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100mA Low Dropout Voltage Regulators

FEATURES APPLICATIONS
¢ 5.0V and 3.3V Versions at 100mA Output eBattery Powered Systems
¢ Very Low Quiescent Current eCordless Telephones
¢ Low Dropout Voltage: 380mV at 100mA eRadio Control Systems
o Extremely Tight Load and Line Regulation ePortable/Palm Top/Notebook Computers
o Very Low Temperature Coefficient ePortable Consumer Equipment
o Current & Thermal Limiting ePortable Instrumentation
¢ Need Only 1 uF for Stability eAvionics
o Offered in Lead Free, RoHS Compliant Packages: #SMPS Post-Regulator
T0O-92 (LP2950) & SOIC (LP2951) eVoltage Reference
o Direct Replacement For LP2950/LP2951 eAutomotive Electronics
LP2951 versions only

o Error Flag Warns of Output Dropout
o Logic-Controlled Electronic Shutdown

« Output Programmable From 1.24 to 20V Now Available in Lead Free Packaging

PRODUCT DESCRIPTION

The LP2950 and LP2951 are low power voltage regulators. These devices are an excellent choice for use in battery-powered
applications such as cordless telephones, radio control systems, and portable computers. The LP2950 and LP2951 feature low
quiescent current and low dropout voltage (typ. S0mV at light load and 380 mV at 100mA). This includes a tight initial tolerance
(0.5% typ.), extremely good load and line regulation (0.05% typ.), and very low output temperature coefficient (20 ppm/°C typ.),
making the LP2950/LP2951 useful as a low-power voltage reference.

The error flag output feature is used as a power-on reset for warning of a low output voltage, due to a falling input voltage. The logic-
compatible shutdown feature enables the regulator to be switched ON and OFF. The LP2950 is offered in a 3-pin TO-92 package
compatible with other 5V, 3.3V regulators. The LP2951 is available in an 8-lead SOIC package.

Block diagram of LP2951
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L.P2950/51

ABSOLUTE MAXIMUM RATINGS

Power Dissipation Internally Limited
Lead Temp. (Soldering, 5 Seconds)..........c.cccveeeeenenee 260°C
Storage Temperature Range............ccocenenene -65° to +150°C
Operating Junction Temperature Range ~ -40C to +125C
Input Supply Voltage.........cocceeeeeeervenerreennnne -0.3V to +30V

Feedback Input Voltage -1.5V to +30V
Shutdown Input Voltage -0.3V to +30V
Error Comparator Output -0.3V to +30V
ESD Rating 2kV Min

ELECTRICAL CHARACTERISTICS Vin=6V, Io=100pA, Coyr=1uF (Note 2) Ty=25C, unless otherwise noted.

LP2950AC LP2950C
PARAMETER CONDITIONS LP2951AC LP2951C
Min. Typ. Max. Min. Typ. Max. UNITS
3.3 V Versions
Output Voltage Ty=25°C 3284 | 33 3317 | 3.267 33 3.333 \Y
25°C <T, <85°C 3267 | 33 3.333 | 3251 33 3.350
I . 3260 | 33 3.340 | 3234 33 3.366
Full Operating Temperature
Output Voltage 100 pA <I; <100 mA 3254 | 33 3346 | 3.221 33 3.379 \
TJ STIMAX
5V Versions
Output Voltage T,=25°C 4975 5.0 5.025 | 4.950 5.0 5.050 \4
-25°C <T, <85°C 4.950 5.0 5.050 | 4.925 5.0 5.075
Full Operating Temperature 4940 | 50 | 5060 | 4900 | 50 | 5.100
Output Voltage 100 pA <I. <100 mA 4.925 5.0 5075 | 4.880 5.0 5.120 \
TJ STJMAX
All Voltage Options
Output Voltage 20 120 50 150 ppm/°C
Temperature Coefficient (Note 1)
Line Regulation (Note3) | 6V <V <30V (Note4) 0.03 0.1 0.04 02 %
Load Regulation (Note 3) | 100 pA <I; <100 mA 0.04 0.1 0.1 0.2 %
Dropout Voltage I, =100 A 50 80 50 80 mV
(Note 5) I, =100 mA 380 450 380 450 mV
Ground Current 1. =100 pA 150 170 150 170 uA
I, =100 mA 8 12 8 12 mA
Current Limit Vour=0 150 200 150 200 mA
Thermal Regulation 0.05 0.2 0.05 02 %/W
Output Noise, C.=1uF 430 430 uV rms
10Hz to 100KHz Cp =200 uF 160 160 uV rms
C, = 3.3 uF, Bypass = 0.01uF 100 100 UV rms
from Pin 7 to Pin 1 (LP2951)
8-Pin Versions only LP2951AC LP2951C
Reference Voltage 1.220 | 1.235 | 1.250 | 1.210 | 1.235 | 1.260 \
Reference Voltage Over Temperature (Note 6) 1.190 1270 | 1.185 1.285 A
Feedback Pin Bias 40 60 40 60 nA
Current
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LP2950/51

CONDITIONS LP2951AC LP2951C
PARAMETER (Note 2) Min.  Typ. Min. Typ. Max. UNITS
Max.
8-Pin Versions only (Continued)
Reference Voltage 20 50 ppm/°C
Temperature
Coefficient
Feedback Pin Bias 0.1 0.1 nA/°C
Current
Temperature
Coefficient
Error Comparator
Output Leakage Vou =30V 0.01 |1 0.01 1 uA
Current
Output Low Voltage | Vn=4.5V 150 | 250 150 250 mV
Tot=400 uA
Upper Threshold (Note 7) 40 60 40 60 mV
Voltage
Lower Threshold (Note 7) 75 95 75 95 mV
Voltage
Hysteresis (Note7) 15 15 mV
Shutdown Input
Input logic Voltage Low (Regulator ON) 13 107 1.3 0.7 A
High (Regulator OFF) 2.0 2.0 \
Shut down Pin Input | Vg=2.4V 30 50 30 50 uA
Current V=30V 675 | 800 675 800 uA
Regulator Output (Note 8) 3 10 3 10 uA
Current in Shutdown
Thermal 8 Pin SOIC 128.4 °C/W
Resistance 6ia
3 Pin TO-92 131.9 ow

Note 1: Output or reference voltage temperature coefficients defined as the worst case voltage change divided by the total temperature range.

Note 2: Unless otherwise specified all limits guaranteed for T ;= 25°C, Viy= 6V, 1,=100 uA and C, = 1uF. Additional conditions for the 8-pin versions are feedback
tied to 5V tap and output tied to output sense (Vour=5V) and V syurpown <0.8V.

Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are
covered under the specification for thermal regulation.

Note 4: Line regulation for the LP2951 is tested at ;= ImA. ForI ;=100 pA and T,= 125°C, line regulation is guaranteed by design to 0.2%. See typical
performance characteristics for line regulation versus temperature and load current.

Note 5: Dropout voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value measured at 1V differential. At
very low values of programmed output voltage, the minimum input supply voltage of 2V (2.3V over temperature) must be taken into account.

Note 6: V ger=Vour s(V iv- 1V), 2.3 sVin<30V, 100uA<I; <100mA, T <T jpax.

Note 7: Comparator thresholds are expressed in terms of a voltage differential at the feedback terminal below the nominal reference voltage measured at 6V input. To
express these thresholds in terms of output voltage change, multiply by the error amplifier gain = Vour/Vger= (R 1+ R 2)/R,. For example, at a programmed output
voltage of 5V, the error output is guaranteed to go low when the output drops by 95 mV x 5V/1.235 = 384 mV. Thresholds remain constant as a percent of Voyras V our
is varied, with the dropout warning occurring at typically 5% below nominal, 7.5% guaranteed.

Note 8: Vsuurpown 22V, V v <30V, V our=0, Feedback pin tied to 5V Tap.

Note 9: All typical values are not guaranteed. The value could vary from lot to lot.
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LP2950/ LP2951

TYPICAL PERFORMANCE CHARACTERISTIC
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LP2950/L.P2951

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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LP2950/L.P2951

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
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LP2950/LP2951

TYPICAL APPLICATIONS
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LP2950/51

APPLICATION HINTS

EXTERNAL CAPACITORS

The stability of the LP2950/LP2951 requires a 1.0uF or greater
capacitor between output and ground. Oscillation could occur without
this capacitor. Most types of tantalum or aluminum electrolytic works
fine here. For operations below -25°C solid tantalum is recommended
since the many aluminum types have electrolytes that freeze at about
-30°C. The ESR of about 5Qor less and resonant frequency above
500kHz are the most important parameters in the value of the
capacitor. The capacitors value may be increased without limit.

At lower values of output current, less output capacitance is required
for stability. For the currents below 10mA the value of the capacitor
can be reduced to 0.33uF and 0.1pF for 1mA. More output
capacitance is needed for the 8-pin version at voltages below 5V
since it runs the error amplifier at lower gain. At worst case 3.3 UF or
greater must be used for the condition of 100mA load at 1.23V
output.

The LP2950/51 unlike other low dropout regulators will remain
stable and in regulation with no load in addition to the internal
voltage divider. This feature is especially important in applications
like CMOS RAM keep-alive. When setting the output voltage of the
LP2950/51 version with external resistors, a minimum load of 1UA is
recommended

If there is more than 10 inches of wire between the input and the AC
filter capacitor or if a battery is used as the input then a 1pA tantalum
or aluminum electrolytic capacitor should be placed from the input to
the ground.

Instability can occur if there is stray capacitance to the LP2951
feedback terminal (pin 7). This could cause more problems when
using a higher value of external resistors to set the output voltage.
This problem can be fixed by adding a 100pF capacitor between
output and feedback and increasing the output capacitor to at least 3.3
uE.

OUTPUT
VOLTAGE

INPUT
VOLTAGE,

* See Application Info

Figure 1. ERROR Output Timing

ERROR DETECTION COMPARATOR OUTPUT

The Comparator produces a logic low output whenever the LP2951
output falls out of regulation by more than around 5%. This is around
60 mV offset divided by the 1.235 reference voltage. This trip level

remains 5% below normal regardless of the programmed output
voltage of the regulator.

Figure 1 shows the timing diagram depicting the ERROR signal and the
regulator output voltage as the LP2951 input is ramped up and down. The
ERROR signal becomes low at around 1.3V input, and goes high around
5V input (input voltage at which Voyr=4.75).

Since the LP2951’s dropout voltage is load dependent, the input voltage
trip point (around 5V) will vary with the load current. The output voltage
trip point (approx. 4.75V) does not vary with load.

The error comparator has an open-collector output, which requires an ex-
ternal pull-up resistor. Depending on the system requirements the resistor
may be returned to 5V output or other supply voltage. In determining
the value of this resistor, note that the output is rated to sink 400pA, this
value adds to battery drain in a low battery condition. Suggested values
range from 100K to IMQ. If the output is unused this resistor is not
required.

PROGRAMMING THE OUTPUT VOLTAGE OF LP2951

The LP2951 may be pin-strapped for 5V using its internal voltage divider
by tying Pin 1 (output) to Pin 2 (sense) and Pin 7 (feedback) to Pin 6 (5V
Tap). Also, it may be programmed for any output voltage between its
1.235V reference and its 29V maximum rating . As seen in Figure 2, an
external pair of resistors is required. Refer to the below equation for the
programming of the output voltage:

Vour=V rer X(1 + R 1/Ry)+ IrgRy

The Vygris 1.235 and I gpis the feedback bias current, nominally -20nA.

The minimum recommended load current of 1 HA forces an upper limit
of 1.2MQon value of R ,. If no load is presented the Iy produces an error
of typically 2% in Voyrwhich may be eliminated at room temperature by

trimming R,. To improve the accuracy choose the value of R2 = 100k this
reduces the error by 0.17% and increases the resistor program current by
12uA. Since the LP2951 typically draws 60pA at no load with Pin 2
open-circuited this is a small price to pay

REDUCING OUTPUT NOISE

It may be an advantage to reduce the AC noise present at the output. One
way is to reduce the regulator bandwidth by increasing the size of the
output capacitor. This is the only way that noise can be reduced on the 3
lead LP2950 but is relatively inefficient, as increasing the capacitor from
1UF to 220 UF only decreases the noise from 430UV to 160V ysfor a
100kHz bandwidth at 5V output. Noise could also be reduced fourfold by
a bypass capacitor across R, since it reduces the high frequency gain
from 4 to unity. Pick

Cpypass =1 / 2 TR, X200 Hz

or choose 0.01UF. When doing this, the output capacitor must be
increased to 3.3UF to maintain stability. These changes reduce the
output noise from 4301V to 100pVrysfor a 100kHz bandwidth at

5V output. With the bypass capacitor added, noise no longer scales
with output voltage so that improvements are more dramatic at higher
output voltages.

Mar8-07 Rev E

LP2950-51 Low Dropout Linear Regulator

8

© 2007 Sipex Corporation



LP2950/LP2951

TYPICAL APPLICATIONS
+\/ N
100K 8
ERROR sl
ERROR 12410 29V
QuTPuT Vo ——o—+
LP2951 ‘{
SHUTOOWY Ro= g
INPUT 9 01uF
_/— GND f8
4 7 1
123V
1
Fionre 7 Adingtahle Reonlatar
Wy
1 b A
Ay
i Vour !
1100 Vor o |
ERROR i|— A
LP2951 e EAROR o f et
é * LP2%s1
3 R, 1
0,07
RESET oo SHUTDOWN A
Ji |7 INPUT

]
Ry

Figure 3. Latch Off When Error Flag Occurs

GND B
Ji 1

*MINIMUM INPUT-QUTPUT VOLTAGE RANGES FROM 40V’ to 400mV.
DEPENDING ON LOAD CURRENT. CURRENT LIMIT IS TYPICALLY 150mA

Figure 4. Wide Input voltage Range Current Limiter

Mar8-07 Rev E

LP2950-51 Low Dropout Linear Regulator

9

© 2007 Sipex Corporation




LP2950/LP2951

TYPICAL APPLICATIONS (continued)
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LP2950/L.P2951

TYPICAL APPLICATIONS (continued)
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3 PIN TO-92

PACKAGE

E
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o1 SLIN
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REVISION HISTORY
REV. DISCRIPTION DATE APP'D
A DRAWING ORIGINATION 09/23/05 JL
B DRAWING FORMAT MODIFICATION 08/15/06 JL

S Pin T0O-92 JEDEC TO-226-AA
DIMENSIONS IN INCH| DIMENSIONS IN MM
SYMBOLS (Control Unit) (Reference Unit)
MIN MAX MIN MAX

A 0.170 0.210 4.32 5.33
b 0.014 0.020 0.36 0.51
c 0.016 0.022 0.41 0.55
D 0.175 0.205 4.45 5.20
E 0.125 0.165 3.18 4.19
e 0.085 0.105 2.42 2.66
el 0.045 0.055 1.15 1.39
L 0.500 0.610 12.70 15.49
R 0.045 0.095 2.16 2.41
S1 0.045 0.060 1.1 1.52
o 4 6 4 6
N 3 3

SIPEX CORPORATION

3 PIN TO-92 PACKAGE OUTLINE

Packaging Approval:

Drawing No: 3—PIN TO-92

By:

J | ™ 08/15/06

Revision: B Sheet: 1 0F 1
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8 PIN NSOIC

PACKAGE
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(D/2 X E1/2)

Top View
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Side View
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REVISION HISTORY

REV.

DISCRIPTION

DATE

A DRAWING ORIGINATION 08/16/05 JL
B DRAWING FORMAT MODIFICATION 07/19/06 JL
8 Pin SOICN JEDEC MS—-012 Variation AA
DIMENSIONS IN MM | DIMENSIONS IN INCH
SYMBOLS (Control Unit) (Reference Unit)
MIN [ Nom | MAX | MIN [ NOM [ MAX
A 755 | — | 1./5 |0.053 | — |0.069
Al 010 | — | 0.25 |0.004 | — |0.010
A2 125 | — | 1.65 | 0049 | — |0.065
b 031 | — | 051 | 0012 — |0.020
c 017 | — ] 025 |0007 | — To.010
E 6.00 BSC 0.236 BSC
E1 3.90 BSC 0.154 BSC
e 1.27 BSC 0.050 BSC
h 025 | — [ 050 [0010 [ — [0.020
L 0.40 | — [1.27 |0.016 | — [o0.050
L1 1.04 REF 0.041 REF
2 0.25 BSC 0.010 BSC
R 0.07 | — — o003 — —
R 007 | — — o003 | — —
) [ — 8 0 — 8
01 5 — [ 15 5 — | 15
02 0 — — o — —
D 4,90 BSC 0.193 BSC
N 8 8

SIPEX CORPORATION

8 PIN SOICN PACKAGE OUTLINE

Packaging Approval:

Drawing No: 8—PIN SOICN

By:

JL

Date:

07/19,/06

Revision: B Sheet: 1 OF 1
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ORDERING INFORMATION

Part Number |[Accuracy \(I)o l:::;; Package | Shipping | Status
LP2050ACN-L-33 | 050% | 33v [ °29F1% |\ Buk | Active
LP2950ACN-L-3-3/TR| 0.50% | 3.3V 3"§iandTFor‘fgez Tape & Reel| Active
LP2950ACN-L-5-0 | 0.50% | 5.0V 3LI§iar‘1dTFOn-352 Bulk Active
LP2950ACN-L-5-0/TR| 0.50% | 5.0V SLS;dTF(;‘fgz Tape & Reel| Active
LP2950CN-L-3-3 1% | 33v |, L Bk | Active
LP2950CN-L-3-3/TR 1% 3.3V 3L§fr‘1dTFor?§2 Tape & Reel| Active
LP2950CN-L-5-0 1% | sov |9 1 Bk | Active
LP2950CN-L-5-0/TR | 1% 5.0V 3"§iandTFor‘fgez Tape & Reel| Active
LP2951ACS-L-3-3 0.50% | 3.3V é‘ﬁfj‘: SF roel‘é Bulk Active
LP2951ACS-L-3-3/TR| 0.50% | 3.3V gg?: SF % | Tape & Reel| Active
LP2951ACS-L-5-0 | 0.50% |5.0V/ADJ é‘ﬁfj‘: g{)elec Buk | Active
LP2951ACS-L-5-0/TR| 0.50% | 5.0V/ADJ é‘ﬁ,"f‘: SFroel‘é Tape & Reel| Active
LP2951CS-L-3-3 1% 3.3V gﬁ?: SF Se | Buk | Active
LP2951CS-L-3-3TR | 1% 3.3V é‘ﬁfj‘: g{)el‘é Tape & Reel| Active
LP2951CS-L-5-0 1%  |5.0V/ADJ é‘ﬁfj‘: SFroel‘é Bulk Active
LP2951CS-L-5-0/TR 1%  |5.0V/ADJ gﬁ?: SF{;‘E Tape & Reel| Active
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UIWA Headquarters and
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FAX: (408) 935-7600

Sipex Corporation reserves the right to make changes to any products described herein. Sipex does not assume
any liability arising out of the application or use of any product or circuit described herein; neither does it convey
any license under its patent rights nor the rights of others.
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ORDERING INFORMATION

(continued)
Part Number |Accuracy \(l)ol:::;; Package | Shipping | Status
LP2950ACN-3-3 0.50% 3.3V |3 PinTO-92 Bulk EOL
LP2950ACN-5-0 0.50% 5.0V |3 PinTO-92 Bulk EOL
LP2950CN-3-3 1% 3.3V |3 PinTO-92 Bulk EOL
LP2950CN-3-3/TR 1% 3.3V 3 Pin TO-92 | Tape & Reel| EOL
LP2950CN-5-0 1% 5.0V |3 Pin TO-92 Bulk EOL
LP2950CN-5-0/TR 1% 5.0V |3 Pin TO-92 |Tape & Reel| EOL
LP2951ACS-3-3 0.50% 3.3V | 8PinSOIC Bulk EOL
LP2951ACS-5-0 0.50% | 5.0V/ADJ| 8 Pin SOIC Bulk EOL
LP2951CS-3-3 1% 3.3V | 8PinSOIC Bulk EOL
LP2951CS-3-3/TR 1% 3.3V | 8PinSOIC |Tape & Reel| EOL
LP2951CS-5-0 1% | 5.0V/ADJ| 8 Pin SOIC Bulk EOL
LP2951CS-5-0/TR 1% 5.0V/ADJ | 8 Pin SOIC |Tape & Reel| EOL
LP2950ACN-3-3/TR | 0.50% 3.3V |3 PinTO-92 |Tape & Reel| OBS
LP2950ACN-5-0/TR | 0.50% 5.0V |3 Pin TO-92 |Tape & Reel| OBS
LP2951ACS-3-3/TR 0.50% 3.3V 8 Pin SOIC |Tape & Reel| OBS
LP2951ACS-5-0/TR 0.50% | 5.0V/ADJ| 8 Pin SOIC |Tape & Reel| OBS
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any liability arising out of the application or use of any product or circuit described herein; neither does it convey
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