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General Description

The LP2951 is a micropower voltage regulator with very low
quiescent current (75pA typ.) and very low dropout voltage
(typ. 40mV at light loads and 380mV at 100mA). It is ideally
suited for use in battery-powered systems. Furthermore, the
quiescent current increases only slightly in dropout, prolong-
ing battery life.

An additional feature is an error flag output which warns of a
low output voltage, often due to falling batteries on the input.
It may be used for a power-on reset. A second feature is the
logic-compatible shutdown input which enables the regulator
to be switched on and off. Also, the part may be pin-strapped
for a 5V, 3V, or 3.3V output (depending on the version), or
programmed from 1.24V to 29V with an external pair of re-
sistors.

Careful design of the LP2951 has minimized all contributions
to the error budget. This includes a tight initial tolerance (.5%
typ.), extremely good load and line regulation (.05% typ.) and
a very low output voltage temperature coefficient, making the
part useful as a low-power voltage reference.
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Features

High accuracy output voltage
Guaranteed 100mA output current
Extremely low quiescent current

Low dropout voltage

Extremely tight load and line regulation
Very low temperature coefficient

Use as Regulator or Reference

Needs minimum capacitance for stability
Current and Thermal Limiting

Stable with low-ESR output capacitors (10mQ to 6Q)
Error flag warns of output dropout
Logic-controlled electronic shutdown
Output programmable from 1.24 to 29V

Ordering Information

NS Part Number SMD Part Number

NS Package Number Package Description

JL2951BPA 5962-3870501BPA

JOBA 8LD Ceramic DIP

Connection Diagrams

Dual-In-Line Packages (J)

1 8
QUTPUT — @ — INPUT
2 7
SENSE — — FEEDBACK
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SHUTDOWN —— _VTAP
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GROUND = — ERROR
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Top View
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LP2951JAN

Block Diagram
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LP2951JAN

Schematic Diagram
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LP2951JAN

Absolute Maximum Ratings (vote 1)

Input Supply Voltage —-0.3 to +30V
Shutdown Input Voltage (Note 3) -0.3 to +30V
Error Comparator Output Voltage (Note 3) -0.3 to +30V
Feedback Input Voltage (Note 3), (Note 4) -1.5 to +30V
Power Dissipation (Note 2)

Ceramic DIP 1.0W @ 25°C
Junction Temperature (T) +160°C
Ambient Storage Temperature Range -65°C < T, < +150°C
Ambient Operating Temperature Range -55°C < T, < +125°C
Lead Temperature (Soldering 10 Seconds) 260°C
Thermal Resistance

Oua
Ceramic DIP (Still Air @ 0.5W) 131°C/W
Ceramic DIP (500LF/Min Air flow @ 0.5W) 75°C/W
6,c
Ceramic DIP 21°C/W
ESD Rating (Note 5) 500V

Quality Conformance Inspection
Mil-Std-883, Method 5005 - Group A

Subgroup Description Temp (°C)
1 Static tests at +25
2 Static tests at +125
3 Static tests at -55
4 Dynamic tests at +25
5 Dynamic tests at +125
6 Dynamic tests at -55
7 Functional tests at +25

8A Functional tests at +125
8B Functional tests at -55
9 Switching tests at +25
10 Switching tests at +125
11 Switching tests at -55
12 Settling time at +25
13 Settling time at +125
14 Settling time at -55
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JL2951 Electrical Characteristics

DC Parameters

The following conditions apply, unless otherwise specified. V,y =6V, | =-100pA, C, = 3.3yF, V4 =5V (Nominal), Vg = 0.6V

Symbol Parameter Conditions Notes Min Max Units Sub-
groups
4.975 | 5.025 \ 1
Vo Output Voltage
494 | 5.06 \" 2,3
6V <V, < 30V -5.0 5.0 mV 1
Voui Line Regulati IN :
O Line ine Regulation | =-TmA 25 25 py 2.3
v Load Regulation 100pA < I, < -100mA =9 | 59 mv 1
ulati - < I £-100mA,
O Load g WAL 25 | 25 mv 2,3
450 mV 1
[, =-100mA
600 mV 2,3
Vp Dropout Voltage
80 mV 1
150 mV 2,3
12 mA 1
I, =-100mA,
14 mA 2,3
120 pA 1
140 pA 2,3
Ig Ground Current
120 pA 1
Vg =15V, V| =30V
140 pA 2,3
Viy =30V, Vg =15V 15 mA 1
20 mA 2,3
| Ground Current Change 6V =V <30V 50 %0 s !
G i 9 TUINT IR 50 | 50 A 2,3
170 A 1
lepo Dropout Ground Current Viy=4.5YV, H
200 pA 2,3
Error Comparator Lower
V . .
Thi Threshold Voltage 0.0 0.8 mv .23
Error Comparator Upper
V .
Thu Threshold Voltage 20 30 mv 123
. Viy =30V, I =-50mA,
Oy Thermal Regulation -125 | 125 mV 1
2mS =T <10mS
- 200 mA 1
lsc Current Limit Vo =0V,
220 mA 2,3
- 20 mA 1
lasc Ground Current At Current Limit |Vg =0V,
25 mA 2,3
122 | 1.25 \" 1
VRet Reference Voltage
1.20 | 1.26 \" 2,3
Reference Voltage Line -1.9 1.9 mV 1
A < <
R Line Regulation 2.8V = Vi = 30V -10 10 mV 2,3
y Reference Voltage Output 1.2V < V4 £ 29V, -1.2 1.2 mV 1
Fiboad Regulation V) = 30V 5.0 | 5.0 mv 2,3
. 40 nA 1
leg Feedback Pin Bias Current
60 nA 2,3
| Error Comparator Output V. = 30V 1.0 pA 1
OH Leakage Current o~ 2.0 A 23
Error Comparator Output Low 250 mV 1
VoL Voltage ViN=4.5V, Vgp =2V 200 =y 23

www.national.com
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LP2951JAN

Symbol Parameter Conditions Notes | Min Max Units Sub-
groups
50 A 1
Vgp = 2.4V H
) 100 pA 2,3
lsp Shutdown Pin Input Current
600 pA 1
Vgp = 30V
750 pA 2,3
VspL Shutdown Input Logic Voltage  |Low (Note 6) 0.6 \ 1,2,3
\ Shutdown Input Logic Voltage  [High (Note 6)| 2.0 \ 1,2,3
| Regular Output Bias Current In  [Vgp =2V, V| = 30V, -10 10 pA 1
LkG Shutdown .= OmA -20 20 A 2,3
AC Parameters
The following conditions apply, unless otherwise specified. V=6V, C_=3.3pyF, Vg5 =0.6V
Symbol Parameter Conditions Notes | Min Max Units Sub-
groups
RR Ripple Rejection f =120Hz, V| = 0.1Vyg 50 dB 4
C, =1pF 600 V, 7
VNoise Output Noise =¥ P Aws
C_=3.3uF 250 | MVgpus 7

conditions.

ground.

Note 3: May exceed input supply voltage.

Note 5: Human body model, 1.5 kQ in series with 100 pF.
Note 6: Parameter tested go-no-go only.

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by T ., (maximum junction temperature), 6, (package
junction to ambient thermal resistance), and T, (ambient temperature). The maximum allowable power dissipation at any temperature is Py = (Tymax - Ta)/
6,5 or the number given in the Absolute Maximum Ratings, whichever is lower.

Note 4: When used in dual-supply systems where the output terminal sees loads returned to a negative supply, the output voltage should be diode-clamped to

www.national.com




Typical Performance Characteristics

Quiescent Current

Dropout Characteristics

NVIriS62ed
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LP2951JAN

QUIESCENT CURRENT (mA) QUIESCENT CURRENT (uA)

DROPOUT VOLTAGE (mV)
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QUIESCENT CURRENT (mA)
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FEEDBACK CURRENT (uA) MINIMUM OPERATING VOLTAGE (V)

SINK CURRENT (mA)

Minimum Operating Voltage
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20168141
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QUTPUT VOLTAGE
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20168140

Error Comparator Output
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LP2951JAN

Load Transient Response
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Ripple Rejection
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RIPPLE REJECTION (dB)
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LP2951JAN

Thermal Response

ﬁ
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Application Hints

EXTERNAL CAPACITORS

A 1.0pF (or greater) capacitor is required between the output
and ground for stability at output voltages of 5V or more. At
lower output voltages, more capacitance is required (2.2uF or
more is recommended for 3V and 3.3V versions). Without this
capacitor the part will oscillate. Most types of tantalum or alu-
minum electrolytics work fine here; even film types work but
are not recommended for reasons of cost. Many aluminum
electrolytics have electrolytes that freeze at about -30°C, so
solid tantalums are recommended for operation below —25°
C. The important parameters of the capacitor are an ESR of
about 5Q or less and a resonant frequency above 500kHz.
The value of this capacitor may be increased without limit.

Ceramic capacitors whose value is greater than 1000pF
should not be connected directly from the LP2951 output to
ground. Ceramic capacitors typically have ESR values in the
range of 5 to 10mQ, a value below the lower limit for stable
operation (see curve Output Capacitor ESR Range).

The reason for the lower ESR limit is that the loop compen-
sation of the part relies on the ESR of the output capacitor to
provide the zero that gives added phase lead. The ESR of
ceramic capacitors is so low that this phase lead does not
occur, significantly reducing phase margin. A ceramic output
capacitor can be used if a series resistance is added (recom-
mended value of resistance about 0.1Q to 2Q).

At lower values of output current, less output capacitance is
required for stability. The capacitor can be reduced to
0.33pF for currents below 10mA or 0.1pF for currents below
1mA. Using the adjustable versions at voltages below 5V runs
the error amplifier at lower gains so that more output capaci-
tance is needed. For the worst-case situation of a 100mA load
at 1.23V output (Output shorted to Feedback) a 3.3uF (or
greater) capacitor should be used.

When setting the output voltage of the LP2951 with external
resistors, a minimum load of 1pA is recommended.

A 1pF tantalum, ceramic or aluminum electrolytic capacitor
should be placed from the LP2951 input to ground 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.

Stray capacitance to the LP2951 Feedback terminal can
cause instability. This may especially be a problem when us-
ing high value external resistors to set the output voltage.
Adding a 100pF capacitor between Output and Feedback and

Output Capacitor ESR Range

0 oO0——p—F——~
N
AN

10

— STABLE REGION

=== CL=2.2|JF§
ClN =1uF 3
\Y =5V ]
uT
0.01 Q .

0 25 5 75 100 125 150
LOAD CURRENT (mA)

EQUIVALENT SERIES RESISTANCE ()

20168163

increasing the output capacitor to at least 3.3pF will fix this
problem.

ERROR DETECTION COMPARATOR OUTPUT

The comparator produces a logic low output whenever the
LP2951 output falls out of regulation by more than approxi-
mately 5%. This figure is the comparator's built-in offset of
about 60mV divided by the 1.235 reference voltage. (Refer to
the block diagram in the front of the datasheet.) This trip level
remains “5% below normal’ regardless of the programmed
output voltage of the 2951. For example, the error flag trip
level is typically 4.75V for a 5V output or 11.4V for a 12V out-
put. The out of regulation condition may be due either to low
input voltage, current limiting, or thermal limiting.

Figure 1 below gives a timing diagram depicting the ER-
ROR signal and the regulated output voltage as the LP2951
input is ramped up and down. For 5V versions, the ERROR
signal becomes valid (low) at about 1.3V input. It goes high
at about 5V input (the input voltage at which V1 = 4.75V).
Since the LP2951's dropout voltage is load-dependent (see
curve in typical performance characteristics), the input volt-
age trip point (about 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 re-
quires an external pullup resistor. This resistor may be re-
turned to the output or some other supply voltage depending
on system requirements. In determining a value for this re-
sistor, note that while the output is rated to sink 400pA, this
sink current adds to battery drain in a low battery condition.
Suggested values range from 100k to 1 MQ. The resistor is
not required if this output is unused.

475V
OUTPUT
VOLTAGE
-===s re-=-
ERROR * H H
INPUT SV
YOLTAGE

1.3v

20168120
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*When V < 1.3V, the error flag pin becomes a high impedance, and the
error flag voltage rises to its pull-up voltage. Using Vq as the pull-up volt-
age (see Figure 2), rather than an external 5V source, will keep the error flag
voltage under 1.2V (typ.) in this condition. The user may wish to divide down
the error flag voltage using equal-value resistors (10kQ2 suggested), to en-
sure a low-level logic signal during any fault condition, while still allowing a
valid high logic level during normal operation.

FIGURE 1. ERROR Output Timing

PROGRAMMING THE OUTPUT VOLTAGE (LP2951)

The LP2951 may be pin-strapped for the nominal fixed output
voltage using its internal voltage divider by tying the output
and sense pins together, and also tying the feedback and
Vap Pins together. Alternatively, it may be programmed for
any output voltage between its 1.235V reference and its 30V
maximum rating. As seen in Figure 2, an external pair of re-
sistors is required.

The complete equation for the output voltage is

R4
Vout = VREF ® (1 + R_z) + IrBR4

where Vgep is the nominal 1.235 reference voltage and I is
the feedback pin bias current, nominally —20nA. The minimum
recommended load current of 1pA forces an upper limit of 1.2
MQ on the value of R,, if the regulator must work with no load
(a condition often found in CMOS in standby). I will produce
a 2% typical error in Vg1 which may be eliminated at room
temperature by trimming R,. For better accuracy, choosing
R, = 100k reduces this error to 0.17% while increasing the
resistor program current to 12pA. Since the LP2951 typically
draws 60pA at no load with Pin 2 open-circuited, this is a small
price to pay.

VN
100K 8
v
iy ouT
ERROR S v 1 1.2+ 30V
———————
QUTPUT out
LP2951
** SHUTDOWN 3 £
SD RRo= S=3.3uf
INPUT 01
GND FB M
L [ 1
VRer %Rz
20168107
*See Application Hints
e = Vi (1 2)
out — YRef H2

**Drive with TTL-high to shut down. Ground or leave open if shutdown feature is not to be used.

Note: Pins 2 and 6 are left open.

FIGURE 2. Adjustable Regulator

REDUCING OUTPUT NOISE

In reference applications it may be advantageous to reduce
the AC noise present at the output. One method is to reduce
the regulator bandwidth by increasing the size of the output
capacitor.

Noise can be reduced fourfold by a bypass capacitor across
R;, since it reduces the high frequency gain from 4 to unity.
Pick

1

C e
BYPASS = >Ry ® 200 Hz

or about 0.01pF. When doing this, the output capacitor must
be increased to 3.3uF to maintain stability. These changes
reduce the output noise from 430uV to 100pV rms for a
100kHz bandwidth at 5V output. With the bypass capacitor
added, noise no longer scales with output voltage so that im-
provements are more dramatic at higher output voltages.

13
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LP2951JAN

Typical Applications

1A Regulator with 1.2V Dropout

UNREGULATED
INPUT

SUPERTEX

1quT-: woméo.om
£
= b I | VP12C

8
N OUTPUT
5VE1%@
Vipp SENSE - 5T 1

:l:zzo uf
FB ouT —

I Ma |4 0.002 u
= L =400 pA

20168122
300mA Regulator with 0.75V Dropout
UNREGULATED L g L g
INPUT
8 1 3300
IN ouTt 2N5432
27k (2)
LP2951
[
6 2~ L 5V
vTAP SENSE > UTPUT
GND LOAD
4.7 uF 50mA TO
| | 300 mA

20168121

Wide Input Voltage Range Current Limiter

*Vin
8
+V
IN ~
ERROR 5] —— y 1 Vour RV
OUTPUT out
LP2951
SHUTDOWN 3]
INPUT
GND F3

=

L

20168109
*Minimum input-output voltage ranges from 40mV to 400mV, depending on load current. Current limit is typically 160mA.
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Low Drift Current Source

+V=2-» 30V
Ir__ _.: 1.23
W1 LOAD =T
] 1
LR |
8
ViN
1
Vout
LP2951
sHuTbown 3f o -
INPUT
GND FB
4 7
R +
1% 1 uF:T:

= 0.1 uf

+—

20168108

Regulator with Early Warning and Auxiliary Output

w

B Early warning flag on low input voltage
B Main output latches off at lower input voltages
B Battery backup on auxiliary output

B Operation: Reg. #1's V,, is programmed one diode drop above 5V. lts error flag becomes active when V,, <5.7V. When V,, drops below 5.3V, the error flag
of Reg. #2 becomes active and via Q1 latches the main output off. When V, again exceeds 5.7V Reg. #1 is back in regulation and the early warning signal rises,

unlatching Reg. #2 via D3.

SD ERROR

—F—

+Y,
IN
Dy
8
VN SENSE 02 SVQﬁiﬁfﬁY
6 V
V1ap ot
LP2951
#1
7 B ERROR
— 3.6V
GND — NICAD
1 L
27 kQ
. AV >
0 EARLY WARNING
2.7MQ b 3
‘\"‘ 4
I >l _
A '
s RESET
8 B 330kQ
+Y, ) KP
6 IN SENSE 1 MAIN 5V OUTPUT
[ Vap Vour Yoo
7
FB LP2951

20168111

15
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LP2951JAN

Latch Off When Error Flag Occurs

*Vin
8
470kQ Y
S s| — ™ 1 Your
ERROR Vout
470k
LP2951
o | o— F8
RESET

()
|H_z
~lO

20168112
2 Ampere Low Dropout Regulator
CURRENT .
LIMIT SECTIONT 4y = Vo +.5V
L $
1
680 ! 0.05
1
1
V'
1 >
| %470
\ MJE2955
2N3906 I
: 8 +Voyr @ 2A
4.7 MO I
! *Vin
I —
1 ERROR
[}
-, LP2951
100
[}
3 FB uf
Vout
4 1

>
20kQ 033

<

20168113

R
Vout = 1.23V (1 + —‘)
Rz

For 5V, use internal resistors. Wire pin 6 to 7, & wire pin 2 to +V, Bus.
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*High input lowers V, to 2.5V

5V Regulator with 2.5V Sleep Function

*Vin
C - MOS
* SLEEP GATE
INPUT
-4 —
47k0 - p.
470kQ
’ 3
+V,
IN +V,
ERROR [ 5] e y 1 o vt
OUTPUT out
LP2951 100 200k4)
pF +]3.3 uF
SHUTDOWN 3] o '
INPUT 2N3906 7
GND FB 100k
L 4 %
100k

20168114

Open Circuit Detector for 4 - 20mA Current Loop

+5V
4 —» 20mA 4.7ka
ouTPUT*
8 [
1 5
Vin
y 1
~A
. out {',\J
_J4o001 LP2951 T
4
) 2 14:'
0.1 uf -
== GND * HIGH FOR
7 | <3.5mA
9
:; 360
1N457 p:
- MIN. VOLTAGES: 4V

20168115
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LP2951JAN

Regulator with State-of-Charge Indicator

s[>
+V,, SENSE _
IN 1 +Vgyr =5V
ERROR Vo1 *
+|
LP2951 I uF
SD FB ! |
GND  VraP =

6

=

ey 100
-4 - 100 k0
—= LEAD-ACID 1%% ko P71

I BATTERY %

<5.8V**

}4
1kQ
- 100 kO
c2 A9
+ <6.0V**

100 kQ

C1-C4 1% S 1k

LP339 | |°
c3
.

10kQ

<B.2vV**

1% & 20k

20168116
*Optional Latch off when drop out occurs. Adjust R3 for C2 Switching when V, is 6.0V.
**Outputs go low when V;, drops below designated thresholds.
Low Battery Disconnect
+| 6V
= SEALED 12060 < 1.5k0**
—_ LEAD-ACID
| BATTERY
—— SOURCE INL57 8
FB tViy
LM3 1 I MAIN V+
Vout ’I
q LP2951
~ 400KO* —> SENSE 2 | ' MEMORY V+
FOR 5.5V 100 k) SD 7
FB
L 6D Vrap 200

|4 6 - +

— # = NI-CAD
BACKUP
BATTERY

20168117
For values shown, Regulator shuts down when V,, < 5.5V and turns on again at 6.0V. Current drain in disconnected mode is = 150pA.

*Sets disconnect Voltage
**Sets disconnect Hysteresis
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System Overtemperature Protection Circuit

10k&

50

PRE=SHUTDOWN FLAG

v

[

+V|N
8
+y
AUX. SHUTDOWN —— |5
NPUT SD ERROR
LP2951
Vour |
GND FB
L
TEMP. | LM34 OR -
SENSOR LM35
<P
8.2k

T

LM34 for 125°F Shutdown
LM35 for 125°C Shutdown

NVIriS62ed

EXTERNAL CIRCUIT
PROTECTED FROM
OVER TEMPERATURE
(V+ GOES OFF WHEN

TEMP.> 1259)

L

g&:

RELAY

20168118
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LP2951JAN

Revision History

Released

Revision

Section

Changes

11/30/2010

A

New Release, Corporate format

1 MDS data sheet converted into one Corp. data
sheet format. MJLP2951-X Rev 1B1 will be archived.

www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted

e

. 400
(10.161]

W e W e W ke

MAX ————

310 MAX
17,871
R.025
t0.641
CONTROLLING DIMENSION IS INCH
VALUES IN [ ] ARE MILLIMETERS
R.010 TYP L\_rl L\_rl Lu—l L\_rl
t0.25 1 4
8X .055%.010 290-.320 ——f
[1.4%0.25) 17.37-8.13)
|_—GLASS SEALANT
180 MAX
200 MAX TYP —
[5.08) ta.571
° +4° 95° +5°
8x 125- 200 Gt [920-.060 TYP
£3.18°5.08] SRS 8X .010%.002
[0.25%0.05)
| | ~ —sx otsr 003
| . 10.46%0.07 R TLINELN
055 MAX TYP— |1 —6x 100+ 010 DA
i1.401 [2.54%0.25] JOBA (Rev M)

Ceramic Dual-In-Line Package (J)
NS Package Number JOSA
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LP2951JAN Series of Adjustable Micropower Voltage Regulators
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
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responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
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