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Abstract

BiCMOS processing provides the key to a new integrated PWM controller which offers higher switching frequen-
cies at lower quiescent current drain while including new innovations in both performance and protection features.
Its versatility is demonstrated with the description of a 50W, wide input voltage range, off-line inverter and a 48-to-
5V isolated DC/DC converter, both of which feature efficiencies in the range of 80 percent.

INTRODUCTION

Over the years, our industry continues to see a steady
evolution in power control technologies as new circuit
topologies offer performance improvements over those
achievable with older designs. For instance, current-
mode control has become today’s dominant control al-
gorithm as its introduction brought such benefits as:

* Instant response to line variation
* Inherent pulse-by-pulse current limiting
» Faster loop response

These characteristics were quite significant when com-
pared to the voltage-mode circuits built with the tech-
nology of the early 1980’s when current-mode IC’s were
first introduced. However, both circuit design and IC
process developments during the intervening years
have shown that these capabilities are not necessarily
limited to current-mode control. And along with the
benefits of current-mode control have come several dif-
ficulties which have notably complicated the power sup-
ply designer’s tasks. Among these are:

» Dealing with the current waveform’s leading-
edge spike

» Eliminating the effects of ringing or other noise
sources

» Adding the appropriate amount of slope com-
pensation

* Analyzing circuit performance with two feed-
back loops

* Providing good regulation with multiple outputs

» Stabilizing PWM operation with low amplitude
ramp waveforms

Although solutions can and have been found for all the
above issues, these difficulties have inspired a re-evalu-
ation of voltage-mode control in the light of today’s tech-
nology. In particular, it seemed desirable to incorporate
some newer circuit concepts - such as voltage feed-for-
ward, programmable duty-cycle limiting, and sophisti-
cated fault protection - into a design which could also
benefit from low-current BICMOS processing. These cir-
cuit and process innovations have resulted in a new IC
controller equally at home in wide voltage range off-line
inverters and highly efficient isolated DC/DC convert-
ers.

INTRODUCING THE UCC3570

The overall block diagram for the UCC3570 is shown in
Figure 1. While this architecture may look relatively
complex, it is not because of the pulse-width modula-
tion circuitry. Although this may be the heart of the con-
troller, it is implemented with only the comparator,
OR-gate, latch, and output driver shown across the
center of the diagram. Since the UCC3570 is intended
for isolated applications, there is no error amplifier, an-
ticipating that this function will be on the opposite side
of the isolation boundary.
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Figure 1. The overall block diagram of the UCC3570 showing connections to typical external components.

The emphasis given to programming and protection is
indicated by the multiple-input OR-gate in the PWM
path. This gate will terminate or prevent an output pulse
if any of its inputs are high. The input signals to this
gate are derived from the remainder of the circuitry.
These other circuits can be divided into three sections
which are described below: Ramp generation, Power
sequencing, and Fault protection.

RAMP GENERATION CIRCUITRY

An important circuit feature incorporated into the design
of the UCC3570 is a unigue PWM ramp generator
which combines voltage feed-forward, duty-cycle
clamping, and fixed frequency operation. While all of
these characteristics have individually been used be-
fore, combining them into a control which will automat-
ically and linearly provide an open-loop PWM correction
for large input voltage variations, and allow a maximum

duty-cycle clamp to be user-set over a 20%-t0-80%
range, while maintaining constant switching frequency,
was a challenge met with the circuitry shown separately
in Figure 2.

The ramp voltage waveform is formed by charging an
external capacitor with a current source made propor-
tional to the input line voltage, and discharging it with a
programmable current sink which determines the mini-
mum deadtime. Switching between the charging and
discharging currents is commanded by a flip-flop which
is set with a constant-frequency clock signal, and reset
when the ramp reaches four volts. To insure constant
ramp amplitude, the bottom of the ramp is held at one
volt while awaiting the clock command to start the next
charge cycle. If the ramp discharge has not returned to
one volt at the end of the period, the clock is blocked,
forcing the circuit to wait through the next period before
charging again by accepting the following clock signal.
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These relationships are shown in Figure 3 which compares
the ramp waveform with three different levels of input voltage.
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Figure 2. The ramp generation portion of the UCC3570 with
independent rise-time, fall-time, and frequency control.
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Figure 3. Effects of line voltage on the ramp waveform showing a
variable slope rise, constant fall, and guaranteed
minimum off-time.

PROGRAMMING AND PROTECTION

The power sequencing features of the UCC3570 are highly
optimized for off-line operation beginning with the fact that the
BiICMOS process yields very low operating currents for this
device - one milliamp to run and less than 100 microamps
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prior to starting. In addition, there are two pins
which sense the line voltage and provide turn-
on/turn-off functions. Vcc provides chip power
and has a UVLO circuit which sets turn-on at 13
volts with a 4-volt hysteresis. VFwD is primarily in-
tended to provide voltage feed-forward by adjust-
ing the ramp slope, but this pin is also monitored
by over and under-voltage sensing comparators
which terminate output pulses if the line voltage
is outside its defined operating range. Because
Vcc will normally require an energy storage ca-
pacitor, it will respond more slowly than VFwD
and since both must be above a minimum for op-
eration, turn-on will typically be initiated by Vcc
while a collapsing voltage on VFwD will provide a
faster turn-off. Turn-on is further controlled by a
Soft-Start circuit which minimizes both starting
currents and output voltage overshoot.

Another valuable circuit feature is an over-current
fault protection technique which provides fast
pulse-by-pulse current limiting with the ability to
accept a definable period of over-current opera-
tion and then shut the system down if the fault is
continuous. Referring again to Figure 1, the Cur-
rent Limit pin is shown monitored by two compa-
rators with thresholds of 0.2 and 0.6 volts. (It
might be noted that noise filtering here has no
impact on the feedback control loop as it would
with current-mode control.) When the 0.2V
threshold is exceeded, the output is commanded
off within 100nsec. In addition, each time this oc-
curs, an increment of charge is added to the ca-
pacitor on the COUNT pin and should the
voltage on this pin rise to 4V, a Shutdown Latch
is activated. This latch is also triggered immedi-
ately if the current limit signal crosses the 0.6V
threshold. Reset of the Shutdown Latch occurs
when either Vcc or VFwD falls below its lower
threshold which allow a variety of options for
either manual or automatic restart but, in either
case, reset initiates a normal soft-start.

on or off.

WARNING
Off-line AC power supplies are intrinsically hazardous!!!
The power supply described herein contains dangerous voltages!
Never allow human contact with any part of the input circuitry of any power supply, including the input

ground connections, if it is not connected through an isolation transformer, whether the supply is turned

The supply described herein uses and can produce voltages which are potentially lethal! It should be
serviced or tested only by experienced, qualified personnel, with proper techniques and equipment!

WARNING
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Figure 4. A simplified schematic for a 50 Watt, off-line power converter with full fault protection applicable to worldwide

line voltages.
AN OFF-LINE APPLICATION

The 50 Watt off-line supply shown in Figure 4 is pre-
sented to illustrate a typical use for this controller. This
application is intended for highly cost-sensitive markets
requiring operation over world-wide line voltages. Its
forward topology provides good regulation with low out-
put ripple and it takes advantage of the low current re-
quirement of the UCC3570 to allow simple interfacing
to the high voltage line with minimal power loss. The
switching frequency is 225kHz with the allowable duty-
cycle range set to a maximum of 67% - a value which
keeps the peak switch current low while still insuring a
finite reset time for the transformer. The design steps
which follow, while perhaps less rigorous than some
might wish, should still provide a check list of items for
the designer to consider when applying the UCC3570,
regardless of the specific application.

TRANSFORMER RESET

In any single-ended power stage design, the plan for
transformer reset is one of the first design decisions
needed. In providing a power pulse to the output, the
transformer is driven in one polarity for a finite number
of volt-seconds. To prevent saturation, the same num-
ber of volt-seconds must be provided in the opposite
polarity between the termination of one power pulse
and the beginning of the next one. Since it is the volt-
second product which must be met, many compro-
mises can be made between the amount of reset
voltage allowed and the time allocated. The UCC3570

simplifies this analysis to the extent that the worst case
situation will always be at the lowest operating volt-
age. This is because, when properly set up, the voltage
feed-forward feature will automatically increase the
minimum off-time as the input voltage increases.

While most single-ended converters allocate 50% of
the switching period for transformer reset, in the inter-
ests of allowing a lower peak input current, the maxi-
mum duty-cycle for this application was extended to
67%, allowing only one-third of the period for reset. This
precluded using a reset winding on the power trans-
former with a 1-to-1 turns ratio. While a higher turns ra-
tio could have been used, that would have offered the
choice of either recycling the reset energy to the source
and thereby requiring a much higher voltage power
switch, or wasting all the reset energy in a lower voltage
clamping circuit.

Since neither choice was particularly attractive - and to
save the cost of a separate reset winding on the trans-
former - the solution for this design was to use an R-C-
D snubber for reset. This passive resistor-capacitor-
diode network will generate a variable clamp voltage -
high at minimum VIN since the capacitor has less time
when it is not charging, and lower at high VIN since the
shorter on-time provides more discharge time for the
capacitor. An obvious benefit of this solution is simplic-
ity - only three passive components and no reset wind-
ing on the transformer. The disadvantage is that there is
some reset energy lost in the resistor but in this case it
was only approximately 0.5W. Using this R-C-D clamp
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allowed setting the maximum duty cycle at 67% at low
line, while still clamping the maximum drain voltage of
the switch to 500 volts under high line conditions. These
drain voltage waveforms are shown in Figure 5.

TRANSFORMER DESIGN

Figure 5. FET drain voltage at full load with VIN = 85 VAC
(top trace) and VIN = 264 VAC (lower trace)
V = 100V/div, H = 1.0us/div.

Since this power supply is intended for world-wide op-
eration, the line voltage range was established as 85-
264 VAC. This means the peak rectified DC input
voltage could be assumed to range from 120 to 373
VDC, but allowing 25 volts of ripple at low line brings
the lower limit down to 95 volts. With a switching fre-
qguency of 225kHz, the maximum on-time would be
67% of 4.44pusec, or 2.9usec at the lowest input volt-
age.

For reasons of cost and size, a Philips EFD-25 ferrite
core (3F3 material) was selected through an iterative
process of determining a flux swing from the high-fre-
guency core loss characteristics of an assumed core
size, using Faraday’s law to calculate the number of
turns, and then verifying that these turns would fit onto
that core size. The EFD-25 core structure is shown in
Figure 6 and its size yields a core area of 0.58cm? and
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a volume of 3.3cm>. If the flux swing is less than

1.25kG at 225kHz, the core loss should be less than
0.25 Watt. The number of turns are calculated from
_NAB Ae

Vin 5
Ton 10

_ 95V 2.9us e+ 10°

= =38t
1250G » 0.58cnf

which was rounded up to 40 turns.
The number of secondary turns is calculated from

_ . Nsec _ .
Vo =[Vin Npri Rect drop] » Duty Cycle, or
Nsec o
12=[95 - 20 1.0v]0.67, which yields

Nsec = 8 turns. (10 turns was used in this exam-
ple to provide added operating margin.)

The final transformer design, which is illustrated in Fig-
ure 7, incorporated 40 turns of #24 wire wound in two
sections to sandwich the secondary, which consisted of
10 turns of four strands of #26 wire. The DC resistance
of the primary calculated 0.16 Ohm while the secon-
dary amounted to 0.016 Ohm. Using these values and
the core loss curves, the total power loss was calcu-
lated as:

Primary loss = 153mW
Secondary loss = 243mwW
Core loss = 165mW
Total loss = 561mwW

which, in consideration of the transformer’s volume of
approximately four cm?, should experience a maximum
temperature rise of less than 20°C.

TOP VIEW
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Figure 6. The Philips EFD core assembly optimized for
low board profile.

Figure 7. Power transformer schematic and physical
dimensions.
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OUTPUT INDUCTOR DESIGN

The output inductor must be designed to handle the
maximum DC load current without saturating while
maintaining continuous conduction at the minimum
load. This minimum load was arbitrarily set at 5% of the
full 4 Amp load. The worst-case light-load condition oc-
curs at high line where the duty-cycle is calculated to
be 0.13 which gives an off-time of 3.9usec. The mini-
mum value of inductance can then be calculated as

13V 3.9us

L =V dt/di, or 04A

=127uH

The number of turns is calculated from the core charac-
teristics, picking a core large enough to retain adequate
inductance at maximum load. In this case, these goals
were met with a Mag Inc toroidal 55310-A2 core and 38
turns of #20 wire. Since the control bootstrap voltage
and the output can be equal in this case, a second 38
turns of #34 wire powers the control circuit. Power lost
in the inductor is calculated as 92mW in the core and
630mW in the wire resistance for a total of approxi-
mately 0.75 Watt.

CONTROL CIRCUIT POWER

Another early question to be answered in the design of
an off-line power supply is the method used to power
the control circuit. Two obvious possibilities are often
ruled out: using a separate 60Hz step-down trans-
former is costly overhead in a low power application;
and powering the primary circuitry directly from the high
bulk voltage will require a series dropping resistor
whose power dissipation is usually unacceptable. While
BICMOS control circuits require very little quiescent
current, the determining factor is now usually the power
MOSFET gate drive energy. The average gate current
for a power MOSFET can be approximated by

Ig(ave) = Qt » f

where Qt is the total gate charge and f is the switching
frequency. Note that this current is relatively unaffected
by input voltage, duty-cycle, or output loading. There-
fore, Icc for the UCC3570 can be assumed to have
three distinct fixed values: pre-startup, active but with
no output switching, and operating the power switch.

The most common method for supplying primary con-
trol power is the use of a low voltage "bootstrap" wind-
ing from the high frequency power transformer. Since
this power source is only active when the circuit is
switching, start-up energy must still come from the bulk
voltage and it must be recognized that anything which
stops the switching will cause the control circuit to lose
power. When using a separate winding on the trans-
former with a forward topology, the peak voltage will
vary with input voltage which could result in some
power loss if the control voltage must be clamped. This
application solves that problem by taking power from a
second winding in the output inductor. The polarity is
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such that this winding conducts during flyback when it
has the output voltage (times the turns ratio) across it.

POWER MOSFET SELECTION

While the choice of power switch is primarily deter-
mined by the input voltage and current, secondary con-
siderations must include the balancing of conductive
losses - determined by RDs(on) - against the switching
losses which are largely related to the gate charge re-
guirements and the capability of the drive circuitry. The
device selected for this supply is the Motorola
MTP4NB8OE which has the following key specifications:

Drain-source voltage............cccvvveee... 800 Volts
Continuous drain current .................... 3 Amps
RDs(on) at 25°C........ 1.95 Typ, 3.0 Max Ohms
Total gate charge ............... 36 Typ, 80 Max nC
Drain-source capacitance...................... 200pF

With a 40:10 transformer turns ratio, the input current
will be approximately one Amp. The conductive loss is
calculated from the input current (adding a factor to ac-
count for less than 100% efficiency), the drain-source
resistance (accounting for its positive temperature coef-
ficient), and the maximum duty cycle.

The switching losses are best determined empirically
but they can be estimated with a knowledge of the
switching times, calculated from the total gate charge
divided by the peak gate current. These times are typi-
cally less than 50nsec since the UCC3570 can deliver
up to one Amp of gate current.

In this design, the total power loss estimates for the
MOSFET are

Conductive l0SS.......coeevvveeveveeeeeenenn, 2.0 Watts
Switching losses ..., 4.7 Watts

With a total of 6.7W, this device will have the highest
dissipation within the supply and heatsinking the TO-
220 package will be required.

UCC3570 PROGRAMMING

Establishing the operating parameters for the UCC3570
requires a very straight-forward series of independent
calculations which are well described in the data sheet
for this device. The following is merely a simple over-
view, listing the recommended sequence of calcula-
tions. The block diagram of Figure 1 should be
referenced for all component designations and it should
be assumed that all equations are first-order approxi-
mations with more exact values to be defined empiri-
cally.

1.Set chip operating current : ISET=1V /R4 =14

2.Set switching frequency : fs = 1.8 / (R4 « CT)
3.Set minimum deadtime :td = 0.3+« R4+« CR
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4.Set feed-forward range : The UCC3570 estab-
lishes this range as 4:1 by the 4V and 1V limits
set for VFwD. Therefore,

VIN(Max) = 4+ (R1 + R2)/R2, and
VIN(Min) =1« (R1 + R2)/ R2.

Note that if a greater range is required, or a volt-
age range different from that of the duty cycle, it
can be accommodated by raising R2 and R3 off
ground by a small bias voltage, 0 < Vb < 1V, or by
using the equivalent circuit shown in Figure 8.

Rectified Line Voltage

R1
RA
VREF

RB

R2 Raj

Figure 8. Modifying the 4:1 the input voltage ratio. RA
works with R2 to increase the voltage range
and RB works with R3 to change the feed-
forward gain.

VFwD
SLOPE

5.Set feed-forward slope : The up-slope of the ramp
waveform is

dv/dt=10« VFwD/(R3+* CR).
This can be used to define

toN(Max) = 0.3+ R3+ CrR/ 1V, and
toN(Min) = 0.3+ R3+ CR/4V.

6.Set current fault parameters : The value for the
current sensing resistor is established by the
200mV threshold for the CURLIM pin. Shutdown
will occur when the circuit is operating in current
limit mode for a time determined by

Timeto SID=4V e+ CFes R4+ (T/tOFF)

Note that this time will be extended by the current
which is drained away from CF by the action of RF.

The total schematic and parts list for this application
are given in Appendix A (see page 10) and some repre-
sentative waveform photographs of its performance are
shown in Figures 9 through 12. While this converter de-
sign could find many practical applications as shown,
many additional options are possible. For example, re-
ducing the value of the start-up resistor (R5 in Figure 1)
such that Vcc will not fall below 9 volts after shutdown
interrupts the bootstrap voltage, will provide a positive
latch-off from a fault. Output over-voltage shutdown can
easily be added by a sensing circuit on the secondary
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driving the COUNT pin through a second optocoupler.
And, of course, it should be easy to reconfigure this de-
sign to further optimize efficiency, size, cost, or power
level to meet a different set of priorities.

Figure 9. Drain voltage and current at 115VAC and
full load. V1 = 100V/div, V2 = 0.5A/div,
H = 0.5psec/div.

[

Figure 10. Drain voltage and current under short circuit
conditions at 264VAC input. V1 = 100V/dlv,
V2 = 0.5A/div, H= 0.5usec/div.

Figure 11. Count voltage with a continuous short
circuit (current waveform is aliased)
V = 2V/div, H = 2msec/div.
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Figure 12. Auto recycle with the output shorted. V1 is
count waveform at 2V/div, V2 is VCC at
5Vv/div, H = 0.2 seconds/div.

A SIMPLE DC/DC CONVERTER

A second application for the UCC3570 illustrates its use
in an isolated DC-to-DC converter designed for a load
module in a distributed power system architecture or as
a telecom power source. This 20 Watt design, as shown
in Figure 13, will accept an input voltage from 30V to
60V while maintaining a constant 5V output. A unique
element of this design is the controller’s ability to get its
supply current from only the input voltage, eliminating
the need for a low-voltage bootstrap supply driven from
the power transformer. This is made practical by both
the low operating current of the UCC3570 and by driv-

U-150

ing a low-gate charge FET at less than maximum fre-
guency. The IRF630 has a total gate charge require-
ment of only 30nC maximum which, at 100kHz, means
only 3mA of average gate current. Add 1mA for the IC,
another for miscellaneous programming resistors, and
5mA is all that is needed for the total primary circuitry.
This can readily be taken directly from the input voltage
but, for improved efficiency, a simple current source has
been added to keep this current constant with changing
input voltage levels.

Without a bootstrap voltage source to collapse and re-
cycle Vcc after a fault-activated shutdown, this design
would normally require a manual restart; however, sev-
eral other options are possible. For example, adding a
diode from the VFwD to Soft-Start pins will provide a
hiccup operating mode but with a relatively short off-
time. For a low duty-cycle mode, a delayed restart can

Vce

2N4401

Soft
Start

+

1uF
T

Figure 14. Two transistors will provide an external auto-
restart by recycling VCC when Soft-Start is reset.
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Figure 13. An isolated 25W, 48V to 5V converter including the UC39431 as an optocoupled feedback generator.
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be accomplished with the two-transistor circuit shown in
Figure 14. This circuit uses the energy in the soft-start
capacitor to discharge the Vcc capacitor which gives a
turn-on delay equivalent to normal start up. The opera-
tion of this circuit is illustrated in Figure 15.

Figure 15. With auto re-start, a shorted output recycles
Vcc with a 0.4 second delay.

Another option for eliminating a latched shutdown is to
simply short the COUNT pin to ground which will pre-
vent activation of the Shutdown Latch unless the Cur-
rent Limit threshold of 600mV is exceeded - an unlikely
event considering the 80nsec response of the pulse-by-
pulse current protection. Figure 16 shows operation in
this mode with a continuous shorted output.

Figure 16. With the Fault Count function disabled, a
shorted output reduces the current pulse
width such that the peak across RCS
remains below shutdown threshold.

UNITRODE CORPORATION
7 CONTINENTAL BLVD. »+ MERRIMACK, NH 03054
TEL. (603) 424-2410 « FAX (603) 424-3460
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This converter design illustrates another characteristic
of the UCC3570 which provides both added safety and
better utilization of the transformer magnetics. With an
input voltage range specified as 30 to 60 Volts, If the
QV clamp is set for 60V, the controller will continue to
operate down to 15V (1/4 of 60V). However, if the maxi-
mum duty-cycle clamp is set for 50% at 30V, the ramp
waveform will cause the output to skip pulses at volt-
ages less than 30V insuring against saturation of the
power transformer.

The rest of the circuit details for this application can be
deduced from the information presented above and the
complete schematic and parts list given in Appendix B
(see page 12).

SUMMARY

With the minimal need for additional external compo-
nents and support functions which these two quite dif-
ferent applications have shown, the versatility of the
UCC3570 has been demonstrated. Not shown, but
equally important is this device’s ability to provide the
same protection and programmability with power
stages scaled up to several hundred Watts, and to effi-
ciently operate at switching frequencies above 500kHz.
Thus, once again it has been demonstrated that one
can never close the door to "older" technologies and, in
this case, revisiting voltage-mode control has yielded a
new controller combining efficient operation, stable per-
formance, and ease of application highly attuned to
meeting today’s stringent requirements for cost-effec-
tive power systems.
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48V - 5V, 20W DC/DC CONVERTER
BILL OF MATERIALS

ITEM |QUANTITY |REFERENCE | [ PART | SOURCE ITEM |QUANTITY |REFERENCE | [ PART | SOURCE
1 1 CR1 1N752, 5.6V 21 1 c11 .001pF, 500V
2 1 CR2 MUR120 Motorola 22 1 C12 .001pF
3 1 CR3 MBR2045 Motorola 23 1 C13 0.1pF, 100V
4 1 Q1 MJE172 Motorola 24 2 C14, 15 1000pF, 10V
5 1 Q2 IRF630 Int. Rect. 25 1 Cc17 O1pF
6 1 U1 UCC3570 Unitrode 26 1 R1 560k, 1%

7 1 U2 4N25 27 1 R2 39K, 1%
8 1 U3 UC39431 Unitrode 28 1 R3 4.7k

9 1 T1 Transformer Custom 29 1 R4 30k,1%
10 1 L1 38uH, 5A Custom 30 1 R5 68k, 1%
11 1 L2 3pH, 5A Toko 31 1 R6 1.0k

12 1 C1 3.3uF, 6V Solid Tantalum 32 1 R7 75k

13 4 C2,5,16,18 | 0.1 33 1 R8 470k
14 1 C3 470pF 34 1 R9 220

15 1 C4 560pF 35 1 R10 1.0k

16 1 C6 100uF, 16V Solid Tantalum 36 1 R11 0.10

17 1 c7 1.0uF, 12v Solid Tantalum 37 1 R12 1.2k

18 1 C8 1000pF, 63V 38 2 R13,14 [10Q, 1/2W
19 1 C9 1.0uF 39 1 R15 2k

20 1 C10 100pF 40 1 R16 10k

310N NOILVYOIT1ddVv

Magnetics Winding Information

T1: L1: L2:

Core: EI187-3C80 (Philips) Core: T68-52D (Micrometals) Toko 262LYF-0077M
Primary: 25 Turns Bifilar = 26 AWG Winding: 21 Turns = 20AWG

Reset: 25 Turns = 31AWG (Wound with Primary)

Secondary: 11 Turns Quadfilar = 25AWG
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APPENDIX - B
48V - 5V, 20W DC/DC CONVERTER

J1

VIN=30-60VDC T1 - N
L2 Vo=5.1V, 0-5A
che 25; 3pH
1 < 560k =< 1000pF $R6  X1N752 000 000 oA
2 1 1% 63V 21k 5.6V 10V 10V -
25T§
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i .
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| 22
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Note: Unless otherwise specified:
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12 VOLT, 50 WATT POWER SUPPLY
BILL OF MATERIALS

ITEM |QUANTITY RS\'TCE:E' DEEI’,*\]'TTTION SOURCE ITEM |QUANTITY RSEEE' DEFPI/;\\IIT'I-'I—ION SOURCE
1 1 BR1 | 2KBPO6M General Inst. 29 1 C16 | 470pF/1kV Ceramic YSF
2 1 CR1 |BYV26E Philips 30 1 C17 | A7uF/40V Aluminum
3 1 CR2 | MUR120 Motorola 31 1 C18 |0.1pF/100V Polyester
4 1 CR3 | MUR1620CT Motorola 32 2 C19 | 330pF/25V Aluminum
5 1 Q1 | MTP3NSOE Motorola 33 1 C20 | 0.1uF/100V Polyester
6 1 Vi | MOC8100T Motorola 34 1 C21 | 0.047uF/100V|  Ceramic X7R
’ 1 Ul |UCCS570N Unitrode 35 1 C22 | .0022uF/100V|  Ceramic X7R
8 1 Uz |Ti4sl 36 1 C23 |0.01uF/100V | Ceramic X7R
9 1 T1 | GE-93015 GFS Mfg. 37 1 RT1 | CL-140 Keystone
10 1 L1 10mH/2A Coilcraft 38 > R1 R2 | 150k, 1/2W
11 1 L2 | GE-93016 GFS Mfg. 29 1 TR TV
12 1 L3 10pH/10A Coiltronics 40 2 R4, R5 | 464K, 1% RN55D
13 1 F1__|2.0AFuse 41 1 R6 |10k, 1% RN55D
14 1 Ci1 0.47uF, 250V, "X" Roederstein 42 1 R7 60.4K, 1% RN55D
15 1 Cc2 .005pF, 250V, "Y" Roederstein 43 1 RS 100
16 1 C3 .005uF, 250V, "Y" Roederstein 44 1 R9 1.0k
17 1 C4 | .005pF 250V, "y" | Roederstein 45 3 R10,11,12| 0.5Q Carbon Film
18 1 C5 220pF/400V Panasonic 46 1 R13 47k, 1W
19 1 C6 0.1uF/50V Polyester a7 1 R14 20k, 1% RN55D
20 1 C7 33pF/100V Ceramic NPO 48 1 R15 1000
21 1 C8 10pF/35V Solid Tantalum 49 1 R16 2.0k
22 1 C9 |0.015/50V Ceramic X7R 50 1 R17 |6800
23 1 C10 150pF/100V Ceramic NPO 51 1 R18 51Q, 1W
24 1 Cl1 360pF/100V Ceramic NPO 52 1 R19 1.0k
25 1 C12 1.0pF/35V Solid Tantalum 53 1 R20 4.7k
26 1 C13 0.01pF/1kV Ceramic X5F 54 1 R21 9.53k, 1% RN55D
27 1 Cl14 100uF/25V Aluminum 55 1 R22 10k, 1% RN55D
28 1 C15 |0.1pF/100V Polyester 56 1 R23 | 2.49k, 1% RN55D

310N NOILVYOIT1ddVv

0ST-N



APPLICATION NOTE

Unitrode Corporation makes no representation that
the use or interconnection of the circuits described
herein will not infringe on existing or future patent
rights, nor do the descriptions contained herein imply
the granting of licenses to make, use or sell equip-
ment constructed in accordance therewith.

O 1994 by Unitrode Corporation. All rights reserved.
This bulletin, or any part or parts thereof, must not be
reproduced in any form without permission of the
copyright owner.

NOTE: The information presented in this bulletin is
believed to be accurate and reliable. However, no re-
sponsibility is assumed by Unitrode Corporation for
its use.

U-150



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright 00 1999, Texas Instruments Incorporated
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