r" ’ \Q - LT1073

TECHNOLOGY -~ Micropower
DC-DC Converter
Adjustable and Fixed 5V, 12V

FEATURES " DESCRIPTION
® No Design Required The LT1073 is a versatile micropower DC-DC converter.
= Qperates at Supply Voltages From 1.0V to 30V The device requires only three external components to
s Consumes Only 95uA Supply Current deliver a fixed output of 5V or 12V. The very low minimum
» Works in Step-Up or Step-Down Mode supply voltage of 1.0V allows the use of the LT1073 in
® Only Three External Off-the-Shelf Components applications where the primary power source is a single
Required cell. An on-chip auxiliary gain block can function as a low-
w | ow-Battery Detector Comparator On-Chip battery detector or linear post-regulator.
= User-Adjustable Curre_nt Limit | Average current drain of the LT1073-5 used as shown in
® |nternal 1A Power Switch the Tvpical Aoplication circuit below is iust 135uA un-
= Fixed or Adjustable Outp_ut Voltage Versions Ioaede)épﬁikin%pit'?:emo?;g;'licafigrﬁ :;I::rz long %gnléw
® Space-Saving 8-Pin MiniDIP or S08 Package life is important. The circuit shown can deliver 5V at 40mA
APPLICATIONS _ - from an input as low as 1.25V, and 5V at 10mA from a
1.00V input.
m Pagers _ The device can easily be configured as a step-up or step-
= Cameras down converter, although for most step-down applica-
w Single-Cellto 5V Converters tions or input sources greater than 3V, the LT1173 is
= Battery Backup Supplies recommended. Switch current limiting is user-adjustable
" Laptopand Palmtop Computers by adding a single external resistor. Unique reverse-
: gglrltlgzlr;ﬂ:gﬂ?\?::ts battery protection circuitry limits reverse current to safe,
non-destructive levels at t
® 4mA-20mA Loop Powered Instruments 1.6V. ructive levels at reverse supply voltages up to

= Hand-Held Inventory Computers
® Battery-Powered o, B, y Particle Detectors
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ABSOLUTE MAXIMUM RATINGS  PACKAGE/ORDER INFORMATION

Supply Voitage, Step-Up Mode.........ccooveenccneinns 15V

Supply Voltage, Step-Down Mode.................... e 3BV LA Ol?\l%El\I;BPEARRT
SWA Pt VOIAG . .evooveeeeeees e ssseeneeeeesessssses s0v | wD 2] Fo (sense)”
SW2 Pin Voltage ... -0.4VtoViy v 2] 7] se7 LT1073CN8
Feedback Pin VOIAge (LT1073) .....occervesercero 5v | [ ] 20 LT10730N8 5
SWHCH CUITBN .vveevoevvvrresenerrsssssssssssssssssssssesesees 150 | e[ 2] co LT1073CN8-12
Maximum Power DiSSIPation ..............cccoueerne 500mW g pACAGE T
Operating Temperature Range (LT1073C) ...0°C to 70°C «£IXED VERSIONS
Storage Temperature Range .................. -65°C to 150°C
Lead Temperature (Soldering, 10 SEC.) ................. 300°C T0PVIEW LT1073CS8
' LT1073CS8-5
8] FB (SENSE)*
ops LT1073058-12
(6] 40 S8 PART MARKING
__[aw 1073
S8 PACKAGE froneos
8-LEAD PLASTIC S0IC 07305
*FIXED VERSIONS 07312
GLECTﬂlan CHH“HCT&B'ST'CS Ta = 25°C, Vi = 1.5V unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
lg Quiescent Current Switch Off ) 95 130 pA
la Quiescent Current, Step-Up No Load LT1073-5 135 PA
Mode Configuration LT1073-12 250
Vin Input Voltage Step-Up Mode ® 1.15 12.6 v
1.0 12.6
_ Step-Down Mode ® : -30
Comparator Trip Point Voltage LT1073 (Note 1) ® 202 212 222 mv
Vour Output Sense Voltage LT1073-5 (Note 2) ' [ 475 5.00 5.25 v
. LT1073-12 (Note 2) ° 1.4 12.00 12.6
Comparator Hysteresis LT1073 . () 5 10 mv
Output Hysteresis LT1073-5 ® 125 250 mv
LT1073-12 ° 300 600
fosc Oscillator Frequency L] 15 19 23 kHz
DC Duty Cycle Full Load (Vrg < VRer) [ 65 72 80 %
ton Switch ON Time ° 30 38 50 us
kg Feedback Pin Bias Current LT1073, Vegg = OV ® 10 50 nA
IseT Set Pin Bias Current Vger = VRer ® 60 120 PA
Vao AQ Output Low lag =—-100mA L 0.15 04 v
Reference Line Regulation 1.0V<sVyy <15V ® 0.35 1.0 %N
1.5V <12V ® 0.05 01
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€LECTRICAL CHARACTERISTICS 1, - 25°c, iy = 1.5V unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VeESAT Switch Saturation Voltage Vin = 1.5V, Igw = 400mA 300 400 mV
Step-Up Mode ® 600
Vin = 1.5V, Igw = 500mA 400 550
® 750
Vin=5V, Isw=1A 700 1000
° 1500
Ay A2 Error Amp Gain R = 100kQ2 (Note 3) o 400 1000 - VN
" gy Reverse Battery Current (Note 4) 750 mA
ILm Current Limit 220€2 Between 1y and Vi : 400 mA
Current Limit Temperature , -03 %/°C
Coefficient
ILeak Switch OFF Leakage Current Measured at SW1 Pin 1 10 pA
Vswo Maximum Excursion Below GND |  tgw¢ < 10uA, Switch Off -400 -350 mv
The @ denotes the specifications which apply over the full operating Note 3: 100k<2 resistor connected between a 5V source and the AQ pin.
temperature range. Note 4: The LT1073 is guaranteed to withstand continuous application of
Note 1: This specification guarantees that both the high and low trip pomt +1.6V applied to the GND and SW2 pins while V|y, I, and SW1 pins are
of the comparator fall within the 202mV to 222mV range. grounded.

Note 2: This specification guarantees that the output voitage of the fixed
versions will always fall within the specified range. The waveform at the
sense pin will exhibit a sawtooth_ shape due to the comparator hysteresis.

TYPICAL PERFORMANCE CHARACTERISTICS
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(SW2 Pin Grounded) - (SW1 Pin Connected to Vyy) Maximum Switch Current vs Ryjm
12 14 1200
\E -151/ | / 1100 TJB'ZuHL
10 A R 13 W=V ||
/ ; T _ 1000
VN=1.25V]7/ E, 12 [ :é\goo
08 / [ 2 -/ = 800
= Vin=1.0V 4 / Vin=5.0V g 1 700
% 08 77 5 z / =
;6 / \Vm= |3'0V S 10 L s 600 ‘QYV"“ 1svHH
0.4 Viy= 2.0V— ] ) S 500 N
5 09 2 400
w
0.2 08 - 300 N
i Py
200
0 07 .
0 02 04 06 08 10 12 0 01 02 03 04 05 06 07 08 10010 100 1000
Iswirch (A) Iswitcr (A) Rum(Q)
LT1073+ TPCO1 LT1073 - TPCOS 1T1073 - TPC10

4-176 LT HNEAR



LT1073

—.

TYPICAL PERFORMANCE CHARACTERISTICS

Feedback Pin Bias Current vs
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Temperature Temperature “Gain Block” Gain
2 200 1800 T 1
™. Viy = 1.5V, R = 100kQ_]
18 175 1600 \\ N t
z 16 2 150 1400
c —
= 14 é 125 21200 \
= / ] /] 21000
£ 12 S 100 v E
2 VAR / 2 o
2 0 8 75 3
= y = 4 “ 600
o a / \
=8 & 50 g 400
(7] /
6 2 ——— 200
4 0 0
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
LT1073 - TPCO4 L7073+ TPCOS LT1073 « TPCO2
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PIN FUNCTIONS

Ium (Pin 1): Connect this pin to Vi for normal use. Where

lower current limit is desired, connect a resistor between-

ILim and Viy. A 220Q resistor will limit the switch current
to approximately 400mA.

Vix (Pin 2): Input supply voltage.

SW1 (Pin 3): Collector of power transistor. For step-up
mode connect to inductor/diode. For step-down mode
connect to Viy.

SW2 (Pin 4): Emitter of power transistor. For step-up
mode connect to ground. For step-down mode connect to
inductor/diode. This pin must never be allowed to go more
than a Schottky diode drop below ground.

GND (Pin 5): Ground.

AO (Pin6): Auxiliary Gain Block (GB) output. Open collector,
can sink 100pA. -

SET (Pin 7): GB input. GB is an op amp with positive input
connected to SET pin and negative input connected to
212mV reference. ’

FB/SENSE (Pin 8): On the LT1073 (adjustable) this pin
goes to the comparator input. On the LT1073-5 and
LT1073-12, this pin goes to theinternal application resistor
that sets output voltage.

LY e
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LT1073 BLOCK DIRGRAM

SET =+

A0

VIN GAIN BLOCK/ERROR AMP

212mv
REFERENCE

GND

F8

Ium SW1

| OSCILLATOR o

DRIVER

sw2

LT1073 - BDOY

LT1073 OPERATION

The LT1073 is a gated oscillator switcher. This type'

architecture has very low supply current because the
switch is cycled only when the feedback pin voltage drops
below the reference voltage. Circuit operation can best be
understood by referring to the LT1073 block diagram
above. Comparator A1 compares the FB pin voltage with
the 212mV reference signal. When FB drops below
212mV, A1 switches on the 19kHz oscillator. The driver
amplifier boosts the signal level to drive the output NPN
power switch Q1. An adaptive base drive circuit senses
switch current and provides just enough base drive to
ensure switch saturation without overdriving the switch,
resulting in higher efficiency. The switch cycling action
raises the output voltage and FB pin voltage. When the FB
voltage is sufficient to trip A1, the oscillator is gated off. A
small amount of hysteresis built into A1 ensures loop
stability without external frequency compensation. When
the comparator is low the oscillator and all high current
circuitry is turned off, lowering device quiescent currentto
just 95uA for the reference, A1 and A2.

The oscillator is set internally for 38us ON time and 15us
OFF time, optimizing the device for step-up circuits where
VouT = 3Vin, €.0., 1.5V to 5V. Other step-up ratios as well
as step-down (buck) converters are possible at slight
losses in maximum achievable power output.

A2 is a versatile gain block that can serve as a low-battery
detector, a linear post-regulator, or drive an undervoltage
lockout circuit. The negative input of A2 is internally con-
nected tothe 212mV reference. An external resistor divider
from V) to GND provides the trip point for A2. The AO
output can sink 100pA (use a 56k resistor pull-up to +5V).
This line can signal amicrocontroller that the battery voltage
has dropped below the preset level.

A resistor connected between the I ;v pin and Vi adjusts
maximum switch current. When the switch current ex-
ceeds the set value, the switch is turned off. This feature
is especially useful when small inductance values are used
with highinputvoltages. Ifthe internal current limit of 1.5A
is desired, I, m should be tied directly to Vyy. Propagation
delay through the current-limit circuitry is about 2ps.

In step-up mode, SW2 is connected to ground and SW1
drives the inductor. In step-down mode, SW1 is con-
nected to V,y and SW2 drives the inductor. Output voltage
is set by the following equation in either step-up or step-
down modes where R1 is connected from FB to GND and
R2 is connected from Vgyr to FB.

Vout = (212mV) [Fg ¥ 1} (01)
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LT1073-5, -12 BLOCK DIRGRAM

SET =—]
AC
Vin GAIN BLOCK/
J ERROR AMP
fum SW1
212mv
REF
OSCILLATOR )
DRIVER
Sw2
R1 904kQ LT1073-5: R1 = 40kQ
WA~ AMNV— SENSE LT1073-12: R2 = 16.3kQ

GND LT1073 - BDO2

LT1073-5, -12 OPERATION

The LT1073-5 and LT1073-12 fixed output voltage ver-
sions have the gain-setting resistors on-chip. Only three
external components are required to construct a fixed-
output converter. 5pA flows through R1 and R2 in the
LT1073-5, and 12.3pA flows in the LT1073-12. This cur-
rent represents a load and the converter must cycle from
time to time to maintain the proper output voltage. Output
ripple, inherently present in gated-oscillator designs, will
typically run around 150mV for the LT1073-5 and 350mV
for the LT1073-12 with the proper inductor/capacitor
selection. This output ripple can be reduced considerably
by using the gain block amp as a pre-amplifier in front of
the FB pin. See the applications section for details.

APPLICATIONS INFORMATION

Measuring Input Current at Zero or Light Load

Obtaining meaningful numbers for quiescent current and
efficiency at low output current involves understanding
howthe LT1073 operates. At very low or zero load current,
the device is idling for seconds at a time. When the output

voltage falls enough to trip the comparator, the power

switch comes on for a few cycles until the output voltage
rises sufficiently to overcome the comparator hysteresis.
When the power switch is on, inductor current builds up
to hundreds of milliamperes. Ordinary digital multimeters
are not capable of measuring average current because of
bandwidth and dynamic range limitations. A different
approach is required to measure the 100u.A off-state and
500mA on-state currents of the circuit.

+2v

LTC1050

Vi

Vser =

hd
1000pF

*NON-POLARIZED

Quiescent current can be accurately measured using the
circuit in Figure 1. Vggr is set to the input voltage of the
LT1073. The circuit must be “booted” by shorting V2 to
Vger. After the LT1073 output voltage has settled, dis-
connect the short. Input voltage is V2, and average input
current can be calculated by this formula:

V2-\1
100Q

(02)

lin=

1MQ

--L##\'— ‘

uF*
100Q

V2

I

LT1073 < TAO3

Figure 1. Test Circuit Measures No-Load Quiescent Current of LT1073 Converter

LT 5
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