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Designing Switching Voltage Regulators With TL497A

John Spencer and Eugene J. Tobaben Linear Products Department

ABSTRACT

Switching voltage regulators, represented by the TL497, can achieve high-efficiency power
conversion at large input/output voltage differentials. The TL497A eliminates complex circuit
designs previously required and provides greater efficiency than systems using series pass
regulators. The principle of operation is discussed, and practical design exercises for
step-down, step-up, and inverting regulators are provided.

Contents

INtrOdUCTION Lo e e e 3
Principle of Operation ... ... .. 3
The TLAD T A e 3
GENEIaAl . . 3
PrOg aMIMING . o 4
OSCIllatOr . .o 4
CUIMTENt LIMITING . . ..o e e e e e e e e e 5
PaSS TraNSI S Or . . ottt 5
CatCh DIOUE . .o 5
Enable CirCUIIIY . . oo e e e 5
Design and Operation of a Step-Down Switching Voltage Regulator ......................... 6
SUMIM I Y o ettt ettt et e e e e e 8

A Step-Down Switching Regulator Design Exercise With TL497A . ... ... ... .. ... ... 9
Design and Operation of a Step-Up Switching Voltage Regulator ........................... 13
A Step-Up Switching Regulator Design Exercise With TLA97A . ... ... ... .. 14
Design and Operation of Switching Voltage Regulator in Inverting Configuration ............ 16
An Inverting Regulator Design Exercise With TLAO7A . .. ... e 17
Special TLAGTA CirCUITS . ..ottt e e e e e e e e e e e e e 18
Design Variations For Improved Performance ............ ... i 19
Extended Voltage Operation . ....... ... i e 21

Low Voltage Operation . ... ...ttt e e e 21
Switching Regulator Design TIPS . . ..ottt e e e e 21
INAUCTOr SOUICES . ..ttt e e e e e e e e e e e e e e e e e 22
AP P ENAIX ottt e e 23

List of Figures

Figure 1. Step-Down Switching Voltage Regulator . ........... ... . .. 3
Figure 2. TLA9TA BIOCK Diagram . . ... e e e e 4



{'.?‘ TEXAS

SLVA143 INSTRUMENTS
Figure 3. Ci Voltage Waveform ... .. 4
Figure 4. Typical C; Voltage Waveform During Start-Up and Quiescent Operation .............. 5
Figure 5. CiVoltage Wavelorm .. ... 5
Figure 6. Basic Step-Down Regulator . ... ... e 6
Figure 7. Inductor Current Waveform ... ... e 6
Figure 8. Inductor Current and Capacitor Current Waveform . .......... ... ... ... ... oon.. 7
Figure 9. Capacitor Current Waveform (AQ+) . ...t e e e 7
Figure 10. Capacitor Current Waveform (AQ=) . ... .ot e e e e et e 7
Figure 11.  Capacitor Current Waveform (Continuous Mode) . ........... ..., 8
Figure 12. Basic Step-Down Regulator . ... e e e 9
Figure 13. 15 Volt to 5 Volt Switching Regulator for Output Currentsto 200 mA . ................ 10
Figure 14. Curcuit Performance Waveforms . .......... . i e e e 10
Figure 15. Techniques for Obtaining Peak Currents Greater Than 500 mA . .................... 10
Figure 16. TL497A in High-Voltage-High-Current Applications . . ....... ... ... ... ... ... ..... 11
Figure 17. TL497A Logic Array Power Supply, Step-Down Circuit . .......... .. ... ... 12
Figure 18. Step-Down Regulator . ...... ... .. e e e e e e 12
Figure 19. Basic Step-Up Regulator CirCUit . ....... ...t e e e 13
Figure 20. Inductor and Capacitor Step-Up Regulator . ......... ... ... i, 13
Figure 21. Basic Step-Up Regulator Using the TLA97A . ... ... . e 14
Figure 22. 5 Volt to 15 Volt Switching Regulator . .......... ... i 15
Figure 23. TL497A Step-Up Circuit, 5V Inputto 12V @ 80 mAOutput . . ... 15
Figure 24. Basic Inverting Regulator CirCuit . . ... e 16
Figure 25. Basic Inverting Regulator . . ... ... 17
Figure 26.  +5 Volt to =5 Volt Switching Regulator . ........... .. .. . i 18
Figure 27. 12V to 8.5V Step-Up/Down CirCUIt . . ... ...ttt e e 18
Figure 28. TL497A Dual Supply +12 Volts and -12 Volts From+5Volts ....................... 18
Figure 29. Basic Regulator ArChiteCtures . ...t e 19
Figure 30(a). Step-Down ReguIator . .. ... . e e 19
Figure 30(b). TL497A With External PNP Switch For Improved Performance ..................... 19
Figure 31.  CTWaveforms . ... ... e 19
Figure 32. Basic Regulator With Feedback Diodes ........ ... .. ... . i, 20
FIgUIE 38, 20
FIgUIE B4, 21
FIgUIE 3D, o 21

List of Tables

Table 1. TL497A Operation From a5V SUpply . ... e e 24
Table 2. TL497A Operation From a 12V SUpPPlY . ..o e 24

2 Designing Switching Voltage Regulators With TL497A



{'f TeExAS
INSTRUMENTS

SLVA143

INTRODUCTION

The TLA497 represents a revolution in the implementation of
a monolithic, highly efficient switching regulator.

Conventional series regulators employ an active
element, usually a transistor operating in a linear mode,
which functions as a variable resistor. The product of this
resistance and the load current create a changing differen-
tial voltage required to step down from an unregulated
input voltage to a fixed output voltage. In this type of
circuit, current requirements defined by the load, must be
experienced by the pass element. As the input to output
voltage differential or load current requirement increases
the power dissipated in the pass element increases propor-
tionally. This power represents a loss to the system and
limits the efficiency of series regulators.

The switching regulator, on the other hand, does not
operate in the linear mode and is capable of achieving high
efficiency power conversion even at large input/output
voltage differentials, In the past the complexity of the

circuitry required to construct a switching regulator
negated the advantage of efficiency gained over series pass

regulators. Use of the TL497A, however, eliminates the
complex circuit designs previously required and offers
marked performance improvements in efficiency over
systems using series pass regulators.

PRINCIPLE OF OPERATION

The principle of operation and the method by which
voltage conversion at high efficiencies can be achieved using
switching regulators can best be demonstrated by analyzing
the basic configuration of a step-down switching voltage
regulator (Figure 1),

Q1 is the switch transistor which is turned on and off
by the regulator’s control circuitry at a frequency and duty
cycle required to maintain the desired output. Because this
transistor is always in the saturated state when it is
conducting, or otherwise completely nonconducting, the
power dissipated in the switch is much lower than that
dissipated in a series regulator whose pass transistor is
continuously operated in the linear region. This is the
primary contributor tothe increased efficiency experienced

?

I
D1t Vour

FIGURE 1. Step-Down Switching Voltage Regulator

with a switching voltage regulator, The transfer of energy
from the input to the output is achieved through the
inductor L. During the time QI is on (ton) the input
voltage is applied to the LC filter and the current in the
inductor increases. When Q1 is turmned off the energy
developed in the inductor during the previous half cycle,
maintains the current flow to the load through the catch

diode D1 and delivers that energy to the load.
The output voltage is determined by the input

voltage (VIN) and the duty cycle of the switch Q1.

vour = Vin 2

where T = tON + tOFF
Therefore, by controlling the duty cycle (ton/T), changes in
the input voltage can be compensated for. If VIN increases,
the control circuit will cause a corresponding reduction in
the duty cycle and thereby maintain a constant VoUuT,
without increasing the amount of power dissipated
internally in the regulator.

THE TL497A

General

The TL497A incorporates on a single monolithic chip
all the active functions required in the construction of a
Switching Voltage Regulator: a precision 1.22-volt refer-
ence, 2 pulse generator, a high-gain comparator, current
limit sense and shut-down circuitry, a catch diode, and
a series pass transistor, The TL497A was designed to
offer versatility and to optimize the ease of its use in the
various step-up, step-down, and voltage inversion applica-
tions requiring high efficiency.

Designing Switching Voltage Regulators With TL497A
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Programming
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A block diagram of the TL497A is shown in Figure 2.
The internal 1.22-volt precision band-gap reference is
internally connected between the substrate terminal and
the inverting input of the high-gain comparator. The output
of the circuit is sensed through a resistor ladder network
(R1-R2) by the noninverting input of the comparator and is
programmed by the resistors R1 and R2 such that the
feedback voltage equals the 1.22 volt reference. Thus;

R2
Vourt Ri+R2 1.22 volts

To keep it simple the voltage across R2 is 1.22 volts. For
ImA programming current R2 becomes 1.22 K. There-
fore:

SET R2= 1.22KQ

AND CALCULATE R1=(Voyr — 1.22) XKQ

Oscillator

The oscillator is composed of a current pulse genera-
tor which charges and discharges the external timing
capacitor (Cp) at fixed current rates whenever the feedback
voltage is less than 1.22 v. The charging rate is 1/6
that of the discharge rate which results in the voltage
waveform shown in Figure 3. The total period of the
charge/discharge cycle is determined by the external timing
capacitor (C¢) and is constant for all input voltages within
the TL497A recommended operating ranges.

The charge/discharge period (T) varies with Ct as
shown in Table I.

v
A
I/\, - \
- \

CHARGE—Vi '
i . _\-t:lscrmnee

FIGURE 3. Ct Voltage Waveform

The dotted line of Figure 3 shows the timing
capacitor waveform under continuous operation conditions.
Only under these conditions does T determine the oscilla-
tors frequency (Fmax = 1/T). These conditions exist during
initial power-up of the system or whenever the comparator
indicates the output voltage is less than the desired
voltage-out. After the timing capacitor is discharged, the
oscillator control circuit will sample the output of the
comparator to determine if the output voltage is at a
satisfactory level. If the comparator indicates the output is
deficient, the current generator will retrigger and the
oscillator will go through another Ct charge/discharge cycle;
after which it will sample the comparator again and so
forth, If on the other hand, the comparator indicates the
output voltage is satisfactory, the current generator will be
on standby until it is triggered by the comparator as
illustrated in Figure 4. The pass transistor is turned “ON”
during the charging portion (t¢) and turned “OFF” during
the discharge portion (tp) and any subsequent standby

Table I. Charge/Discharge Period Vs. C¢

Ct(pF) 200 250 350 400

T (us) 23 27 32 39

Designing Switching Voltage Regulators With TL497A
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FIGURE 4. Typical Ct Voltage Waveform During Start-Up and Quieséent Operation

Table H. On-Time Vs. C¢

CelpF) 200 250 350 400

1 (us) 19 22 26 32

period after the charge/discharge cycle of Ci. Under these
conditions the operating frequency becomes dependent
on the load requirement and Cy only determines the ON
time (toN) which remains constant. Thus the duty cycle
is modulated by the changing frequency. The on-time of
the switching transistor ‘coincides with tc as shown in
Table Ii.

Current Limiting

Current limiting is accomplished with the current-
limit control provided. The voltage developed across the
user selected series current limit resistor (RCL) is sensed.
When this voltage becomes greater than one VBE drop
(0.5V typically) the current limit circuitry provides an
additional current path to charge the timing capacitor. This,
in effect, shortens the on-time of the switching transistor
and reduces the amount of energy developed in the
inductor. This can be observed as an increase in the slope of
the charging portion of the charge/discharge cycle of the
timing capacitor (Figure 5). With current limiting, satura-
tion of the power inductor may be prevented and soft
start-up achieved. If not used, the current limit sense
should be tied to V¢ + (pin-14).
Pass Transistor

The switching transistor provided in the TL497A isa
high-gain device designed to switch up to 500 mA peak
using the base drive circuitry provided by the TL497A.
Access to the internal base current limiting resistor is made
available, however, it is not recommended the base drive
circuitry be tampered with. The emitter and collector are
brought out also, for user versatility.

500 750 1000 1500 2000

44 56 80 120 180

EFFECT OF CURRENT LIMITING ON C;
VOLTAGE WAVEFORM
L ) — t—

” NORMAL
CHARGE/

\  DISCHARGE
\  WAVEFORM

\
\
A T
CURRENT LIMIT
ON TIME
NORMAL ON TIME s——srermai)
C¢ VOLTAGE WAVEFORM

FIGURE 5. Cp Voltage Waveform

Catch Diode

An uncommitted catch diode capable of operating
at peak currents to S00 mA is available for commutation
and blocking purposes, however, an external diode may
be desired for optimum circuit performance,

Enable Circuitry

Shutdown circuitry is provided for external control
which allows the user to enable and disable the TL497A by
an external TTL logic command. A logic high disables the
TL497A and turns off the switching transistor. A logic low
enables the TL497A and allows it to operate according to
the previous discussion.

Designing Switching Voltage Regulators With TL497A
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- DESIGN AND OPERATION
ofa
STEP-DOWN SWITCHING VOLTAGE REGULATOR

Thie circuit in Figure 6 shows the basic configuration
for a step-down switching voltage regulator. A thorough
understanding of this circuit is necessary to optimize the
design of a step-down switching voltage regulator using the
TLA97A. '

FIGURE 6. Basic Step-Down Regulator

First, define the initial conditions (prior to the
closing of S1).

Initial Conditions (t = 0-):
Vc=Vour
iL=0
When the switch S1 is closed, the current in the
inductor and the voltage across the filter capacitor (C)
cannot change instantaneously.
at S1 closed (t = 04):
Vc=Vour
iL=i1=0

Writing a loop equation around the circuit

diy
Vin=Rgf) +L 3= + Ve

Substituting i1 =0and Vg = Vgytat t = 0+

diy
Vin=L 3~ +Vout

di1 _ Vin—Vout
Therefore el Jam

The current through the inductor (ir) at any given time (t)
is
- Vin - Vout ¢

! L

Designing Switching Voltage Regulators With TL497A

For a constant VIN, VOUT, and L, I varies linearly with t.

The current increases while S1 is closed according to
the waveform shown in Figure 7. The peak current in the
inductor, therefore, is dependent on the period of time S1
is closed, which is the on-time of the switch (tON).

Vin — Vout
“pk = === tON

174 ST

iy,

s1-c| CLOSED f¢——OPEN ’
0 Tc
L —+
tc ety
HARGE —{—-—DISCHARGE ~—

FIGURE 7. Inductor Current Waveform
When S1 opens (t = tC+), the current through the

inductor is Ipk since the current cannot change instanta-
neously, the voltage across the inductor inverts, and the
blocking diode (D1) is forward biased to provide a current
path for the discharge of the inductor into the load and
filter capacitor. The inductor current then discharges
linearly as illustrated in Figure 7.
Prior to S1 open (t = TC..)

Vc=Vour
At 81 open (t = Tcy)

i = Ipk
Vc=Vour

Writing a loop equation for iy

verL W ve -
f*L 3 +Ve=0

Substituting the conditions at t = T+ and assuming Vi of
DlisQV: -

dip v
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.\ the current through the inductor for t > T

Vour
iL=Ipk— — — (t-Tc)

The discharge time of the inductor then is that time

required for i1, = 0. Therefore

Analyzing for a moment the currents at the inductor/
capacitor/output node..

iL=ic +Noad

if fjpad is considered constant.

AiC = AiL = ka
when i, =ljoag;Ic =0
when iL =0;ic = —fioad

Thus the inductor and capacitor current waveforms
relate to each other as shown in Figure 8.

Irx

i

{ENDUCTOR CURRENT} Vi
°
Ipk — ILOAD === —,
e 4 . 4Q+
(CAPAGITOR CURRENT) a40-— .
N
fLoap -
0 Te

FIGURE 8. Inductor Current and
Capacitor Current Waveforms

For the output voltage to remain constant, the net
charge delivered to the filter capacitor must be zero. This
means that the charge delivered to the capacitor from the
inductor must be dissipated in the load. Since the charge
developed in the inductor is fixed (constant on time), the
time required for the load to dissipate that charge will vary

with the load requirements. The actual operating frequency-

is therefore dependent on the load requirements. The actual
frequency can be determined by studying the current
waveform of the filter capacitor. The charge delivered to
-the capacitor and the charge dissipated by the load are
equal to the areas under the capacitor current waveform
-above and below iC = 0 respectively, as shown in Figures 9
and 10.

px = 1LOAD| —

~IT
7

e o
Woapfft==—-mw e mm—m

Tc+iyp

FIGURE 9. Capacitor Current Waveform (AQ+)

"
B N i

FIGURE 10. Capacitor Current Waveform (AQ—)

Iok — lload
B= —E_I;;k—— (Tc +tp)

AQ-= [load ti] *+ 5 [(Tc +1p)

Ipk — Tjoad
- B e tD)] Toad

Setting AQ+ equal to AQ— and solving for tj

(Ipk ~ 2Ijoad) (TC + tp)
2joad

i=

To determine the frequency of oscillation, total the
durations of the previous portions of the regulator’s cycle,
T=Tc+tp +tj

. 1 Ipk
ST =(Tc + tp) = —2%
(Tc D)2lload

Knowing the period
frequency = L
©q Y T
The AQ calculations also yield the voltage change experi-
enced by the output capacitor C,
Ll AQ
Vo= crldt or=g

Ave=-L (pk—licad? Tc VIN
2C Ipk vour

Nots this accounts for the ripple voltage contributed by the
ripple current present in the switching regulator seen by
an ideal capacitor, Realistically the capacitor will have an
equivalent series resistance (ESR) which establishes the
minimum ripple voltage achievable,

Designing Switching Voltage Regulators With TL497A
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VRIPPLE (MIN) * Ipk (ESR)

When the filter capacitor size has been increased such
that AVC = VRIPPLE (MIN) additional increases in C
will net insignificant reduction in VRIppLE. It is impor-
tant therefore to employ a filter capacitor with minimal
ESR. Note, however, due to its architecture some ripple
voltage is required for proper operation of the regulation
circuit.

SUMMARY

‘ The  previous derivations have assumed that the
regulator is operating in the discontinuous mode. This
means the inductor current is discontinuous (If, = 0). When
the load is continually increased, the idle time (tj in
Figure 10) decreases to the point where the regulator
initiates a charge cycle at or before the complete discharge
of the inductor. This condition is called the continuous
mode of operation (IL, never equals 0, tj = 0). In this mode
a dc idle current is passed through the inductor. The
TL497A is not designed to operate in this mode without
special considerations given to the circuit design. To
determine the load current where the circuit transforms
from the discontinuous mode to the continuous mode of
operation, refer to Figure 8. The point of transition occurs,
when the inductor starts charging as soon as it completes
the previous discharge cycle (tj = 0). Under these con-
ditions the capacitor current waveform is as shown in
Figure 11. Setting t; = 0 and solving for IoyuT;

SIE

Hence Ix

[}
Nl—l
2

Designing Switching Voltage Regulators With TL497A

Where Ix is the load current at which the inductor current
is continuous and the regulator enters the continuous
mode.

FIGURE 11. Capacitor Current Waveform
{Continuous Mode)

Summarizing:
for the step-down switching regulator

Ipk # 2 Ijoad (for discontinuous operation)

VIN - Vou
L= —l-—O_T tON
pk
fo = glk)a_d__\LQH.T_
Ik TON VIN
I
where: tp= V(%:(}-’F L

g= (Ipk — 2 Tj0ad] . TON VIN
2 licad Vout

c=pk —Toat)?  TON VIN
VRIPPLE 2Ipk  VouT
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A STEP-DOWN SWITCHING REGULATOR
DESIGN EXERCISE
with
TL497A
A schematic of the basic step-down
shown in Figure 12.

regulator is

Vino- VAN MR O Vour

AAA
YWy

FIGURE 12. Basic Step-Down Regulator

Conditions:
VIN=15V
Vour=5V
IoUuT =200 mA
Vripple < 1.0%
Calculations:
Ipk # 2 Ijpad = 400 mA
This is the limit condition for discontinuous operation. For
design margin, Ipk will be designed for 500 mA which is
also the limit of the internal pass transistor and catch diode.

. Ipk = 500 mA

_ VIN—Vour

L

tON

10V

= —=Y .
500X 10—3 ON

Recommended on-time is; 19 us << toN < 150 us, thus the
range of acceptable inductance is, 380 uH to 3 mH.

choosing L = 390 uH

390X 10—6 X 500 X 10—3

=19,5 —6 sec.
o 19.5 X 1006 sec

tON

To program TL497A for § VYour:
R2=12k§2 (fixed)

Rl1=(5-1.2)k2 =38k

To set current limiting:

RcL = 0.5/Itimit

0.5
=—" =10
ReL 500 X 10-3

For the on-time chosen above, C¢ can be approximated,;

Ci(pf) >~ 12 §0N (us)

Ci =~ 240 pf
or it can be selected from Table II, page 5.
To determine Crijjger for desired ripple voltage:

¢ =Upk = lioad)? | ToN VIN
VRIPPLE2Ipk  VouT

for constant C, VRIPPLE increases as Ijoqq descreases.
C =45 uF (for 200 mA /1% ripple)

The maximum operating frequency is encountered under
maximum load conditions.

21 (max) V
¢ . = 2load (max), Voyug
max Ipk TON VIN
The minimum operating frequency occurs under minimum
load conditions.

fmin = fmaxll_oag_(m_in)_

lload (max)

Figure 13 illustrates the regulator with the above
values applied to it.

Waveforms at C¢ for indication of proper circuit
performance are shown in Figure 14.

For peak currents greater than 500 mA, it is
necessary to use an external transistor and diode. Several
techniques are shown in Figure 15.

Figure 16 shows the TL497A in high-voltage—high-
current applications.

Designing Switching Voltage Regulators With TL497A
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FIGURE 13. 15 Volt to 5 Volt Switching Regulator for Output Currents to 200 mA
{s) CORRECT C; WAVEFORM
ton ™ 15 us
vin o—grih ~ vour
——— 20 s e N A% TRASETOR, '
LIMITED TO V) € 18 V | I_ Py
oA L
COMPARATOR INPUT (PIN 1) 18 L
SEEING NOISE SPIKES.
* READ SECTIONS ON VOLTAGE
COMPARATOR AND DESION
VARIATIONS FOR IMPROVED
PERFORMANCE.
! {u} INCORRRECT €, WAVEFORM
RoL L
VINO o &Y Vour
TLAS? WATH EXTERNAL [
PG PASS TRANSISTOR, R
UMITED YO Vi < 18 V: I‘
TLA97A ~ 1
)
o INCREASE Cq
o DECREASE LOAD
o DECREASE L
! {c) CONTINUOUS MODE OPERATION IpgaKk .
WILL INCREASE. YiNO- V4 9 Vour
TLAS? WITH EXTRANAL T
enp eags TRANBISTOR | 00 " l
AND1sv mEguLATOR | pp L3 T
FOR APPLICATIONS

THE RESULT WILL BE A SHORTENED
ON-TIME WHICH MAY RESULT IN
\, CONTINUDUS MODE OPERATION. ALSO
\_ * DECREASE Rep
N ® INCREASE L
\,® DECREASEC

N

' {d) CIRCUIT IS CURRENT LIMITING.

FIGURE 14, Circuit Performance Waveforms
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FIGURE 15. Techniques for Obtaining Peak
Currents Greater Than 500 mA
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30 VOLTS TOS V
tLOAD= 25 A @
010 100 uH
ﬁ ‘v‘v‘v A AL
3
s
o
L 38k0 360 uF
. 1.2k
7 Vour=sV
IouT=28A
Pour=1286W
Vripple = 0.2 V
ViN=30V
TN-= 600 mA
PN=18W

200 pF '-I- '
o o EFFICIENCY = 70%

ACTUAL TIMES: tg= 20 s, tp = 80 us, tj = 10 us, f = 9.1 kHz

@ THE USE OF THE INTERNAL DIODE (PINS 8 AND 7) TO CLAMP THE FEEDBACK

AND PROTECT AGAINET NOISE IS DISCUSSED IN A LATER CHAPTER [DESIGN
VARIATIONS FOR IMPROVED PERFORMANCE].

FIGURE 16. TL497A in High-Voltage—High-Current Applications

Designing Switching Voltage Regulators With TL497A
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The advent of logic or gate array devices brings
about the need of a good regulated low voltage power
supply. These arrays may have up to 800 inverters or
gates per array. Normally the power requirements are 20
volts at about 200 mA, per array. The input requirement
is usually 5.0 volts. This circuits meets the above require-
ments at an overall efficiency of 72%.

Figure 18 is another step-down regulator, With an
input of from 7V to 12V it has an output of 5 volts at 2.0
amps. The TIP34 is a plastic TO-220 PNP transistor of 10
amp capacity. The IN5187D is a 3.0 amp fast recovery

diode.

RCL oo 0.1
5V INPUT VO e A e 2V OuTPUT
1.0 )
470
1a]_fial [12] f11]_fiol (5
R
"o
-¢
‘o_j. TLA97A Tow
- A2
- 12k
THH s «HsH e
o
-— 160 of

NOTE — ADD . 1Mf CAPACITOR AT THE tNPUT AND
OUTPUT FOR IMPROVED TRANSIENT
RESPONSE AND BETTER RIPPLE REJECTION.

FIGURE 17. TL4974 Logic Array Power Supply, Step-Down Circuit

VIN ’s Vout
V-TO-12V uH 5V
+ +
: TIP34
3612 IN5187D
10 8
150F ;‘F $ 10004F
0sc¢.
1.2v
JL REF Tu97A
#* 1 2 3 [ 4
,-llzzso,,s

I 1.2K 3.8K 4

FIGURE 18. Step-Down Regulator
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DESIGN AND OPERATION
ofa ‘
STEP-UP SWITCHING VOLTAGE REGULATOR

In the stepup regulator, the formulaes change
slightly. Note the basic circuit configuration in Figure 19,

D1
L — |
Y. - load
L _....:. DI & °
i ic +
Vin l Vour

I s1
FIGURE 19. Basic Step-UP Regulator Circuit

During the charging cycle (S1 closed) the inductor
(L) is charged directly by the input potential.

VIN
iL= T tc

thus Ipk = Xiy- tON

In the step-up application however, the peak current
is not related to the load current as in the previous
application. This is attributed to the fact that during the
inductor charge cycle the blocking diode D1 is reverse
biased and no charge is delivered to the load. The circuit in
Figure 19 delivers power to the load only during the
discharge cycle of the inductor (when S1 is open). The
diode D1 is forward biased and the inductor discharges into
the load capacitor. The potential across the inductor
during this phase of the charge/discharge cycle is
VoUT — VIN. The discharge time of the inductor then
becomes:

tI)= ————EEE—____ L
"Vour ~ VIN

To determine the peak current relation to the load
current, review the inductor and capacitor current wave-
forms shown in Figure 20. :

ok

(FOR AV~ 3V i

(INDUCTOR CURRENT)

le.

8
.

. 0 Te

S -
|._annas-——.| C v IDLE e
4
\— DISCHARGE
(ke ~ oud) o o= om o e el ©

ic

AQH
{CAPACITOR CURRENT)

ITRIRITIINNIL!

“Hosd

Q-

FIGURE 20. Inductor and Capacitor Current Step-Up
Regulator

Studying the current waveforms (IL, and I¢) and
recalling AQ+ must equal AQ— for the potential across the
load capacitor to remain constant, the relation of peak
current to load current can be determined. Approaching it
as AQ is the area under the respective curves, maximum
load current for discontinuous operation (tj = 0) relates to
the peak current as:

I _ Ink tD
load = 2 (t.D+ tC)
Peak inductor current can be related to load current
by:
[q = 2load (tD +tC)

To ease calculation of Ipk without prior calculation of tp,
tC and tp may be substituted for by their voltage ratios.
Equating the charge/discharge times (tC/tp), it will be
noted that the charge to discharge ratio is proportional to
the ratio of the input/output differential to input voltage
ratio,

tp__VIN
t¢  Vour-VIN

VIN
1D = t0 — ——————
D= Vour - Vin
setting tp =1
tr= TOUT— VIN
VIN
. Vout - VIN
~Ipk =2Tj0ad [l + T
which reduces to:
- Vout
Ipk =2 Ijoad ViN

Designing Switching Voltage Regulators With TL497A
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From the capacitor current waveform of Figure 20,
the remaining performance factors may be determined.

Setting AQ+ equal to AQ— and solving for tj where
Hoad <lload(max) (ti is not 0).

Ipk tD
= PKD
= 3 T10eq ~ D *10)

. (Ipk ~ T10ad)?
Vripple 7CTp TD

Summarizing:

For the step-up voltage regulator

Vourt
Ipk = 2 Ijoad [:VIN .

.IN
I’——_

2li0ad
fo = 2828
0 Ipk tD
(Ipk — Iload)?
C =2-PX — Jload’” | T
Vripple 2 Ipk

T I
D= foN [Vout - Vin

A STEP-UP SWITCHING REGULATOR
DESIGN EXERCISE
with
TL497A

Figure 21 is the basic step-up regixlator using fhe
TL497A.

FIGURE 2l. Basic Step-Up Regulator Using the TL4974

14 Designing Switching Voltage Regulators With TL497A

Conditions:
VIN=5V
Vour=15V
Iour=175 mA
Vripple < 1%
Calcuigtions:
L \{
Ipk & 2 lioad [8mUT]

Ipk > 450 mA

For design margin Ipk - 500 mA

VIN
L= —¢
T 1N

5
L= —>——¢
s00X 103 ON

Recommended on-time is; 19 ys < toN < 150 us, thus the
range of acceptable inductance is; 190 uH to 1.5 mH

 choosing L = 200 uH
toN=20us
To program the TL497:
R2=12kQ
Rl=(15-12)kQ=138kQ
To set the current limiting:

ReL = 0.5/I1imit

0.5
ReL=5eox 103 = 19
For on-time chosen above (20 us) C¢ can be estimated;

Ct (pf) > 12 toN (ks)
Ct = 240 pF

or it can be selected from Table II, page 5.
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To determine Cfiiter for desired ripple voltage The nominal operating frequency fg is:

«la2licad

(Ipk - load)2 TD 0
Vripple 2 Ipk P

- VIN fo=30kHz
tD = tON EV—E)T]T——————_.VIN] =10 us
) : Applying these values to the TL497A results in a
C=12.0uF o , schematic as shown in Figure 22,
» Figure 23 shows another step-up circuit which will

supply 12 volts output at 80 mA with an input of 5 volts.

: 10 200 uH @
VINC‘ . Y'Y
l NC NC NC
) 120 uF = wl o Jul Ju] ] js '
Vour =15V

T b e | | ~

PIN=1L27W
IN ) 12 uF
i 2 k] [] s [ ] ? l

- 240 pF ‘ ‘ . lour * 76 mA
I Pout 1128 W

A AA

@ 138ka
12k EFFICIENCY = 71%

FIGURE 22. 5 Volt to 15 Volt Switching Regulator

10 180uH

T —() +12V

10.8K

47uF 23 = 220 4F

)
1
=1
|

1.2K

"+

=

S
e d ]

R R e e

FIGURE 23. TL497A Step-Up Circuit, 5V Input to 12V @ 80mA Output

Designing Switching Voltage Regulators With TL497A 15
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To simplify calculation of Ipk from Ijoad;
k = _V_m t al_Y_O_gT_l t
DESIGN AND OPERATION OF
SWITCHING VOLTAGE REGULATOR tD _ VIN
IN INVERTING CONFIGURATION 3 o T Yout

The inverting regulator is similar to the step-up
regulator in that during the charging cycle of the inductor,
the load is isolated from the input. The only difference is in
the potential across the inductor during its discharge. This
can best be demonstrated by a review of the basic inverting
regulator circuit (Figure 24).

81 D1 'lpld
o™ Kt
i ic -

ViN L l . l:ﬁbc Vour

i MR

FIGURE 24, Basic Inverting Regulator Circuit

During the charging cycle (S1 closed) the inductor
(L) is charged only by the input potential-simllar to the
step-up configuration.

VIN
Ipk= 7~ tON

Like the step-up configuration, in the inverting
configuration (Figure 25) the input provides no contribu-
tion to the load current during the charging cycle and thus
the maximum load current for discontinuous operation will
be limited by the peak current, in accordance with that
observed in the step-up configuration.

t
I1, max (discontinuous) = 5—(%:1)?(5

The discharge rate (tp) however differs due.to the
difference in the potential across the inductor during its
discharge which is VoUT.

._P_.. L
> Vour]

16 Designing Switching Voltage Regulators With TL497A

Substituting this into the expression for I}, max and
simplifying;

Ipk = 2 Ijoad (l + IV\(,)I:T )
The current waveforms in the inverting configuration
look identical to those demonstrated .in the step-up

configuration. The same formulaes therefore apply for t;,
IL. max (discontinuous) and Vripple-

Summarizing:

* For the inverting regulator:

Ipk > 2 load | (l + Vour )

VIN

VIN

L=

tON

2 Ijoad
fa =
" T tp

c=Upk —load)? |
Vnpple 2Ipk: D

where: VIN

tp = & B e
D ON'VOUT'
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Vin O 14 vouyr =
[
[
FIGURE 25. Basic Inverting Regulator
AN INVERTING REGULATOR
DESIGN EXERCISE
with ,
TL497A To set the current limiting:
» RcL = 0.5/Bimit
Conditions:
ReL= =% — -1q
VIN=5V L™ So0x10-3
Vour=-5V For the toN chosen above (20 us) C¢ can be estimated;
lout = 100 mA Ce(pD =12 toN ()
Calculations: ..Ct = 240 pF
Ipk > 2 Ijoad (1 + h,{’OI—I\lUIJ ) or it can be selected from Table II, page 5.
‘ To determine Cfjjey for desired ripple voltage:
Ipk > 400 mA

For design margin Ipk - 500 mA

VIN
L_—_ _——t
Tpk ON
5
B ————
500X 10-3 ON.

Recommended on-time: 19 us < toN < 150 us, thus the
range of acceptable inductance is; 190 uH to 1.5 MH

L

choosing L = 200 uH
tON =20 us

To program the TL497:
R2=12kQ |

RI=(5 - 1.2) =38k

(Ipk — Ioad)?
C= o pX T loadl” | T
Vripple 2 Ipk D

Vv
tD = tON 5

=20 us

Crilter = 64 uF

The nominal operating frequency fg is:

f = 21lload
Ipk TD
fo=20kHz

Applying these values to the TL497A will give results
as shown in Figure 26.

Designing Switching Voltage Regulators With TL497A 17
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ViN O

IN40O1 Vour=-6V

(6V) |
12°“FI

IIN = 166 mA
PIN=826 mW

¥
S
©
~g
>

il

200 uH
£ i

- =

fout = 100 mA
PouT = 500 mW

Veipple <50 mv
Effy = 81%

" *NOTE — DO NOT USE INTERNAL DIODE (PINS—8, 7) FOR CATCH DIODE ON

AN INVERTING CIRCUIT.

FIGURE 26. +5 Volt to —5 Volt Switching Regulator .

SPECIAL TL497A CIRCUITS

The following are several TL497A circuits that do
not fall strictly in a step-up or step down category but
rather a combination of both types.

Figure 27 is an automotive power supply built to
supply 8.5 volts regulated to power a microprocessor
board. During low voltage conditions (4 volts) it acts as a
step-up circuit producing about 11 volts at the positive
"side_ of the 1000 uF capacitor. When a high voltage

Vi
4Vo1BY

XRvm

et 1

FIGURE 27. 12V To 8.5V Step-Up/Down Circuit

Designing Switching Voltage Regulators With TL497A

condition exists (15 volts) it acts as a step-down circuit
still giving about 11 volts to the capacitor. This 11 volts
then is regulated to the desired 8.5 volts by a uA 7885
3-terminal regulator.

Figure 28 is a dual output circuit producing both a
+12V and —12V from a +5 volt input to the supply. While
not supplying a large amount of current it will put out
about 12 mA of current of each voltage polarity.

S VOLTS 184 ouF -2
o—4¢
tour | 1our
+ +
e L J93 12l J11 0 » L] I I m
LT ) v T
70 |
-~ an sy

FIGURE 28. TL497A Dual Supply
+12 Volts and —12 Volts From +5 Volts
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DESIGN VARIATIONS FOR RoL Vour
IMPROVED PERFORMANCE .
Improving Efficiency
The dominant contribution by the TL497A to the
overall efficiency of the switching regulator is the Vcp -r=
(SAT) of the transistor switch. Recall, the previous sections TLa7A
have considered the switch to be ideal (VCE (SAT) =0 V),
this is not the case in the real world. As the VCE (SAT) _l_ 4 _é__
increases the circuit efficiency decreases. Consider for a - - -
moment the basic architecture of the three applications INVERTING REGULATOR
presented herein (see Figure 29). )
+ + Ry = (VIN = L.5) hEE Ra= g RL
ViN Vour pk IN— L
-0 . ‘L‘O - FIGURE 30(b). TL497A With External PNP Switch
: For Improved Performance
STEP-DOWN REGULATOR
Improving on Time Stability

The on time is determined by the timming capacitor
(CT) and its associated circuitry. The on time cycle
(charging of Cr) is initiated when the voltage at the feed-
back input (pin 1) is less than 1.2 volts. During the on time
as the timming capacitor is being charged to its internally
prescribed peak voltage, the error comparator remains
active, If during this period the feedback voltage is
increased above 1.2 volts, the on-time cycle will be
interrupted. This condition can be the result of a noise

INVERTING REGULATOR

+ spike fed back when the switching transistor turns on.
Vour The resulting CT waveform is as illustrated in Figure 31.

STEP-UP REGULATOR

FIGURE 29. Basic Regulator Architectures

Note in all but the step-up regulator the switching
transistor is applied to the positive input rail. In these
configurations it is impossible to drive the NPN transistor
switch into saturation since its base drive circuit resides

. ’ CORRECT WAVEFORM
at a potential lower than its collector potential. Improved.
performance can be achieved by using an external PNP
transistor driven by the internal NPN. (See Figure 30(a, b).)
vin__RcL ' Vout
R2
R1
e
z 7
TL497A
INTERRUPTED WAVEFORM
-l- - -
FIGURE 30(a). Step-Down Regulator FIGURE 31. Cp Waveforms

Designing Switching Voltage Regulators With TL497A 19



SLVA143

{if TExAS

INSTRUMENTS

Note the appearance of the charging ramp of the C
waveform. It can appear as a2 few easily defined steps or as
numerous, almost undetectable, smaller steps. Another
evident condition of the presence of this problem is a jitter-
ing on time, This severely degrades the efficiency of the
converter circuit as power is lost during each transition
of the switching transistor. Solution of this problem is
quite simple, clamp the feedback node (pin 1) to less than
1.2 volts during the on-timeé cycle. Figure 32 shows how
this can easily be accomplished with the addition of a
single feedback diode.

+vin Vour

FEEDBACK
DIODE

PIN1 SUB!

STEP-DOWN REGULATOR

VIN

K FEEDBACK

:l?umm
PIN1  SUB

i Voutr

INVERTING REGULATOR

Vour

STEP-UP REGULATOR

FIGURE 32. Basic Regulator with Feedback Diodes

Designing Switching Voltage Regulators With TL497A

The function of the feedback diode is simple. When
the on-time cycle is initiated, the internal switching transis-
tor turns on. Note that in all three configurations of
Figure 32 the emitter of the internal switch is tied to the
substrate pin [ground or VQuT (~)]. When the internal
switch. turns on, the feedback diode is forward biased and
the feedback signal is clamped at approximately 0.8 volt
(VCE (SAT) ~ 0.3 V, VF ~ 0.5 V), which is less than the
1.2 volts reference. Voltage spikes or noise appearing at the
output will not be reflected at pin 1 as the diode
clamp holds the feedback at 0.8 volt. Thus a clean on-cycle
will result. At the conclusion of the on cycle, the internal
switch turns off the diode reverse biases and the feedback

" voltage returns to its voltage prescribed by the resistor

ladder and Vout. If not used as the flyback diode the
internal diode is quite satisfactory for this application,

Ringing

An oscilloscope is a must when building a switching
power supply with this or any other circuit. It is good to
first obtain the correct waveform on the oscillator ramp
(pin # 3). (See Figure 32 and Figure 14.) Next look at the
switched waveform on the collector of switch (pin 10).
See Figure 33, These must be correct or the circuit will
not function properly. If ringing is noticed on the switched
waveform (pin 10) it can be reduced by placing a 470 to
1000 ohm resistor directly across the inductor to more
rapidly dump the coil current when the switch is off.

SWITCHED
WAVEFORM
PIN NO. 10

OSCILLATOR
WAVEFORM
PINNO.3

FIGURE 33.
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EXTENDED VOLTAGE OPERATION

It is sometimes desirable to operate the TL497A
from a voltage higher than the maximum voltage rating
of 15.0 volts as per the specification. This may be
accomplished with few parts, chiefly a TL783 regulator
and a diode as shown in Figure 34. The TL783 output
voltage chosen should be lower than the output voltage of
the supply. The TL783 will provide a reference voltage to
the TL497A until the VoyuT comes up. DFB then forward
biases, thus supplying the TL497A and shutting back the
TL783 regulator. The residual power consumption is only
about 5.0 mA in the TL783 circuit,

HV-INPUT
ﬂ 3
b s i
%+ §
bnmomcnmwewmme we ’.---.‘
vni “'m“ﬂ m"'BI
CIRCUITS
TASTA " [1 4
f?:MK -l’-
FIGURE 34:
LOW VOLTAGE OPERATION

In some occasions there is a need to operate from
a voltage lower than the minimum voltage rating of the
TL497A which is 4.5 volts, Since the oscillator will run
with less than 3 volts Ve, regulation may be accomplished
with a circuit similar to Figure 35. With the application
of 3 volts, the diode DFB forward biases furnishing Vc¢

to the oscillator of the TL497A. This causes the switching -

transistor to operate and steps the voltage up to its designed
output. (4.5 V — 15 V) Once VQUT comes up higher
than 3.0 volts, Dpp is reversed biased and Voc to the
TL497A is now furnished by its own output voltage.

SLVA143
Weor  oes
o Vout
H ? sv<i2v
14 13 I
woa K 5

NOTE-1 - SINCE ONLY THE OSCILLATOR SECTION WILL
FUNCTION ON A 3.0 VOLT SUPPLY, THE RE-
MAINDER OF THE CHIP IS INOPERATIVE. THE
COMPLETE CIRCUIT WILL FUNCTION WHEN VouTt
REACHES ABOUT 4.5 VOLTS.

FIGURE 35.

SWITCHING REGULATOR DESIGN TIPS

The TL497A being a fixed on-time, variable fre-
quency device does not need a “HI-Q” type of inductor.*
“HI-Q” coils are not desirable due to the TL497A’s broad
frequency range of operation. If the “Q” is too high,
excessive ringing will occur on the output pulse. If when
using a coil with a typical “Q” of greater than 10 ringing
does occur, a shunt resistance may be placed across the
coil to dampen the waveform.

While not necessary, it is highly desirable to use a
toroid inductor as opposed to a cylindrical wound coil,
The toroid type of winding helps to contain the flux
closer to the core and reduce the possible radiation from
the supply. A typical inductor of 150 uH. inductance and
capable of handling 0.5 amperes of current would have a
D.C. resistance of about 0.6 2. Below is a list of possible
inductor sources. ‘

Care should be used in placement of parts and
routing of ground connections similiar to practices used
in constructing R.F. circuits, These technique’s will help
to prevent unwanted oscillations due to positive feedback
or ground loops.

*NOTE: Seethe next page for possible inductor sources.

Designing Switching Voltage Regulators With TL497A
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INDUCTOR SOURCES*
Reliability, Inc. TRW Inductive Products
P.O.Box 218370 Mr. Austin Profeta
Houston, TX 77218 150 Varick St.
(713) 4920550 New York, N.Y.
(212) 255-3500
" Coil Craft
1102 Silver Lake Rd. West Coast Magnetics, Inc.
Cary, Ill 60013 140 San Lazaro
(312) 639-2361 Sunnyvale, CA 94086
(408) 733-9853
Mini-Magnetics Microtran Company, Inc; ‘
' 453 Ravendale Dr, Unite E 145 E. Mineola Avenue
Mountain View, CA 94043 P.O. Box 236
(408) 255-7160 Valley Stream, N.Y. 11582
(516) 561-6050
Ferroxcube
5083 Kings Highway Cambion
Saugerties, NY 12477 445 Concord Ave,
(914) 246-2811 Cambridge, MA 02138
Telex: 92-1480
(617) 491-5400
Pulse Engineering, Inc. South Haven Coil, Inc.
P.O. Box 12235 P.0. Box 409 Blue Star Highway
San Diego, CA 92112 South Haven, Michigan 49090
- (714) 279-5900 AC 616 #637-5201
*Texas Instruments. does not endorse or warrant the
suppliers referenced.
22 Designing Switching Voltage Regulators With TL497A
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APPENDIX

Tables 1 and 2 illustrate the operating range of
the TL497A without the addition of an external power
transistor, Standard inductor values have been used giving
maximum operating frequencies (discontinuous mode) in
the range 9 kHz — 103 kHz. Worst case figures for transistor
on-state voltage, VCE (SAT), and diode forward voltage
drop, Vg, have been assumed throughout giving a con-

- servatively rated output current, Iy (max), in the majority
of cases.

Designing Switching Voltage Regulators With TL497A 23
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v‘:m | efr'tptl:: g:fmtt sz;’ Feedback Inductor Timing s?r':%':::."cﬁ/
w b (e gl - S PPV B G IR
i .8 b 091 48K 1.2K 150 220 18.9
3 12 » 096 108K 1.2K 1650 20 B
50 16 @ 0.96 138K 1.2K 150 20 357
2:5’)5 | 18 g 0.96 16.8K 1.2K 150 20 385
5% 2 ¥ 0.9 22.8K 1.2K 160 20 @
3% 2 2 0.96 28.8K 1.2K 160 220 a7
&0 5 i 048 3.8K 1.2K 160 20 2
2% 2 A 0.68 108K 1.2K 180 20 3
335 24 % 0.82 T 228K 1.2K 150 220 4.7

The following assumptions have been made:

1. Power switch operation at maximum peak current.
2. Worst case transistor and diode conduction losses.
3. Use of standard 150 uH inductor and 220 pF timing capacitor.

Note: The 30V and -24V supplies will not give the full output in the worst case since the ratio tc/tc + td exceeds the maximum limit of 0.85 defined

by the I.C.

' Table 1. TL497A Operation from a 5V Supply

Wl ) (mA) W) R1 R2 L (uH) Ce pF) (kHz)
12 5 250 1.2 3.8K 1.2K 256 220 22.7
12 10 250 26 8.8K 1.2K 73 220 . 455
12 16 180 2.7 13.8K 1.2K 439 220 2.8
12 18 161 2.7 16.8K 1.2K 439 220 16.6
12 24 114 2.7 228K 1.2K 439 220 249
12 30 91 2.7 288K 1.2K 439 220 29.8
12 5 169 0.8 3.8K 1.2K 439 220 145
12 -12 114 14 10.8K 1.2K 439 220 249
12 <24 76 1.8 228K 1.2K 439 220 33.2

Note: Use a standard 220 pF timing capacitor. The assumptions of maximum peak current operation and
worst case transistor and diode losses apply.

Table 2. TL497A4 Operation from a 12V Supply.

24 Designing Switching Voltage Regulators With TL497A
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