FEATURES

m Wide Input Voltage Range 3V-60V

Low Quiescent Current—6mA

Internal 5A Switch (2.5A for LT1071)

Very Few External Parts Required

Self-Protected Against Overloads

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

Can be Externally Synchronized (Consult Factory)

RPPUCRTIORS

Logic Supply 5V@ 10A

5V Logicto £ 15V Op Amp Supply

Offline Converter up to 200W

Battery Upconverter

Power Inverter (+ to —)or(—to +)

Fully Floating Multiple Outputs

For Lower Current Applications see LT1072

USERNOTE

This data sheet is only Intended to provide specifications, graphs, and a general functional description of
the LT1070/LT1071. Application circuits are included to show the capability of the LT1070/LT1071. A com-

plete design manual (AN-19) should be obtained to assist in developing new designs. This manual con-

tains acomprehensive discussion of both the LT1070 and the external components used with it, as well as
complete formulas for calculating the values of these components. The manual can also be used for the
LT1071 by factoring In the lower switch current rating. A second application note, AN-2S, which details
off-line applications is available.
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LT1070/LT1Q71

5A and 2.5A High Efficiency
Switching Regulators

DCSCRIPTION

The LT1070 and LT1071 are monolithic high power switch-
ing 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 LT1070/LT1071 to be built in a stand-
ard 5-pin TO-3 0rTO-220 power package. This makes it ex-
tremely easy to use and provides “bust proof” operation
similar to that obtained with 3-pin linear regulators.

The LT1070/LT1071 operates with supply voltages from 3V
to 60V, and draws only 6mA quiescent current. It can de-
liver load power up to 100 watts with no external power de-
vices. By utilizing current-mode switching techniques, it
provides excellent AC and DC load and line regulation.

The LT1070/LT1071 has many unique features not found
even on the vastly more difficult to use low power control
chips presently available. It uses adaptive anti-sat switch
drive to allow very wide ranging load currents with no loss
in efficiency. An externally activated shutdown mode re-
duces total supply current to 50fiA typical for standby
operation. Totally isolated and regulated outputs can be
generated by using the optional “flyback regulation
mode” built into the LT1070/LT1071, without the need for
opto-couplers or extra transformer windings.

0 10 20 30 40 50
INPUT VOLTAGE (V)
*ROUGH GUIDE ONLY. BUCK MODE
PQUt =5A x Vout- SPECIAL TOPOLOGIES
DELIVER MORE POWER.
-DIVIDE VERTICAL POWER SCALE
BY 2 FOR LT1071
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LT1070/LT1071

RBSOLUTC ffIRXIfFIUffl RRTIRGS

Supply Voltage

LT1070/71HV (See Note 1)...ccccovvmrnerrreenennn. 60V

LT1070/71 (S€e NOtE 1).ccicciirrcriieeeniee e 40V
Switch Output Voltage

LTI070/TLIHV oot 75V

LTL0T70/7 Lottt 65V
Feedback Pin Voltage (Transient, 1ms).....ccccccovvenennen. + 15V
Operating Junction Temperature Range

LT1070/71HVM, LT1070/71M.......cc...c. -55°C to + 150°C

LT1070/71HVC, LT1070/71C (Oper.)....... 0°Cto +100°C
LT1070/71HVC, LT1070/71C (Sh. Ckt.)... 0°C to + 125°C
Storage Temperature Range.............. - 65°C to + 150°C
Lead Temperature (Soldering, 10S€C)...ccccucvrvernennne 300°C

Note 1: Minimum switch “on” time forthe LT1070/LT1071 in current limit is
«1.0psec. This limits the maximum input voltage during short circuit
conditions, in the buck and inverting modes only, to =35V. Normal
(unshorted) conditions are not affected. Mask changes are being imple-
mented which will reduce minimum “on” time to < 1psec, increasing
maximum short circuit input voltage above 40V. If the present LT1070/
LT1071 (contact factory for package date code) is being operated in the
buck or inverting mode at high input voltages and short circuit conditions
are expected, a resistor must be placed in serieswith the inductor, as
follows:

CLCCTRICRL CHARACTERISTICS

PRCKAGE€/0RD€R INFORRIRTION

BOTTOM VIEW ORDER PART NUMBER
Vsw—\ / — vce
LT1070/LT1071HVMK
{,"y Fooom, Ics’ffo LT1070/LT1071MK
. ) LT1070/LT1071HVCK
| |
4 LEADTO3 LT1070/LT1071CK
FRONT VIEW
C
12345
) LT1070/LT1071HVCT
LT1070/LT1071CT
Ve— 4| L r— vin
FB— JJ ' .w— Vsw
SLEAO T0-220

The value of the resistor is given by:

R_t.f.V,N-Vf r

«Uvh)

t=Minimum “on" time of LT1070/LT1071 in current limit, =1/is
f = Operating frequency (40kHz)
Vf= Forward voltage of external catch diode at
Ipinp Currentlimitof LT1070 (=8A), LT1071 (=4A)
RI = Internal series resistance of inductor

Unless otherwise specified, V|n =15V ,Vc =0.5V, Vfb = Vref, output pin open.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vref Reference Voltage Measured at Feedback Pin 1.224 1244 1.264 v
. 1214 1.244 1.274
Feedback Input Current Vb= Vref 350 750 nA
. 1100
gm Error Amplifier Alc= £25pA 3000 4400 6000 ftmho
Transconductance . 2400 7000
Error Amplifier Source or VC=1.5V 150 200 350 (A
Sink Current . 120 400 A
Error Amplifier Clamp Hi Clamp, VFb= 1V 18 2.3 \Y
Voltage Lo Clamp, VFB= 1.5V 0.25 0.38 0.52 v
Reference Voltage Line 3V<V|N<Vmax . 0.03 % v
Regulation
Av Error Amplifier Voltage 0.7V<VC< 14V 500 800 2000 .vlv
Gain
Minimum Input Voltage . 2.6 3.0 v
o Supply Current 3V<V|N<Vmax,Vc=0.6V 6 9 mA
Control Pin Threshold Duty Cycle=0 0.8 0.9 1.08 v
. 0.6 125
Normal/Flyback Threshold 04 0.45 0.54 v
on Feedback Pin
Vo Flyback Reference Voltage [fo- S0»A 15 16.3 17.6 V
. 14 18
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LT1070/LT1071
ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Vin = 15V, V¢= 0.5V, Vfb= Vref, output pin open.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VB Change in Flyback 0.05<1FB< ImA 45 6.8 8.5 v
Reference Voltage
Flyback Reference Voltage IpB=50"A 0.01 0.03 %Iv
Line Regulation 3V<V,n<Vmax
Flyback Amplifier Ale= + 10/iA 150 300 500 fimho
Transconductance (gm)
Flyback Amplifier Source VC=1.5V  Source . 15 32 70 fA
and Sink Current Ipb=50/iA  Sink . 25 40 70 AA
BV Output Switch Breakdown 3V<VINVmax LT1070/LT1071 . 65 90 v
Voltage Isw=5mA LT1070HV/LT1071HYV 75 90 v
\GAT Output Switch (Note 1) LT1070 . 0.15 0.24 Q
“On" Resistance LT1071 . 0.3 0.5 Q
Control Voltage to Switch LT1070 8 ANV
Current Transconductance LT1071 4 ANV
olim Switch Current Limit (LT1070) DutyCycle<50% Tj>25°C . 5 10 A
Duty Cycle<50% Tj<25°C . 5 n A
Duty Cycle=80% (Note 2) . 4 10 A
lim Switch Current Limit DutyCycle<50% Ti>25°C . 25 5 A
Duty Cycle <50% Tj<25°C . 25 55 A
Duty Cycle=80% (Note 2) . 2 5 A
alin Supply Current Increase 25 35 mA/A
Alsw During Switch On-Time
f Switching Frequency 35 40 45 kHz
. . 33 47
DC (max) Maximum Switch Duty Cycle 90 92 97 %
Flyback Sense Delay Time 15 I[S]
Shutdown Mode 3V<V,n<Vmax 100 250 A
Supply Current Vc=0.05V
Shutdown Mode 3V<V|N<Vmax 100 150 250 mV
Threshold Voltage . 50 300 mvV
The « denotes the specifications which apply over the full operating Notet Forduty cycles (DC) between 50% and 80%, minimum guaranteed
temperature range. switch current is given by [UM=3.33 (2- DC) for the LT1070 and IUM= 1.67
Note 1: Measured with V¢ in hi clamp, VFb=0.8V. = 4A for LT1070 and (2- DC)forthe LT1071.
2Aform 071.
TVPICRL PERFORMNNCE CHARACTERISTICS
Switch Current Limit vs Duty Cycle Maximum Duty Cycle
0 10 20 30 40 50 60 70 80 90 100 .75 -50-25 0 25 50 75 100 125 150 75 -50-25 0 25 50 75 100 125 150
DUTY CYCLE (%) JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
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LT1070/LT1071

TYPICAL PCRFORmMAACC CHRRRCTCRISTICS

Minimum Input Voltage

-75 -50-25 0 25 50 75 100 125 150

TEMPERATURE (°C)

Line Regulation

0 10 20 30 40 50
INPUT VOLTAGE (V)

Driver Current* vs Switch Current

0 1 2 3 4
SWITCH CURRENT (A)
*AVERAGE LT1070 POWER SUPPLY CURRENT IS
FOUND BY MULTIPLYING DRIVER CURRENT BY

DUTY CYCLE, THEN ADDING QUIESCENT
CURRENT.

5-40

Supply Current vs Input Voltage*

Isolated Mode Flyback Reference

Switch Saturation Voltage Voltage
23
2
7 RFEEDBACK= 5000
>
g 2
S
° 19 R FEEDBACK=1kH
0
m 18
a
17 R FEEDBACK= 10k12
16
15
1 2 3 4 5 6 7 8 75 -50-25 0 25 50 75 100 125 150
.SWITCH CURRENT (A)* TEMPERATURE (°C)

*DIVIDE CURRENT RY 2 FOR LT1071

Feedback Bias Current vs

Reference Voltage vs Temperature Temperature

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

Supply Current vs Supply Voltage
(Shutdown Mode)

Tj=25°C

40

20 Ve= oV

10 20 30 40 50 60 0 10 20 30 40 50 60
INPUT VOLTAGE (V) SUPPLY VOLTAGE (V)
*UNDER VERY LOW OUTPUT CURRENT
CONDITIONS, DUTY CYCLE FOR MOST
CIRCUITS WILL APPROACH 10% OR LESS.
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TYPICAL P€fiIFORmMfIttCE€ CHRRRCTERISTICS

Normal/Flyback Mode Threshold
on Feedback Pin

-50 - 25 0 25 50 75 100 125 150
TEMPERATURE (°C)
Shutdown Thresholds
-400
350
-300
0
250 3
o Bt
200 % (i%
a O
150 » 21
Q
100~
50
0
-75 -50-25 0 25 50 75 100 125 150
TEMPERATURE (°C)
Switch “Off” Characteristics
1000 300
900
200
800
700 n 100
VsuppLy = 55V
600 suppL™ T @MV 0
Vs uppLy 5V !
500 cc
Vsu spLy = 3V 7
400 2 -100
v /
300 >-200
200
-300
100
0 -400
0 10 20 30 40 50 60 70 80 90 100

SWITCH VOLTAGE (V)

Shutdown Mode Supply Current

0 10 20 30 40 50 60 70 80 90 100
Vq PIN VOLTAGE (mV)
Idle Supply Current vs
Temperature
11
10
9
V(= o8V
8
7
— T e
6 \'suppy = 3V
5
4
3
2
1
-75 -50-25 0 25 50 75 100 125 150
TEMPERATURE (°C)
V¢ Pin Characteristics
ror iy
ViB= 1.5V CURRENT INTO V¢ PIN)
S
/
f
- 259
‘ )
(
VFB = 0,8V (CURFIENT OUT OF V( PIN)
0.5 1.0 1.5 2.0 2.5

Ve PIN VOLTAGE (V)

LT1070/LT1071

Error Amplifier Transconductance

5000 — - = = =
AL (VCFIN)
4500 ' AV (Fd 'IN)
9.4000
13500
§ 3000
0 2500
1 2000
1 1500
2
1000
500
0
-75 -50-25 0 25 50 75 100 125 150
TEMPERATURE (°C)
Feedback Pin Clamp Voltage
0 01 0.2 0.3 04 05 0.6 0.7 0.8 09 1
FEEDBACK CURRENT (mA)
Transconductance of Error
Amplifier
-30
0
30
60
z
>
0 @
120
150
180
210
1k 10k 100k M 10M

FREQUENCY (Hz)
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LT1070/LT1071
BLOCK DIAGRfIm

LT1070/LT1071 OPGAATIOA

The LT1070/LT1071 is a current mode switcher. This means
that switch duty cycle is directly controlled by switch current
rather than by output voltage. Referring to the block diagram,
the switch isturned “on” at the start of each oscillator cycle.
It is turned “off” when switch current reaches a predeter-
mined 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 or-
dinary switchers which have notoriously poor line transient
response. Second, it reduces the 90° phase shift at midfre-
quencies in the energy storage inductor. This greatly sim-
plifies closed loop frequency compensation under widely
varying input voltage or output load conditions. Finally, it
allows simple pulse-by-pulse current limiting to provide maxi-
mum switch protection under output overload or short condi-
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SWITCH

tions. A low-dropout internal regulator provides a 2.3V supply
for all internal circuitry on the LT1070/LT1071. This low-
dropout design allows input voltage to vary from 3V to 60V
with virtually no change in device performance. A 40kHz os-
cillator 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 er-
ror amplifier. The negative input is brought out for output
voltage sensing. This feedback pin has a second function;
when pulled low with an external resistor, it programs the
LT1070/LT1071 to disconnect the main error amplifier output



LTIO70/LTIO71 OPCRATIOH

and connects the output of the flyback amplifier to the com-
parator input. The LT1070/LT1071 will then regulate the value
of the flyback pulse with respect to the supply voltage. This
flyback pulse is directly proportional to output voltage in the
traditional transformer coupled flyback topology regulator.
By regulating the amplitude of the flyback pulse, the output
voltage can be regulated with no direct connection between
input and output. The output is fully floating up to the break-
down voltage of the transformer windings. Multiple floating
outputs are easily obtained with additional windings. A spe-
cial delay network inside the LT1070/LT1071 ignores the leak-
age inductance spike at the leading edge of the flyback pulse
to improve output regulation.

LT1070/LT1071

The error signal developed at the comparator input is brought
out externally. This pin (Vc) has four different functions. It is
used for frequency compensation, current limit adjustment,
soft starting, and total regulator shutdown. 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, so this voltage can
be externally clamped for adjusting current limit. Likewise, a
capacitor coupled external clamp will provide soft start.
Switch duty cycle goesto zero ifthe Vc pin is pulled to ground
through a diode, placing the LT1070/LT1071 in an idle mode.
Pulling the Vc pin below 0.15V causes total regulator shut-
down, with only 50/iA supply current for shutdown circuitry
biasing. See AN-19 for full application details.

TYP | CAL AP P U CAT | OAS (Note that maximum output currents are divided by 2 for LT1071.)

(loro K pXtoTs~A N -"

Negative to Positive Buck-Boost Converter

-REQUIRED IF INPUT LEADSa 2*
“ PULSE ENGINEERING 92113

External Current Limit

External Current Limit
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TYPICAL APPLICATION

Totally Isolated Converter

OPTIONAL
OUTPUT FILTER

R4 : -L.C3 J
1.5k! m —|—0.477f ]
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TVPICRI RPPUCRTIONS

D31
1N4001

| *

Cc4)
N

H®

Positive to Negative Buck-Boost Converter

R5 * REQUIRED IF INPUT LEADS2 2*
4700.1 “ PULSE ENGINEERING 92113
R

s X 10-30v L 0 AVOID START-UP PROBLEMS

1(1Xif FOR INPUT VOLTAGES BELOW 10V,

v CONNECT ANODE OF D3 TO V[N,
AND REMOVERS. 01 MAYBE
REDUCED FOR LOWER OUTPUT
CURRENTS. C1 - (500nF)(lout)
LIWD FOR 5V OUTPUTS, REDUCE R3
TO 1.5k, INCREASE C2 TO 0.3pF,
AND REDUCE R6 TO 100Q.

vOoutT
~12V@2A

Voltage Boosted Boost Converter

Current Boosted Boost Converter

o 7 i
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LT1070/LT1071
TYPICAL APPLICATION

Negative Buck Converter

*REQUIRED IF INPUT LEADS;>2"
"PULSE ENGINEERING 92113

Negative Current Boosted Buck Converter

-VIN

Positive Buck Converter
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LT1070/LT1071

TVPICAI APPUCATIOAS

Negative Boost Regulator Driving High Voltage NPN

Negative Input-Negative Output Flyback Converter

Forward Converter
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LT1070/LT1071

tvpicairppucatioas
Positive Current Boosted Buck Converter

PACKAGE DESCRIPTOR Dimensions in inches (millimeters) unless otherwise noted.

TO-3 Type Metal Can (Steel) K Package TO-220 Type Plastic
TPackage
t IMAX 9JC % tjmax ejc eJA
LT1070MK, LT1070HVMK 150°C rm 35»C/W LT1070CT, LT1070HVCT 100°C 2°0W 75°CIW
LT1070CK, LT1070HVCK 100°C. vm 35°C/W LT1071CT, LT1C71HVCT 100°C 4°CIW 75'CIW
LT1071MK, LT1071HVMK 150°C 4°CIW 35°C/W
LT1071CK, LT1071HVCK 100°C 4°aw 35°C/IW
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