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Series regulators provide a simple, inexpensive way to obtain a source of regulated
voltage. In high-current applications, however, the voltage drop which is maintained across

the control element will result in substantial power loss and a much lower efficiency
regulator.

Shunt Regulator

The shunt regulator employs a shunt control element in which the current is controlled
to compensate for varying input voltage or changing load conditions. The basic shunt
regulator is illustrated in Figure 4.

Vi—e—

—J_ R2

Figure 4. Basic Shunt Regulator

The output voltage, V(O as with the series regulator, is held constant by varying
the voltage drop across the series resistor, Rg, by varying the current Ig. I§ may vary
because of If, changes or it may vary because of current, I(shunt), through the shunt control
element. For example, as I| increases, I(shunt) decreases to adjust the voltage drop across
Rs. In this fashion V(Q is held constant.

Vo = Vi—IgRs
Is = IL +I(shunt)
Vo = VI—RglIL +(shunt)

The change in shunt current for a changing load current is:

Al(shunt) = —AIL





















Error Amplifier Performance

If a stable reference and an accurate output sampling element exist, the error amplifier
becomes the primary factor determining the performance of the voltage regulator. Typical
amplifier performance parameters such as offset, common-mode and supply-rejection ratios,
output impedance, and temperature coefficient affect the accuracy and regulation of the
voltage regulator. These amplifier performance parameters will affect the accuracy of the
regulator due to variations in supply, load, and ambient temperature conditions.

Offset Voltage

Offset voltage is viewed by the amplifier as an error signal, as illustrated in Figure 11,
and will cause the output to respond accordingly.

Vo = AyV]
VI = VREF—VIO—- VFB

R2
VFB = Vo[m]
VREF — VIO
L L]
Ay  [RI+R2

If Ay is sufficiently large

Vo =

R1
Vo = (VREF - VIO) [1 +@]

VIO represents an initial error in the output of the integraged circuit voltage regulator.
The simplest method of compensating for this error is to adjust the output voltage sampling
element R1/R2.

Offset Change with Temperature

The technique discussed above compensates for the amplifier’s offset voltage and
yields an accurate regulator, but only at a specific temperature. In most amplifiers, the
offset voltage change with temperature is proportional to the initial offset level. Trimming
the output voltage sampling element, does not reduce the offset voltage but merely
counteracts it. At a different ambient tmperature, the offset voltage changes and, thus,
error is again introduced into the voltage regulator. Monolithic integrated circuit regulators
use technology that essentially eliminates offset in integrated circuit amplifiers. With
minimal offset voltage, drift caused by temperature variations will have little consequence.
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Il

VREF = VRI
R1
VR1 = VO |:R1+R2]

R2
Vo VREF |:1 +§—lj|

The common-terminal voltage is:

VO(reg)

|

VcoM = VO—-VR1 = VO- VREF
The input voltage seen by the floating regulator is:
Vi(reg) = Vi—-VCoM
Vi(reg) = VI-VO+VREF
Vi(reg) = VDIFF + VREF

Since VREF is fixed, the only limitation on the input voltage is the allowable
differential voltage. This makes the floating regulator especially suited for high-voltage
applications (V] >40 V). Practical values of output voltage are limited to practical ratios
of output-to-reference voltages.

RZ_ Vo _,
Rl = VREF

The floating regulator exhibits power consumption characteristics similar to that of
the series regulator from which it is derived, but unlike the series regulator, it can also
serve as a current regulator as shown in Figure 19.

R
VREF l:l +R_§j|

VL +VO(reg)
VO(reg) = VREF

Vo

i

Vo

VL = VREF [1+§—I§:|—VREF
VL = VREF [ﬁ—ls‘]
1L = Vng)I:l\D

ILOAD = VE—]S‘:‘F
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Figure 49. Typical Response Curves for the TL750MXX Series
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where

Pp=08W
Ty = 125°C
RgjA = l/derating factor =1/0.016 = 62.5°C/W

Derating factor of KC (TO-220) package is 16 mW/°C (from uA78M12C data
sheet)

To ascertain the heat sink-to-ambient thermal resistance (Rgsa) for selection of
external heat sink using the uA7915C regulator, the heat sink should be mounted metal-
to-metal using thermal compound.

T - T
Rosa = —15—A — Roic - Recs )
D
RgsA=1253—_75 —4 -1 =11.7°C/W
where
Pp=3W
Ty = 125°C
TA = 75°C

Rgic = 4°C/W (from the uA7915C data sheet)
Rgcs = 1°C/W from Table 1 (KC or TO-220 case).

Ty = T
ROJA = J—PD—A = RojC + Rgcs + RgsA

A Thermalloy 7019 or Staver V3-5 heat sink will meet the desired requirements
(see Table 3).

Table 2. Available Heat Sinks for TO-3 Packages

Rgsa RANGET MANUFACTURER?
oc/W STAVER THERMALLOY
305 V3-5-2 6004,6053,6054,6214,6216
6002, 6003, 6015, 6016,
5 8 -3-2
to v3-3 6052, 6060, 6061, 6213
81013 V1-3,V1-5,V3-3,V3-5,V3-7-96 6001, 6013, 6014, 6051

TAll values are typical as determined from characteristic curves received from manufacturers.
*This table is a representative of two heat sink manufacturers, many others are available.
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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes to or
to discontinue any semiconductor product or service identified
in this publication without notice. Tl advises its customers to
obtain the latest version of the relevant information to verify,
before placing orders, that the information being relied upon is
current.

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

Tl assumes no liability for Tl applications assistance, customer
product design, software performance, or infringement of patents
or services described herein. Nor does Tl 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.

Copyright ©® 1988, Texas Instruments Incorporated
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the use of transistors with lower breakdown voltage. Second, because the primary is driven

in both directions (push-pull), a full-wave rectifier and filter are used which allows the
transformer core to be more effectively utilized.

+

——
e

V. Qn .

Figure 7. Half-Bridge Converter Circuit

Full-Bridge Converter

In contrast to the half-bridge, the full-bridge (or H-Bridge) converter uses four
transistors as shown in Figure 8. In a full-bridge circuit, the diagonally opposite transistors
(QU/Q2 or Q3/Q4) are turned on during alternate half cycles. The highest voltage any
transistor is subjected to is V{, rather than 2 X Vj as is the case in the push-pull converter
circuit. The full-bridge circuit offers increased reliability because less voltage and current
stress is placed on the transistors. The disadvantage of this circuit is the space required by
the four transistors and the cost of the two additional transistors.

+
Q4 Q4

Vo

Vi)

Q3 Qs

Figure 8. Full-Bridge Converter Circuit















The input supply through R1 to pin 12 is decoupled by capacitor C2. Capacitor C4
filters the output voltage. The timing components C3 and R6 set the oscillator frequency
to 15 kHz. The 2.2-mH inductor can be made on an RM7 ferrite core with 94 turns of #28
transformer wire.

Output-current limiting of 500 mA is provided by sensing the overcurrent level with
R11 and feeding the resultant error voltage to the positive input of the current error
amplifier on pin 16. The negative input to this error amplifier is biased to 500 mV from
reference divider R2, R3, and R4. This resistor network also furnishes about 2.3-V bias to
the voltage control error amplifie. An output error voltage signal is taken from the
junction of R7 and R8 and fed to the positive input of the voltage control error amplifier.
The voltage control loop gain is set by feedback resistor RS.

Specifications
Input Voltage 12 V nominal (10 V to 15 V)
Output Voltage SV £ 10%
Output Ripple 50 mVpp
Output Current 400 mA
Output Power 2 W at 5-V output
Short Circuit Protection 500-mA constant current
Efficiency typically 70%

The TL594 Conirol Circuit

The TL594 is a fixed frequency pulse-width-modulation control for switching power
supplies and voltage converters. The TL594 includes an adjustable oscillator, a pulse-
width modulator, and an error amplifier. Additional functions include over-current
detection, independent dead-time control, a precision 5-V reference regulator, and output
control logic which allows single-ended or push-pull operation of the two switching
transistors. Figure 13 shows a block diagram of the TL594.

Modulation of the output pulses is accomplished by comparing the sawtooth
waveform created by the internal oscillator on timing capacitor Ct to either of two control
signals. The output stage is enabled when the sawtooth voltage is greater than the voltage
of the control signal. See Figure 14. As the control signals increase, the output pulse
width decreases. The control signals are derived from two sources: the dead-time control
and the error amplifiers. The dead-time comparator has a fixed offset of 10 mV which
provides a preset dead time of about 5%. This is the minimum dead time that can be
programmed with pin 4 grounded.
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/ OSCILLATOR RAMP
VOLTAGE, PIN &

1.1

- "l I““on
DRIVE

SIGNAL “ I U u U L

Figure 23. Soft-Start Circuit

Inductor Calculations

The switching circuit used is shown in Figure 24. The size of the inductor (L)
required is calculated as follows:
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Vo 5V
d Duty Cycle Vi TV 5
f = 20 kHz (Design Objective)
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RcL
Vi —T«N»T———1

14

BASIC CONFIGURATION
(IpK <500 mA)
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RcL L
V) p— Vo
—
14 13 10 8
TLA97 FCF
1 2 3 4 5 6 7 1.2kQ
/‘\CT
EXTENDED POWER CONFIGURATION
(USING EXTERNAL TRANSISTOR)
DESIGN EQUATIONS
e Ipx =21L0AD Mmax e Ct(pF) =12 tgplus)
Vi —
[ L(uH)=||“VO ton (us) e R1={(Vg—1.2) k2
PK 05V
e RcL~= "
Choose L (50 to 500 uH), calculate PK

2
_llek —1LoaD!” | ton Vi
(Vyipple) 2 1pK Vo

ton (20 to 150 us) Ck

Figure 29. Positive Regulator, Step-Down Configurations
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Figure 32. Basic Inverting Regulator Circuit

Design Considerations

An oscilloscope is required when building a switching regulator. When checking the
oscillator ramp on pin 3, the oscilloscope may be difficult to synchronize. This is a normal
operating characteristic of this regulator and is caused by the asynchronous operation of
the error amplifier to that of the oscillator. The oscilloscope may be synchronized by
varying the input voltage or load current slightly from design nominals.

High frequency circuit layout techniques are imperative. Keep leads as short as
possible and use a single ground point. Resistors R1 and R2 should be as close as possible
to pin 1 to eliminate noise pick-up in the feedback loop. The TL4A97A type of circuits do
not need “hi-Q” inductors. They are, in fact, not desirable due to the broad frequency
range of operation. If the “Q” is too high, ringing will occur. If this happens, a shunt
resistor (about 1-k{2) may be placed across the coil to damp the oscillation.

While not necessary, it is highly desirable to use a toroidal inductor as opposed to a
cylindrically wound coil. The toroidal type of winding helps to contain the flux closer to
the core and in turn minimize radiation from the supply. All high current loops should be
kept to a minimum length using copper connections that are as large as possible.









ton = 20 ps
- X
L(pH) = VIIPKVO X ton s = 2275 20 = 400 H
L = 400 uH

To set the TL497A for 5-V output:
R2 = 1.2 k) (fixed)
Rl = (5 - 1.2) k2 = 3.8 kQ

To set current limiting:

0.5 0.5
Rep = 22 =92 -0
CL ™ 7. T 500 x 103
Rep = 1 8

For the on-time chosen, Cr can be approximated:
Ct(pF) = 12 ton ps
Ct = 240 pF
or it may be selected from a table in the data sheet.
To determine filter capacitor (Cp) for desired ripple voltage:
(pk — L2 ton Vi
(Vripple) 2Ipk Vo

_ (05-022 . 20x10-6 x 15 _
CF = 0052 % 03 5 108 uF

Cr =

We selected Cp to be 120 w.F the next higher standard value. Figure 35 illustrates the
regulator with the calculated values applied to it.

A 150-pF filter capacitor may be used as a prefilter as well as a 0.01-pF disc
capacitor to take care of any transients on the incoming Vj rail. For peak currents greater
than 500 mA, it is necessary to use an external pass transistor and diode. Such a technique
is illustrated in Figure 36, which is an automotive power supply. With a 12-V battery, this
step-down regulator supplies 5 V at 2 A.

Figure 37 illustrates a basic step-up regulator. This design steps up the output
voltage from 5 V to 15 V. The equations for determining the values of the external
components are provided in Figure 31.
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Microcomputers usually require a reset signal which lasts several machine cycles. The
duration of the reset signal is dependent on the type of microcomputer, but is typically 10

to 200 ws. In most practical applications, t4 is determined by the characteristics of the
power supply.

During and shortly after power-on make sure voltage fluctuations do not repetitively
reset the system. Delay times of 10 to 20 ns will usually prevent this problem. Four
versions of this device are available:

Threshold V.
Voltage cc
TL7702A 253V 3.0—180V
TL7705A 455V 50V
TL7712A 108V 120V
TL7715A 135V 15.0 V

The TL7702A may be used in applications where V¢ voltages up to 18 V are used.
The required trigger level (2.5 V) may be set with a resistor divider network at the SENSE
INPUT pin. The TL7705A, TL7712A, and TL7715A have an internal resistor divider
network and operate on 5 V, 12 V, and 15 V, respectively.

TL77XXA Series Applications

Since, for most applications, the devices are already adjusted to the appropriate
voltage levels, these chips are easy to use. Figure 58 illustrates an undervoltage protection
circuit for a TMS370 microcomputer system with a 5-V power supply. External
components are the 0. 1-wF bypass capacitor at the REF terminal, which reduces transients
from the supply voltage, and the Ct capacitor, which sets the time delay (tq). The
TL7705A devices do not have internal pull-up (or pull-down) resistors. An external 10-k(}
pull-up resistor is connected from the RESET pin to the 5-V V¢ to produce a high level.
A similar application is illustrated in Figure 59.

This circuit utilizes a TL7715A as a protection device for a TMS1000
microcomputer system. The Cr and reference bypass capacitors are also used in this
application. Note, however, the absence of the pull-up resistor used in Figure 58. This

circuit has a required internal pull-down resistor at the INIT INPUT pin on the TMS1000
microcomputer chip.

In large systems, where several supply voltages are required (e.g., TMS8080,
TMS9900), it is necessary to supervise all supply voltages that may cause dangerous
conditions if a power failure or transient occurs. The circuit illustrated in Figure 60 uses
two TL7712A devices to check the positive and negative 12-V supplies. A TL7705A is
used to check a 5-V supply.















When using an external series pass device, the 3-dB bandwidth of the uA723 must
also be taken into consideration. Adequate uA723 compensation may be provided by
connecting a 100- to 500-pF capacitor from the compensation terminal to the inverting
input. Extra capacitance may be required at both the input and output of any power supply
due to the inductive effects of long lines. Adding output capacitance provides the
additional benefit of reducing the output impedance at high frequencies.

Typical Applications

The required output voltage and current limits for the applications shown in
Figure 65 can be calculated from the equations given in Table 1. In all cases, the resulting
resistor values are assumed to include a potentiometer as part of the total resistance.
Table 2 affords a quick reference for many standard output voltage requirements.

Table 1. Formulas for Output Voltages

Outputs from 2t0 7 V
[Figures 65(a), (e), (D]

R2

Vo = Viren X —2
0= Yeh * T+ R2

Outputs from 7 to 37 V
[Figures 65(b), (d), (e), ()]

R1 + R2
R2

Outputs from —6 to —250 V
[Figure 65(c)]

Viref) _ RI + R2
AV _
0 2 R1

R3 = R4

Vo = V(ref) X

Current Limiting

. 0.65V
(limit) =~ _.R_SC—

Foldback Current Limiting
[Figure 65(f)]

VoR3+(R3+R4)0.65 V
Iiknee) = = ( )

Rsc R4
[« ~ 065V R3 + R4
05 ™ R R4
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Figure 67. 8-A Regulated Power Supply
+ 15 V at 1 A Regulated Power Supplies

When working with operational amplifiers, a common requirement is plus and
minus supplies in the 15-V range. A positive 15-V supply is shown in Figure 68 and a
negative 15-V supply is shown in Figure 69.

Positive Supply

The positive supply, shown in Figure 68, receives +20 VDC from the rectifier/filter
section. This is applied to pins 11 and 12 of the uA723 as well as to the collector of the
2N3055 series-pass transistor. The output voltage is sampled through R1 and R2 providing
about 7 V with respect to ground at pin 4.

il
2N3055

suonelapisuos ubisag !

20 VDC 0.43 0
& Vi W . N
R
12 1 sc | - 15V
c3 SR QUTPUT
8,000 uF’__E ouT 10 100 uF 7 | N $i0000
50V~ L _J"__ _
6 2 =
REF
uA723
3 >
+
5 R
2 12ka
4
- -
c —ngz . $R2
p
7_1- 131 I j 10k

Figure 68. +15-V at 1-A Regulated Power Supply
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The current sense resistor Rgc is calculated as follows:

Rgc = Vo, Vsense 15 05 oo
Im (VI - VSENSE) 1(20 - 0.5) '
Rgc = 0.39 Q

Foldback limiting, as used in this circuit, is advantageous where excessive pass
transistor power dissipation is a problem. The TIP105 can tolerate only 2-W dissipation in
free air at 25°C ambient, so adequate heat sinking is necessary.

Overvoltage Sensing Circuits

The use of SCR crowbar overvoltage protection (OVP) circuits is a popular method
for providing protection from accidental overvoltage stress for a power supply load. The
sensing function for this type of OVP circuit can be provided by a single IC, the MC3424,
as shown in Figure 70.

Vee
é(n
CURRENT
SOURCE
(4) CURRENT
v =26V | o SOURCE
[Vrer -26v]
sense 1 2!
sense 2 <2

®) OQUTPUT

v L 2 -
R s
VEE REMOTE INDICATOR
ACTIVATE OUTPUT

Figure 70. MC3423 Overvoltage Crowbar Sensing Circuit Block Diagram

The Crowbar Technique

One of the simplest and most effective methods of obtaining overvoltage protection
is to use a crowbar SCR placed across the equipment’s dc power supply bus. As the name
implies, the SCR is used much like a crowbar would be, to short the input of the dc supply
when an overvoltage condition is detected. A typical circuit configuration is shown in
Figure 71.
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For proper operation in all TL77XXA applications, an external capacitor (0.1 uF
minimum) must be connected from the REF pin to ground. The reference capacitor
should be connected as close as possible to the TL77XXA. Using the reference output
as a source for other circuits may result in erroneous operations.

SENSE IN A
VOLTAGE

THRESHOLD
VOLTAGE[ ~~ ~ 7 ”vf‘

Vece = 3.6V -

RESET
1 Pty

OUTPUT
UNDEFINED

OUTPUT1
UNDEFINED

NN

>
Figure 5. Circuit for Power-Up and Detection of Short Drops

TL77XXA Circuit Operation (see Figure 6)

Initialization

During power up, before the TL77XXA attains the minimum operating supply
voltage value of 3.6V, the bandgap reference circuit is inoperative, and both the
RESET and R1-5! T outputs are undefined. When Ve exceeds 3.6 V, the reference
circuit is ensured to be on by transistor Q32 and the 150-k(} resistor, which form the
start-up circuit. At this point, the reference voltage (pin 1) remains fixed at 2.53 V
(typical) and is applied to the base of Q8, which is the inverting input of the comparator
Q7-Q8. The noninverting input (the base of Q7) is the divided-down SENSE IN voltage
from pin 7.

Low RESIN

When RESIN (pin 2) is tied low, transistor Q19 is turned on and Q18 is turned
off. With Q18 off, the base of Q17 is biased to the reference voltage, turning Q17 on.
This activates the current mirror Q5-Q6, regardless of the state of Q8. Also with Q17 on,
Q16 turns on causing Q12 to be shunted. This causes current mirror Q11-Q12 to be
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switching characteristics

PARAMETER

TEST CONDITIONS MIN_ TYPT MAX [UNIT
. V”.ﬁt = VTmax + 300 mV,
tw1 Pulse duration, SENSE 0.5 S
w1 lon, SENS VILE = Vrmin — 300 mV "
two Pulse duration at RESET and 15" i.” |C1 = 0.1 uF 1.3 ms
Propagation delay from RESIN to _ _
t vit=5V, C1=100pF 5
Pd RESET ! op Hs
t Rise time, RESET and RESET ViF=5V, oy _ 400 pF, 1 1s
Rl = 4.7 kQ
tf Falltime, RESET and RESET ViF=5V. o= 100 pF, 1 s
R1 = 4.7 kQ

T All typical values are at Tp = 25°C.

* Voltages listed are at the SENSE input.
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The TL77XXA as a Retriggerable One-Shot Circuit

Figure 15 shows the TL77XXA used as a retriggerable one-shot circuit. In this
application, complementary active outputs (from RESET and RESET) are obtained
every time the RESIN input is triggered, the trigger pulse duration plus td equals the
one shot pulse duration, and SENSE IN is tied to V.

The outputs become active when RESIN passes from a high to a low state.
Outputs remain active if the input has a period less than the delay time, tg.

In this configuration, the RESIN input can be used as a panic button to provide an
interrupt signal regardless of system condition.
é 10 kQ

.

L g

Vce

SENSE
IN RESET

INPUT ——] RESIN RESET

TL77TXXA

Cr REF

§10kQ

GND

0.1 uF

Figure 15. TL77XXA Retriggerable One-Shot
Circuit

Connecting VO of the TL77XXA to a High-Voltage Line

The TL77XXA supply voltage supervisors can be used to monitor the output of a
regulator and to generate a reset even if the sensed voltage line drops to zero. Figure 16
shows such a circuit,

The Ve input is fed from the input side of the regulator so that it is not affected
by failures in the regulator, Because the regulator input voltage cannot be 35 V, a TLA431
programmable reference is used to drop the voltage to a level that is compatible with the
TL77XXA. Therefore, the RESET output remains active with 0 V at SENSE IN,
provided that there is enough voltage at the regulator input.
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500-W, 80-A, Off-the-Line,
Haif-Bridge Converter,
Switching Power Supply
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Turns Ratio Calculation for +26 V Output

Assume:
Vo =26V
Vp =07V
Vw =0.1V
VREG =5V
Vee =220V
6 =08
o o]
N = 2.76 max

N4 T26V+07V+0.1V+5 V

Pulse Engineering Transformer PE63203 has turns ratio N1: N2: N3: N4 of 14:
1: 3: 6 and was selected for the application (see Figure 2).

Based on the PE63203 transformer turns ratio of (N1)/(N2) = (14)/(1) = 14, the
converter duty cycle, 8, is calculated for various 120-V ac input voltages (assume 35-V
filter loss):

Input (V) &
96 0.68
120 0.52
132 0.42

Power Transformer Current Calculations
The total power provided to the transformer secondaries is

Psec) =80A(SV + 06V +0.1V)
+2AQR6V+07V+01V+35YV)
+25A(0V +07V+01V+5V)

P(Sec) =~ 559.1 W.
Assuming the inverter transformer efficiency is 95%, the inverter input power is

P(Sec) ~ 559 w
0.95 0.95

PaNnv) = = 588 W.
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For minimum output voltage droop, magnetizing current must be low. For rectangular
pulses, magnetizing current is approximately:

= Vpton - lin (Rs+Rser+Ry) ton

Im

This neglects voltage droop.

The PES1719 has 100 turns on each side of the center tap. Resistance of each side
is 2 Q. A one-turn primary has 2-pH inductance and will support a 4 V-gs unipolar, or an
8 V-us bipolar waveform.

For this application, peak input current is 8 A and maximum tgp is 18 us. A diode
is in series with the 100- terminating resistor R32. Assuming 0.6-V drop, effective diode
resistance is approximately 0.6 n/ljp = 0.6(100)8 =7.5 Q. Shunting of R31, R30, and Q6
is negligible. Magnetizing current is approximately:

_ 8(2+7.5+100)(18 x 10—6)

=079 A
1002 2x 10— 6)

Im

This results in output voltage droop of about 10%. Vpton is 1.75 V-us which is well within
the 8 V-us rating. Droop and scale factor could be reduced by using a smaller terminating
resistor.

Local Power Supply

The function of the local (auxilliary) power supply is to provide the TL494 control
circuit and the base drive section with a source of regulated power. The anticipated power
requirement for the TL494 is 100 mA at 15 V and the anticipated base drive section power
requirement is 500 mA at 15 V. The estimated total regulated power is therefore 600 mA
at 15 V. A 60-Hz transformer, rectifier, linear regulator system was selected.

The secondary voltage rating, V§, of the transformer was then calculated based on
(Eq.13).
_VD+AVC+VREG+VO

Vs
2

(Eq.13)

where
VREG = linear regulator A Voltage = 3 V

VD = rectifier voltage = 1 V

AV = filter capacitor voltage swing = 4 V
Vo = regulated output voltage = 15 V
Vg = 1V+4V+3V+ISV _ 16.3 Vrms

V2
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Figure 13. Soft-Start Circuit

Undervoltage Protection

In the low supply condition, (VCC < 7 V), correct operation of the control logic
cannot be guaranteed even when pin 13 is correctly wired to the regulated voltage source
and the pulse-steering flip-flop is enabled. Under this low voltage condition, simultaneous
conduction of both outputs may occur and, of course, TIPL755 immediate destruction
1s certain to follow.

Design Considerations E

The circuit shown in Figure 14 is designed to cause Q5 to be turned on when
Vee = 9.4 V. This QS on condition causes the reference voltage to be applied to pin 4
of dead-time comparator which causes both outputs to be disabled. (The TL494A has a
monolithic undervoltage protection network and its use eliminates the Figure 14 circuit.)
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Figure 14. Undervoltage Protection Circuit

The R11, R12 voltage divider was designed according to Equation 18.

RI12

m [VCC(min)] [m]= VR - VBE(QS) (Eq.18)

suoneiapisuoy ubisag

4-204

where
VCC(min) =94V
VR =5 V = reference voltage
VBE(Q5) = 0.7 V (assumed)
R12 =4.7 k0

Overcurrent Protection

A current sense inductor, T4, is placed in the primary side of the power transformer,
T3, so that it will be responsive to core saturation as well as provide overcurrent limiting
by use of the TL494 dead-time control input (Figure 15).

The load fault primary current, Ip, chosen for the design is 8 A based on the peak
primary current calculation of the Preliminary Calculations Section.

Pulse Engineering current sense inductor PE51719, when connected to a 100-Q
terminating resistance, is designed to generate an output voltage, Vo, of 1 V/A. Therefore,
at the 8-A fault condition, an output voltage, Vo, of approximately 8 V will be produced.
At Vo = 8V, the voltage divider network consisting of R30 and R31 is designed to turn
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Viis) Vols)

Figure 19. Output Filter Model

where
L = output choke inductance = 8 uH
C = output capacitance = 15,000 uF
Rg = wiring and choke resistance = 0.01 Q
RC = output capacitor ESR = 0.006 Q

Rl = load resistance =~ 0.0625 Q minimum
without going through the mathematics,

G(S) = VO (S)
Vi (s)

RCRL (s + 1/RcC)/L (RL+Rg)
s2+sr ! +Rs, _RLRe |, _Rs+Rp
(RL+R)C L LRL+Re)| LRL+ReC

The open-loop response of the regulator is
Yo($) — kmxKe xGls)

Vin

The filter break frequency is

1

ff=——
f 2 7 /LC

1
2 /8% 10— 6H x 15,000 x 10— 6F

ff

A compensation network was designed to provide a zero, fz] near the filter break
frequency, ff, and a pole at a much higher frequency, fp2, where the response has already
gone through unity. Since very high gains at low frequencies are required for dc accuracy,
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