LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS

D3222, OCTOBER 1988-REVISED OCTOBER 1991

* Wide Supply Voltage Range: KC AND KV PACKAGE
LT1070HV...3Vto60V (KV Package Used for Illustration)
LT1070...3Vto40V (TOP VIEW)

T T N
® Low Quiescent Current...6 mA Typ sw
* Self-Protected Against Overloads O :m:,mNF%
FTr— C

®* Operates in Most Switching Configurations

® Low Shutdown-Mode Supply Current

*  Floating Outputs in Flyback-Regulated ///

Mode KC 5-LEAD

®* Available in Standard KC and KV Packages
¢ Can Be Externally Synchronized

AVAILABLE OPTIONS
T NPUT ke kv
VOLTAGE | PACKAGE PACKAGE
0°Cto 60V LT1070HVCKC | LT1070HVCKV
100°C 40V |LT1070CKC | LT1070CVKV
—-40°C to 60V LT1070HVIKC | LT1070HVIKV
125°C 40V [LT1070IKC LT1070IKV
description

The LT1070 is a monolithic, high-efficiency switching regulator. It can be operated in all standard switching
configurations including: step-down (buck), step-up (boost), flyback, forward, inverting, and Cukt. A
high-current, high-efficiency switch is included in the package along with all oscillator, control, and protection
circuitry. Integration of all functions allows the LT1070 to be built in a standard 5-pin KC or KV package. This
makes it extremely easy to use and provides reliable operation similar to that obtained with 3-pin linear
regulators.

The LT1070 operates with supply voltages from 3 Vto 40 V. The LT1070HV, a high-voltage version of the LT1070,
operates with supply voltages from 3 V to 60 V. These devices draw only 6 mA of quiescent current, deliver load
power up to 100 W with no external power devices, and by utilizing current-mode switching techniques, they
provide excellent ac and dc input and output regulation.

The LT1070 is much easier to use than the low-power control chips that are presently available and has many
unique features that are not found on these chips. it uses an adaptive saturation-preventing switch drive to allow
very-wide-ranging load currents with no loss in efficiency. An externally activated shutdown mode reduces total
supply current to 50 uA typical for standby operation. Totally isolated and regulated outputs can be generated
by using the optional flyback-regulation mode built into the LT1070 without the need for optocouplers or extra
transformer windings.

TA boost-buck-derived regulator circuit patented by Slobodan Cuk.
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LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS

functional block diagram
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Resistor value shown is nominal.
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LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS

absocII;lte maximum ratings over operating virtual junction temperature range (unless otherwise
note

Supply voltage, Vin (see Note 1): LT1070 ... ... i i i e 40V
LT1070HY i i it i i 60V
Switch output voltage: LT1070 ... ...ttt ittt i et aieenraas 65V
LT1070HY Lot e e e 75V
Feedback input voltage, VEp (transient, 1ms) ...t i it +15V
Continuous total dissipation .............ccciiiiiiiiiiiiiiiaa.. See Dissipation Rating Tables 1 and 2
Operating virtual-junction temperature range:
LT1070C, LT1070HVC (normal operation) ..........cciveiiiiiiinniiiiinerinnnens 0°C to 100°C
LT1070C, LT1070HVC (short-circuit operation) ...............ciiiiiiiiiienriiinn. 0°C to 125°C
LT10701, LT1070HVI ..ottt ettt cieeaa s —40°C to 125°C
Storage temperature range . ... ... e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from casefor 10seconds ................. . oiviiiviinnn 300°C

NOTE 1: Minimum switch-on time for the LT1070 in current limit is ~ 1 us. This limits the maximum input voltage during short-circuit conditions,

in the step-down and inverting modes only, to ~ 35 V. Normal (unshorted) conditions are not affected. if the LT1070 is being operated
in the step-down or inverting mode at high input voitages and short-circuit conditions are expected, a resistor must be placed in series
with the inductor.

DISSIPATION RATING TABLE 1

FREE-AIR TEMPERATURE
PACKAGE Ta s25°C DERATING FACTOR Ta =100°C Ta =125°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING
KC and KV 2000 mW 16 mW/°C 800 mW 400 mW
DISSIPATION RATING TABLE 2
CASE TEMPERATURE
PACKAGE Tc=70°C OPERATING FACTOR Tc=125°C
POWER RATING ABOVE T¢ = 70°C POWER RATING
KC and KV 20 mW 250 mW/°C 6.25 mW

recommended operating conditions

MIN MAX | UNIT

LT1070C, LT1070I 3 40 v
Input voltage, VN LT1070HVC, LT1070HVI 3 60
Virtual-junction temperature, T, LT1070C, LT1070HVG 0 100 °C

LT10701, LT1070HVI —40 125
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LT1070, LT1070HV

5-A HIGH-EFFICIENCY SWITCHING REGULATORS

electrical characteristics at specified virtual-junction temperature, Viy = 15 V, Vg = Vief, With SW
output open (unless otherwise noted)

reference section

PARAMETER TEST CONDITIONST T4 MIN TYPS MAX] UNIT
Vref Reference voltage Measured at FB input, Vg =0.6 V 25°C 1224 1244 1.264 \V
Full range 1.214 1.274
Reference voltage input regulation VIN = 3V to MAX, Vg=06V Full range 0.03 [ %/NV
error amplifier section
PARAMETER TEST CONDITIONST T4 MIN TYPS MAX| UNIT
l Feedback input t V| V 25°C 380 750 A
N =
FB e nput curre FB = Vref Full range 1100 "
25°C 3000 4200 6000
9m Transconductance Alc =25 pA Full range 2400 7000 umho
25°C 150 200 350
Source current Vg=15V, VEg=08V Full range 120 200 pnA
. 25°C 150 200 350
Sink current V=15V, VFB=15V Full range 120 200 pA
v Outout volt High state, Veg=1V oo 1.8 2.3 v
oy Dulputvoliage Low state, VFE=15V s 025 038 052
Ay Voltage amplification Vc=07Vto14V Full range 500 800 2000{ VNV
% Controf threshold volt DI le=0 25°C 08 09 1081
T(C) ontrof threshold voltage uty cycle = Full range 06 125
flyback amplifier section
PARAMETER TEST CONDITIONST T4¥ MIN TYPS§ MAX| UNIT
Normal-/flyback-mode _ o
VT(FB) threshold voltage IFg = 50 pA 25°C 04 045 054 A\
v Flyback reference Vc=06V, Ic=—1uAto 1 pA, 25°C 15 16.3 17.6 v
z voltage IFg = 50 pA Full range 14 18
Change in flyback Vg=06V Ic=-1upAto 1 pA, "
avz reference IFB = 0.05t0 1 mMA 25°C 45 68 85 v
Flyback reference Vg =06V, Ic=-1pAto 1 uA, o
voltage input regulation | Igg = 50 pA, VIN = 3V to MAX 25°C 001 003 %NV
m Transconductance Alg s +10 pA, IR = 50 pA 25°C 150 300 500 | pmho
Vg=15V, IFB=5 . 1 2 50
Source or sink current c 5 FB =50 pA S?urce Full range 5 3 wA
Visw)=Vz+ViINz1V Sink 25 40 70

T For conditions shown as MIN or MAX, use the appropriate value specified under the recommended operating conditions.
$Full range virtual junction temperature is 0°C to 100°C for LT1070C and LT1070HVC and —40°C to 125°C for LT1070l and LT1070HVI

§ All typical values are Tp = 25°C.
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LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS

electrical characteristics at specified virtual junction temperature, V| = 15 V, Vg = Vet with SW
output open (unless otherwise noted)

output section

PARAMETER TEST CONDITIONST T+ MIN TYPS MAX| uNIT
v Switch breakad N VEB=1.5V, V|y=3VtoMAX, [LT1070 Full 65 v
(BR)SW witch breakdown voltage sy = 5 mA Fro7onv | Fullrange 75
Ron Switch on-state resistance VEB =08V, Isw=5A Full range 0.15 0.24 Q
Control-to-switch .
9m transconductance 25°C 8 mho
Duty cycle = 50%, VFgp=0.8V 5 13
i i imi Full range
ISw(lim) Switch current limit Duty cycle = 80%, Vg = 0.8V g A
Input current increase o
BUNAISW g iind switch turn-on VEB=0.8V 25°C 25 35| mA/A
¢ £ 25°C 35 40 45 K
requency Full range 33 47 i
Maximum duty cycle VEg=1V 25°C 90% 92% 97%
td Flyback sense delay time 25°C 1.5 us
shutdown section
PARAMETER TEST CONDITIONST T4 MIN TYPS MAX| UNIT
lIN(off) _Input current VIN = 3 V to MAX, Vg =50mV 25°C 100 250 uA
\% | threshold vol VIN =3 Vto MAX 25°C 100 150 250
T(off) Control threshold voltage IN= Full range 50 300 mv
total device
PARAMETER TEST CONDITIONST T4 MIN TYPS MAX| UNIT
VIN(min) Minimum input voltage Full range 2.6 3 \
IN Input current ViN = 3 V to MAX, Vg=06V 25°C ] 9 mA

t For conditions shown as MIN or MAX, use the appropriate value specified under the recommended operating conditions.
# Full range virtual junction temperature is 0°C to 100°C for LT1070C and LT1070HVC and —40°C to 125°C for LT1070! and LT1070HVI.
§ Al typical values are Ta = 25°C.
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LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS

theory of gpperation

The LT1070 is a current-mode switcher. This means that the switch duty cycle is directly controlled by switch
current rather than by output voltage. Referring to the functional block diagram, the switch is turned on at the
start of each oscillator cycle. It is turned off when the switch current reaches a predetermined level. Control of
output voltage is obtained by using the output of a voltage-sensing error amplifier to set the current trip leve!.
This technique has several advantages. First, it has immediate response to input-voltage variations, which is
unlike ordinary switchers that have poor input transient response. Second, it reduces the 90° phase shift at
midfrequencies 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 current
limiting to provide maximum switch protection under output overload or short conditions. A low-dropout internal
regulator provides a 2.3-V supply for all internal circuitry on the LT1070. This low-dropout design allows input
voltage to vary from 3 V to 60 V with virtually no change in device performance. A 40-kHz oscillator is the basic
clock for all internal timing. It turns on the output switch via the logic and driver circuitry. Special adaptive
antisaturation circuitry detects the 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 1.2-V band-gap 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 function when pulled low with an external resistor, It
programs the LT1070 to disconnect the main error-amplifier output and connects the output 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 breakdown voltage of the transformer windings. Multiple floating outputs are easily obtained with additional
windings. A special delay network inside the LT1070 ignores the leakage inductance spike at the leading edge
of the flyback pulse to improve output regulation.

The error signal developed at the comparator input is brought out externally. This pin (C) 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 0.9 V (low output current) and
2V (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 goes to zero if the C pin is pulled to ground through a diode. This places the LT1070 in an idle mode.
Pulling the C pin below 0.15 V causes total regulator shutdown, with only 50-uA supply current for
shutdown-circuitry biasing.
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LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS

TYPICAL CHARACTERISTICS

table of graphs

FIGURE
Pom Maximum output power Vs Input voltage 1
Vryet Reference voltage vs  Junction temperature 2
AVref Reference voltage change vs Input voltage 3
IFB Feedback input current Vs Junction temperature 4
Im Error amplifier transconductance vs Junction temperature 5
Ic Control current vs  Control voltage 6
VT(FB) Normal-/flyback-mode threshold voltage ] Junction temperature 7
IFB Feedback input current vs Junction temperature 7
Vz Flyback-mode reference voltage vs Junction temperature 8
tg Flyback sense delay time vs Junction temperature 9
losw) Switch output current (with switch off) vs Switch voltage 10
Driver base current vs Switch output current "
Vsat(Sw) _ Switch saturation voltage vs  Switch output current 12
loisw) Switch output current limit VS Duty cycle 13
Maximum duty cycle vs Junction temperature 14
lIN(otf) Shutdown-mode input current vs Control voltage 15
lIN(off) Shutdown-mode input current vs Input voltage 16
VT(off) Shutdown-mode control thresholid voltage VS Junction temperature 17
VT(off) Shutdown-mode control threshold current Vs Junction temperature 17
VEB Feedback input voltage vs Feedback input current 18
VIN(min) Minimum input voltage vs Junction temperature 19
N Input current Vs Junction temperature 20
IIN Input current VS Input voltage 21
table of application circuits
APPLICATION FIGURE

Totally isolated converter 22

Flyback converter 23

Negative input — negative output flyback converter 24

Forward converter 25

Driving high-voltage NPN transistor 26

Driving high-voltage FET 27

Current-boosted boost converter 28

Voltage-boosted boost converter 29

Boost converter (5Vto 12V) 30

Negative boost regutator 31

Negative current-boosted buck converter 32

Positive current-boosted buck converter 33

Negative buck converter 34

Positive buck converter 35

Negative-to-positive buck-boost converter 36

Positive-to-negative buck-boost converter 37

External current limit 38

External current limit (adjustable) 39
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LT1070, LT1070HV

5-A HIGH-EFFICIENCY SWITCHING REGULATORS

TYPICAL CHARACTERISTICS

MAXIMUM OUTPUT POWER
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Figure 3
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LT1070, LT1070HV

5-A HIGH-EFFICIENCY SWITCHING REGULATORS

Om— Transconductance —pmho

TYPICAL CHARACTERISTICS

ERROR AMPLIFIER TRANSCONDUCTANCE
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Figure 5

NORMAL/FLYBACK-MODE THRESHOLD VOLTAGE
AND FEEDBACK INPUT CURRENT
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CONTROL CURRENT
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Figure 6

FLYBACK-MODE REFERENCE VOLTAGE
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LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS

TYPICAL CHARACTERISTICS

SWITCH OUTPUT CURRENT

FLYBACK SENSE DELAY TIME vs
vs SWITCH VOLTAGE and INPUT VOLTAGE
JUNCTION TEMPERATURE (WITH SWITCH OFF)
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DRIVER BASE CURRENTT SWITCH SATURATION VOLTAGE
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Io(SW) - Switch Output Current - A
Figure 11

lo(sw) — Switch Output Current— A
Figure 12

T Average input current is found by multiplying driver base current by duty cycle plus quiescent current.
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LT1070, LT1070HV

5-A HIGH-EFFICIENCY SWITCHING REGULATORS

TYPICAL CHARACTERISTICS

SWITCH OUTPUT CURRENT LIMIT

MAXIMUM DUTY CYCLE
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Figure 13 Figure 14
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LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS

TYPICAL CHARACTERISTICS

CONTROL THRESHOLD VOLTAGE AND CURRENT
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LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS

TYPICAL CHARACTERISTICS

INPUT CURRENT
vs
INPUT VOLTAGE?
15 T T T
Switch Current (Low) < 10 mA
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13 o
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=
T 8 /‘/ﬂ . e
7
/
6 -] 0% Duty Cy cle
5
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VIN - Input Voltage - V
t Under very low output current conditions, duty cycle for most circuits will approach 10% or less.

Figure 21
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LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS

APPLICATION INFORMATION

Optional
Output Filter
r————1q
10 uF
9 LD — p——Pp
R4 | L cs |
1.5kQ Z 200 uF
[~ > |
+ ! v
cst _L_ + cs I
100 uF - i
M IN 10uF T 200uF
. sSW ® ia s o = WP I
—  VIN
T -5V LT1070 N=0.875= 7:8 L ——J
ForVp =15V
FB
GND c 500 @
R2
*l c2
7T 0.01uF j
S5k
q
tCapacitors are required if input lead length exceeds 2 inches. 16V
Switch Voltage i
| | oVIN
tott — &P |
| ton —
Vo + V¢ (Vs = Diode Forward Voltage)
Secondary Voltage i
- ] -~ """ ov
N+ VN

Figure 22. Totally Isolated Converter
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LT1070, LT1070HV
5-A HIGH-EFFICIENCY SWITCHING REGULATORS
APPLICATION INFORMATION
VIN . o 1N
20-30V i
v imla
! 1& IE.
cat L trioro o -
100 uF
a0 c '
R3
15ka
c2
T oasuF

*Requned if input length exceeds 2 inches

Clamp Turn-On
VsnuB Spike
= Vo v
T y = — Primary Flyback Voltage = orH
vi g LT1070 Switch Voltage N
b / Area “a” = Area “b” to Maintain 0 dc V
ov L Across Primary
Vo + V¢ A ; Secondary Voltage Area “c” = Area “d” to
oV — Y Maintain 0 dc V Across Secondary
Ne Vl; Vi
Al

+
S RWAL:

N Secondary Current

//|PRI LT1070 Switch Current
[v] —_—
.
\ IPRI
0

Snubber Diode Current
_4 I‘_ {ipgp) (L)

VsnuB

Figure 23. Flyback Converter
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5-A HIGH-EFFICIENCY SWITCHING REGULATORS

APPLICATION INFORMATION

R3 R2 ‘L
1kQ 5kQ
== c1
] mt
+ Qi
—— 2N3906
.Vo
GND ¢ FB
R5 R4
1.24kQ
T
-ViN
Vo-1.6V
tR1-0Q_1°V
R1 200 ps
Figure 24. Negative Input — Negative Output Flyback Converter
L1
D1 70 uH
T
59
M.~ o | 6A
131l =T
. D2
R1
IN > 3.74kQ
ViN LT1070
20-30V T A 08
GND c 8 "
a1 330kQ
< —AN—@
R3
R5 R2
=< Cc4 1kQ 1.24kQ
T®

Figure 25. Forward Converter
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5-A HIGH-EFFICIENCY SWITCHING REGULATORS

APPLICATION INFORMATION

c1
)
D2
R2# <
W\ Qa1 D)
At Qa1
_ (@)
D1 S)
L[ o
= IN
SW |—e 1
LT1070 ViN = sw
LT1070
GND
GND
1 Sets Ig (on) = R
1 Sets Ig (off) =
Figure 26. Driving High-Voltage Figure 27. Driving High-Voltage FET
NPN Transistor
p— Vo
28V
4A
VIN 4 N sw +
16-24V — -~ C1
LT1070
GND cFB
R3 R2
124kQ
T
Figure 28. Current-Boosted Boost Converter
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APPLICATION INFORMATION

1 Total Inductance = 4 mH
Vv iN L1 Interleave Primary and
IN — N=5 Secondary tor Low Leakage
15V —/ Inductance
LT1070 R1 D1
88 kQ
Vo
100 V at 300 mA
200 uF
Figure 29. Voltage-Boosted Boost Converter
L2 output
10puH Filter
[ox] I
sV L1t 100pF T
l 150 pH =
! vaj_—» \ VAN
SW 2 < 12V,05A
D1 R1

L7T1070 10.7kQ

1%

FB
GND c
L c¢3t R3 c2 _L_
_/~ T R2

100 uF i1 kQ 1000 uF ke

c1 1%

T e
t Capacitors are required if input lead length exceeds 2 inches. =
¥ Pulse Engineering 92113.

Figure 30. Boost Converter (5 V to 12 V)
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APPLICATION INFORMATION

[
Rt r
SW N 27kQ
R
LT1070 ca l*+r *I o o
cat ;:-v 104F T T~ 1000 uF (Minimum Load)
470 uF GND ¢ FB
[
R3
R2
o | 13 im.
v 200 uH T 0.22 uF Dt
IN — ¢ ® ° ——— vo
-5y -28Vat1A

t Required if input lead length exceeds 2 inches.
Figure 31. Negative Boost Regulator

1
. =
T ¢t Minimum
Rt Load = 10 mA
4 *— Vo
R4 5Vat10A
12k
o
D1
Q1
2N3906
= .
R2
124kQ
-VIN
Figure 32. Negative Current-Boosted Buck Converter
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VIN 7 3 4
28V 470 Q cs | Ré .
2W 2 g47,F T Y00 N=025
L ]
ce 1:N
0.002 uF =
D2
IN
sw ® *
LT1070
y o
FB
GND c
R3
680 kQ
*cs N y ‘
=S o - RS
100 uFt T 023uF 5kQ
Vo
- "'—’ “sVat10A
5kQ 4" ¢2
5000 uF

e

T Required if input lead length exceeds 2 inches.

Figure 33. Positive Current-Boosted Buck Converter

*

Texas
INSTRUMENTS

2-96 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

This Material Copyrighted By Its Respective Manufacturer



LT1070, LT1070HV

5-A HIGH-EFFICIENCY SWITCHING REGULATORS

-20V

APPLICATION INFORMATION

\
i

LT1070

GND C FB

1000 uF 7|
D1
IN
sw ?

c2 l"'

4.64kQ

L1
200 pH

Qi
2N3906

R2
1.24 kQ

t Required if input lead length exceeds 2 inches.

ViN —e

Figure 34. Negative Buck Converter

Cs
100 pFt

~52Vatd4SA

Optlonal ‘—E:I_
Input *ea
Filter 200 uF
L2
4pH

@—— 5Vatda5A

IN
o SwW
C3 —
22pF LT1070 Rt
3.74kQ
FB
GND c R4
R2 4
R3 ~ 100
i 4700 1.24kQ
c1 L1
1puF 100 uH
- N AN !
D1 ca L 100 mA
1000 uF Minimum

t Required if input lead length exceeds 2 inches.

Figure 35. Positive Buck Converter
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IN sw Vo
< / 1ZVat2A
R1
ca + 11.3kQ

LT1070 10000F T
= al

GND c B *

R3
22kQ

R2
c1 124kQ
VIN\\" VA T 0221F
7 N

-2V -

t Required if input lead length exceeds 2 inches.

Figure 36. Negative-to-Positive Buck-Boost Converter

D3
RS
IN4001 ATODAW
VIN
10-30V
= cst
100 uF
IN swW I ¥
C4 —
SpuF
LT1070
Rt D2 R4
107ke 94 @Kk
GND c B *— A l——4
R3 + +
5kQ R2 = O3 =
1.24kQ 2pF
c2
T 0.1 pF D1
® *—o —— Vo
-12Vat2A
L1
200 uH

T Required if input lead length exceeds 2 inches.
Figure 37. Positive-to-Negative Buck-Book Converter
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IN
SW |——
LT1070
J FB |——
in = GND c
Q1 R1
1kQ R2
—VN\—=8
1L <
“T~ 1000 pF c2
l Note that the LT1070 GND pin
el ‘R's' ‘ is no longer common to ViN(-)

Figure 38. External Current Limit

Vx
LT1070
>
R2
=2V GND c
R1 <
sooka 3¢ 14
D1 L
=S

Figure 39. External Current Limit (Adjustable)

TEXAS"?

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-99

This Material Copyrighted By Its Respective Manufacturer



