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Voltage Regulators

LM317L 3Terminal Adjustable Regulator

General Description

The LM317L is an adjustable 3-terminal positive voltage
regulator capable of supplying 100 mA over a 1.2V to 37V
output range. It is exceptionally easy to use and requires
only two external resistors to set the output voltage. Fur-
ther, both line and load regulation are better than standard
fixed regulators. Also, the LM317L is packaged in a stan-
dard TO-92 transistor package which is easy to use.

In addition to higher performance than fixed regulators,
the LM317L offers full overload protection. Included on the
chip are current limit, thermal overload protection and
safe area protection. All overload protection circuitry
remains fully functional even if the adjustment terminal is
disconnected.

Features

B Adjustable output down to 1.2V

B Guaranteed 100 mA output current

B Line regulation typically 0.01%/V

B Load regulation typically 0.1%

B Current limit constant with temperature

B Eliminates the need to stock many voltages
B Standard 3-lead transistor package

B 80 dB ripple rejection

Normally, no capacitors are needed uniess the device is
situated far from the input filter capacitors in which case
an input bypass is needed. An optional output capacitor
can be added to improve transient response. The adjust-
ment terminal can be bypassed to achieve very high ripple
rejection ratios which are difficult to achieve with stand-
ard 3-terminal regulators.

Besides replacing fixed regulators, the LM317L is useful in
a wide variety of other applications. Since the regulator is
“floating” and sees only the input-to-output differential
voltage, supplies of several hundred volts can be regu-
lated as long as the maximum input-to-output differential

" is not exceeded.

Also, it makes an especially simple adjustable switching

" regulator, a programmable output regulator, or by connect-

ing a fixed resistor between the adjustment and output,
the LM317L can be used as a precision current regulator.
Supplies with electronic shutdown can be achieved by
clamping the adjustment terminal to ground which pro-

grams the output to 1.2V where most loads draw: little |.

current.

The LM317L is packaged in a standard TO-92 transistor
package. The LM317L is rated for operation over a — 25°C
to 125°C range.

Connection Diagram

ADg — Vin

Vout
BOTTOM VIEW

Order Number LM317LZ
See NS Package Z03A

Typical Applications
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LM317L

Absolute Maximum Ratings

Power Disslpatlbn Internally Limited
Input-Output Voltage Differential 40V
Operating Junction Temperature Range —40°Cto +125°C
Storage Temperature -55°Cto +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics (Note 1)

Parameter Conditions Min Typ Max Units
Line Regulation Ta=25°C, 3V=<(V|N-Vour) <40V, ) 0.01 0.04 %IV
(Note 2) o
Load Regulation Ta=25°C, 5 mAsloyr=lmax, (Note 2) 0.1 05 %
Thermal Regulation Ta=25°C, 10 ms Pulse 0.04 0.2 %I/W
Adjustment Pin Current , 50 100 rA
Ad)ustment Pin Current Change | 5 mA=<l <100 mA 0.2 5 A
3V =(Vin-VouT) =40V, P<625 mW
Reference Voltage 3Vs(ViN-VouT)s4OV, (Note 3) 1.20 1.25 1.30 v
 —— 5 mA<loyr=<100 mA, P<625 mW
Line Regulation 3V =(Vin-Vour) =40V, (Note 2) : 0.02 0.07 %N
Load Regulation 5 mA <loyT=100 mA, (Note 2) 0.3 15 %
Temperature Stability TMin=Tj=Tumax 0.65 ' %
Minimum Load Current : (Vin-VouT) <40V 35 5 mA
3V=(V\N-Vour) =15V 15 25 | mA
Current Limit ' 3V =(ViN-Vour) =13V 100 200 300 mA
(Vin-Vour) = 40V 25 50 150 mA
Rms Output Noise, % of Voyr Ta=25°C, 10 Hz<f<10 kHz 0.003 %
Ripple Rejection Ratio Vour= 10V, f =120 Hz, Caopy =0 65 dB
Capy=10 uF 66 80 dB
Long-Term Stability T, =125°C, 1000 Hours ' 0.3 1 %
Note 1: Unless otherwise specitied, these specifications apply —25°CsTj=125°C for the LM317L; ViN-VoyT =5V and gyt =40 mA. Although power
dissipation is internally limited, these specifications are applicable for power dissipati up to 626 mW. Ipax is 100 mA.
Note2: Regulationis dat J ion 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.
Note3: Thermal resi fthe TO-92 pack is 180°C/W junction to ambient with 0.4” leads from a PC board and 160°C/W junction to amblent with 0.125”

lead length to PC board.
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Typical Performance Characteristics (output capacitor = 0 4F unless otherwise noted.)
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LM317L

Application Hints

In operation, the LM317L develops a nominal 1.25V
reference voltage, Vger, between the output and adjust-
ment terminal. The reference voltage is impressed across
program resistor R1 and, since the voltage is constant, a
constant current | then flows through the output set
resistor R2, giving an output voltage of
Vour=Veer 1+ % +lapsR2

Since the 100 pA current from the adjustment terminal
represents an error term, the LM317L was designed to min-
imize Ippy and make it very constant with line and load
changes. To do this, all quiescent operating current is
returned to the output establishing a minimum load cur-
rent requirement. If there is insufficient load on the output,
the output will rise.

LM317L

vin ~ Vour
ADJ

K

VREF

lapy

FIGURE 1

External Capacitors

An input bypass capacitor is recommended in case the
regulator is more than 6 inches away from the usual large
filter capacitor. A 0.1 uF disc or 1 4F solid tantalum on the
input is suitable input bypassing for almost all applica-
tions. The device is more sensitive to the absence of input
bypassing when adjustment or output capacitors are
used, but the above values will eliminate the possibility of
problems.

The adjustment terminal can be bypassed to ground on
the LM317L to improve ripple rejection and noise. This
bypass capacitor prevents ripple and noise from being
amplified as the output voltage is increased. With a 10 uF
bypass capacitor 80 dB ripple rejection is obtainable at
any output level. Increases over 10 uF do not appreciably
improve the ripple rejection at frequencies above 120 Hz. If
the bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor from
discharging through internal low current paths and dam-
aging the device.

In general, the best type of capacitors to use is solid
tantalum. Solid tantalum capacitors have low impedance
even at high frequencies. Depending upon capacitor con-
struction, it takes about 25 yF in aluminum electrolytic to
equal 1 xF solid tantalum at high frequencies. Ceramic
capacitors are also good at high frequencies; but some
types have a large decrease in capacitance at frequencies
around 0.5 MHz. For this reason, a 0.01 uF disc may seem
to work better than a 0.1 yF disc as a bypass.

Although the LM317L is stable with no output capacitors,
like any feedback circuit, certain values of external
capacitance can cause excessive ringing. This occurs
with values between 500 pF and 5000 pF. A 1 uF solid
tantalum (or 25 xF aluminum electrolytic) on the output
swamps this effect and insures stability.

Load Regulation

The LM317L is capable of providing extremely good load
regulation but a few precautions are needed to obtain
maximum performance. The current set resistor con-
nected between the adjustment terminal and the output
terminal (usually 240Q) should be tied directly to the output
of the regulator rather than near the load. This eliminates
line drops from appearing effectively in series with the
reference and degrading regulation. For example, a 15V
regulator with 0.05Q resistance between the regulator and
load will have a load regulation due to line resistance of
0.0502 x I,. If the set resistor is connected near the load the
effective line resistance will be 0.05Q (1 + R2/R1) or in this
case, 11.5 times worse.

Figure 2 shows the effect of resistance between the
regulator and 2409 set resistor.

With the TO-92 package, it is easy to minimize the resist-

. ance from the case to the set resistor, by using two

separate leads to the output pin. The ground of R2 can be
returned near the ground of the load to provide remote
ground sensing and improve load regulation.

LM317L

Rs
Vout
ADJ

[
>
R2
FIGURE 2. Regulator with Line Resistance
in Output Lead
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Application Hints (Continued)

Thermal Regulation

When power is dissipated in an IC, a temperature gradient
occurs across the IC chip affecting the individual IC cir-
cuit components. With an IC regulator, this gradient can
be especially severe since power dissipation is large.
Thermal regulation is the effect of these temperature gra-
dients on output voltage (in percentage output change)
per watt of power change in a specified time. Thermal
regulation error is independent of electrical regulation or
temperature coefficient, and occurs within 5 ms to 50 ms
after a change in power dissipation. Thermal regulation
depends on IC layout as well as electrical design. The ther-
mal regulation of a voltage regulator is defined as the
percentage change of Voyr, per watt, within the first 10ms
after a step of power is applied. The LM317L specification
is 0.2%/W, maximum.

In the Thermal Regulation curve at the bottom of page 3, a
typical LM317L’s output changes only 7 mV (or 0.07 % of
Vour= —10V) when a 1W pulse is applied for 10 ms. This
performance is thus well inside the specification limit of
0.2%/W x 1W =0.2% maximum. When the 1W pulse is
ended, the thermal regulation again shows a7 mV change
as the gradients across the LM317L chip die out. Note that
the load regulation error of about 14 mV (0.14%) is addi-
tional to the thermal regulation error.

Protection Diodes

When external capacitors are used with anyVIC regulator it
is sometimes necessary to add protection diodes to pre-

D1
1N4002

LM317L

Vin

vent the capacitors from discharging through low current
points into the regulator. Most 10 xF capacitors have low
enough internal series resistance to deliver 20A spikes
when shorted. Although the surge is short, there is enough
energy to damage parts of the IC.

When an output capacitor is connected to a regulator and
the input is shorted, the output capacitor will discharge in-
to the output of the regulator. The discharge current
depends on the value of the capacitor, the output voltage
of the regulator, and the rate of decrease of V5. In the
LM317L, this discharge path is through a large junction
that is able to sustain a 2A surge with no problem. This is
not true of other types of positive regulators. For output
capacitors of 25 uF or less, the LM317L’s ballast resistors
and output structure limit the peak current to a low
enough level so that there is no need to use a protection
diode.

The bypass capacitor on the adjustment terminal can
discharge through a low current junction. Discharge
occurs when either the input or output is shorted. Internal
to the LM317L is a 502 resistor which limits the peak dis-
charge current. No protection is needed for output volt-
ages of 25V or less and 10 xF capacitance. Figure 3 shows
an LM317L with protection diodes included for use with
outputs greater than 25V and high values of output
capacitance.

Vout =125V (1+ :—?) +R21aDy

D1 protects against C1
D2 protects against C2

FIGURE 3. Regulator with Protection Diodes
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Typical Applications (continued) =
Digltally Selected Outputs High Galn Amplifier r‘_‘,
LM3TTL v
v v v v
N N o, 0uT 'out Vo '
ML Vour
p ADJ
S R2
S
¢—outPut
R1
10k
INPUT =AAA/~— LM385
INPUYS ":i
*Sets maximum Vout -
Adjustable Current Limiter Pracision Current Limiter
LM317L
LML n v v v Vour A1 ——l ( 1.5V +1mA
— 12 W Vour AAA our = m)
vin—Vin  Vour ANV~ louT = o m A | vy R1
ADJ A1 : 1% 500
 AAA—AAA
. vw A\ A S
| Vans 1
12sR1s240
Adjustable Regulator with lmprovod
Slow Turn-On 15V Regulator Ripple Rejection
LM3ITL LM3TTL
IVin ~ Vour o Vour
ADd 15V
< At -n1*
[7] < 1N4002
0.14F < +
| AAA 1N4002 (3]
— W t
- R3 WF
‘P R2 51k
» 7 IN2905
San Lo
264F
= =
tSolid tantalum
*Discharges C1 if output is shorted to ground
High Stability 10V Regulator Adjustable Regulator with Current Limiter
LM3ITL
317L =TT
- '_ X v Vour Vpyr = 1.250V LW
1 ADJ At
Swr
S0
1 TRANSFORMER, ‘?f
RECTIFIERS f2
Lmazs AND FILTER ad
CAPACITOR 1_1_
< s =
% S Re-2R3-22
"% <
I | |
— _ 10
= S—AAA
Short circuit current is approximately 600 mV/R3, or 60 mA
(compared to LM317L.2’s 200 mA current limit).
At 25 mA output only 3/4V of drop occurs in R3 and R4.
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LM317L

Typical Applications (continued)

Regulator With 15 mA Short Circuit Current Power Follower

0V-30V Regulator
LM317L )
10V—-40v
Yin [Vin ~ Vour Vout’
3V ADS - o Viy= 15V s
R1 _E -
: S 200 c1 .
a1 0.1
[ 2N2907 _[
0.14F [, p= 100 -
/:;/:2 LML INPUT =—AAA—] LM395
74 5k VinN Vour = 10V - N ::'1"
B - . 120k VouT
L Ay ' @—OUTPUT
= LM385 S
12V = b3
Vin
LM317L Vour
ADJ
>
< R2
Q 357k 12
-10v -— 1
)
Adjusting Muitiple On-Card Regulators
with Single Control*
LM317L . ) LM317L  LM317L
vin—{Vin Vout -, Vin=—Vin  VouTp—vgyr' Vin=Vin Vourp—vgyrt
N DS out IN— A0S out N D) ouT
> R1 |
<
>
g 120 |
—_—_—————
24
.‘ R2 -
Y, 30
I_ *All outputs within 100 mV
— t Minimum load—5 mA
. , S 1.2V-12V Regulator with 50 mA Constant Current Battery Charger
100 mA Current Regulator Minimum Program Current for Nickel-Cadmium Batteries
LM31IL LM317L
va ViN Am‘/our 15V =~ ViIN  Vour Vour* LM317L 24
. vV, AA N
c }m A1 Vin—Vin Aoy T W ,>j
0.1 4F I > 12 S 1.% 1: —
- — '
3 | I
> .-
LOAD S 2
_L > 20k
\

* Minimum load current=2 mA
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Typical Applications (continued)

5V Logic Regulator with
Electronic Shutdown®

LM317L

ViN TV-35V

VmA Vour o— Vour

A2
720 2N2219

*Minimum output = 1.2V

Current Limited 6V Charger

LM317L
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* Sets peak current, IpgaK = 0.6V/R1

* * 1000 »F is recommended to*filter
out any input transients.

Short Circuit Protected 80V Supply

TRIAD
BLACK F80X GREEN

15Vae 1[ 1N4002 | +
LINE < T 200 uF
BLACK-YELLOW  RED I +

200 uF
1N4002 l

100
10Vpe 12w

i

l ]l

| | 1/8AMP, TYPE 8AG

= { FUSE OR CIRCUIT BREAKER
[} ] ‘

L

LM317L

80 Vpe
0mATO 20 mA

1uF
100V
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LM317L

Typical Applications /(Continued)

Basic High Voltage Regulator

Vin 2170V
AA
A A A4
1]
100k !
12w
" Vot
ADJ
b3
_] .
<ns —
> 1.0 uF
< I
b3 150 A
y ¢ )
1n4001 [
> R6
Sha 20 ‘»‘mm\ss
S0 k j»
5W ADJUST
i]}_ =
ct
Q1, Q2: NSD134 or similar . I 1.0uF
C1, C2: 1 4F,.200V mylar —
*Heat sink -
Precision High Voitage Regulator
Viy 2170V
1
. Vour
Vin LMITTL  Vour] > 2:01‘;0‘ o
ADS a "
L 27
S R6
A'A'A' :: 1* czo .
RS 104u
D2 Lo
N4001 b ST T 1.5k —-_E
< 100 . =
)
- R7 &
Y 20k /:V(uum;:
Q1, Q2: NSD134 or similar l W ADJUST
C1,C2: 1 4F, 200V mylar ‘ = .
* Heat sink -
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Typical Applications (continued)

Tracking Regulator

Vin

|

Vin

v
apy OY7

LM317L

LM337 Vout

ST S—

A1=LM301A, LM307, or LF13741 only
R1, R2—matched resistors with good TC tracking

GND

+
1pF TANTALUM

—Voyt=-1Vpyr)

Yin {ILoAD = 5 mA MIN)

Regulator with Trimmable Output Voltage

Vi (25V TO 40V)

VouTt Vour (22V 1%)

LM317L

Trim Procedure:

—If Voyr is 23.08V or higher, cut out R3 (if lower, don’t
cut it out).

—Then if VoyT is 22.47V or higher, cut out R4 (if lower,
don't).

—Then if Voyr is 22.16V or higher, cut out R5 (if lower,
don't).

This will trim the output to well within 1% of

22.00 Vpg, without any of the expense or uncertainty of

a trim pot (see LB-46). Of course, this technique can be

used at any output voltage level.

Precision Reference with Short-Circuit-
Proof Output -

ADJ

Vin

Vour,
ou 10.000V OUTPUT
LM317L 1 ppm/°C MAX

> B2

|

“llk CERMET
OUTPUT ADJUST

OUTPUT
RETURN

15V
r ]
| |
| |
| l
i |
| 1
| |
[ I A
fr
POWER
COMMON "

*R1-R4 from thin-film network,

Beckman 694-3-R2K-D or similar
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