V device is selected. The average current of Dqqg is
0.7 Amaximum. D15 and Dg are schottky diodes, MBR160
and 1N5819 respectively, because schottky rectifiers are
more suitable for low voltage outputs.

During tg, the output voltage rises from its minimum
value to its peak.

1 t lpk({110)
Vo = J’ [: - t] dt + Vo(mi
o Co(110) Jo pk(110} tq o{min)
1 Ipk(110) 2]
= } t — te| + V i

it consists of a linearly increasing term and a convex
parabolic curve. Thus,

Vo{max) =

1 Ipk(110}
——— | Ipk{110) t — 12 |t=
Co(110) [p (10 2tg T
+ Vo(min)
1lpk{110) tg
2" Co110) o{min}
and output ripple voltage is,

Vo = Voimax) — Vo(min)

_ 1 1pk{110} !d
2 Co(110)

Since the maximum inductor current Ipk(110) at 110 V
rail is 5.13 A, and the output ripple voltage is maximum
at fg = 15 kHz,

tg = 0.273 x 66.67 us = 18.2 us

t; = idle time (as shown in Figure 4)

AN1080
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if the output ripple voitage is set to 1% of Vg, i.e. 1V,
8Vg =1=05x5813x182Cqo(110}

Co(110) = 46.68 uF
However, the output rippie current {1.55 A} is so large
that two or more capacitors are needed to be connected
in parailel in order to lower their individual ripple currents
and the additional output rippie caused by ESR and ESL
of the output capacitors. As a resuit, two of 22 pF to 33 uf
capacitors each with maximum ripple current of 0.8 A are
used in the power supply. Their maximum working voit-
age is 160 Vdc.

The dummy resistors R11g9, R15 and Rg are used to
maintain minimum load currents of the three cutputs.
R11g is set to 5.6 ki and dissipates 2 W.

LC filter is cascaded with each output to lower the out-
put ripple voitage. They are shown in Figure 8. The corner
frequency for that at + 110 V output is about 6.2 kHz and
the approximate output ripple voltage is,

1701 + (15/6.2)8]1/2 = 0.1684 V {peak-to-peak).

2.4 SELECTION OF SWITCHING TRANSISTOR,
SNUBBERS AND VOLTAGE CLAMP

Two types of power switches are considered for the
flyback power supply. They are TMQOS power FETs, and
the state-of-the-art perforated emitter bipofar transistors
introduced in 1988. The new series of Motorola TMOS
FETs simpiifies the design of driving circuits and provides
extremnely fast switching transitions. These MOSFETs can
operate in the MHz range. In this power supply, although
the switching frequency is relatively low, it still provides
several advantages such as simple drive circuit, less sup-
ply current for the MOS driver, fast switching times which
result in less energy loss at switching transitions, and
hence a smaller value of snubber capacitor C1 (1000 pF)
is required. Since.the maximum drain voltage of M1 is
near 850 V (see later}, and the peak drain currentis 3.2 A,
MTP4NS0 is selected for M, with 4 Q) rpg(on) [5]. Thus,
the approximate conduction loss in M1 is [(0.4/3)1/2 x
3212x4 = 55Watfs = 15 kHz, Voc = 200 V and full
load. The power dissipation is well below the maximum
power that can be dissipated by the device.

To demonstrate the switching improvement of the
newly introduced perforated-emitter BJT family, the
design of the flyback power supply also provides an alter-
native for a new device. MJE18004 is chosen for My
because its breakdown voltage V(BR)CES is above
1000 V, the continuous collector current is 5 A and its
switching times are excellent for switchers below 70 kHz
{tfi = 70ns and tgj = D6 usatlg = 2 A, lpy = 250 mA
and VBE(off) = — 5 V) [6]. Another two important features
are its lower cost and power loss than the MOSFET. Its
performance is quite different from the previous bipolar
transistors. For the triple diffused power transistors,
which are still widely used in Japan (e.g. BU508}, these
devices face three major problems: long switching times,
dispersion of device characteristics, and hpg degrada-
tions after several thousand operating hours. The epi-
collector technologies which MJE18004 uses, improve
the switching speed and control of device characteristics.
Since the emitter of BJT affects the device performance
very much, various emitter structures have evolved. With
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Motorola SWITCHMODE I, with hollow emitter struc-
ture, the speed and RBSOA improvements are accom-
panied by the increased die size {about 125% of standard
technology). For the perforated emitter structure, the
emitter is interleaved by the base, thus, this increases
the emitter perimeter 1o area ratio. That means higher
speed switching transistor can be fabricated in a smaller
die size. It improves the operating frequencies and lowers
the cost.

In Figure 3, a dissipated RC turn-off snubber is shown.
Its function is to reduce the power loss of the transistor
M at turn-off by limiting the rising slope of Vpg. It is
also called the dv/dt limiter. When M1 turns off, the induc-
tor current begins to commutate from the power switch
to the snubber capacitor C1 through the diode D1 within
tf;. The snubber capacitor siows down the increasing rate
of Vps, so the Vpg ls product area (during cross-over
time) can be limited to certain acceptable value. This
snubber is particularly important for the old and slow
bipolar transistors. With the advents of TMQS FETs and
perforated emitter bipolar power transistors, the snubber
capacitance can be chosen to be as low as 1000 pF. As
the current fall-time of power transistor given in data
sheets includes the effect of transistor output capacitance
{Coss), it is difficult to calculate an optimum value of C4
which requires the fali-time information without the
effect of Cogg [2].[3].

Theoretically, the charge stored in Cq at turn-off should
be completely dissipated in R1 when the switch M1 turns
on. However, in the discontinuous-mode flyback power
supply, it cannot always have that because severe stray
oscillation which is caused by Lp and Cq occurs when
the energy stored in the magnetic core is completely dis-
charged to the loads. This phenomenon is often seen in
previous designs. Therefore, the resistor Rq has another
function that it acts as a damper for the Lp-Cq resonant
circuit. Then, a compromise between the two opposing
operations should be considered. For a series LCR res-
onant circuit, the damping ratio can be used to control
the envelope of the damped sinusoidal oscillation. From
any standard text on linear control systems,

Damping ratio = Ry & 7

2 VLlp
If the damping ratio is set to 1, no undershoot below V¢ C
will result.

Thus,
1 = 0.5 x Ry x (1000p/1.66m}1/2 or Ry = 2.58 k(2

In practice, a smaller value of Ry will increase the dis-
charge rate of C atturn-on. So, a standard value of 2.4 k{2
is used. The maximum power dissipatian of Ry is equal
to Cq VCC(max)2 fs(max)y2 = 2.2 W, for complete dis-
charge of Cq during the conduction time of M. But, due
to the stray oscillation caused by C1, Ly and Ry, the resis-
tor R should have a power dissipation of 3 W.

Another RC snubber of 180 1 and 470 pF used in the
power supply is to damp the stray oscillation caused by
the junction capacitance of D11¢ and the leakage induct-
ance [2].

in Figure 4, a high-voltage spike (point A} in VDs i
caused by the discharge of leakage magnetic energy in
the transformer. The time between A and B represents
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this period. Since the discontinuous-mode flyback con-
verter has greater peak inductor current, the effect of
leakage inductance can be the dominant source of power
loss. As shown in Figure 3, a voltage clamp for the leak-
age inductance limits the spike voltage to a designated
value, Vggi. In [3], it points out that voltage clamp is more
effective than shunt snubber in limiting the spike voltage.
It is actually a boost converter with an input voltage of
approximately nVg and the leakage inductance as switch-
ing inductor, From power relation, neglecting the minor
effect of the shunt RC snubber,

L3 Ipk? fs/2 + NV tspk fs Ipk/2 = (Vspk — Vee) 2Rz
for CaR2 » 1/fg
and from Faraday’s law,
lpk L3/Vspk — VCC — Vol = tspk
where L3 = leakage inductance in primary side. On
substitution,

1 nVv
- 2 0
2 13 lpk” fs [1 ’ Vspk’VCC‘“Vo]

Wspk=Vee? (g
R
2

Note that although the above result is similar to that
shown in [3), the leakage inductance which stores energy
to be dissipated is merely L3, and the leakage inductances
in the secondary side only come into effect between point
A andBin Figure 4. The power loss dueto L3 is essentially
same for all switching frequencies because kaz fgis con-
stant for same power level and V¢C. At 16 kHz, the pri-
mary inductance was measured to be 0.15 mH with major
secondary winding (110 V output) shert-circuited at zero
bias current. It is about one-tenth of Lp. So, L3 is equail
to 0.15 mH/2 = 75 gH. If the peak voltage of M1 is limited
to 850 V for MTPANS0, then,

0.5x 75 ux3.22 x 15 k x [1 + 244/(850-370-244)) =

(850 — 370)2/R

Rp = 19.67 k2 (11.7 W)

For MJE18004, V5 is limited to 950 V and Ry = 33.8k}
(8.95 W). Practical values of 20 k2 (10 W) and 33 k2 (10 W)
are used for MTP4ANS0 and MJE18004, respectively.

2.5 CONTROL, BASE DRIVE AND EXTERNAL SYNC
CIRCUITS

The current-mode control IC selected is the UC3842A
or UC3843A. For MOSFET, MTP4NS0, UC3842A is used
to provide sufficient gate voltage because it is operated
at 20 V. The circuit configuration is shown in Figure 5{a).
The maximum current-sense (CS) voltage on pin 3 of
UC3842A is 0.9 V {minimum) [9]. Hence, the current sen-
sing resistor Rg is 0.9/3.2 = 0.28 {} with power dissipation
less than 0.5 W. Three 1 {1 {1/4 W} and one 2.2 (1 {1/4 W)
are connected in parallel to obtain the required resis-
tance. A RC filter (1 k(2 and 470 pF) is added to “kill” the
voltage spikes. The corner frequency of the fitter is 339
kHz.

To be able to synchronize externally, the power supply
must have a free-running frequency below 15 kHz. For
the simplification of the design and operation of the oscil-
lation in UC3B42A, a constant current source |7 is used
instead of a resistor RT. Since the internal current source
I7 in UC3842A provides a discharging current of 8.4 mA,
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the dead time ty and switching frequency can be deter-
mined as follows.

1.6 1.6
h=Ct v andlz - 4 = Ct P {13 > 1q)
-h.u (9)
Iq 12
T=1t1 +ty = 144
The hysteresis voitage of the oscillator is 1.6 V. The time
pericds t1 and tp are the rise and fall times of the trian-
gular waveforms (VcT). Due to the effect of leakage
inductance, other parasitics and snubber circuits at fg =
32 kHz, the dead time t3 is set to 6-8 us. Then, if the free-
running frequency is assumed to be 12.5 kHz, t11/T = 0.81,

2 -1y _ 09
I 1 - 0.91

orl4 = 0.756 mA and C1 = 0.036 uF
The constant current source |4 is impiemented using a
single PNP transistor Q3. The current gain of 2N3906 is
about 200. The current through Rg1 and Rp2 is assumed
to be 20 x Ig3, and the emitter voltage is set to 4 V since
the peak voltage of VT is 3 V. Then, we have,

RE = 1/ = 1.32 kD
and Ig3 = 0.756 mA/200 = 4 LA,
SinceVBz3 =5 -1 - 0.7 = 33V,

5 x Rp2/(Rg1 + RB2) = 3.3

Rg1/Rg2 = 0.515

Ry = 20 k2 and Rgo = 38 k)
The practical values for Rg and CT are 1.2 k{1 and 39 nF,
and the free-running switching frequency is around
13 kHz. The constant current source 1 can be directly
replaced by Motorola current regulating diode {1N5294),
which is a JFET with gate-source short-circuited. The reg-
ulated output current is actually its saturation current
ipss at pinch-off.

The external synchronization is achieved by the one-
shot triggering circuit built around Q2. It is active once
when the falling edge of sync pulse appears. Then, a
single high pulse of 2 to 3 us charges the timing capacitor
CT through the charging resistor Re at a very fast rate
{about 50-100 times the normal rate). The value of Rg
can be calculated by,

{5~ 2.8 — 0.5) /{100 x 0.756) = 47 )

The minimum voltage drop on R is approximately 5 —
28 ~ 0.5 = 1.7 V because VT swings between 1.2 to
2.8V, with respect to ground [9], and the saturation volt-
age of Q2 is about 0.5 V. The choices of the input capac-
itance and BE resistance can vary the pulse period. The
anti-paralle! BE dicde, 1N4148 is to prevent the BE junc-
tion from possible avalanche breakdown if the amplitude
of Vgyne is above 5 V.

it is also possible to combine the sync circuit into the
constant current source by injecting the sync signal into
the base of the current source transistor,

The feedback scheme is selected as follows. A vaoltage
reference with comparator {lingar error amplifier) TL431
detects and amplifies the error signal, and drives the LED
of the opto-coupler MOC8102. The gain of the error
amplifier {EA) in UC3842A is set to unity for better noise
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immunity and stability. Since the output voiltage of the
error amplifier is from 1.4 (two diode drops) to 4.1 V{1.4
+ 0.3 x 3} typicaily [9], and Vg is equal to (5 — output
voltage of EA), the voitage Vg across Rgpg is from 0.9 to
36V,

In the past opto-couplers have suffered from current
transfer ratio (CTR} degradation. The main cause for CTR
degradation is the reduction in efficiency of the LED
within the opto-coupler due to the increase in space-
charge recormbination within the diode. Past industry LED
burn-in data under accelerated conditions indicated that
a 18% to 20% degradation after 1000 hours was not unu-
sual. Of even more concern was the fact that the pop-
ulation also contained ““fliers” units through infant mor-
tality mechanisms eventually exhibited degradations
approximately 50%. A typical percentage degradation is
40% after 10° hours normal operation at i = 25 mA. In
1987, Motorola’s QOptoelectronics Qperation decided to
resolve the industry-wide problem of LED light output
degradation. They concentrated their efforts to improve
and control certain critical LED wafer processing steps
and eventually, 5000 hours of accelerated stress burn-in
testing shows zero degradation. This means that iow deg-
radation characteristics are now achieveable not only on
an average (mean} basis, but also that “fliers’ can be
eliminated. Therefore, the opto-isolator can be regarded
as a low-cost, reliable, simple but high performance com-
ponent to be used in future power supplies. Besides the
zero degradation of CTR, the new MOC810X series opto-
coupler that are specifically designed for switching power
supplies provides two additional features. Their specifi-
cations include tightly controlled window values of CTR,
Also, each device's internal base connection has been
eliminated, effectively minimizing the noise susceptibility
problem. Noise is further minimized by coplanar die
placement, which puts the LED and photctransistor end-
to-end, rather than one above the other. The result is a
mere 0.2 pF coupled capacitance, which minimizes the
amount of capacitively coupled noise that is injected by
the optoisoclator.

MQOCB102 is selected due to its moderate CTR {from
£.7310 1.17 atig = 10 mA} [11]. Then, two extreme cases
are considered. For the lowest Iy delivered by TL431, it
should provide sufficient coupled current to develop a
minimum voltage of 0.9V on Rgpg. The operating current
range of lf is chosen to be 0.5 to 20 mA. For the highest
limit of the selected if range, i.2. 20 mA, the value of RgpE
is 3.6 V/0.5 x 20 mA) = 360 Q, if CTR is at the lowest
value, i.e. 0.5 approximately. Then, nearly whole ranges
of CTR and I5 are covered by the design with RopE equal
1o 360 (). The practical value for RopE is selected to be
390 (1. For the determination of Rypp, the maximum LED
current is considered. Thus, the vatue of Rgpp is (8 — 1)
V/20 mA = 350 . A 330 ( resistor is used in practice.

The feedback point is directly taken from the positive
terminai of the autput capacitors Cg(110). This point must
be placed before the output LC filter because the filter
forms an additional double-pole in the feedback loop.
Since the internal reference voltage of TL431is 2.5V, the
values of Ry and Ry (the voltage divider) are chosen to
be Ry = 142 k() and Ry = 3.3 k( because, 110 Ry/{Ry +
Ryl = 2.5 or Ry/Ry = 43
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The gate drive circuit consists of a series 10 (2 resistor
to minimize the “‘gate ring”’ problem. But for MJE 18004,
the base drive circuit is not as simple as that for MOSFET.
It is shown in Figure 5(b). The supply voltage of the
current-mode contraller is lowered to 10 V in order 0
minimize the power loss in base drive circuit, and mean-
while, UC3843A is used instead of UC3842A, which has
a lower ON threshold of supply voltage. Other functions
are identical to UC3842A. The typical heg value for
MJE18004 is 14 (6], and thus, it is assumed that the min-
imum hgg value is 10 partly because of the tight control
in manufacture. Then, the minimum base current g is
2.2/10 = 0.32 A to maintain transistor saturation at fult
load. A slightly larger base current of 0.35 A is used prac-
tically. From (9], the voltage drop on the source output
transistor of UC3843A is about 2 V at an output current
of 0.35 A. And the value of VBE(sat) of MJE18004 is 095V
i6]. Therefore, the value of base resistor Rp is,

Rg = {10 — 0.95 — 2)/0.35 = 200 (1.2W)

The base drive capacitor Cg can be determined by 1
{2nCgRB) < fg{min)y2. i-e. Cg =1 wF. Note that the BE
junction of MJE 18004 will not have avalanche breakdown
because the breakdown voltage of BE junction is about
9 V. Other optimum base drive circuits can be found in
[7] (e.g., how to use base inductor to improve the turn-
off operation of power transistor}.

As shown in Figures 3 and 5, the primary control cir-
cuitry is self-supplied. The required power is delivered
from the transformer winding N through Da and Ra. A
zener diode of appropriate voltage rating is used to reg-
ulate the supply voltage for ICq. For UC3842A and
MTP4NS0, the supply voltage is 20V and the total supply
current is about 20 to 50 mA. Thus, N is chosen to be
18 turns to provide an extra 5 V for regulation. Ra is set
1o 47 Q. Th smoothing capacitor Ca is for filtering, but
an unobvious effect of its capacitance is on the start-up
transients of the primary control circuitry. Since the cur-

rent-mode controller UC3842A/3843A has a voltage hys-
teresis in under-volt lockout, the capacitance of Ca must
be large enough to maintain the initial switching oper-
ations, i.e. the supply voltage must be kept above the
lower threshold point, before the power can be fed from
the transformer. The practical values of Ca are 3.3 uF for
UC3842A and 2200 uF for UC3843A. The much iarger
capacitance used in the latter case is due to the small
hysteresis of the supply voltage of UC3843A and the rel-
atively large base current. Na and Ra for MJE18004 are
13 turns and 10 €2 {1 W) respectively.

Itis also possible to minimize the value of CA to several
uF and to avoid long start time using a "kick” starter
described in previous Motorola Application Notes. The
“kick’ starter is actuatly a NPN high voltage, small-power
transistor connected as a simple voltage regulator forthe
control circuit. The reference voltage is derived from a
sener diode biased by a resistor connected across +Vee
and the base of the “kick” transistor. Its emitter is
regarded as output of the regulator and its coltector can
be tied to +Vce. When the power supply is connected
to a.c. mains, the “kick” starter charges Ca above the
start-up threshold of UC3842A/3843A quickly. Then, the
power for the control circuitry is fed from the auxiliary
windings (Na), which raises thed.c. voltage at the emitter
of the “kick’" transistor, and the transistor will be turned
off. Thus, the “kick” transistor conducts for a very short
time and dissipates very small power.

2.6 CLOSING THE FEEDBACK LOOP

After determination of almost all the component values
and configurations for the flyback power supply, the last
hut not the least piece to design is the feedback loop.
Figure 6(a) shows the gain-block diagram of the flyback
power supply. The input of the system is the internal
reference voitage in the TL431, which is 25V =1%, and
is compared ta the feedback signal. The H-block is purely

EAROR AMP.
Vo e QOPTO-COUPLER
be:l
+15V i I -1 1RgpD '1 CTR
f R =30mS *| = 1 (APFROX!
A UC3BAIIA e ¥
S INTERNAL DIVIDER
> 111 Hg 2 Ve Rgp
= =3IV - 1 = 290 0nMs
{D.C. OFFSET)
¥ Vo FLYBACK POWER XFORMER
Ipk
1iRg DL Eﬂsﬂ
=18 Yy ¢ =wean
1 + swp +siwp)
VOLTAGE DIVIDER IRy & Ry} .
fg = 322
Ry, = 1kOHMS Y
< Ho = 00227 s s rads '

FORWARD GAIN BLOCK {G)

Figure 6a. Approximate d.c. and Low-Frequency a.c. Model of the Fiyback Power Supply
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a voltage divider formed by Ry and‘Ry, thus the - gain
value in this block is 3.3/(142 + 3.3) = 0.0227 = Hgy. The
difference or error signal is then ampilified by the error
amplifier in TL431, which is compensated externally. The
compensation netwark is chosen to consist of an inte-
grating capacitor Cf and a resistor Ry. Thus, we have,

A= —1 {(10)

sCeR¢
where s = Laplace transform operator {jw for sinusoidal
analysis},

Rf = Rny/(Rx + Ry) = 3.23 kf).

The capacitance vaiue of Cf can be determined for over-
all stability of the power supply once when the forward
gain G is known under the worst condition.

The low-frequency a.c. mode! for the discontinuous-
mode current-injected flyback converter consists of ad.c.
gain block cascaded with a single-pole roll-off network
which has a pole frequency at 1/{wCgR| ), where C, is the
total output capacitance and R|_is the total load resistance
at Vg {1]. The equivalent maximum load resistance
RL{max) is approximated by experimental measure-
ments at no load, fg = 32 kHz and Vec = 200 V (for
MTP4NS0}. The input current was measured to be 0.06 A
and thus,

RL(max) = 1102/(200 x 0.06) = 1 k2

Fgr the equivalent total output capacitance (for
MTP4NS0}, the capacitances at three output circuits are
lumped to + 110 V output, and by charge relation,

Co = [(110 V} (66 uF) + (15 V) (330 pF) + {B V)

{470 p})/110 V = 145 uF
Hence, the lowest corner frequency fp of the flyback
power supply is approximately 2.2 Hz. If the ESR and ESL
of the output capacitors are neglected, the G-block has a
transfer function [1] as,

G = Gg/l1 + s/'Wp) (11)
where Wp = 2Z=#fp = 13.8 rad/s.

The forward gain biock G is subdivided into its indi-
vidual elemental blocks in Figure 6{a). They are the resis-
tor Ropp which converts the output voltage of TL431 into
the diode current for the LED of MOC8102, the non-linear
CTR (0.65 to 4.5 from data sheet), the resistor Rgpg which
generates a voltage Ve from the coupled current Ic, the
internal one-third divider of UC3842A/3843A (the minus
sign is due to the inverting configuration of the op amp},
the current sensing resistor Rg which relates V¢ to lpk,
and finally, the gain of the power stage which includes
the signal pole. The d.c. gain of the power stage can be
directly derived from the power relation,

Vgl 2
V LpRLf
or~0 - [PTiTs

Thus

_ —(Ropg/RepD) RLLp fs
Go pEol crr) L (12)

The value of d.c. gain Gg can be determined analytically
by substituting parameters under worst case, ie. fg =
32 kHz and R = 1 k{} {including +8 V and + 15V rails),
when the value of G, is highest. On substituting the
known parameters,
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Rope = 390 Q) Rgpp = 3308 CTR = 1 (for MOC8102)

Rs = 02802 Lp=166mH,
we have,

|Ggl = 229 0r 47.2 dB

It is observed that a local feedback occurs in the TL431
output circuit and the LED of the opto-coupler, Its end
effects are:
1. loop-gain enhancement by the additional block con-

nected in parallel with A-block, i.e. 9/(111 Hg) = 3.57;

2. aproportional-integral {Pl} controller resulted, instead

of a pure integrator.
The overall gain {transconductance) of the feedback error
amplifier can be derived as follows.

iF = Vg {9/111) — Vg Hg A
or ip/{(Hg Vgl = 9/{111 Hg) = A (13)
where v = a.c. component of Vg

if = a.c. component of If (LED current).

To simutate the equation {13}, an additional block con-
sisting of 9/(111 Hgy) only is placed in Figure 6(a). The
zero frequency of the error amplifier is,

wf = 1/{3.57 C{R¢) {14)
when |A] = 9/{111 Hg).

After knowing all equivalent a.c. gains of the converter
circuit, we can determine the vaiue of Cf for optimum
circuit dynamic performance. Singe there is merely one

fp = 22Hz f = 10Hz # = &Mz

100 m m
"N..
1108
e
g i1y, N8
s !
g "\
0 ™ o
\\\
-40
0.01 f ik} 1000 Hz
—ag any [ LIS -
™ W1
N '
N /
/
g /
=]
g
= m m
-13% Al l J
oM f ikl 1000 Hz

Figure 6b. Bode Plot of the Flyback Converter at
fs = 32 kHz and No Load
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parameter that can be varied, i.e. Cf, and only one opti-
mum condition (either gain or phase) can be satisfied,
we set the minimum phase of the loop gain to —120° to
guarantee the relative stability. That means Ws should be
placed 30/45 = 0.667 decade beyond Wp or,

Wi 100.667 wp
4.64 Wp = 64 rad/s
because the down slope of the phase of the flyback con-
verter gain is —45%decade and the Pl controller has an
initial phase shift of —90°. Then,

C¢ = 1/{3.23 k} (3.57) {64)] = 1.365 uF
A practical value of 1.5 uF is used. Plots for the overall
loop gain of the power supply at fg = 32 kHz and mini-
mum load is shown in Figure 6(b}, with the following
equations.

1 9 206.4
A ) _sCfRf+ TRy = w + 3.57
G = Go where Gg = 228
1 + s’Wp Wp = 13.8
Hg = 0.0227

Gain {f) = 0.2 log1g | A’ () x G x Hg

Phase (f} = ArglA’ (f} x G x| Hg)

The unity gain bandwidth is about 40 Hz {at f1) and the
phase margin is about 82°. But, the dominant value in
the phase plot is its lowest value of —128° at w¢, where
the gain is greater than 0 dB. It determines nearly all
transient load responses.

2.7 OTHER OPTIONS

Under normal circumstances, the output voltage
should not exceed 150 V., But, as protection for the mon-
itor circuits (it would generate X-ray if extremely high
anode voltage appears), an optional high-voltage zener

diode 1N5953A (1 W) is connected across the 110 V out-
put rail. If abnormaliy high voltage (>150 V) continuously
appears on this rail, the zener diode will be zapped to
form a permanent short-circuit. Other better OVP circuits
such as SCR crowbar circuit and 0 V shutdown circuit
can be used with higher unit cost.

Another option which may be required in the power
supply is short-circuit (not just overload) protection.
Since the ftyback power converter is operated with
current-mode control, it is inherently over-power pro-
tected. But, if the outputs are short-circuited, maximum
power will be delivered to the low valtages with high
output currents. Then, the output rectifiers and windings
are likely to be damaged. Short circuit protection is gen-
erally best installed in secondary output{s). Shutdown or
foldback signal(s) can be fed to the UC3842A/3843A by a
Motorola optocoupter.

To improve and control the start-up transients, a soft-
start circuit may be added to the current-mode controller.
Typical example can be found in [9].

3. UNIVERSAL INPUT-VOLTAGE ADAPTOR

The universal input-voltage adaptor is used with bridge
rectification circuit to provide a rather narrower range of
rectified d.c. output voltage at either low or high range
of input voltage, i.e. 90-130 Vac or 180-260 Vac. A sim-
plified circuit block diagram has been shown in Figure 2,
and the detailed circuits are shown in Figure 7{a) and (b}.
The voltage range selection is performed by an over-
voltage detector and the adaptor is supplied from a
charge pump circuit. At low range, the triac is fired con-
tinuously by the adaptor, and a voltage doubler is formed,
while simple bridge rectification is retained at high range.
The rectified output voltage (V) range is from 200 to
370 Vdc.

l -0 - Vo
S G
~ 4x INS398 CmT_ $iw & nssea
Lo~ ' AN
5011 J:
¢ Bl INS356A
it
80-130 VAC +~—0
OR 180-250 VAC 1 T 1
MAC22848 =
L O sTaARTLP
N4001
NO : _bampmn
k3 7!
it
MCR102
*\ “I kg
100 < <
|35V 3 &7 MC3423P 3
0kg A 4
) 100p 2
% = Eovae |3 50 oF]
NAGO1
Figure 7a. Negative Gate {Triac) Current — Preferred
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Figure 7b. Positive Gate (Triac} Current

3.1 ADVANTAGES OF USING UNIVERSAL
INPUT-VOLTAGE ADAPTOR

Three advantages are gained by using the universal

input-voltage adaptor. They are:

1. smaller ripple current in the smoothing bulk capaci-
tors for fixed output power;

2. less output ripple voltage at the rectified d.c. output
(V) at constant output power;

3. greatly reducing the stresses {voltage and current) on
the power switch of the flyback converter for constant
output voitage (Vg).

3.2 DETAILS OF CIRCUIT DESIGN

To select a suitable capacitance for the input bulk
capacitors Cjp, the ripple voltage at V¢ is considered.
Sketches of voltage and current ripples are shown in
Figure 7(c) and (d) for the following analysis. Figure 7(c}
is for normal bridge rectification, while Figure 7(d) is for
voltage doubler.

For simple bridge rectification, the ripple voltage 8V
is related to the capacitance of Cjpy as follows, from the
power relation. It applies provided that t3 is much less
T/2,

Pin = 172 {Cin/2) [Vec(pki? = Vecimin?] (2fin)
or
- 2 Pin 1

VCCipk)? — VeCimini? fin
and 8Vce = VCcCipk) — VCCimin)
where VcC(pk) = peak voltage at Vo = 1.414 x input

voltage {rms),

Vecimin) = lowest voltage at Ve,
fin = frequency of input voltage.

(16)

Cin
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For the worst case, Vcc(pk) = 180 x 1.414 = 255 V,
VeC(min) = 200V, Piy = 128.6 W and fip = 50 Hz since
the lowest working voltage of the flyback power supply
is 200 V, and the frequency of input voltage is from 50 Hz
to 60 Hz. Therefore,

Cin = 205.6 uF
The time period ta, the conduction time of the bridge
rectifiers, is given by,

VCClpk!
~
/ \\ // Vegimin N
/- \ 7/ \
/ \ / \
CAPACITOR [ la v/ \
VOLTAGE f v \
vee ol
'—:. T -

leapipki

\

liagp 0
{A.C. ONLY)

Figure 7c. Waveforms of Bridge Rectification
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Figure 7d. Waveforms of Voltage Doubler

cos—1 [VCC(min)]
¢ VCCipk)
a 27 fin
=213 ms
In order to evaluate the rms ripple current icap(rms) of
the smoothing capacitors Cj, a triangular approximation
is used to simplify the derivation. The a.c. peak current
lcaptpk) of Cin is,

Ciry QV
lcap(pk) = 3 ﬂgf-g (18)

(17}

= 7 fin Cin VVCCipkIZ — VCC(min)2
= 5.5 A for the practical value of Cj, equal

to 220 uF.
Thus,
D t
lcap(rms) = lcapipk} ‘/;“ = lcapipk) }3—.3—2 {(19)
= 147 A

assuming that the a.c. component contributed by the
switching operation of the flyback converteris negligible.
This assumption holds because the high-frequency
{switching frequency) ripple current is filtered by the
additional small-valued capacitor {0.1 uF) connected
across Vee.-

With reference to Figure 7(d), for the voitage doubler,
the two capacitors are alternatively charged to peak line
voltage. Note that whenever the rectified voltage V¢ is
at instantaneous minimum Vcg(min) the voltage of one
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capacitance is at its minimum, but the voltage on the
other capacitor is at haif way between peak and minimum
voltages, V¢ipk) and VCimin} respectively. The value of
V¢(min} ¢an be determined as follows.
veeiming = Veimin) + [Ve(min) + VCipkil2
of VCimin) = [2YCCimin) = VC(pk)/3 (20)
= 91V for Vgpk) = 90 x 1.414 = 127 V
and VeCimin) = 200 V.

From energy law,
Pin/2 ~ 172 Cin Vc(pki2 = Veimin? fin
or
- Pin 1
~ Veipr? - Veimin fin
= 327.5 uF at fi = 50 Hz and full load.

The time ta, ripple currents legp{pk} 3nd lcap(rms) @re
given by,

cos—1 [VC min }
VCipk)
27 fin
leap(pk) = 27 fin Cin VVC(pk)Z — VC(min)* (23)
~ 9.18 A for Cj, = 330 uF (practical value).

{21}

Cin

= 2.46ms (22)

ta”’

t
leap{rms) = lcap{pk} 561‘- (24)

= 1.86 A

As the power supply is designed to operate at both
input ranges, the latter case defines the relevant maxi-
mum ripple current. In order to demonstrate the effec-
tiveness of the universal input-voltage adaptor, the ripple
current and voltage assuming no doubler are calculated
to be, with Cjy = 330 uF, Vin = 90Vac and Pin = 1286 W
at 50 Mz,

Veciming = [1272 - 128.6/(60x185.)]1/2 = 23.3 V

8Vee = 127 — 23.3 = 1037 V [compared with 55 V
for high range)

tg =44 ms

'cap(pk) =65 A
Icap(rms} = 3 A (nearly double of the value with
voltage doubler}.
Such a large ripple voltage at Vo will greatly stress the
switching transistor and will degrade the overall perfor-
mance, especially the conversion efficiency and
regulation.

The bridge rectifiers are selected to be 1N5398, a3 1.5 A
device because the highest average line input current is
0.9 x 128.6/90 = 1.3 A, The two 1 W resistors, in parallel
with Cjn, are used to discharge the input capacitor after
powered off. Note that one of them is connected to “start-
up’’ at one end instead of the ground (the inverted tri-
angular sign). It provides the starting current for the
current-mode controlier and drive circuit atinitial power-
on, when the control circuitry is still not self-supplied.
The start-up current is limited to approximately 2 to
4.6 mA.

The inrush input current is limited to an acceptable
level by the thermistor which has a resistance of 5 Q at
room temperature and 1 Q after heated up.
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MAC229A8 has been found suitable for the triac in the
universal input-voltage adpator because of the foilowing
points:

1. It is a sensitive gate device with IgT of 10 mA maxi-
mum for operation quadrants |, Il and i {13]. The smail
gate current requirement will minimize the power dis-
sipation in the adaptor and will lower the capacitance
of the charge-pump capacitor C.

2. lts breakdown voltage is 600 V, which exceeds all input
voltage limits.

3. Guaranteed 25 V/us, rate of rise of off-state voltage
ensures the accurate operation of MAC229A8 [13].

4. Low power loss in the device due to its low voitage
drop across MT1 and MT2 at operation.

MC3423 is originally designed for overvolt “crowbar”
sensing circuit, but it is aiso applicable in the universal
input-voltage adaptor because of the similar working
condition [14]. It has a temperature-compensated internal
reference voltage of 2.6 V which is connected to one
terminal of the input comparator. Thus, if the trip point
at which the triac is turned off is set to 135 Vac or 191 Vdc,
the divider ratio in Figure 7(a) is,

2.6 = 191 x Rp/(Rq + R2)
or Ri/Rz = 725
Ry = 2.2 M and Ry = 30 ki

The internal constant current source {pin 4) can provide
a time delay before tripping the “crowbar” SCR. It results
in better noise immunity and controlled start-up tran-
sients of the adaptor. The practical values of the capacitor
and resistor connected at pin 4 to ground are 50 nF and
560 k2, respectively, which has a time delay of approx-
imate 650 us. The output is connected, through a resistive
divider, to a small-power SCR {MCR102 with Ix{max) =
0.8 A). When the input voltage is detected to be above
the trip point, the SCR is fired to shunt all the incoming
current from the charge pump, and the triac will remain
off.

The MC3423 can operate from 4.5 V 1o 40 V of supply
voltage [15]. Hence, a 6.2 V zener diode is used to clamp
the supply voltage of the crowbar senserto 6.2 + 0.7 =
7 V for stable operation. A 100 pF filtering capacitor for
the sensing divider and a small-signal diode 1N4148 for
clamping the input of MC3423 are also added in the
circuit.

To calculate a suitabie value for the charge-pump
capacitor C, the working principle of the charge pump is
first considered. It consists of two diodes (TN4001), a
coupling capacitor C, and a smoothing capacitor (100 xF).
C is charged during the rise time of input voltage and is
discharged during fall time. Assuming that the voltage
drop on the charge pump circuit is much less than the
peak of input voltage (Vp), from charge balance principie,

Q=(@2VpIC = IT
or C = {ITW2Vp)
where | = average d.c. current supplied to the line
adaptor.
The boundary case is at low line, low range, where Vp
= 127 V and | = 10 mA for gate current pius 6 mA for
bias current. Thus,

C = [(10 + 6) {1/50)]/{2 x 127) = 1.2 uF

At high line, high range, Vp = 370 V and the maximum
value of | is 53 mA at 60 Hz, The maximum power con-
sumption of the line adaptor is 7 x 0.053 = 0.37 W. The
10 O resistor in series with C is used to {imit the inrush
current when starting.

So farin the design of the universal input-voltage adap-
tor, an important point which has not yet been considered
is the hazard of severe overvoltage at V¢ during start-
up. If the power supply is started at high line, high range,
Vin = 260 Vac, during the falling edge of input voltage,
and the supply voltage of MC3423 is charged to about
7 V, the triac will be turned on for the doubler operation
in the remaining negative cycle of input voltage, without
the gate capacitor Cg, since MC3423 had not yet and
would not be tripped until the next positive cycle. Then,
the lower bulk capacitor will be stressed to nearly double
of its normal voltage rating. This harmful effect not only
damages the bulk capacitor, but also produces abnor-
mally high input voltage (V) for the flyback converter,
in a small instant. Therefore, Cg is connected to the gate
and MT1 terminal of the triac to serve two purposes;

1. to delay the turn-on of triac for nearly a quarter of one
cycle.

2. to increase the dV/dt blocking capability of the triac
{> 200 V/us) and hence, the overall system reliability
[13l.

ty— | HAZARDOUS RANGE
FOR VQLTAGE DOUBLER
-%7v.

Vin V) f——— C DISCHARGES —
a00
387V
T, DELAY TIME
= (BY 100u & Cij) ™1
200 G
MCUZ
BEGINS TO WORK
9
DZ (IN4735A) BEGINS
70 CONGUCT
- 200
ey e
—an0
0 I T T T =687 ms
4 2 4

Figure 7e. Worst Case Consideration for the Universal Input-Voitage Adaptor {Negative Gate Current}
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Figure 8. Complete Circuit Schematics of 90 W Off-the-Line Power Supply
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The determination of the capacitance of Cg is determined
as follows, with reference to Figure 7(e). At high line, high
range, and 60 Hz, the average current | is maximum
{53 mA). All discussions below are referred to a falling
edge and the consecutive rising edge of less than 1/4
cycle of input voltage, because the charge-pump capac-
jtor Cis discharging to the adaptor circuit during fali time
and the crowbar senser cannot be tripped if Vi falls
beyond + 200 V. If the supply voltage for MC3423 is just
about 4.5V, the crowbar sensing IC functions, and mean-
while, the instantanecus input voltage is at the trip point
(200 V) and is going to the negative cycle, the gate capac-
itor Cg must be large enough to delay the conduction of
the triac before the input voltage rises again, i.e. at the
negative peak. Assume that, for simplicity, the supply
voltage of MC3423 rises to about 6.2 V (zener voltage)
when the input voitage falls to —200 V. Then,

ty = charging time of the capacitor across the supply
voltage of MC3423

2 x sin— 1 (200/367) / {27 x 60} =
= {§,2 — 4.5) V x {Capacitance value) / {53 - 6} mA

or capacitance value = 100 uF {connected across
suppily voltage of MC3423)

But this capacitance is necessary to meet the ripple voit-
age requirement of the adaptor circuit. Afterwards, the
zener diode (1N4735A) conducts, and the two capacitors
connected in parallel are needed to delay the remaining
time t, before the input voltage rises from its negative
peak again, within the same negative cycle. Therefore,
ty = (16.67/4 — 3/2) ms = 0.7 V x {CG + 100) uF/47 mA

since the threshold gate voltage of MAC229A8 is 0.7 V

typicatly.

Cg = 79 puF
A practical value of 100 uf is used in Figure 8. Note that
the discharging current of C at zero-crossing of input
valtage is greater than the average value |. The time conr-
stant of the gate capacitance and gate resistor {1 k) is
0.1s, which is sufficient for resetting the triac between
consecutive power-off and on. The 10 k{2 resistor is for
discharge of the 100 wF capacitor, and the corresponding
time constant is 1 second. Time constants too long in the
above design may result in failure of the universai input-
voltage adaptor if the power supply which was previously
socketed in 110 V line is quickly plugged in 220 V line.

It should be noted that two optional power zener diodes
(1N5956A) are connected across each bulk capacitor Cj
because:

1. they can absorb short transient voltages (>200 V) on
Cin.

2. they can prevent any failure of the universal input-
voltage adaptor from damaging the flyback converter
and the two bulk capacitors.

Although such failures are rare the consequences are
to be avoided since failure of the line adaptor poses a
safety hazard to the human beings (especially the eyes
radiated by X-ray).

Common-mode and differential-mode EMI/RFI filters
are generaily required for ail switching power supplies.
They are inciuded in Figure 8, but are exctuded in the
DEMO board.

3ms

H
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4. PERFORMANCE OF THE FLYBACK POWER SUPPLY

4.1 COMPLETE CIRCUITRY

Figure 8 shows the complete circuit schematic of the
90 W flyback power supply. The triac in the universal
adaptor is negatively driven by the charge pump. since

TOP VIEW

o

ic In In TL {NC

Figure 9a. Universal Input-Voitage Adaptor (+1G)

TOP VIEW

e

I c Iy TN L Ine
Figure 9b. Universal Input-Voitage Adaptor (- IG}

TOP VIEW

D BV ¢
.%4' oty

33;.,23)0;1 15 V
2 GoND -

L
1

N.B. VALJE, VALLE

FOR
FET

2N3906 x 2

UC3IB42A,
FOR UC3843A

BIPCLAR

MOTCRCLA MK 2889

Figure 9¢. Main Board {for MTP4N90 & MJE18004)

Figure 9. P.C.B. and Component Layouts
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TRANSFORMER CONSTRUCTION DIAGAAM
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L o [ ®
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= 15101, '
AWG #22 o o I] Ny = 172 Ng(T8!
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Ngi8) = 7 o — PRIMARY.TO-
AWG #26 -g o NA SECONDARY
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AWG #26 [ ?e = 13 AWG #26 (for MJE18004) CENTRE LIMB OF FERRITE CORE
—] I [ FERRITE CORE: TDK £T0-38 HICA
AR GAP: Ig = dmm APPROX, BOBBIN: TOK PST-39

Figure 10. Flyback Transformer Construction

it is least sensitive to noise in this mode. Drive circuits
for MTP4N90 and MJE18004 are also shown.

Sometimes, it is unnecessary to have the universal
input-voltage adaptor because the power supply may be
used only at one range. Then, a modular approach for
the adaptor can lower the system cost and can increase
the flexibility of manufacture. The universal input-voltage
adaptor board can be simply removed or unplugged from
the power supply board without affecting the normal
operation of the power supply, if the adaptor is not
needed. Therefore, using this approach, the adaptor
becomes optional. The printed circuit board and com-
ponent layouts of the universal input-voltage adaptor(s)
and the main board of power supply are shown in Figure
9. The construction diagram of the power transformer is
shown in Figure 10. Table 1 lists all Motorola semicon-
ductor components used in this power supply.

Table 1. List of Motorola Semiconductor Components

Part Numbers Qty.

I UC3842A (for MTP4NS0)
UC3B843A (for MJE18004)
MC3423P
TL431CLP

Opto MOC8102 1
MOSFET MTP4ANS0 1
SCR MCR102 1
TRIAC MAC229A8

BJT MJE18004
2N3906

TN4001
1NB819
1N5398
MUR140
MUR180
MBR160

1N4735A
1N4740A,
TN4747A
1N5953A

-_— —h o

iy

Rectifier

MR = B 2NN

62V

10V {for MJE1B004}
20V {for MTP4N30}
150 V (optional)

Zener

R b aa o s

TNG356A 200 V

4.2 EXPERIMENTAL MEASUREMENTS AND RESULTS

D.C. measurements are summarized in Table 2. Line
and load regulation are excellent (better than 0.5%) for
the + 110 V output. Regulation for other two rails is within
10%, if the transformer is properly manufactured. Con-
version efficiency, is close to the expected figure (70%),
and the best one is 73.7% at lg(110) = 0.7 A, fg = 15.7 kHz
and Vo = 360 V for MTPANSO0; whereas for the bipolar
pawer transistor MJE18004, the best efficiency is 74.2%
at lp(110) = 0.7 A, fg = 15.7 kHz and Vg = 360V.
Although MJE18004 has lower conduction loss than
MTP4N90, it has higher power losses in the base drive
circuit and in the switching transitions. This is why
MOSFETs can compete with advanced BJT even with
higher conduction loss at reiatively low switching
frequency.

The maximum ripple voltage at 110 V output is approx-
imately 150 mV (peak-to-peak} which is less than 0.2% of
the output voltage, as predicted in section 2.3. The power
supply is observed to be stable over the entire range of
load currents. The dynamic response is also satisfactory,
with an overshoot of less than 8 V at fg = 15.7 kHz and
Ve = 200V, from half-load to full-load {see Figure 1).
Also in Figure 12, the transient responses of the power
supply are introduced for very large-signal disturbances
— from no load to full-load. The overshoot is about 20 V
and the undershoot is over 30 V, which is quite satisfac-
tory. The overshoot can be further reduced by increasing
the integrating capacitance Cs in the feedback loop. But,
this will result in siower transient responses.

Typical experimental switching waveforms are shown
in Figure 11, at different ioad currents, input voltages and
switching frequencies. Also, Figure 13 shows the photo
of the 90 W off-the-line power supply.

5. CONCLUSION

A low-cost 90 W fiyback power supply with external
synchronization and universal input-voltage adaptor for
multi-sync color monitor has been discussed in detail.
The power supply has excelient line and load regulation
and is found to be suitable in the application of low-cost
multi-sync color monitors or TVs. Also, it can operate at
both a.c. mains, i.e. 90-130 V or 180-260 V, without
greatly affecting the system cost and performance.

#
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Table 2. Performance of 90 W Off-the-Line Flyback Power Supply
MTP4N90 (MOSFET)
(\ lp {110 V) Va (110 V) {15 V) {8.ov) fg lin Vee Efficiency
Lt 0.2 110.1 16.01 8,38 15.7 012 300 61.2
0.5 110.0 16.23 9.05 15.7 0.26 300 70.5
0.7 109.9 16.31 9.10 15.7 0.35 300 73.3
0.7 109.9 16.32 9.10 15.7 0.55 200 69.9
0.7 109.3 16.30 9.1¢ 18.7 0.29 360 73.7
; 0.2 110.1 15.99 8.88 25.0 0.13 300 56.5
i 0.5 110.0 16.19 9.03 25.0 0.26 300 70.5
0.7 110.0 16.25 9.08 25.0 0.35 300 733
Q0.7 110.0 16.26 9.07 25.0 0.53 200 72.6
0.7 109.9 16.25 .08 25.0 0.29 360 73.7
: 0.2 110.1 15.98 8.88 320 0.13 300 56.5
0.5 110.0 16.17 9.03 320 0.26 300 70.5
0.7 110.0 16.23 9.07 320 0.35 300 733
0.7 110.0 16.24 9.07 320 053 200 72.6
0.7 110.0 16.23 9.07 32.0 0.30 360 71.3
A v v v kHz2 A v Yo
1 MJE18004 (Bipolar)
lp (110 V) Vg (110 V) (15 V} (8.0V) fs lin vee Efficiency
0.2 110.8 14.41 8.82 15.7 0.12 300 61.6
0.5 110.7 14.65 9.00 15.7 0.26 300 71.0
0.7 110.6 14.82 9.11 15.7 0.35 300 73.7
0.7 110.6 14.73 9.06 18.7 0.54 200 717
0.7 110.6 14.83 2.1 15.7 0.29 360 74.2
0.2 110.8 14.44 8.83 25.0 0.13 300 56.8
0.5 110.8 14.70 9.02 25.0 0.27 300 68.4
0.7 110.7 14.78 9.09 25.0 0.36 300 71.8
S 0.7 110.7 14.77 9.08 25.0 0.53 200 731
, 0.7 110.7 14.78 9.09 25.0 0.30 360 71.8
0.2 110.8 14.43 8.83 320 0.13 300 56.5
0.5 110.8 14.68 9.01 320 0.27 300 68.4
0.7 110.7 14.75 9.07 320 0.36 300 71.8
0.7 110.7 14.75 9.07 32.0 0.54 200 718
0.7 110.7 14.75 9.08 320 0.30 360 71.8
A v A v kHz A v %
*Ripple voltage at 110 V output is about 150 mVpp at Vo = 300V, g = 15.7 kHz & 1g = 0.7 A,
Figure 11. Experimental Oscillograms
CH1 oY A 0us 3BV VERT cHt 5V A W0 135V VERT
cHe SOMY 0. 0000 cHe 00V
AF1 20V - T T 3 T T T T T
T T T P T b
e RF2 S00V 10 s I F Iy = B \'v ¥ :f 135;:;\,
Mara 20y s ! + :CC_ P | e 3 rY NTToa
RF4 200V 10us p MJET5004

MTP4NS)

IR

Vs

Yos

e N
-

CH2gna 4- Nl
CHignd 4 - I \
) L i

. —— R L L . N o L. \
L CH2 FREQ = 5126kt
Figure 11a. Key Waveforms at fg = 25 kHz and Figure 11b. Vgg and Vg at fg = 25 kHz and
Vee = 300 V (for MTP4N30) Vee = 300 V {for MJE18004)
AN1080 MOTOROLA
17

ClibPD

www fastio.com



http://www.fastio.com/

Figure 11. Experimental Oscillograms

on nV
oz 20V A 1Dus 4V VERT
T T Y T T T T Y r
+ fy = 167 kHz
L 3 Ver ~ v
] o = 074
4 MTPIN

CHt oy A Was 491V VERT
CcH2 10h v
T T T Ll T
fy = 157 42
Voo = 20V
I~ 7 =074 ]
1 MTPANG

T
did
'y

ClibPD

CHgnd | ] - 5 ]
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Figure 11c. Vpg and Vgs at fg = 15.7 kHz and Figure 11d. Vps and Vgs at fg = 15.7 kHz and
Voo = 360 V {for MTP4NS0) Voo = 200 V {for MTP4NS0)
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™ T T T T f’ ;25% T Y T T 1 T T -v T
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CH2grd £ L‘-‘J L&. - -
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CHignd 1 P J N " r CHignd " d L
CH? FREQ = 25.000 kHz CH2 FREQ = 25.000 kM
Figure 11e. Vps and Vgg at fg = 25 kHz and Figure 11f. Vpg and Vgg at fg = 25 kHz ard
Vee = 360 V (for MTP4ANS0) Vee = 200 V (for MTP4NSO0)
g; zzgovv A 1Dus 9§V VERT cc:; ':»zouv A lbus 922V VERT
4 ! ' v 1+ ' ' ! | T T T T T T T T
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- 3 i - Ean
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= t } } + + £ ol TR R ! 3
w \/‘ a8 - t t }
tHzgnd }= L"""" - CH2gnd ..L"-‘J i e
L q - » ﬁ m .
CH1gnd aspulte. 4 s CH1gnd el it bttt k
7 FREQ = 3 Sda e CHz FREQ = TO61MHe
Figure 11g. Vps and Vggs at fg = 32 kHz and Figure 1th. Vps and Vg at f5 = 32 kHz and
Vce = 360 V (for MTP4NS0) Vee = 200 V (for MTP4AN90)
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Figure 12. Large-Signal Transient Load Responses
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Figure 12a. For MTP4N30, From No Load to Full-Load
at fg = 15.7 kHz.
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Figure 12¢. For MJE18004, From No Load to Full-Load
at fg = 15.7 kHz.

CH 0¥
He 0y 4 100ms T0Em¥ VEAT
L NO LOAD TO FULL-LOAD
3 i
[ . v/
| I -
PV AP | i ] ] fl i las [
T T 1 L L T T T T
]
L 1
Chignd : o b
+
-
cHagnaL I -
1
+
3

CHY FREC = 19910 Mz

Figure 12e. For MTP4N30, From No Load to Full-Load
at fg = 32 kHz.
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Figure 12b. For MTP4NS0, From Half-Load to Fufl-Load
at fg = 15.7 kHz.
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Figure 12d. For MJE 18004, From Half-Load to Full-Load
atfg = 15.7 kHz.
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Figure 12f. For MTP4NS90, From Half-Load to Full-Load
at fg = 32 kHz.
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