LT LR
TECHNOLOGY Micropower Regulator

and Comparator

FERTURES DESCRIPTION
= 40,A Supply Current The LT1020 is a combination micropower positive regula-
& 125mA Output Current tor and free collector comparator on a single monolithic
= 2.5V Reference Voltage chip. With only 40A supply current, the LT1020 can supply
s Reference Output Sources TmA and Sinks 0.5mA over 125mA of output current. Input voltage range is from
® Dual Output Comparator 4.5V to 36V and dropout voltage is 0.6V at 125mA. Dropout
s Comparator Sinks 10mA voltage decreases with lower load currents. Also included
= Dropout Detector on the chip is a class B output 2.5V reference that can ei-
| ® 0.2V Dropout Voltage ther source or sink current. A dropout detector provides an
| ® Thermal Limiting output current to indicate when the regulator is about to
. ® Available in SO Package drop out of regulation.

The dual output comparator can be used as a comparator
» for system or battery monitoring. For example, the com-

APPLICATIONS parator can be used to warn of low system voltage while
= Battery Systems the dropout detgctor shuts down the system to prevent
- Battery B):acku System abnormal operat}qn. Freqyenf:y compensatnoq of the com-
« P rtab);e Termipna?; parator for amplifier applications can be obtained by add-
P ing external output capacitance. Dual output or positive

ortable Instruments and negative regulators can also be made.

The 2.5V reference will source or sink current. This allows
it to be used as a supply splitter or auxiliary output.

Dropout Voltage and Supply Current

1.00 10

5V Regulator

>
M
9 +

104F

=

DROPOUT VOLTAGE (V)
o
3
AN
(vw) INIHHND AlddNS

y
iI—ww—e
|

N

0.01 0.1
0.1 1 10 100 1000
OUTPUT CURRENT (mA)

LY SR 4-29




LT1020

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

INPULVORAGE . ...\ oo eeei e 36V Top view !
NPN Collector VOIage ............................ 36V ol T ORNDUESB'E’;RT K
PNP Collector Voltage..................... Supply - 36V vour ] oropout oereCTon .
Output Short Circuit Duration.................. Indefinite 3] [72] oo noT use .
Power Dissipation.................... Internaily Limited RerouT[E]  Lriozo 7] FeeoBack LT1020MJ -
Operating Temperature Range come exe 5] [T0] CURRENT LiMIT LT1020CJ .
LTI020C ..o, 0°Cto100°C | cowenu[B 5o LT10200N ;
(o] o 1
LTI020M . ... -55°Cto0 125°C +INpUT [7] 8] - weur (ALSO AVAILABLE
Storage Temperature Range J14 PACKAGE HERMETIC DIP IN SO PACKAGE)
LT1I020CM...oooi -65°Ct0150°C N14 PACKAGE PLASTIC DIP
€ELECTRICAL CHARACTERISTICS 7 - 25ec
PARAMETER | CONDITIONS } MIN TYP MAX UNITS
Reference ]
Reference Voltage 45V<Vy <36V 246 250 254 v
Line Regulation 4.5V<Vy<36V 0.01 0.015 %N
Load Regulation - 0.5mA<lpgr<1mA, Viy=12V 0.2 0.3 %
Qutput Source Current V=5V 1 4 mA
Output Sink Current Vin=5v 05 2 mA
Temperature Stability 1 %
Regulator
Supply Current Vin=6V, loyr<100zA 45 80 A
Viy =36V, loyr<100 4A 75 120 A
Viy =12V, lor = 125mA 11 20 mA.
Output Current (Vin=Vour) =1V, V=6V 125 mA
Load Regulation (Vin—Vour) =1V, Viy 26V 0.2 0.5 %
Line Regulation BV <Vjy<36V 0.01 0.015 %N
Dropout Voltage lour = 100pA 0.02 0.05 v 3
lour= 125mA 04 0.65 v "
Feedback Sense Voltage V=12V 244 25 256 v I
Dropout Detector Current AVgyr= -0.05V 3 20 WA I
Feedback Bias Current 15 40 nA r
Minimum Load Current V=36V 1 5 A
Short Circuit Current Viy =36V 250 360 mA P
Pin 9 and Pin 10 shorted, V;y=4.5V 3 30 mA i
Comparator i
Offset Voltage 0V<Veu=38V, V=36V 3 7 mv i
Bias Current 0V<Vey<35V,Viy=36V 15 40 nA ] ﬁ
Offset Current OV <Vigy <38V, Vjy = 36V 4 15 nA r
Gain-NPN Pulldown AVoyr =29V, R =20k 2000 10000 VN :R
Common Mode Rejection 0V<Vey=35V, Viy=36V 80 94 dB 1
-
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LT1020

€LECTRICAL CHARACTERISTICS

PARAMETER

|

CONDITIONS

MIN TYP MAX UNITS
Comparator
Power Supply Rejection 4.5V<Vg<36V 80 96 dB
Output Sink Current Vin=4.5V 10 18 mA
NPN Saturation Voltage lour = 1MA 0.4 0.6 v
Qutput Source Current 60 200 pA
input Voltage Range 0 Vin-1 \
Aesponse Time 5 us
ieakage Current (NPN) 2 nA
- ELECTRICAL CHRRACTERISTICS
PARAMETER I CONDITIONS MIN TYP MAX ] UNITS
Reference B
3eference Voltage 4.5V <V <36V [ 240 250 2.55 v
Line Regulation 4.5V<Vy<36V [ 0.01 0.02 %V
Load Regulation —0.5mA<lggr<1mA, Viy= 12V [ 0.3 0.4 %
Output Source Current Vin=5V [ mA
Output Sink Current Vin=5V ® 0.5 mA
Regulator
Supply Current Viy =6V, loyr<100,A [ 65 95 wA
Vin =36V, loyr <1004A ° 85 120 nA
V\N =12V, lOUT =125mA [ ] 11 20 mA
OQutput Current (Vin—-Vour) 21V, Vin=6V [ 125 mA
Load Regulation (Vin=Vour) 21V, Viy=6V ® 1 %
Line Regulation 6V<Viy<36V [ 0.02 %V
Dropout Voltage four = 100,A ] 0.06 v
|0UT= 125mA [ ] 0.85 v
Feedback Sense Voltage Vin=12V [ 238 25 2.57 v
Dropout Detector Current AVoyr= - 0.05V ° 3 1A
Feedback Bias Current [ 50 nA
Minimum Load Current Viy=36V L 50 #A
Short Circuit Current Viy=36V o 240 360 mA
Pin 9 and Pin 10 shorted, Viy = 4.5V ® 2.5 30 mA
Comparator
Offset Voltage 0V =Vey<35V, V=36V [ 10 mV
Bias Current 0V <V <35V, Viy =36V (Note 1) ® 15 60 nA
Offset Current 0V<Vey <35V, Vy=36V ® 20 nA
Gain-NPN Pulldown AVoyr =29V, R =20k [ 1000 Al
Common Mode Rejection 0V<Vpy<35V,Viy=36V o 80 dB
Power Supply Rejection 4.5V<Vg=<36V [ 80 dB
Output Sink Current Vin=4.5V (Note 2) [J 5 10 mA
Output Source Current L] 40 120 WA
Input Voltage Range [] 0 Vin-1 v
Leakage Current (NPN) Vin=36V [ 8 ph

The ® denotes the specifications which apply over full operating tempera-

ture range.

Note 1: For OV <Vcy <0.1V and T>85°C | bias max is 100nA.

Note 2: For T, < - 40°C output sink current min is 2.5mA.

LY WIR
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LT1020

PIN FUNCTIONS

Pins 1,12, 14—No internal connection.

Pin 2—Regulator Qutput. Main output, requires 10uF out-
put capacitor. Can be shorted to Vjy or ground without
damaging device.

Pin 3—Input Supply. Bypass with 10xF cap. Must always
be more positive than ground.

Pin 4—Reference. 2.5V can source or sink current. May be
shorted to ground or up to 5V. Voltages in excess of 5V
can damage the device.

Pin 5—Comparator PNP Output. Pull up current source for
the comparator. May be connected to any voltage from Viy
to 36V more negative than Vy (operates helow ground).
Short circuit protected. For example, if Vi is 6V then pin 5
will operate to ~ 30V.

Pin 6—Comparator NPN Output. May be connected to any
voltage from ground to 36V more positive than ground
(operates above V). Short circuit protected.

Pins 7, 8—Comparator Inputs. Operates from ground to
Viy - 1V. Comparator inputs will withstand 36V even with
Viy of OV,

Pin 9—Ground.

Pin 10—Current Limit. Connecting this pin to ground de-
creases the regulator current limit to 3mA min. Leave open
when not used.

Pin 11—Feedback. This is the feedback point of the reg-
ulator. When operating, it is nominally at 2.5V. Optimum
source resistance is 200k to 500k. The feedback pin should
not be driven below ground or more positive than 5V.

Pin 13—Dropout Detector. This pin acts like a current
source from Viy which turns on when the output transistor
goes into saturation. The magnitude of the current
depends on the magnitude of the output current and the
input-output voltage differential.Pin current ranges from
5uA to about 300A.

TYPICAL PERFORMANCE CHARACTERISTICS

Regulator Load Regulation Supply Current Regulator Short Circuit Current
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LT1020

TYPICAL PERFORMANCE CHARARCTERISTICS
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LT1020

TYPICAL PERFORMANCE CHARACTERISTICS

Reference Regulation Comparator Input Bias Current Feedback Pin Current
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APPLICATION HINTS

The LT1020 is especially suited for micropower system ap-
plications. For example, the comparator section of the
LT1020 may be used as a battery checker to provide an in-
dication of low battery. The dropout detector can shut-
down the system when the battery voltage becomes too
low to regulate. Another type of system application for the
LT1020 would be to generate the equivalent of split sup-
plies off of a single power input. The regulator section pro-
vides regulated output voltage and the reference, which
can both source and sink current is then an artificial sys-
tem ground providing a split supply for the system.

For many applications the comparator can be frequency
compensated to operate as an amplifier. Compensation

values for various gains are given in the datasheet. The !
comparator gain is purposely low to make it easier to fre-
quency compensate as an amplifier. Two outputs are
available on the comparator, the NPN output is capable of
sinking 10mA and can drive loads connected to voltagesin
excess of the positive power supply. This is useful for driv-
ing switches or linear regulators off of a higher input volt-
age. The PNP output, which is capable of sourcing 100,A
can drive loads below ground. It can be used to make
negative regulators with the addition of an external pass
transistor. Both outputs can be tied together to provide an
output that swings from rail-to-rail for comparator or am-
plifier applications. Although it is not specified, the gain
for the PNP output is about 500-1000.
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LT1020

- MPPLICATION HINTS

If the PNP output is being used, to maximize the gain, a
+5uA load should be placed upon the NPN output collec-
- wr. This is easily done by connecting a resistor between
tme NPN collector and the reference output. (Providing this
aperating current to the NPN side increases the internal
| emitter base voltages and maximizes the gain of the PNP
stage.) Without this loading on the NPN collector, at tem-

peratures in excess of 75°C, the gain of the PNP collector
- candecrease by a factor of 2or 3.

Reference

Internal to the LT1020 is a 2.5V trimmed class B output
reference. The reference was designed to be able to
source or sink current so it could be used in supply split-
ting applications as well as a general purpose reference
for external circuitry. The design of the reference allows it
to source typically 4 or 5mA and sink 2mA. The available
source and sink current decreases as temperature in-
creases. It is sometimes desirable to decrease the AC out-
put impedance by placing an output capacitor on them.
The reference in the LT1020 becomes unstable with large
capacitive loads placed directly on it. When using an out-
put capacitor, about 209 should be used to isolate the
capacitor from the reference pin. This 209 resistor can be
placed directly in series with the capacitor or alternatively
the reference line can have 200 ptaced in series with it and
then a capacitor to ground. This is shown in Figure 1.
Other than placing large capacitive loads on the
reference, no other precautions are necessary and the
reference is stable with nominal stray capacitances.

REFJ REFJ

7 7
OUTPUT "
200 OR OUTPUT
+ +
T 104F T 104

Figure 1. Bypassing Reference

Overload Protection

The main regulator in the LT1020 is current limited at ap-
proximately 250mA. The current limit is stable with both
input voltage and temperature. A current limit pin, when
strapped to ground, decreases the output current. This al-
lows the output current to be set to a lower value than
250mA. The output current available with the current limit
pin strapped to ground is not well controlled so if precise
current limiting is desired it should be provided externally
as is shown in some of the application circuits.

If the device is overloaded for long periods of time, ther-
mal shutdown turns the output off. In thermal shutdown,
there may be some oscillations which can disturb external
circuitry. A diode connected between the reference and
feedback terminal provides hysteresis under thermal shut-
down, so that the device turns on and off with about a 5
second period and there are no higher frequency oscilla-
tions. This is shown in Figure 2. This diode is recom-
mended for most applications. Thermal shutdown tem-
perature is set at approximately 145°.

Like most other IC regulators, a minimum load is required
on the output of the LT1020 to maintain regulation. For
most standard regulators this is normally specified at
5mA. Of course, for a micropower regulator this would be
a tremendously large current. The output current must be
large enough to absorb all the leakage current of the pass
transistor at the maximum operating temperature. It also
affects the transient response; low output currents have
long recovery times from load transients. At high operat-
ing temperatures the minimum load current increases and

*DIODE ADDS FEEDBACK

Figure 2. Minimizing Oscillation In Thermal Shutdown

LT IR

4-35




LT1020

APPLICATION HINTS

having too low of a load current may cause the output to
go unregulated. Devices are tested for minimum load cur-

rent at high temperature. The output voltage setting resis-

tors to the feedback terminal can usually be used to pro-
vide the minimum load current.

Frequency Compensation

The LT1020 is frequency compensated by a dominant pole
on the output. An output capacitor of 104F is usually large
enough to provide good stability. Increasing the output
capacitor above 104F further improves stability. In order to
insure stability, a feedback capacitor is needed between
the output pin and the feedback pin. This is because stray
capacitance can form another pole with the large value of
feedback resistors used with the LT1020. Also, a feedback
capacitor minimizes noise pickup and improves ripple
rejection,

With the large dynamic operating range of the output cur-
rent, 10000:1, frequency response changes widely. Low AC
impedance capacitors are needed to insure stability.
While solid tantalum are best, aluminum electrolytics can
be used but larger capacitor values may be needed.

The CURRENT LIMIT pin allows one of the internal nodes
to be rolled off with a 0.054F capacitor to ground. With this
capacitor, lower values of regulator output capacitance
can be used (down to 14F) for low (<20mA) output |
currents. Values of capacitance greater than 0.05,F
degrade the transient response, so are not recommended.

If the CURRENT LIMIT pin is connected to GND, the cur-
rent limit is decreased and only a 14F output capacitor is
needed.

When bypassing the reference, a 200 resistor must be con-
nected in series with the capacitor.

TYPICAL APPLICATIONS

Regulator With Output Voltage Monitor

LOGIC

_o<]_

LOGIC OUTPUT

500k ¢f

LOGIC OUTPUT GOES LOW WHEN
Vour DROPS BY 100mV

OUTPUT
5V

< +
0.001 100k 10uF
<

VWA

100k

IH—AAA
n—
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LT1020

TYPICAL APPLICATIONS

Compensating the Comparator as an Op Amp 1 Amp Low Dropout Regulator
ViN
s
:, 2.2k
4 MJE2955
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—BV/ps l I . Vour &V
t
02 :E’“ 0. 001,¢FT220uF
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1 332 0.14F  0.001F — tMUST HAVE LOW
10 100Q 0.0474F — - 100k ysUR§ SEVEFEAL 100pF
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5V Regulator Regulator with Improved Transient Response
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LT1020
TYPICAL APPLICATIONS

50mA Battery Charger and Regulator

Vin

104F 104 =

i
i

2N2905

Viy MUST BE GREATER THAN THE W
BATTERY VOLTAGE PLUS 1.3V =

Switching Preregulator for Wide Input Voltage Range
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L ‘
1004F 3.3M $ ok
<
= tmsoe
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O ‘ i REGULATOR OUTPUT | I
REF ——| oN222
(PIN4) | 0 AmH \ |
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WA T |
6 Ra >
7 150 | 220k |
() E—— |
1! [ 3 I
0.001,F I $ 20K I
$he -.'.L
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LT1020
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LT1020CS

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

InputVoltage..........ocovvviviiiiciiiens 36V ORDER
NPN Collector Voltage...........cooevveeivinennnnnn. 36V TOP VIEW PART NUMBER
PNP Collector Voltage ..................... Supply - 36V ne [ g ne
Output Short Circuit Duration.................. Indefinite Vou [2] i3] oropouT oer LT1020CS
Power Dissipation.................... Internally Limited ' i svurooun
Operating Temperature Range.................. 0°Cto100°C | =°" E ] reeomuc
[12] CURRENT LIMIT
Storage Temperature Range............. ~65°Ct0150°C | coueren [ ) oo PART MARKING
+INpUT [7] 0] - INpUT
ne 3] 9] ne
sto PACAGE LT1020CS

€LECTRICAL CHARACTERISTICS 1,-25°c
PARAMETER | CONDITIONS [ mNn [ 1w MAX UNITS
Reference
Reference Voltage 45V <V)y<36V 2.48 2.50 2.54 v
Line Regulation 4.5V<Vy<36V 0.01 0.015 %N
Load Regulation =0.5mA<iggr<1mA, Viy =12V 0.2 0.3 %
Output Source Current Vin=5v 1 4 mA
Output Sink Current Viy=5v 05 2 mA
Temperature Stability 1 %
Regulator
Supply Current ViN=6V, loyr<100zA 45 80 pA

Viy =36V, loyr <100 4A 75 120 HA

Vin=12V, |0u]' =125mA 1 20 mA

Vin <36V Shutdown 50 WA
Qutput Current (Vin=Vour) =1V, Vin =6V 125 mA
Load Regulation (Vin=Vou) =1V, Vin 26V 0.2 0.5 %
Line Regulation 6V <Vijy<36V 0.01 0.015 %N
Dropout Voltage foyr = 1004A 0.02 0.05 v

lour = 125mA 0.4 0.65 v
Feedback Sense Voltage Viy=12V 2.44 25 2.56 v
Dropout Detector Current AVgyr= - 0.05V 3 20 ¥A
Feedback Bias Current 15 40 nA
Minimum Load Current Viy=36V 1 5 yA
Short Circuit Current Viy=36V 250 360 mA

Pin 11 and Pin 12 shorted, Vi, = 4.5V 3 30 mA
Comparator
Offset Voltage 0V<Vey <35V, Viy=36V 3 7 mv
Bias Current OV <Vgy <35V, V=36V 15 40 nA
Offset Current 0V<Vey=<35V,Viy=36V 4 15 nA
Gain-NPN Pulldown AVoyr=29V, R =20k 2000 10000 i
Common Mode Rejection 0V<Vey<35V,V)y=36V 80 94 dB
446 yagl) v
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