LT1170/LT1N71/LT1172

TECHNOLOGY

100kHz, 5A, 2.5A and 1.25A

High Efficiency Switching Regulators

FEATURES

Wide Input Voltage Range: 3V to 60V

Low Quiescent Current: 6mA

Internal 5A Switch (2.5A for LT1171,1.25A forLT1172)
Very Few External Parts Required

Self-Protected Against Overloads

Operates in Nearly All Switching Topologies
Shutdown Mode Draws Only 50pA Supply Current
Flyback-Regulated Mode Has Fully Floating Outputs
Comes in Standard 5-Pin Packages

LT1172 Available in 8-Pin MiniDIP and Surface Mount
Packages

Can Be Externally Synchronized

APPLICATIONS

Logic Supply 5V at 10A

5V Logic to +15V Op Amp Supply
Battery Upconverter

Power Inverter (+ 10 =) or (—10 +)
Fully Floating Multiple Cutputs

USER NOTE:

This data sheetis onlyintended to provi graphs, and

of the LT1170/LT117/LT1172. Apphcanon circuits are inciuded to show the capability of the
LT1170/LT1171/LT1172. A complete design manual {AN19) should be obtained to assist in
devetoping new designs. This manual contains a comprehensive discussion of both the LT1070 and
the external components used with it, as well as complete formulas for calcufating the values of these
components. The manual canaise be used for the LT1 170/LT1171/LT1172 by factoring in the higher
frequency. A CAD design program called SwitcherCAD is also available.

DESCRIPTION

The LT1170/LT1171/LT1172 are monolithic high power
switching regulators. They can be operated in all standard
switching configurations including buck, boost, flyback,
forward, inverting and “Cuk.” A high current, high effi-
ciency switch is included on the die along with all oscilla-
tor, control, and protection circuitry. Integration of all
functions allows the LT1170/LT1171/LT1172to be builtin
astandard 5-pin TO-3 or T0-220 power package as well as
the 8-pin packages (LT1172). This makes them extremely
easy to use and provides “bust proof” operation similar to
that obtained with 3-pin linear regulators.

The LT1170/LT1171/LT1172 operate with supply volt-
ages from 3V to 60V, and draw only 6mA quiescent
current. They can deliver load power up to 100W with no
external power devices. By utilizing current-mode switch-
ing techniques, they provide excellent AC and DC load and
line regulation.

The LT1170/LT1171/LT1172 have many unique features
not found even on the vastly more difficult to use low
power control chips presently available. They use adaptive
anti-sat switch drive to allow very wide ranging load
currents with no loss in efficiency. An externally activated
shutdown mode reduces total supply current to 50uA
typically for standby operation.

TYPICAL APPLICATION
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage
LTHI70/71/72HY ..., 60V
LT1170/71/72 (See Note 1) ....covvvvcrerrrerecrnen, 40V
Switch Qutput Voltage
LTHH70/71/T2HV ... 75V
LTUAZO/TA/T2 oo 65V
LTI172S8 ..o .. 6OV
Feedback Pin Voltage (Transient, 1ms) .. . 15V
Storage Temperature Range ............... —-65°C to 150°C
Lead Temperature (Soldering, 10 seC).......cccccvne. 300°C
Operating Junction Temperature Range
LTH70/71/72M.....eeeee. —-55°C to 150°C
LT1170/71/72HVC,
LT1170/71/72C (Oper.) ccecvvereernnes 0°C to 100°C
LT1170/71/72HVC,
LT1170/71/72C (Sh. Ckt.) ................ 0°C to 125°C
LT1170/71/721 (Oper.) ..cceccoeerenvne. —-40°C to 100°C
LT1170/71/721 (Sh. Ckt.)................. —-40°C to 125°C

Note 1: Minimum effective switch “on” time for the LT1170/71/72 (in current
limit only) is = 0.6us. This limits the maximum safe input voltage during an
outputshorted condition. Buck mode and inverting mode input vaoltage during
an output shorted condition is limited to: .

Vin (max, output shorted) = 15V + Rely + Vi

buck and inverting mode tef

R = Inductor DC resistance

fL = 10A for LT1170, 5A for LT1171, and 2.5A for LT1172

Vf = Output catch diode forward voltage at I,

t = 0.6ps, f = 100kHz switching frequency

Maximum input voitage can be increased by increasing R or Vf.

External current limiting such as that shown in AN19, Figure 39, will
provide protection up to the full supply voltage rating. C1 in Figure 39
should be reduced to 200pF.

Transtormer designs will tolerate much higher input voltages because
leakage inductance limits rate of rise of current in the switch. These
designs must be evaluated individually to assure that current limit is well
controfled up to maximum input voltage.

Boost mode designs are never protected against output shorts because
the external catch diode and inductor connect input to output.

PRCKAGE/ORDER INFORMATION

S PACKAGE, 16-LEAD PLASTIC SOL
Tomax = 100°C, 88 = 150°C/W
Based on continuous operation.

TOP VIEW ORDER PART
ao[@ — [Be NUMBER
ve [2] [7] Vow LT1172MJ8
8 [3] [6] &1 LT1172GJ8
N 2 5] vin LT1172CN8
18 PACKAGE N8 PACKAGE LT1172IN8
8-LEAD CERAMIC DIP  8-LEAD PLASTIC DIP LT1172CS8
38 PACKAGE, 8-LEAD PLASTIC SOIC LT11721S8
T oA o 58 PART MARKING
Toax = 100°C, By = 120°C/W (S) 1172
11721
BOTTOM VIEW ORDER PART
NUMBER
LT1170MK
LT1170CK
K PACKAGE, 4-LEAD T0-3 METAL CAN LT1171MK
Twax O o LT1171CK
g ooy per) LK
LTI71MK 150°C  4°C/W  35°C/W LT1172CK
LT1171CK 100°C  4°C/W  35°C/W
LTH72MK/ATI172HVMK  150°C  8°C/W  35°C/W
LT1172CK/LT1172HVCK 150°C  8°C/W  35°C/W
Based on continuous operation.
Timax = 125°C for intermittent fault conditions.
rovwy | manien., | ORRERPART
—1Viv wm 28sq. iﬁ. of toz. NUMBER
—1Vsw  copper 1o 45°CAW with
= ?g" 0.20sq. si: of 1oz, LT1170CQ
Ve vaties san be obaned LT117160
Q PACKAGE, 5-LEAD DD with additional copper
Towax = 100°C, Byp = oCW  prers I multlayer
J0P VIEW ORDER PART
NUMBER
LT1172CS

Not recommended for new
design. Please refer to

Based on continuous operation.

Tomax = 125°C for intermittent fault conditions.

Tamax = 125°C for intermittent fault conditions. LT1172CS8.

FRONTVIEW ORDER PART

H NUMBER

O =0

otF—— v LT1170CT
T PACKAGE, 5-LEAD T0-220 LT1170HVCT

Tt Oic O LT1171CT
LTI70CTALTI70HVCT  100°C  2°G/W  75°C/W LT1171HVCT

GUENG WE Sw Eh| o
o LT1172HVCT
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LT1170/LT1N71/LT172

GLECTRICHL CHHBHCTEBISTICS Vin = 15V, Vg = 0.5V, Vgp = Vger, output pin open, unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
VRer Reference Voltage Measured at Feedback Pin 1224 1244 1264 v
Vg =0.8V ° 1214 1244 1274 v
Ig Feedback Input Current Vig = VRer 350 750 nA
[ 1100 nA
Om Error Amplifier Alg =+25pA 3000 4400 6000 pmho
Transconductance [ 2400 7000 pmho
Error Amplifier Source or Vg =15V 150 200 350 pA
Sink Current ° 120 400 pA
Error Amplifier Clamp Hi Clamp, Vgg = 1V 1.80 2.30 v
Voltage Lo Clamp, Vpg = 1.5V 025 038 052 v
Reference Voltage Line 3V < Vin € Vax ® 0.03 %/V
Regulation V=08V
Ay Error Amplifier Voltage Gain 09v<Vp<14y 500 800 A%
Minimum Input Voltage {Note 3} ® 26 3.0 v
la Supply Current 3V < Vi < Vpax, Vo = 0.6V 6 9 mA
Control Pin Threshold Duty Cycle=0 08 09 1.08 v
° 0.6 1.25 v
Normal/Flyback Threshold 04 045 054 v
on Feedback Pin
Vig Flyback Reference Voltage Ikg = 50pA 150 163 176 v
(Note 3) ° 14.0 18.0 v
Change in Flyback Reference 005<ig<1mA 45 6.8 9 v
Voltage
Flyback Reference Voltage Irg = 501A 001 003 Yo/
Line Regulation (Note 3) 7V < Vin € Vmax
Flyback Amplifier Alg =+10pA 150 300 500 pmho
Transconductance (grm)
Flyback Amplifier Source V=06V Source L ] 15 32 70 pA
and Sink Current Irg = 50pA Sink ® 25 40 70 HA
8v Output Switch Breakdown VSViNSVpax, | LTII70/LTI71/LT1172 ° 65 90 v
Voltage Isw = 1.5mA LT1170HV/LTI71HV/LT1172HY ° 75 90 v
LT117288 ® 60 80 A
Vsar Output Switch LT1170 o 015 024 Q
“On” Resistance (Note 1) LT ® 030 050 Q
LT1172 [ ] 060 1.00 Q
Control Voltage to Switch LT1170 8 AV
Current Transconductance LT1171 4 ANV
LT1172 2 AV
lum Switch Current Limit | (LT1170) Duty Cycie = 50% Ty225°C | ® 5 10 A
Duty Cycle = 50% Ty<25C | ® 5 1 A
Duty Cycle = 80% (Note 2) [ ] 4 10 A
(LT1171) | Duty Cycle =50% Ty225°C | @ 25 5.0 A
Duty Cycle = 50% Ty<25C | ® 25 55 A
Duty Cycle = 80% (Note 2) ® 20 5.0 A
(LT1172) | Duty Cycle = 50% Ty225°C | @ 1.25 3.0 A
Duty Cycle = 50% Ty<25C | @ 1.25 35 A
Duty Cycle = 80% (Note 2) ° 1.00 25 A

B 5518ukL8 00OL0uu2 71c HA
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LT170/LT171/LTN72
GLECIH“CHL CHﬂRﬂCTERISTICS Vin =15V, V¢ = 0.5V, Vgg = Vger, output pin open, unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Ahy Supply Current Increase 25 35 mA/A
Algw During Switch On-Time
f Switching Frequency 88 100 112 kHz
] 85 115 kHz
DCmax | Maximum Switch Duty Cycle e 80 90 95 Y%
Shutdown Mode 3V <V < Vmax 100 250 uA
Supply Current Ve = 0.05V
Shutdown Mode 3V <V < Vmax 100 150 250 mv
Threshold Voitage * 50 300 mv
Flyback Sense Delay Time (Note 3) 1.5 us
The @ denotes the specifications which apply over the full operating guaranteed switch current is given by Iy = 3.33 (2 — DC) for the LT1170,
temperature range. Iv = 1.67 (2 - DC) for the LT1171, and Iy = 0.833 (2 — DC) for the
Vmax = 40V for LT1170/71/72 and 60V for LT1170/71/72HV. LT72.
Note 1: Measured with Vg in hi clamp, Vg = 0.8V. Isy = 4A for LT1170, Note 3: Minimum input voltage for isolated flyback mode is 7V. Viyax =
2Afor LT1171, and 1A for LT1172. 55V for HV grade in fully isolated mode to avoid switch breakdown.

Note 2: For duty cycles (DC) between 50% and 80%, minimum

TYPICAL PERFORMANCE CHARRCTERISTICS

Switch Current Limit vs Duty Cycle* Minimum Input Voltage Switch Saturation Voitage
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LT1170/LT1171/LT1172

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current vs Supply Voltage
(Shutdown Mode)

160 T
T,=25C

Vg = 50mY

SUPPLY CURRENT (nA)
3

20 Ve=0V

I
0
0 10 20 30 40 50 60
SUPPLY VOLTAGE (V)

17012 607

Shutdown Mode Supply Current

200
180
160
3 140
= 100 Ty=150°C 1~
& ¥
= 100 o
(=] /
= 80— =
S o W
] /'—55"6 <Ty<125°C
40 v4
20 o=
0
D 10 20 30 40 50 60 70 80 90 100
Vg PIN VOLTAGE (mV)
wmzci
Idte Supply Current vs
Temperature
1 -
10 |- Ve=08v
z 9
E
= 8
&
7 VsuppLy = 60V
=2 p——
g ¢ T VsyppLy =3V ]
g s
Z
3
A
2 3
2
1
-75-50 25 0 25 50 75 100 125 150

TEMPERATURE (°C)

1702 613

Driver Current* vs Switch Current

160

140

= 120

g
N
N

= —55°c,/

60 LA

DRIVER CURRENT (mA;
=]

40

20

0 1 2 3 4 5
SWITCH GURRENT () 012000

* AVERAGE LT1170 POWER SUPPLY CURRENT 1S
FOUND BY MULTIPLYING DRIVER CURRENT BY
DUTY CYCLE, THEN ADDING QUIESGENT CURRENT.

Error Amplifier Transconductance
5000 T
4500
B 4000 |-
£
23500
pre
% 3000
5 2500
=1
g 2000
2 1500
z
< 1000
500

T T
_AL(Vg PIN)
™ = AV (FB PIN)

A

0
-75 -50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C)

[E2]

Feedback Pin Clamp Voltage

500
450
400
350
300
250
200
150
100
50

VaVa

— -55°G
\

I

T—
[

FEEDBACK VOLTAGE (mV)

0
0 01020304 050607080910
FEEDBACK CURRENT (mA)

el

Supply Current vs Input Voltage*

15 T
ede ] |
“ T T i T
13 |- NOTE THAT THIS CURRENT DOES NOT __|
z INCLUDE DRIVER CURRENT, WHICH IS
T 12 |-AFUNCTION OF LOAD CURRENT AND —|
= DUTY CYCLE.
s 1 —
£ 10 B 90% DUTYC[YCLE~
> 9 50% DUTY CYCLE |
&
S 8 1 T
* 10% DUTY CYCLE
|
6 0% DUTY CYCLE |
5
0 10 20 30 4 50 60
INPUT VOLTAGE (V) oz oo
* UNDER VERY LOW OUTPUT CURRENT GONDITIONS,
DUTY CYCLE FOR MOST CIRCUITS WILL APPROACH
10% OR LESS.
V¢ Pin Characteristics
300
N I T I
ogp |LVFe = 15V (CURRENT INTO Vg PIN)
3 100 /
=
E 0 /
& Ty=25°C
S -100
=
=
£-200 '
L ¥Veg = 0.8V (CURRENT OUT OF Vg PIN)—
o bl vy
I I T A
PO I N O I I
0 05 10 15 20 25
Vg PIN VOLTAGE (V)
e
Switch “Off” Characteristics
1000
900
800
2 700 I Vsuv;\v/.v
= 500 VsuppLY +—1/—
= =15 ,/‘
S 500 | VsuppLy ~ Ty
= =3V i~ VsuppLY
& 400 LYY 55V —
= 300
H
200
100

0
0 10 20 30 40 50 60 70 80 90 100
SWITCH VOLTAGE (V)

N6

LT UINR

B 55184L8 0010444 595 WA

4-437

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

LT1170/LT1171/LTN72
TYPICAL PERFORMANCE CHRARACTERISTICS

Isolated Mode Fiyback Reference
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LT1170/LT1171/LT1172

BLOCK DIAGRAM
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 ALWAYS CONNECT E1 TO THE GROUND PiN ON MINIDIP, 8- AND 16-PIN SURFACE MOUNT PACKAGES.

E1 AND E2 INTERNALLY TIED TO GROUND ON TO-3 AND T0-220 PACKAGES.

nerE

OPERATION

The LT1170/LT1171/LT1172 are current mode switchers.
This means that switch duty cycle is directly controlled by
switch current rather than by output voltage. Referring to
the block diagram, the switch is turned “on” at the start of
each oscillator cycle. Itis turned “off” when switch current
reaches a predetermined level. Control of output voltage is
obtained by using the output of a voltage sensing error
amplifier to.set current trip level. This technique has
several advantages. First, it has immediate response to
input voltage variations, unlike ordinary switchers which
have notoriously poor line transient response. Second, it
reduces the 90° phase shift at mid-frequencies in the
energy storage inductor. This greatly simplifies closed-
loop frequency compensation under widely varying input
voltage or output load conditions. Finally, it allows simple
pulse-by-pulse currentlimiting to provide maximum switch

protection under output overload or short conditions. A
low dropout internal regulator provides a 2.3V supply for
all internal circuitry on the LT1170/LT1171/LT1172. This
low dropout design allows input voltage to vary from 3V to
60V with virtually no change in device performance. A
100kHz oscillator is the basic clock for all internal timing.
It turns “on” the output switch via the logic and driver
circuitry. Special adaptive anti-sat circuitry detects onset
of saturation in the power switch and adjusts driver
current instantaneously to limit switch saturation. This
minimizes driver dissipation and provides very rapid turn-
off of the switch.

A 1.2V bandgap reference biases the positive input of the
error amplifier. The negative input is brought out for
output voltage sensing. This feedback pin has a second

LT R
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OPERATION

function; when pulled low with an external resistor, it
programs the LT1170/LT1171/LT1172 to disconnect the
main error amplifier output and connects the output of the
flyback amplifier to the comparator input. The LT1170/
LT1171/LT1172 will then regulate the value of the flyback
pulse with respect to the supply voitage.* This flyback
pulse is directly proportional to output voltage in the
traditional transformer coupled flyback topology regula-
tor. By regulating the amplitude of the flyback pulse, the
output voltage can be regulated with no direct connection
between inputand output. The output is fully floating up to
the breakdown voltage of the transformer windings. Mul-
tiple fioating outputs are easily obtained with additional
windings. A special delay network inside the LT1170/
LT1171/LT1172 ignores the leakage inductance spike at
the leading edge of the flyback pulse to improve output
reguiation.

The error signal developed at the comparator input is
brought out externally. This pin (V¢) has four different
functions. It is used for frequency compensation, current
limit adjustment, soft starting, and total regulator shut-
down. During normal regulator operation this pin sits at a
voltage between 0.9V (low output current) and 2.0V (high
output current). The error amplifiers are current output
(gm) types, sa this voltage can be externally clamped for
adjusting current limit. Likewise, a capacitor coupled
external clamp will provide soft start. Switch duty cycle
goes to zero if the Vg pin is pulled to ground through a
diode, placingthe LT1170/LT1171/LT1172inanidle mode.
Pulling the V¢ pin below 0.15V causes total regulator
shutdown, with only 50pA supply current for shutdown
circuitry biasing. See AN19 for full application details.

Extra Pins on the MiniDIP and Surface Mount Packages

The 8- and 16-pin versions of the LT1172 have the
emitters of the power transistor brought out separately
from the ground pin. This eliminates errors due to ground
pin voltage drops and allows the user to reduce switch
currentlimit 2:1 by leaving the second emitter (E2) discon-
nected. The first emitter (E1) should always be connected
tothe ground pin. Note that switch “on” resistance doubles
when E2 is left open, so efficiency will suffer somewhat

*See note under block diagram.

when switch currents exceed 300mA. Also, note that chip
dissipation will actually increase with E2 open during
normal load operation, even though dissipation in current
limit mode will decrease. See “Thermal Considerations”
next.

Thermal Considerations When Using the MiniDIP and
SOL Packages

The low supply current and high switch efficiency of the
LT1172 allow it to be used without a heat sink in most
applications when the T0-220 or TO-3 package is se-
lected. These packages are rated at 50°C/W and 35°C/W
respectively. The miniDIPs, however, are rated at 100°C/W
in ceramic (J) and 130°C/W in plastic (N).

Care should be taken for miniDIP applications to ensure
that the worst case input voltage and load current condi-
tions do not cause excessive die temperatures. The follow-
ing formulas can be used as a rough guide to calculate
LT1172 power dissipation. For more details, the reader is
referred to Application Note 19 (AN19), “Efficiency Calcu-
lations™ section.

Average supply current (including driver current) is:
lin = 6mA + lgw(0.004 + DG/40)

lsw = switch current
DC = switch duty cycle

Switch power dissipation is given by:
Psw = (Isw)? * Rgw * DC
Rsw = LT1172 switch “on” resistance (1€2 maximum)

Total power dissipation is the sum of supply current times
input voltage plus switch power:

Pocromy = (In)(Vin) + Psw
In a typical example, using 2 boost converter to generate

12V at 0.12A from a 5V input, duty cycle is approximately
60%, and switch current is about 0.65A, yielding:

Iy = 6mA + 0.65(0.004 + DC/40) = 18mA
Psw = (0.65)2 ¢ 1Q « (0.6) = 0.25W
Po(ror) = (5V)(0.018A) + 0.25 = 0.34W

4-440
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OPERATION

Temperature rise in a plastic miniDIP would be 130°C/W
times 0.34W, or approximately 44°C. The maximum am-
bient temperature would be limited to 100°C (commercial
temperature limit) minus 44°C, or 56°C.

in most applications, fuil load current is used to calculate
die temperature. However, if overload conditions must
also be accounted for, four approaches are possible. First,
if loss of regulated output is acceptable under overload
conditions, the internal thermal limit of the LT1172 will
protect the die in most applications by shutting off switch
current. Thermal limit is not a tested parameter, however,
and should be considered only for noncritical applications
withtemporary overloads. A second approachis to use the
larger TO-220(T) or TO-3 (K) package which, even without
a heat sink, may limit die temperatures to safe levels under
overload conditions. In critical situations, heat sinking of
these packages is required; especially if overload condi-
tions must be tolerated for extended periods of time.

The third approach for lower current applications is to
teave the second switch emitter (miniDIP only) open. This
increases switch “on” resistance by 2:1, but reduces
switch current limit by 2:1 also, resulting in a net 2:1
reduction in 12R switch dissipation under current limit
conditions.

The fourth approach s to clamp the Vg pinto a voltage less
than its internal clamp leve! of 2V. The LT1172 switch
current limit is zero at approximately 1V on the V¢ pinand
2A at 2V on the V¢ pin. Peak switch current can be
externally clamped between these two levels with a diode.
See AN19 for details.

Synchronizing with Bipelar Transistor

nonzom

LT1170/LT1171/LT1172

LT1170/LT1171L.T1172 Synchronizing

The LT1170/LT1171/LT1172 can be externally synchro-
nized in the frequency range of 120kHz to 160kHz. This is
accomplished as shown in the accompanying figures.
Synchronizing occurs when the Vg pinis pulled to ground
with an external transistor. To avoid disturbing the DC
characteristics of the internal error amplifier, the width of
the synchronizing pulse should be under 0.3us. G2 sets
the pulse width at = 0.2us. The effect of a synchronizing
pulse on the LT1170/LT1171/LT1172 amplifier offset can
be calcutated from:

AVps = (%)(ts)(fs)[lc + %}

I
’f]l= 26mV at 25°C

ts = pulse width

fs = pulse frequency

Ic = Vg source current (=200pA)

V¢ = operating V¢ voltage (1V to 2V)

R3 = resistor used to set mid-frequency “zero” in
frequency compensation network.

Withtg =0.2us, fs = 150kHz, Vo = 1.5V, and R3 = 2k, ofiset
voltage shift is =3.8mV. This is not particularly bather-
some, but note that high offsets could result if R3 were
reduced to a much lower value. Also, the synchronizing
transistor must sink higher currents with low values of R3,
s0 larger drives may have to be used. The transistor must
be capable of pulling the V¢ pin to within 200mV of ground
to ensure synchronizing.

Synchronizing with MOS Transistor

o1 €2
1N4158 100pF

e AT

S y FROM 5V
S22k N4158 0gIC

* SILICONIX OR EQUIVALENT

1170172 0Pz

Ly

B 55134L& 00104u4d 130 W
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TYPICAL APPLICATIONS

Flyback Gonverter

L2 OPTIONAL
5uH  FILTER

PRIMARY FLYBACK VOLTAGE = VLULLW
LT1170 SWITCH VOLTAGE

‘e D1
iy NT=3 [ Vour AREA“2” = AREA “b" TO MAINTAIN
20VT0 30V 03 o) a ZERO DG VOLTS ACROSS PRIMARY
1 N
L | + NeViy  SECONDARY VOLTAGE
1 o AREA "c” = AREA “0” TO MAINTAIN
02 2000uF ZERO DC VOLTS ACROS SECONDARY
<R1
MUR110 ¥ I Sz A Iega
PRIMARY CURRENT
i Lt TR
100pF —— ToriN
0
Ipry
< R2
$124k LT1170 SWITCH CURRENT
[}
Ipry
1 SNUBBER DIODE CURRENT
*REQUIRED IF INPUT LEADS > 2* = 0
o [t Cordt)
Vsnus oA
LCD Contrast Supply
sv' L1'Q
50uH
- Vear®
r Y= avT0 200

R1
200k

R2
100k

-| Evnzzzz

------ <
OPTIONAL ca Tk
T oo

SHUTDOWN

D1
1Ng14

3 3
0.0047)F €

1
ER

[~ TANTALUM

Vout
~10V TO -26v
D2
Coeer

D2, D3 = ERB2.004 600mA SCHOTTKY. OTHER FAST SWITCHING TYPES MAY BE USED.

y 03 2uF
K +| TANTALUM
=+

* Vi AND BATTERY MAY BE TIED TOGETHER. MAXIMUM VALUE FOR Vaar IS EQUAL TO THE | NEGATIVE OUTPUT| + 1V. WITH HIGHER
BATTERY VOLTAGES, HIGHEST EFFIGIENCY IS OBTAINED BY RUNNING THE LT1172 Vi PIN FROM 5. SHUTTING OFF THE 5V SUPPLY
WILL AUTOMATICALLY TURN OFF THE LT1172. EFFICIENCY IS ABOUT 80% AT loyr = 25mA.

R1, R2, R3 ARE MADE LARGE TO MINIMIZE BATTERY DRAIN IN SHUTDOWN, WHICH IS APPROXIMATELY Vpat /(R1 + R2 + R3).

** FOR HIGH EFFIGIENCY, L1 SHOULD BE MADE ON A FERRITE OR MOLYPERMALLOY CORE. PEAK {NDUGTOR CURRENTS ARE ABOUT

600mA AT Poyr = 0.7. INDUCTOR SERIES RESISTANCE SHOULD BE LESS THAN 0.4C2 FOR HIGH EFFICIENCY.

*** QUTPUT RIPPLE IS ABOUT 200mVp.p TO 400mVp_p WITH C2 = 2uF TANTALUM. IF LOWER RIPPLE IS DESIRED, INCREASE C2, OR ADD

A 109, 1uF TANTALUM QUTPUT FILTER.

02 TAA
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T\'Pl(ﬂl ﬂPPI.ICH'I'IOI’IS (Note that maximum output currents are divided by 2 for LT1171, by 4 for LT1172.)

External Current Limit

Driving High Voltage FET
(for Off-Line Applications, See AN25)

Vs
R2 3
<
R1 <
5000 &
—T
1170172 TAOG

External Current Limit

L2

OPTIONAL Ics

ouTPUT I
FLTER =

L1

ca+ Ll
100uF ==

OPTIONAL
INPUT FILTER

L3

—YYY Ny

1170972 TASS.

NOTE THAT THE LT1170
GND PIN IS NO LONGER
COMMON TO Vi~

Vin
-20V
* REQUIRED IF INPUT LEADS = 2
** PULSE ENGINEERING 92114, COILTRONICS 50-2-52
t THIS CIRCUIT IS OFTEN USED TO CONVERT —48V TO 5V. TO GUARANTEE
FULL SHORT-CIRCUIT PROTECTION, THE CURRENT LIMIT CIRCUIT SHOWN
IN AN19, FIGURE 39, SHOULD BE ADDED WITH G1 REDUGED TO 200pF. TR TA

Negative Buck Converter

L | T, s

LOAD

D1 Lyer 10000F 5 o)
50uH 464k
e I -5V
‘ 45A

R4 1
12k

OPTIONAL ‘E.-: | +
OUTPUT
¢
< R2
% R3Sk
v 1170172 TADS

* REQUIRED IF INPUT LEADS 2 2*
** PULSE ENGINEERING 92114 &
COILTRONICS 50-2-52

3 Xl

100uF
OPTIONAL T

INPUT FILTER
L3

—Y—y

H
[
=
&3
>
=]
&

Vin
-20V

LY HNER 4-443
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TYPICAL APPLICATIONS

Positive-to-Negative Buck-Boost Converter

paf a5t
""""‘1 4700, W Vi
} M- 10VT0 * REQUIRED IF INPUT LEADS 2 2*
|+ e 3V ** PULSE ENGINEERING 92114, COILTRONICS 50-2-52
= $00uF" 1 70 AVOID STARTUP PROBLEMS FOR INPUT VOLTAGES
T BELOW 10V, CONNECT ANODE OF D3 TO Viy, A
= REMOVE RS. C1 MAY 5 REDUGED FOR LOWER QUTPUT
oot CURRENTS. C1 ~ (500F)(lou7).
1uF —— b2 FOR 5V OUTPUTS, REDUGE R3 70 1.5k, INCREASE €2 T0
R1 Nota Pé 0.3F, AND REDUGE R6 TO 10002
10.7k 470
< R6 "
> 4700
Vout
12y
24
-
R3 _ 1244VeR4
INPUT VOLTAGE i) loung = ZA=BE - 14 45 SHowN
> + < AAA
BaT vy * L2 REDUCES RIPPLE CURRENT INTO
o1 THE BATTERY BY ABOUT 20:1,
1N5819 _ IT MAY BE OMITTED IF DESIRED.
LT1006 |
<RY
e sz |+ A Sk
200uF = Py .
T U
TANTALUM j 100uH, 1A 10uH, 1A
AAA, 4
VWA
R e c4 l
SHUTDOWN = 5v V¥V 0.050 L o
G Y BATTERY
78k S R7 8 02 25V = 2vT025v
o Sk MBR340 T
% 1170012 TATY
Backlight CCFL Supply (see AN45 for details)
INPUT VOLTAGET
45VT0 20V )
w o
1NSB18 | Lame
()
' -
L
3 D1 D2
3 N914 914
3 = INTENSITY
= ADJUST
R3 R
= 10k 5600
"“" - """ A' "
~ Q1,02 = BCP56 OR MPS650/561 L
<« COILTRONICS CTX300-4 =
-~+ SUMIDA 6345-020 OR GOILTRONIGS 110082-1
= = 1 AMODIFICATION WILL ALLOW OPERATION DOWN TO 4.5v. CONSLILT FACTORY.

G TM2

4-444
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TYPICAL APPLICATIONS

Paositive Buck Converter

Vin ‘ * REQUIRED IF INPUT LEADS > 2°
D3 ** PULSE ENGINEERING 92114
COILTRONICS 50-2-52

L2
4pH

OPTIONAL —— ©5
OUTPUT " 2004F

2.20F

N R D2 FLTER =
. Ay 374K 1N914
—T— 100uF
<SR2 e ™
4700 $1.24k —|— 1uF 25
ct L1
- e 50uH
. M E “r . . y 5V, 4.5A
amed
ot o Lt ;tl 100mA
10004F —1: ¥ MINIMUM
7GR TAL
Negative Boost Regulator Driving High Voltage NPN
¢l
L 1 i
= D2
ld
L |
.«‘h
RU2  p J
AAA at
toi gho
— < (MINIMUM
—— 10004F 3 [0aD)
ca
470uF — __L
* SETS Ig (ON)
** SETS Ig (OFF)
Vi
S TN ad
702 TANE -
* REQUIRED IF INPUT LEADS > 2"
Forward Converter ”
D1 25pH
" — 4
:R4 —I- c2 ol M oN
4

—AAA

A

- +
C1
I| | i 2000pF L
D3 ) < Ri
2374k

VN =
20VTO30V ==

> R2
> 1.24k

AA
v
=3
Do
~AAA

= ti7izTAMe

LY NER 4-445
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TYPICAL APPLICATIONS

High Efficiency 5V Buck Converter

TouH
3A
I OPTIONAL
02 19‘1’5‘, OUTPUT
1N4T48 FILTER
Lt .
R2
SH_ oot30 v
: aa T-x—— 5y
MBR30p i’ e
P 390pF
T Ve DIODE v T &
Vi Vum -
LT1432
~——¢— MODE Vour
MODE 3o ND * R2 IS MADE FROM PG BOARD
T COPPER TRACES.
<0.3V = NORMAL MODE = L ** MAXIMUM CURRENT IS DETERMINED
2.5V = SHUTDOWN = Y THE CHOICE OF LT1070 FAMILY.
OPEN - BURST MODE ke ArrLCATION SECTION
P——
Positive Current Boosted Buck Converter
o
S 400 d 3
2w ]— 0.47uF 4709
1 6
0. OOZuF .
N=0.25
v D1
T
cs* At
100uF F
500
<RI g
S5 At
\:r 5000F
* REQUIRED IF INPUT LEADS > 2°

I TME

4-446 LT IR
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