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LM117/LM317A/LM317

3-Terminal Adjustable Regulator

General Description

The LM117 series of adjustable 3-terminal positive voltage
regulators is capable of supplying in excess of 1.5A over a
1.2V to 37V output range. They are exceptionally easy to
use and require only two external resistors to set the output
voltage. Further, both line and load regulation are better than
standard fixed regulators. Also, the LM117 is packaged in
standard transistor packages which are easily mounted and
handled.

In addition to higher performance than fixed regulators, the
LM117 series offers full overload protection available only in
IC’s. 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 ter-
minal is disconnected.

Normally, no capacitors are needed unless the device is
situated more than 6 inches 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
adjustment terminal can be bypassed to achieve very high
ripple rejection ratios which are difficult to achieve with stan-
dard 3-terminal regulators.

Besides replacing fixed regulators, the LM117 is useful in a
wide variety of other applications. Since the regulator is
“floating” and sees only the input-to-output differential volt-
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age, supplies of several hundred volts can be regulated as
long as the maximum input to output differential is not ex-
ceeded, i.e., avoid short-circuiting the output.

Also, it makes an especially simple adjustable switching
regulator, a programmable output regulator, or by connecting
a fixed resistor between the adjustment pin and output, the
LM117 can be used as a precision current regulator. Sup-
plies with electronic shutdown can be achieved by clamping
the adjustment terminal to ground which programs the out-
put to 1.2V where most loads draw little current.

For applications requiring greater output current, see LM150
series (3A) and LM138 series (5A) data sheets. For the
negative complement, see LM137 series data sheet.

Features

m Guaranteed 1% output voltage tolerance (LM317A)
m Guaranteed max. 0.01%/V line regulation (LM317A)
m Guaranteed max. 0.3% load regulation (LM117)

m Guaranteed 1.5A output current

m Adjustable output down to 1.2V

m Current limit constant with temperature

® P* Product Enhancement tested

m 80 dB ripple rejection

m Qutput is short-circuit protected

Typical Applications

1.2V-25V Adjustable Regulator

LM117
Vin > 28V —@—ViN  Vour vouttt
ADJ
R1
240
ci* s c2t
-1 0.1uF ﬂP 1uF
R2
5k

00906301
Full output current not available at high input-output voltages

*Needed if device is more than 6 inches from filter capacitors.

‘TOptional —improves transient response. Output capacitors in the range
of 1pF to 1000pF of aluminum or tantalum electrolytic are commonly used
to provide improved output impedance and rejection of transients.

R2
TiVour = 125V | 1 + E + lapJ(R2)

LM117 Series Packages

Part Number Design

Suffix Package Load
Current

K TO-3 1.5A

H TO-39 0.5A

T TO-220 1.5A

E LCC 0.5A

S TO-263 1.5A

EMP SOT-223 1A
MDT TO-252 0.5A

SOT-223 vs. D-Pak (TO-252)

Packages
=R
o) AN E=g
T0-252

00906354

S0T-223

Scale 1:1
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LM117/LM317A/LM317

Connection Diagrams

(TO-3)
Metal Can Package

ADJUSTMENT ViN

00906330
CASE IS OUTPUT

Bottom View
Steel Package
NS Package Number K02A or K02C

(TO-263) Surface-Mount Package

INPUT
TAB IS
OUTPUT [ 0UTPUT
L———P*
T AD)

00906335

Top View

LN

00906336

Side View
NS Package Number TS3B

(TO-39)
Metal Can Package

o INPUT
O—=— ADJUSTMENT

ouTPUT

00906331
CASE IS OUTPUT

Bottom View
NS Package Number HO3A

(TO-220)
Plastic Package

Q - VGUT

ADJ ——| Vin

Vout
00906332
Front View
NS Package Number T03B

Ceramic Leadless
Chip Carrier

OUTPUT

00906334
Top View
NS Package Number E20A
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Connection Diagrams (continued)

4-Lead SOT-223

|4_ Vout

00906359

ADJ e—
VOUT —

VIN —

Front View

NS Package Number MP04A

Ordering Information

Tab is
Vout

TO-252 (D-Pak)

I | Input

:I Output

1 adj/enND

00906366

Front View

NS Package Number TD0O3B

Package Temperature Range Part Number Package Marking Transport Media NSC
Drawing
Metal Can -55°C < T, < +150°C LM117K STEEL LM117K STEEL P+ 50 Per Bag K02A
(TO-3) 0°C<T,<+125°C LM317K STEEL LM317K STEEL P+ 50 Per Bag
-55°C < T, < +150°C LM117K/883 LM117K/883 50 Per Bag Ko2C
Metal Can -55°C < T, <+150°C LM117H LM117H P+ 500 Per Box HO3A
(TO-39) -55°C < T, < +150°C LM117H/883 LM117H/883 20 Per Tray
-40°C < T, <+125°C LM317AH LM317AH P+ 500 Per Box
0°C<T,<+125°C LM317H LM317H P+ 500 Per Box
TO-220 -40°C < T, <+125°C LM317AT LM317AT P+ 45 Units/Rail TO3B
3- Lead 0°C<T,<+125°C LM317T LM317T P+ 45 Units/Rail
TO-263 0°C<T,<+125°C LM317S LM317S P+ 45 Units/Rail TS3B
3- Lead LM317SX 500 Units Tape and Reel
LCC -55°C < T, < +150°C LM117E/883 LM117E/883 50 Units/Rail E20A
SOT-223 0°C<T,<+125°C LM317EMP NO1A 1k Units Tape and Reel MPO4A
4- Lead LM317EMPX 2k Units Tape and Reel
-40°C < T, <+125°C LM317AEMP NO7A 1k Units Tape and Reel
LM317AEMPX 2k Units Tape and Reel
D- Pack 0°C<T,<+125°C LM317MDT LM317MDT 75 Units/Rail TDO3B
3- Lead LM317MDTX 2.5k Units Tape and Reel
-40°C < T, <+125°C LM317AMDT LM317AMDT 75 Units/Rail
LM317AMDTX 2.5k Units Tape and Reel
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LM117/LM317A/LM317

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Power Dissipation

Input-Output Voltage Differential

Storage Temperature
Lead Temperature

Internally Limited
+40V, -0.3V
—-65°C to +150°C

Metal Package (Soldering, 10 seconds) 300°C
Plastic Package (Soldering, 4 seconds) 260°C

Electrical Characteristics (Note 3)
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Tempera-
ture Range. Unless otherwise specified, V,y — Vout = 5V, and lgyt = 10 mA.

ESD Tolerance (Note 5) 3 kV

Operating Temperature Range

LM117 -55°C < T, < +150°C
LM317A -40°C < T, < +125°C
LM317 0°C<T,<+125C

Preconditioning

Thermal Limit Burn-In All Devices 100%

Parameter Conditions LM117 (Note 2) Units
Min Typ Max
Reference Voltage \
3V < (Vin — Vour) <40V, 1.20 1.25 1.30 \Y
10 MA < louTt < Iwaxs P < Puax
Line Regulation 3V < (Vin — Vour) <40V (Note 4) 0.01 0.02 %IV
0.02 0.05 %IV
Load Regulation 10 mA < loyt < lyax (Note 4) 0.1 0.3 %
0.3 1 %
Thermal Regulation 20 ms Pulse 0.03 0.07 %/W
Adjustment Pin Current 50 100 HA
Adjustment Pin Current Change 10 MmA < loyuT < lvax 0.2 5 HA
3V < (Vin — Vour) <40V
Temperature Stability Tain £ Ty £ Tuax 1 %
Minimum Load Current (Vin = Vour) = 40V 3.5 5 mA
Current Limit (Vin — Vour) £ 15V
K Package 1.5 2.2 3.4 A
H Package 0.5 0.8 1.8 A
(Vin = Vour) = 40V
K Package 0.3 0.4 A
H Package 0.15 0.2 A
RMS Output Noise, % of Vour 10 Hz < f <10 kHz 0.003 %
Ripple Rejection Ratio Vout = 10V, f = 120 Hz, 65 dB
Capy = 0 pF
Vout = 10V, f = 120 Hz, 66 80 dB
Capy = 10 pF
Long-Term Stability T, =125°C, 1000 hrs 0.3 1 %
Thermal Resistance, K Package 2.3 3 ‘C/W
Junction-to-Case H Package 12 15 ‘C/W
E Package ‘C/wW
Thermal Resistance, Junction- K Package 35 ‘C/wW
to-Ambient (No Heat Sink) H Package 140 ‘C/W
E Package ‘C/wW
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Electrical Characteristics (Note 3)

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Tempera-

ture Range. Unless otherwise specified, V,y — Vout = 5V, and gyt = 10 mA.

Parameter Conditions LM317A LM317 Units
Min Typ Max Min Typ | Max
Reference Voltage 1.238 | 1.250 | 1.262 \
3V < (Vin = Vour) <40V, 1.225 | 1.250 | 1.270 | 1.20 1.25 | 1.30 Vv
10 mA < loyt € lyaxs P £ Puax
Line Regulation 3V < (Vin = Vour) <40V (Note 4) 0.005 | 0.01 0.01 | 0.04 | %/V
0.01 0.02 0.02 | 0.07 | %/V
Load Regulation 10 MA < oyt £ lyax (Note 4) 0.1 0.5 0.1 0.5 %
0.3 1 0.3 15 %
Thermal Regulation 20 ms Pulse 0.04 | 0.07 0.04 | 0.07 | %/W
Adjustment Pin Current 50 100 50 100 A
Adjustment Pin Current 10 mA < loyt < lyax 0.2 5 0.2 5 A
Change 3V < (Vn = Vour) < 40V
Temperature Stability Tuin € Ty € Tuax 1 1 %
Minimum Load Current (Vin = Vour) = 40V 3.5 10 3.5 10 mA
Current Limit (Vin = Vour) £ 15V
K, T, S Packages 1.5 2.2 3.4 1.5 2.2 34 A
H Package 0.5 0.8 1.8 0.5 0.8 1.8 A
MP Package 1.5 2.2 34 15 2.2 3.4 A
(Vin = Vour) = 40V
K, T, S Packages 0.15 0.4 0.15 0.4 A
H Package 0.075 0.2 0.075 0.2 A
MP Package 0.15 0.4 0.15 0.4 A
RMS Output Noise, % of Vour 10 Hz < f <10 kHz 0.003 0.003 %
Ripple Rejection Ratio Vout = 10V, f = 120 Hz, 65 65 dB
Capy = 0 pF
Vout = 10V, f = 120 Hz, 66 80 66 80 dB
Capy = 10 pF
Long-Term Stability T, =125°C, 1000 hrs 0.3 1 0.3 %
Thermal Resistance, K Package 2.3 3 ‘C/W
Junction-to-Case MDT Package 5 ‘C/IW
H Package 12 15 12 15 ‘C/IW
T Package 4 5 4 ‘C/IW
MP Package 235 235 ‘C/W
Thermal Resistance, K Package 35 35 ‘C/W
Junction-to-Ambient (No Heat MDT Package(Note 6) 92 ‘C/wW
Sink) H Package 140 140 ‘C/W
T Package 50 50 ‘C/IW
S Package (Note 6) 50 50 ‘C/IW

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be 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.

Note 2: Refer to RETS117H drawing for the LM117H, or the RETS117K for the LM117K military specifications.
Note 3: Although power dissipation is internally limited, these specifications are applicable for maximum power dissipations of 2W for the TO-39 and SOT-223 and

20W for the TO-3, TO-220, and TO-263. lyyax is 1.5A for the TO-3, TO-220, and TO-263 packages, 0.5A for the TO-39 package and 1A for the SOT-223 Package.
All limits (i.e., the numbers in the Min. and Max. columns) are guaranteed to National’s AOQL (Average Outgoing Quality Level).

Note 4: Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are
covered under the specifications for thermal regulation.

Note 5: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 6: If the TO-263 or TO-252 packages are used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected to the
package. Using 0.5 square inches of copper area. 8 is 50°C/W; with 1 square inch of copper area, 6y is 37°C/W; and with 1.6 or more square inches of copper
area, 0yp is 32°C/W. If the SOT-223 package is used, the thermal resistance can be reduced by increasing the PC board copper area (see applications hints for
heatsinking).
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LM117/LM317A/LM317

Typical Performance Characteristics Output Capacitor = OpF unless otherwise noted
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Typlcal Performance Characteristics output Capacitor = OpF unless otherwise noted (Continued)
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LM117/LM317A/LM317

Application Hints

In operation, the LM117 develops a nominal 1.25V reference
voltage, Vger, between the output and adjustment terminal.
The reference voltage is impressed across program resistor
R1 and, since the voltage is constant, a constant current |4
then flows through the output set resistor R2, giving an
output voltage of

R2
VouT = VREF (1 + m) + lapgR2

LM117
—VIN Vour
ADJ 'w
VRer ¢ R1
Vout
lapJ
R2
00906305
FIGURE 1.

Since the 100pA current from the adjustment terminal repre-
sents an error term, the LM117 was designed to minimize
Iapy @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 current requirement. If
there is insufficient load on the output, the output will rise.

EXTERNAL CAPACITORS

An input bypass capacitor is recommended. A 0.1pF disc or
1pF solid tantalum on the input is suitable input bypassing
for almost all applications. 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
LM117 to improve ripple rejection. This bypass capacitor
prevents ripple from being amplified as the output voltage is
increased. With a 10pF bypass capacitor 80dB ripple rejec-
tion is obtainable at any output level. Increases over 10uF do
not appreciably improve the ripple rejection at frequencies
above 120Hz. If the bypass capacitor is used, it is some-
times necessary to include protection diodes to prevent the
capacitor from discharging through internal low current paths
and damaging the device.

In general, the best type of capacitors to use is solid tanta-
lum. Solid tantalum capacitors have low impedance even at
high frequencies. Depending upon capacitor construction, it
takes about 25pF in aluminum electrolytic to equal 1uF 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 0.5MHz. For
this reason, 0.01pF disc may seem to work better than a
0.1pF disc as a bypass.

Although the LM117 is stable with no output capacitors, like
any feedback circuit, certain values of external capacitance

can cause excessive ringing. This occurs with values be-
tween 500 pF and 5000 pF. A 1pF solid tantalum (or 25pF
aluminum electrolytic) on the output swamps this effect and
insures stability. Any increase of the load capacitance larger
than 10pF will merely improve the loop stability and output
impedance.

LOAD REGULATION

The LM117 is capable of providing extremely good load
regulation but a few precautions are needed to obtain maxi-
mum performance. The current set resistor connected be-
tween the adjustment terminal and the output terminal (usu-
ally 240Q) should be tied directly to the output (case) 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 0.05Q x |, . If the set
resistor is connected near the load the effective line resis-
tance will be 0.05Q2 (1 + R2/R1) or in this case, 11.5 times
worse.

Figure 2 shows the effect of resistance between the regula-
tor and 240Q set resistor.

LM117

Rs

Vin=—4VIN  Vour
ADJ

00906306

FIGURE 2. Regulator with Line Resistance in Output
Lead

With the TO-3 package, it is easy to minimize the resistance
from the case to the set resistor, by using two separate leads
to the case. However, with the TO-39 package, care should
be taken to minimize the wire length of the output lead. The
ground of R2 can be returned near the ground of the load to
provide remote ground sensing and improve load regulation.

PROTECTION DIODES

When external capacitors are used with any IC regulator it is
sometimes necessary to add protection diodes to prevent
the capacitors from discharging through low current points
into the regulator. Most 10pF 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 into
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 V,y. In the LM117, this
discharge path is through a large junction that is able to
sustain 15A surge with no problem. This is not true of other
types of positive regulators. For output capacitors of 25pF or
less, there is no need to use diodes.

The bypass capacitor on the adjustment terminal can dis-
charge through a low current junction. Discharge occurs

www.national.com




Application Hints (continued)

when either the input or output is shorted. Internal to the
LM117 is a 50Q resistor which limits the peak discharge
current. No protection is needed for output voltages of 25V
or less and 10uF capacitance. Figure 3 shows an LM117
with protection diodes included for use with outputs greater
than 25V and high values of output capacitance.

D1
1N4002
[

LM117

Vin VIN  Vout|—¢ v
ADJ out

[ _L
D2 ‘» R1
S 240
1N4002 <
=
=

00906307
R2
Vour =125V |1+ m + lapJR2

D1 protects against C1
D2 protects against C2

FIGURE 3. Regulator with Protection Diodes

When a value for 6_,, is found using the equation shown,
a heatsink must be selected that has a value that is less than
or equal to this number.

0(1-n) is specified numerically by the heatsink manufacturer
in the catalog, or shown in a curve that plots temperature rise
vs power dissipation for the heatsink.

HEATSINKING TO-263, SOT-223 AND TO-252 PACKAGE
PARTS

The TO-263 (“S”), SOT-223 (“MP”) and TO-252 ("DT”) pack-
ages use a copper plane on the PCB and the PCB itself as
a heatsink. To optimize the heat sinking ability of the plane
and PCB, solder the tab of the package to the plane.

Figure 4 shows for the TO-263 the measured values of 0_a,
for different copper area sizes using a typical PCB with 1
ounce copper and no solder mask over the copper area used
for heatsinking.

70

60

50 +

THERMAL RESISTANCE 6(J-A) IN °C/W

30 I } I

COPPER FOIL AREA (SQ. IN.)
00906355

FIGURE 4. 0,_a, vs Copper (1 ounce) Area for the
TO-263 Package

As shown in the figure, increasing the copper area beyond 1
square inch produces very little improvement. It should also
be observed that the minimum value of 8,_,, for the TO-263
package mounted to a PCB is 32°C/W.

As a design aid, Figure 5 shows the maximum allowable
power dissipation compared to ambient temperature for the
TO-263 device (assuming 6,_n is 35°C/W and the maxi-
mum junction temperature is 125°C).

TO-263 PACKAGE
PCB MOUNT
1 SQ. IN. COPPER

MAX POWER DISSIPATION (W)

0 I I | N
-40 -25 25 75 125

AMBIENT TEMPERATURE (°C)
00906356

FIGURE 5. Maximum Power Dissipation vs T,yg for
the TO-263 Package

Figure 6 and Figure 7 show the information for the SOT-223
package. Figure 7 assumes a 0,_a, of 74°C/W for 1 ounce
copper and 51°C/W for 2 ounce copper and a maximum
junction temperature of 125°C.

www.nhational.com
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LM117/LM317A/LM317

Application Hints (continued)

200

140 +
110 +

80

THERMAL RESISTANCE 6(J-A) IN °C/W

50 T T 1
0 1 2 3

COPPER FOIL AREA (SQ. IN.)
00906357

FIGURE 6. 6,_,), vs Copper (2 ounce) Area for the
SO0T-223 Package

5

4 + SO0T-223 PACKAGE
PCB MOUNT
1 SQ. IN. COPPER

2 OUNCE COPPER

MAX POWER DISSIPATION (W)

e

1 OUNCE COPPER

0 I I | N
-40 -25 25 75 125

AMBIENT TEMPERATURE (°C)
00906358

FIGURE 7. Maximum Power Dissipation vs T,y,g for
the SOT-223 Package

The LM317 regulators have internal thermal shutdown to
protect the device from over-heating. Under all possible
operating conditions, the junction temperature of the LM317
must be within the range of 0°C to 125°C. A heatsink may be
required depending on the maximum power dissipation and
maximum ambient temperature of the application. To deter-

mine if a heatsink is needed, the power dissipated by the
regulator, Pp, must be calculated:

In=1L+ g

Po = (Vin = Vour) IL + Vinla
Figure 8 shows the voltage and currents which are present in
the circuit.

N —

Vin IN

T

Vout

1
T G

out

GND

I

00906360

FIGURE 8. Power Dissipation Diagram

The next parameter which must be calculated is the maxi-
mum allowable temperature rise, Tg(max):

Tr(max) = Ty(max) — Ta(max)
where T (max) is the maximum allowable junction tempera-
ture (125°C), and Ta(max) is the maximum ambient tem-
perature which will be encountered in the application.

Using the calculated values for Tg(max) and Pp, the maxi-
mum allowable value for the junction-to-ambient thermal
resistance (8,4) can be calculated:
0,4 = Tr(max)/Pp

If the maximum allowable value for 6,5 is found to be
>92°C/W (Typical Rated Value) for TO-252 package, no
heatsink is needed since the package alone will dissipate
enough heat to satisfy these requirements. If the calculated
value for 0, falls below these limits, a heatsink is required.

As a design aid, Table 1 shows the value of the 6,5 of
TO-252 for different heatsink area. The copper patterns that
we used to measure these 0,5 are shown at the end of the
Application Notes Section. Figure 9 reflects the same test
results as what are in the Table 1

Figure 10 shows the maximum allowable power dissipation
vs. ambient temperature for the TO-252 device. Figure 11
shows the maximum allowable power dissipation vs. copper
area (in?) for the TO-252 device. Please see AN1028 for
power enhancement techniques to be used with SOT-223
and TO-252 packages.

TABLE 1. 0,, Different Heatsink Area

Layout Copper Area Thermal Resistance
Top Side (in?)* Bottom Side (in?) (6,4°C/W) TO-252
1 0.0123 103
2 0.066 0 87
3 0.3 0 60
4 0.53 0 54
5 0.76 0 52
6 1 0 47
7 0 0.2 84
8 0 0.4 70
9 0 0.6 63
www.national.com 10




Application Hints (continued)
TABLE 1. 6,, Different Heatsink Area (Continued)

Layout Copper Area Thermal Resistance
10 0 0.8 57
11 0 1 57
12 0.066 0.066 89
13 0.175 0.175 72
14 0.284 0.284 61
15 0.392 0.392 55
16 0.5 0.5 53

Note: * Tab of device attached to topside of copper.
120
100 ‘\
80 NN

) >\ Bottom Cu

T, = 25°C
still Air

Thermal Resistance (OJAOC/W)

/ —
Top Cu I
40 1/2 Top +
1/2 Bottom
20
0
0 0.2 0.4 0.6 0.8 1.0

2 0z Copper Area (in?), 70252
00906361

FIGURE 9. 6,, vs 20z Copper Area for TO-252

0.4 Lo, =87°C/W N
0.2 9= ;030(3/"1
0

= 28

- 126 Still Air ]
2 24 20z Cu on |
£ 50 N = 0°c/w|— 28 ene
8 20 \\\\V 0, =549C/W

218 AQA - :

2 16 ™ 6), =52°C/W

2 14k \§ A /'

© 19 kN NN\ 6, =479C/W_|
2 o8 HIISSY

2 el NN

£

=

£

>

[

=

0 25 50 75 100 125

Ambient Temperature (°C), 710252
00906363

FIGURE 10. Maximum Allowable Power Dissipation vs. Ambient Temperature for TO-252

www.nhational.com
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LM117/LM317A/LM317

Application Hints (continued)

=

< ;; T,=25°C 1 1/2 Top+

2 o |Lstil Air \| 1/2 Bottom | __4
© . e

Q.

w18 /'!"/f
2

> 16 7 \

S 14

: \

e 1.2 Top Cu—F

=2 1.0 | A

g 0.8 Bottom Cu — —]
= 06

£ 04

=]

E 02

s 0

=

0 0.2 0.4 0.6 0.8 1
20z Copper Area (in2), T0252

00906362

FIGURE 11. Maximum Allowable Power Dissipation vs. 20z Copper Area for TO-252

00906364

FIGURE 12. Top View of the Thermal Test Pattern in Actual Scale
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Application Hints (continued)

00906365

FIGURE 13. Bottom View of the Thermal Test Pattern in Actual Scale

www.nhational.com
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LM117/LM317A/LM317

Schematic Diagram

200k
AA,
Wi

—

R1
310

R2
310

R4
82

R3
190

a10

< R5
>
:, 5.6k

VIN

Q22

RS
180

R12

R26 €
0.1$

VW

Typical Applications

5V Logic Regulator with Electronic Shutdown*

Vi 7V-35V —@—
L—- ct

pe (0. 10F

*Min. output = 1.2V

LM117

Vout
ADJ

Vin

240

Vout
5V

et €2

== 0.1uF

Slow Turn-On 15V Regulator
LM117

Vin

Vour
ADJ

c2
0.

00906303

1N4002

00906309

Vour

ADJ

00906308

Adjustable Regulator with Improved Ripple Rejection

LM117
Vin [Vin~ Vour
ADJ
R1
€2 240
0.1uF +
I Lt
= T wFt
C1 +—|—
104F I R2
5k
o—
00906310
7Solid tantalum
*Discharges C1 if output is shorted to ground
High Stability 10V Regulator
LM117
ViN v \ Vout
15V I N os 0T 10V
c1

> R2
1.5k
1%
LM129A

1

00906311

www.national.com




Typical Applications (continued)

High Current Adjustable Regulator

3-LM195'S IN PARALLEL

R3
2N2905 A500
R2
R1 5k LM117
22
Vin ViN _ Vour ——— Vout
ADJ
1N4002
hall B ; > i gt
T 10uF 2 AT a1uft
<
I ~—
00906312
#Optional —improves ripple rejection
FSolid tantalum
*Minimum load current = 30 mA
0 to 30V Regulator Power Follower
Lm117 10V-40V
Vin v Vout v
35V+ IN ADJ ou ouT c1
R1 0.1uF
150 I
C1
— 0.1uF INPUT —J\QA,— LM195
1
R2 10k
< 5k
ouUTPUT
+0.6A
— v
LmM117 IN Vout
ADJ

-10v

00906313
Full output current not available at high input-output voltages

00906314

R2
24

15

www.nhational.com
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LM117/LM317A/LM317

Typical Applications (continued)

5A Constant Voltage/Constant Current Regulator

MJ4502
czj— CURRENT % :g
100 pF =—p=— ADJUST 250k S
R1 LM317k
2 | ouTPUT
35V Vin  VouT p—e-
ADJ 1.2v-30v
D2 c4

+
c3
I T | 1N457 75 pF 10uF

'"‘_)H

D1 D3
1N457 LED*

_ R8 hd
A o VOLTAGE fg F
ADJUST | H
00906315
TSolid tantalum
*Lights in constant current mode
1A Current Regulator High Gain Amplifier
LM117
ViN Vin  Vour
20 R1 LM117
c1 12
0.1uF I Zw
LOAD
L Rt
= 10k
00906316 INPUT v LM195
1.2V-20V Regulator with Minimum Program Current
LM117 i
Vin=—Vin  Vour Vour* =
ADJ 00906318
R1
1.2k
R2
20k

00906317
*Minimum load current = 4 mA

www.national.com 16



Typical Applications (continued)

8v-35v

TSolid tantalum

*Core — Arnold A-254168-2 60 turns

Low Cost 3A Switching Regulator

ol

50uFt /P

R1
22

0

(if]
2N3792

LM317k R2
0.25

Vin  Vour

ADJ

r R4 R3
c2 > # 5k 240
01uF OUTPUT Rg
ADJUST  qgi

D

L1 600uH*

1N3880

hd
=

1

e 1.8V T0 32V

b C4

P 1004F"

.

—

00906319

4A Switching Regulator with Overload Protection
3-LM195 IN PARALLEL

Rl

2N2905 500
[ 4
R1 500 LM117 R4
v 30 25
IN v A
ool —¢ INVOUT ADJ VWV
+
-0 + RS < ——— v
1004F ,5.(5 2 < out
i > 100 pF L1 600uH * 1.8V T0 32v
J’_—| H R6
240
AAA
A\ A A &
+
D1 -
1N 3880 T 100t
> Ji—
00906320
FSolid tantalum
*Core — Arnold A-254168-2 60 turns
Precision Current Limiter
LM117
A _ VRer,

Vin—Vin  Vour

ADJ

lour

R1

*¥0.822 < R1 <1200

00906321

17

www.nhational.com
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LM117/LM317A/LM317

Typical Applications (continued)

Tracking Preregulator

R2
720
NV
R1
20  (m117
ADJ
Vin vin  Vour Vin ~ Vourt Vour
LM117 R3
120
c1 J—+ c2
0.1uF T 1wF
R4
l 1/ apsusT

00906322

Current Limited Voltage Regulator

R2
Vout = 1.25V (1 + R_1 ) + lapy R2

IN ouT
LM117
R1
ADJUST 120
r 1 [
| 1] A2
2%
TRANSFORMERS, |
RECTIFIERS,
AND 1
FILTER =
CAPACITOR | R4 =2R3=10Q
I 1~
L —_—— = R3
470
00906323
00 mV

6
—Short circuit current is approximately ,or 120 mA

(Compared to LM117’s higher current limit)
— At 50 mA output only ¥ volt of drop occurs in Rz and Ry

Adjusting Multiple On-Card Regulators with Single Control*

—Vout'

LM117
vin—Vin  Vour Voutr Vin=—ViIN  VouTp=—vgyrt vin—Vin  Vour
ADJ ADJ out N ADJ
R1 |
120 I
R2
1k

*All outputs within £100 mV
FMinimum load — 10 mA

00906324

www.national.com 18




Typical Applications (continued)

AC Voltage Regulator
LM317

—— V| N Vourt
ADJ

24Vp-p

ADJ
VIN

LM317

00906325

12V Battery Charger

LM317 Rs*
02

ViN———=VIN Vout

ADJ

00906326

*Rg—sets output impedance of charger: Zoyt = Rg (1 + —)

Use of Rg allows low charging rates with fully charged battery.

50mA Constant Current Battery Charger
LM317

24
ViN Vour
ADJ

Vin

|l

00906327

19

www.nhational.com
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LM117/LM317A/LM317

Typical Applications (continued)

Adjustable 4A Regulator

VIN+

0.2
LM317 A/
0.2
IM317 e AAA~@

I

— |

LM317

VIN

Current Limited 6V Charger
LM317

Vout

ViN
ovT0 40y —P—1VIN ADS

+
= 1000uF**

¢ —

Vin

2N2222

-—4

00906329

*Sets peak current (0.6A for 1Q)
**The 1000pF is recommended to filter out input transients

4.5V 10 25v

00906328

Digitally Selected Outputs
LM117

7

v~

INPUTS

*Sets maximum Voyt

Vin__ Vout Vout
ADJ
R1
240
Rz‘*—é gFé
I | [ |
N—

00906302

www.national.com
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Physical Dimensions inches (millimeters)

unless otherwise noted

LLENT/VLLENT/ZLENT

0.420-0.500 0.325-0.352
[10.67-12.70] [8.26-8.94]
0.980-1.020
_ C | 0.060-0.070
2x ”?'31,21-2,’(1)811\ [24.89-25.91] |~— [1.52-1.78]
_ R 0.495-0.510
L/~ " [12.57-12.95]
>
0.660-0.670
[16.76-17.02]
5 0.880-0.915
[22.35-23.24]
g 0.760-0.775
o | — [19.30-19.69]
1.177-1.197
[29.90-30.40]
0.038-0.043 — r
X8 10.97-1.00] L
UNCONTROLLED |||
I IN_ 0.168-0.178 LEAD DIA
0.210-0.220 2X R 0.025 0.116
—— 4.27-4.52 : — .
[5.33-5.59] | | [ I [0.64] MAX [2.95] MAX
| [0.425-0.435 SEATING PLANE — Koz4 (REV ©)
[10.80-11.05]
TO-3 Metal Can Package (K)
NS Package Number K02A
0.420-0.500 0.285-0.305
[10.67-12.70] [7.24-7.75]
0.980-1.020
fe————— — 0.060-0.070
0.151-0.161 .89-25. — -
20 [3.84-4.09] [24.80-25.91] [1.52-1.78]
_ _ R 0.495-0.510
L~ " [12.57-12.95]
=
0.660-0.670
[16.76-17.02]
s 0.880-0.915
[22.35-23.24]
_| 4 0.760-0.775
y__ I [19.30-19.69]
1.177-1.197 0120
29.90-30.40 .
[ ] X013 05]
J
0.038-0.043 -
x e [0.97-1.09] -
UNCONTROLLED | |
| N LEAD DIA
0.210-0.220 | 0.168-0.178 0.030 0.085
[5.33-5.50] | ZXR [4.27-4.52] [0.76] MAX [2.16] "™
SEATING PLANE — kozc (REV B)

_,I 0.425-0.435
[10.80-11.05]
TO-3 Metal Can Package (K)

Mil-Aero Product
NS Package Number K02C

21 www.nhational.com



LM117/LM317A/LM317

Physical Dimensions inches (millimeters)

unless otherwise noted (Continued)

0.350-0.370
{8.890-9.398)
0.315-0.335
—_— e—

0.165-0.185 {8.001-8.500) 0.050

(4.191-4.699) (1.270)

MAX

MAX
——=2 UNCONTROLLED
F(” 5) LEAD DIA

SEATING PLANEJ 0.500

(12.70)
MIN

0.029-0.040
{0.737-1.016)
0.028-0.034
(0.711-0.864) <<

I -
e

0.016-0.019
DIATYP

0.200 v
{5.080) |

0.100
(2.540)

0.100
(2.540)

45°
HO3A (REV B)
(TO-39) Metal Can Package
NS Package Number HO3A

0.240-0.260 | _ 0.330-0.350 __

[6.10-6.60] [8.38-8.89]
0-100-07120 ﬂ 0'149_0'153
[2.54-3.05] )/ ? [3.78-3.89]

g l
voots —— 0.090-0.110
0.400 Zy g5 ~ —  [2.29-279] 0.190-0.210
. [ — -
[10.16 *0:38 I | | [4.83-5.33]
/ 0.048-0.055 _T
/ 0.130-0.160 1o [1.22-1.40]
PIN #1 1D [3.30-4.06] TYP
1.005-1.035 0.027-0.037
f—— [
[25.53-26.29] [0.69-0.94]
TYP
,‘ /\ /\ : ([?35§i"1’f?§]) I 0.015 3007 [0.38 1018 ]
0.175-0.185
[4.45-4.70] L I_,_,_/ ]‘
0°-6° \JL/
+0.010 +0.25
0.048-0.052 — 0-105 _goys [2:67 g5
[1.22-1.32] SEATING PLANE
TAPERED

SIDES 1°

3-

NS Pac

T03B (REV L)

Lead TO-220
kage Number T03B

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

0.425
[10.80]

0.575 |

o

aasUE G 0.090-0.110 .
f [2.29-2.79]
0.260-0.280 -
[6.60-7.11] _
0.390-0.410 R
[9.91-10.41]
\ b 0.028-0.038 -
[0.71-0.97]
_,|0.330-0.350 L PIN#1 D
[8.38-8-8%] R 2030 \ax TYp
0.050 yay o |< [0.76]
[1.27] e ege 7o 0.015-0.030
7 7 -
I [0.38-0.76] | .
0.175-0.183 [0.89]
[4.45-4.65] )\ t —‘_ - [ ]
v 1 [S]o.004[0.10
[=M-T4 TAPERED
0.048-0.052 SIDES 1° 0°-6°
[1.22-1.32] 0°-62 j !

0.000-0.006 STAND-OFF

[0.00-0.15]

) 0.490 |\ ay—»

[12.45]

[14.35]

0.250 1y == -

[6.35]

[

f

0.200 1y

[5.08]

i

\ [ |

BACK VIEW

0.565 iax —

3-Lead TO-263

NS Package Number TS3B

[14.61] 0.085
| *I [2.16] TYP
= —*
=y
==L 0.100
[2.54]
TYP
0419 0.042
10.41 -
[ ] [.o7] TP
LEAD POSITION OVERLAY
1538 (REV C)

23
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LM117/LM317A/LM317

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.200+0.005
(5.080+0.127)
e a5° % 0.015%0.010
2 (0.381+0.254)
X
0.350 +0.008 0.015 2
(8.890£0.203) — 0.063-0.075 (0.381) ad \\\ g?%ﬂ
(1.600 —1.905) MIN TYP \ (0.178-0.279)
RTYP
= a s
0.022-0.028
— -(0.559—0.711)
0.077-0.093 J‘ Vr Yp
(1.959—2.362) —
P 0.045—0.055 N T A
T (1.143 -1.397)
LDETAILA TYp —?‘332‘0‘1’83 \ < X 00s5-00s5
. T;PZ 08) L 1.183-1.397)
Top View Side View TYP
450« 0.040£0.010
(1.016%0.254)
3PLCS
Bottom View
0.003 0015
0078 (0.381)
MIN TYP MAX TYP
0.022 T
(0.559)—>| |<—— 0006
MAX TYP '&WSZ)
TYP
) IIIED)
[T/
{
Detail A
E20A (REV D)
Ceramic Leadless Chip Carrier
NS Package Number E20A
3+0.1 (3.3)
. 2He
T
! ¢
i
i .
- |
6062933 M ] | 356033 I ;%
|
' i
! , (3X 1.5) - —Ea——
11 LT
! i (3X 1) ' ]
N — l——,l—(zx 2.3)
FZX LAND PATTERN RECOMMENDATION
6.580.2 ————
R0O.15%0.05 TYP
. 0.25
_f R0O.15%0.05 TYP GAGE PLANE
1.55-1.80 (1.6) 0.3%3-93 9
H Y= — S\
O[01@]C _1[ T
3X 0.74f3;8§’<l-—>l 0 03-0.10 \—SEATING PLANE \Wohm“
e 0.9 Min Tve %
1.7) =

DIMENSIONS ARE IN MILLIMETERS

4-Lead SOT-223
NS Package Number MP04A

MPO4A (Rev B)

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

(5.7) 4+-—

(111

(7.4)

oy

' l_ b 2x 2.285)
(2x 1.3) ! ! DIMENSIONS ARE IN MILLIMETERS
- (4.5 |

LAND PATTERN RECOMMENDATION

f—6.58%0.14 —p—{A] 2.3%0.08
2X 1.2%0.05
5.361-13 —-‘ —0.52%0.05
I‘ ) “
__Jil-
[ T SEATING PLANE
i 6.1%0.1 / 4.32 MIN
9.7%0.15 I |
¥ &
i (2.5) /YL
| L L ‘K
I 2t i T
'!' L 8° —L
771 i T3 0.83%0.1 1 T
3X 0.75%0 1——]'1-— t ;| X | 0.51 MIN
Bhzobek | —{2.255] 0.7
4.57 -—]-—ovszzo.os
P TD03B (Rev C)

3-Lead D-Pack
NS Package Number TD0O3B

LIFE SUPPORT POLICY

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform
into the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification
(CSP-9-111S2) and contain no “Banned Substances” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Americas Customer Europe Customer Support Center Asia Pacific Customer Japan Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86 Support Center Fax: 81-3-5639-7507
Email: new.feedback @nsc.com Email: europe.support@nsc.com Email: ap.support@nsc.com Email: jpn.feedback@nsc.com
Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208 Tel: 81-3-5639-7560
English Tel: +44 (0) 870 24 0 2171
www.national.com Francais Tel: +33 (0) 1 41 91 8790

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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ON Semiconductor™

1.5 A Adjustable Output,
Positive Voltage Regulator

The LM317 is an adjustable 3—terminal positive voltage regulator
capable oBupplying in excess of 1.5 A over an output voltage range of
1.2 V to 37 V. This voltage regulator is exceptionally easy to use and

LM317

THREE-TERMINAL
ADJUSTABLE POSITIVE
VOLTAGE REGULATOR

requires only two external resistors to set the output voltage. Further, it

employs internal current limiting, thermal shutdown and safe area
compensation, making it essentially blow—out proof.
The LM317 serves a wide variety of applications including local, on

card regulation. This device can also be used to make a programmable

output regulator, or by connecting a fixed resistor between the

adjustment and output, the LM317 can be used as a precision current

regulator.

* Output Current in Excess of 1.5 A

¢ Qutput Adjustable between 1.2 V and 37 V

¢ Internal Thermal Overload Protection

¢ Internal Short Circuit Current Limiting Constant with Temperature

¢ Qutput Transistor Safe—Area Compensation

* Floating Operation for High Voltage Applications

* Available in Surface Mount #PAK, and Standard 3—Lead Transistor
Package

¢ Eliminates Stocking many Fixed Voltages

Standard Application

SEMICONDUCTOR

TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE

CASE 221A

Heatsink surface
connected to Pin 2.

1

3

Pin 1. Adjust
2. Vout
3. Vi

,

o)
%

1

D2T SUFFIX 0
Vi v PLASTIC PACKAGE
n out CASE 936
o v LM317 ' O (DZPAK) 1 2
3
Ry
. . 240 Heatsink surface (shown as terminal 4 in
Ad L | Adjust case outline drawing) is connected to Pin 2.
Cin* L + COH
0.1 uF 1.0 uF
Ro
ORDERING INFORMATION
O Operating
1 Device Temperature Range Package
LM317BD2T _ . .. |Surface Mount
* Cip, is required if regulator is located an appreciable distance from power supply filter. LM317BT Ty =-40"10 +125°C Insertion Mount
** Cp is not needed for stability, however, it does improve transient response.
R LM317D2T Surface Mount
2 Ty=0°to +125°C X
Vout = 125V (1 + R_) + IAdj Ry LM317T J Insertion Mount

Since Ipgj is controlled to less than 100 LA, the error associated with this term is
negligible in most applications.

O Semiconductor Components Industries, LLC, 2002 1
January, 2002 — Rev. 3

Publication Order Number:

LM317/D




LM317

MAXIMUM RATINGS

Rating Symbol Value Unit
Input—Output Voltage Differential Vi-Vo 40 Vdc
Power Dissipation
Case 221A
Ta =+25°C Pp Internally Limited w
Thermal Resistance, Junction—-to—Ambient 03a 65 °CIW
Thermal Resistance, Junction—to—Case 0;c 5.0 °CIW
Case 936 (D2PAK)
Ta = +25°C Pp Internally Limited W
Thermal Resistance, Junction—-to—Ambient CRIN 70 °CIW
Thermal Resistance, Junction-to—Case 03¢ 5.0 °C/W
Operating Junction Temperature Range T; -40to +125 °C
Storage Temperature Range Tstg —65 to +150 °C

ELECTRICAL CHARACTERISTICS (Vi-Vp=5.0V;lo=0.5A for D2T and T packages; Tj = Tiow t0 Thigh [Note 1]; Imax and Ppyax
[Note 2]; unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit
Line Regulation (Note 3), Ty = +25°C,3.0V<V|-Vp<40V 1 Regjine - 0.01 0.04 %IV
Load Regulation (Note 3), Ta = +25°C, 10 mA < Ig < Ipax 2 Regjoad
Vo<50V - 5.0 25 mV
Vo250V - 0.1 0.5 % Vo
Thermal Regulation, Ty = +25°C (Note 6), 20 ms Pulse Regiherm - 0.03 0.07 % Vo/W
Adjustment Pin Current 3 Iadj - 50 100 HA
Adjustment Pin Current Change, 2.5V <V|-Vg <40V, 1,2 Alpg - 0.2 5.0 HA
10 MA <1 < Imaxs Pp < Pmax
Reference Voltage, 3.0V <V|-Vg <40V, 3 Vet 1.2 1.25 1.3 \%
10 MA < 1o < Imaxs Pp < Pmax
Line Regulation (Note 3),3.0V<V,-Vp<40V 1 Regjine - 0.02 0.07 % V
Load Regulation (Note 3), 10 mA < lg < Imax 2 Regjoad
Vo<5.0V - 20 70 mV
Vo250V - 0.3 15 % Vo
Temperature Stability (Tiow < T3 < Thigh) 3 Ts - 0.7 - % Vo
Minimum Load Current to Maintain Regulation (V|-Vg =40 V) 3 ILmin - 3.5 10 mA
Maximum Output Current 3 Imax A
VI-Vo €15V, Pp < Ppax, T Package 15 2.2 -
VI-Vo =40V, Pp < Ppax, Ta = +25°C, T Package 0.15 0.4 -
RMS Noise, % of Vg, Tp = +25°C, 10 Hz < f <10 kHz N - 0.003 - % Vo
Ripple Rejection, Vo =10 V, f = 120 Hz (Note 4) 4 RR dB
Without Cag; - 65 -
Cadj =10 pF 66 80 -
Long-Term Stability, Ty = Thigh (Note 5), Ta = +25°C for 3 S - 0.3 1.0 %/1.0 k
Endpoint Measurements Hrs.
Thermal Resistance Junction to Case, T Package Reic - 5.0 - °C/W

NOTES: 1. Tigw t0 Thigh = 0° to +125°C, for LM317T, D2T.  Tigy t0 Thigh = —40° to +125°C, for LM317BT, BD2T.

2. Ilnax = 1.5 A, Pmax = 20 W

3. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account separately.
Pulse testing with low duty cycle is used.

4. Cagj, When used, is connected between the adjustment pin and ground.

5. Since Long—Term Stability cannot be measured on each device before shipment, this specification is an engineering estimate of average stability
from lot to lot.

6. Power dissipation within an IC voltage regulator produces a temperature gradient on the die, affecting individual IC components on the die. These
effects can be minimized by proper integrated circuit design and layout techniques. Thermal Regulation is the effect of these temperature gradients
on the output voltage and is expressed in percentage of output change per watt of power change in a specified time.
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Representative Schematic Diagram

31 310 230 120 5.6k
6.3V
AT~ NN NS ) ) -
"l: 160
NN\ » 3
200 13k
125 12.4K ;1_“
135 ) 6.3V
) } b
A
3g 33
p p 2.4k
P P 105
A63V %
§190 3.6k§5.8k§ 110§ 5.1k 12.5k % 40
[
% 0.1
d o Vout
O Adjust

This device contains 29 active transistors.

Vee
" S Uy Line Regulation (% /V) Vor Vol -~ Vou
ine Regulation (% = —v 7 X
I B | Y Mol | Y
Vin Vout
o LM317 ©
* Pulse testing required. O Adjust
1% Duty Cycle ' Ry § 20 X
is suggested. Gy 75 0.1 4F @ % Co /1~ 1.0uF RL
Ro
1%
_l_ O

Figure 1. Line Regulation and  Alpgj/Line Test Circuit
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Cin —

- - Vg (min Load)
- - Vo (max Load)

* Pulse testing required.
1% Duty Cycle is suggested.

O

x 100

OO
NG
RL

Vout

LM317
Vi Vout
O LM317 O O o)
R L[ -
(max Load)
© Adjust R, S 240 R
151% . M (min Load)
= 04 uF @ Co = 1.0uF -—K
Ro
1%
L
) - Vo (min Load) - Vg (max Load)
Load Regulation (% Vo) = Vo (min Load)
Figure 2. Load Regulation and  Alagj/Load Test Circuit

Load Regulation (mV) = Vg (min Load) - Vg (max Load)

Ol
Co 1 1.0F

O LM317
Q Adjust
R 240
() 1"
Cin - 0.1 pF T
Ro
1%
* Pulse testing required. - To Calculate Ry: Vot = IseT Ro +1.250 V
1% Duty Cycle is suggested. Assume Iggt = 5.25 mA
Figure 3. Standard Test Circuit
24V - -
Vi V
14V - - _/:1-/0 J” Su‘
f=120 Hz
240 b
i 4
Adjust Ri S Jo 1N4002 R Vout= 10V
+
Cin /1 0.1 uF Co 1~ 1.0uF Q(D
I
Ro }{},605k CAdj r‘l\ 10 uF
It
= * Dy Discharges Cagj if output is shorted to Ground.
Figure 4. Ripple Rejection Test Circuit
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4.0
& 04
S <
% 0.2 E 3.0
S IL=05A £ [ T=25C
E 0.2 — E— § 20 [F=\
S IL=15A N 5 i s ™ N
= -04 S| = S~
o =2 ) NS
E s Vip=15V 2 10 Ill \\\\\‘\ .
3 Vour=10V 3 | \\s \‘-ES—C
308 ' ——
=
< 10 oL /
50 -25 0 25 50 75 100 125 150 0 10 20 30 40
Ty, JUNCTION TEMPERATURE (°C) Vin—Vout, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)
Figure 5. Load Regulation Figure 6. Current Limit
3.0
< w
2 70 e AVoyr= 100 mV
= 5 IL=15A
L 65 S T 25
[v= =
3 0 23 . A
5E 1.0A
£ 5 _ 3E 5ol ~ T
[ L~ i % T
S s 2 R e e
= = 0 T —— ]
3 ® / g S 15 \\\\\\ 200 mA
[=]
< 40 2 13 T~
i) = 20 mA
- 3 10 ~
50 -256 0 25 50 75 100 125 150 -50 -256 0 25 50 75 100 125 150
T,, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C)
Figure 7. Adjustment Pin Current Figure 8. Dropout Voltage
1.26 5.0 |
45
s z T;=-55°C
E 40 d
G 125 — = 7 425
b ‘/ \\ E ' A +150°C
4 ~ o 30 é"/
5 3 c
8 124 ™~ e 25 =
& =
& § 2.0
[T i -
i} s 15 =
T 123 3 o 7?/
[ S .
= o
0.5
1.22 0
50 -25 0 25 50 75 100 125 150 0 10 20 30 40
T}, JUNCTION TEMPERATURE (°C) Vin=Vout, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)
Figure 9. Temperature Stability Figure 10. Minimum Operating Current
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100 I
CAd] =10 pF
g 80 !
: ™~ |
= T— Without Cagi
5 60 — :
s
o
% 40
o Vin-Vout=5V
o 20 1. =500 mA
o« f=120 Hz
Ty=25°C
0 L
0 5.0 10 15 20 25 30 35
Vout, OUTPUT VOLTAGE (V)
Figure 11. Ripple Rejection versus Output Voltage
100
2 80 Va S I =500 mA
z / Vip=15V
= V t = 10 V
Q 60 [/ AN Tju= 25°C
i 2 AN
T 40
g \
= \
o
c 20 N
N Cngi=100F
Without CAd]
0 |
10 100 1.0k 10k 100k 1.0M 10M
f, FREQUENCY (Hz)
Figure 13. Ripple Rejection versus Frequency
=
55
o=
<<
'é é 1.5
S 0 CL= 10 pF;
2 g 05 N CAd] 310 }.lF
s ol A2
-0.5 /
— Vout= 10V A
S-10 IL = 50 mA 4
w _ 9Eo, CL = 0;
z= Without Cagi
< > |
; z 1.0
'>ELU 0.5 Vin
a (O]
3 0
o 0 10 20 30 40
>

t, TIME (us)

Figure 15. Line Transient Response

120
o
=
z 100
= 11| Cagi=10pF
E 80 L L Ad|I IHI
u I UL— M Without Cag
T 60
-
g
g fFvy,=15V
< Vout=10V
T 20 f=120Hz
Ty=25°C
0 L1l
0.01 0.1 1.0 10
lo, OUTPUT CURRENT (A)
Figure 12. Ripple Rejection versus
Output Current
10
II
a A
i Vin=15V
0 [ Vin
w 10° —— ut =10V ’##
= I =500 mA Z o —
8 T =25°C Z 7
< 10 s A
'_ 4
E Without CAdj /Z’ a
I I
CD{ 10°2 — <
,\? — — 7 CAd] =10 pF
—
10-8 I i
10 100 1.0k 10k 100 k 1.0M

f, FREQUENCY (Hz)

Figure 14. Output Impedance

_ = 30
28w /
3> 1'0_CL=10HF; /\
%H 0 CIAdj=10L1F fr =\
3w
3 ,%-1.0 %2
3 0 \ / Vip=15V
= e A~ Vour=10V
-3.0 \I<_ CI:_ ’ INL =50 mA
Without CAdj T)=25°C
z 15 /
9.—_ = 1.0
Sg / \!
- & 05 L
= \
3 0
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t, TIME (us)

Figure 16. Load Transient Response
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APPLICATIONS INFORMATION

Basic Circuit Operation External Capacitors

The LM317 is a 3-terminal floating regulator. In A 0.1 uF disc or 1.QuF tantalum input bypass capacitor
operation, the LM317 develops and maintains a nominal (Cj,) is recommended to reduce the sensitivity to input line
1.25 V reference (¥ between its output and adjustment impedance.
terminals. This reference voltage is converted to a The adjustment terminal may be bypassed to ground to
programmingeurrent (brog by R (see Figure 17), and this  improve ripple rejection. This capacitor A§) prevents

constant current flows throughy o ground. ripple from being amplified as the output voltage is
The regulated output voltage is given by: increased. A 1QF capacitor should improve ripple
R, rejection about 15 dB at 120 Hz in a 10 V application.
Vout = V,ef(1 + R—) + Iagi Ro Althoughthe LM317 is stable with no output capacitance,
) v ) like any feedback circuit, certain values of external
Since the current from the adjustment terminalJl  capacitance can cause excessive ringing. An output

represents an error term in the equation, the LM317 wascapacitance (g) in the form of a 1.QuF tantalum or 25iF

designed to controlal; to less than 10QA and keep it ajuminum electrolytic capacitor on the output swamps this
constant. To do this, all quiescent operating current is effect and insures stability.

returned to the output terminal. This imposes the

requirement for a minimum load current. If the load current Protection Diodes

is less than this minimum, the output voltage will rise. When external capacitors are used with any IC regulator
Since the LM317 is a floating regulator, it is only the it is sometimes necessary to add protection diodes to prevent

voltage differential across the circuit which is important to the capacitors from discharging through low current points

performance, and operation at high voltages with respect tanto the regulator.

ground is possible. Figure 18 shows the LM317 with the recommended
protection diodes for output voltages in excess of 25 V or
Vi Vout high capacitance values¢G 25uF, Cagj > 10uF). Diode
Oo—1 Lm317 O Vout D; prevents @ from discharging thru the IC during an input

short circuit. Diode B protects against capacitorag

i

vl R discharging through the IC during an output short circuit.
Adjust O " The combination of diodes;tand D» prevents Gg;j from
\ discharging through the IC during an input short circuit.

—>
ladj D4
|
. Vout 4
Vief = 1.25 V Typical . 1N4002
Figure 17. Basic Circuit Configuration Vin Vout
LM317
+
Load Regulation Cip ™ Ry D, Co
The LM317 is capable of providing extremely good load Ad T
regulation, but a few precautions are needed to obtain Just 1N4002
maximum performance. For best performance, the R, Chgj
programming resistor (ff should be connected as close to T

the regulator as possible to minimize line drops which
effectively appear in series with the reference, thereby =

degrading regulation. The ground end gfdan be returned Figure 18. Voltage Regulator with Protection Diodes
near the load ground to provide remote ground sensing and

improve load regulation.

http://onsemi.com
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80 T T T 1 3.5
" Ppimax) for Ta = +50°C
= 70 Free Air 3.0
E g ‘\\\ Mounted /4//
E:ﬁ = g\  Verticaly Pt 2.0 0z. Copper || » ¢
23 N - L
== ~ \ g I
é T >\,/ Minimum 120
= 5 / s NGY Size Pad |
%2 7
uC:D = 40 d — H1.5
RgrA E—
30 1.0
0 5.0 10 15 20 25 30
L, LENGTH OF COPPER (mm)
Figure 19. D 2PAK Thermal Resistance and Maximum
Power Dissipation versus P.C.B. Copper Length
Dg*
i<
1N4002
V R Vi V,
Vi 317 | T8¢ G LM317 out 2
32Vt 40V | Vin 1 @
0.1 uF
I Adjust 1 Dy
1 ) = 1N4001
Curent 10K Dy 5.0k Voltage
Limit 1N4001 Adjust
Adjust 1N4001
Q b
Diodes D1 and D, and transistor Q, are added to 2N3822 s =
allow adjustment of output voltage to 0 V. D,
* Dg protects both LM317’s duri input short circuit. b
6 protects bof s during an input short circui -0V O IN4001
2N5640
-10V

Pp» MAXIMUM POWER DISSIPATION (W)

Vout

1.0 uF
I Tantalum

Output Range: 0<Vg<25V
0<lg<15A

Figure 20. “Laboratory” Power Supply with Adjustable Current Limit and Output Voltage
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+25V Vou Ry
© LM317 O VvV O lout
Viy 125 —
Adjust Dy
Ro. 1N4001
100 D,
1N4001
*To provide current limiting of |g to the system
ground, the source of the FET must be tied to a
negative voltage below - 1.25 V. 2N5640
V V
Ry - ref Ro < ref
lomax + Iss Iops "

Vo <BVpgg +1.25V + Vgg,

I min - Ipss <lo < 1.5 A.
Asshown 0<lp<1.0A.

Figure 21. Adjustable Current Limiter

Vin Vout
LM317 O

1N4001
<~‘ MPS2907 m

e

Adjust O

Ro

Figure 23. Slow Turn—On Regulator

D¢*
i«
1N4002
Vin Vout
LM317 ©
Adjust
720 TTL
Control

= Minimum Vgt =1.25V

* Dy protects the device during an input short circuit.

Figure 22. 5.0 V Electronic Shutdown Regulator

Ioul

Vin Vout R1
O  Lm3t7 Oo—vW»
Adjust i
oo (et
out R1 Adj

_ 125V
Ry

10mA<lp<15A

Figure 24. Current Regulator
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PACKAGE DIMENSIONS

T SUFFIX
PLASTIC PACKAGE
CASE 221A-09

http://onsemi.com
10

FS

o

ISSUE AA
NOTES:
T SEATING 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
ol C e 2. CONTROLLING DIMENSION: INCH.
3. DIMENSION Z DEFINES A ZONE WHERE ALL
S —>f je— BODY AND LEAD IRREGULARITIES ARE
ALLOWED.
IV INCHES MILLIMETERS
| DiM[ MIN | MAX | MIN | mAX
T A | 0570 | 0.620 | 14.48 | 1575
U B | 0380 | 0405 | 966 | 10.28
C | 0160 | 0.190 | 407 | 482
D | 0025 | 0035 | 064 | 0.8
F | 0142 | 0147 | 361 | 373
G | 0095 | 0.105 | 242 | 266
H | 0.110 | 0155 | 280 | 3.93
J | 0018 | 0025 | 046 | 064
K_| 0500 | 0562 | 12.70 | 14.27
R : L | 0045 | 0060 | 115 | 152
‘ N | 0190 | 0210 | 483 | 533
3 Q | 0100 | 0.120 | 254 | 3.04
R | 0080 | 0.110 | 204 | 279
S | 0045 | 0055 | 1.15 | 1.39
T | 0235 | 0255 | 597 | 647
U | 0000 | 0050 | 000 | 127
V0045 [ | 145 ] -—
Z | - o080 | - | 204
D2T SUFFIX
PLASTIC PACKAGE
CASE 936-03
(D2PAK)
ISSUE B
OPTIONAL NOTES:
CHAMFER -T TERMINAL 4 1. DIMENSIONING AND TOLERANCING PER ANSI
— : Y14.5M, 1982.
E—> [ «~— U —> 2. CONTROLLING DIMENSION: INCH.
3. TAB CONTOUR OPTIONAL WITHIN DIMENSIONS

AAND K.

. DIMENSIONS U AND V ESTABLISH A MINIMUM

MOUNTING SURFACE FOR TERMINAL 4.

. DIMENSIONS A AND B DO NOT INCLUDE MOLD

FLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TO EXCEED
0.025 (0.635) MAXIMUM.

INCHES MILLIMETERS
| DIM[_ MIN | MAX | MIN | MAX
A | 0386 | 0.403 | 9.804 [10.236
B | 0356 | 0.368 | 9.042 | 9.347
C [ 0170 [ 0.180 | 4.318 | 4572
D | 0026 | 0.036 | 0.660 | 0.914
E | 0045 | 0055 | 1.143 | 1.397
F | 0051 REF 1.95 REF
G | 0.100BSC 2.540 BSC
H | 0539 [ 0579 [13.691 [14.707
J | 0125 MAX 3175 MAX
K | 0.050 REF 1.270 REF
L | 0000 [ 0010 | 0.000 [ 0.254
M | 0088 | 0102 | 2.235 | 2591
N | 0018 | 0.026 | 0.457 | 0.660
P | 0058 | 0.078 | 1.473 | 1.981
R 5° REF 5°REF
s 0.116 REF 2.946 REF
u 0.200 MIN 5,080 MIN
v 0.250 MIN 6.350 MIN
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Notes
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LM317(LM317AT-ND), ctabununsatop C peryampyemMbiM BbIXOAHbIM HaMNps)XeHWeM B Lenu
MONOXUTENbHOro nostoca (pacnosioXeHne BbIBOAOB CMOTPUTE Ha pUCYHKe) - PT# 92448-ND

D1 - 1N4002, 1 A, 200 B, (cobntopanTte nonspHocTb npu yctaHoeke) - PT# 1N4002GICT-ND

R1, R3 - TO4YHble 3HaUYeHMs CONPOTUBNEHNIN MOryT 6bITb NOMyYeHbl PAacHéTHbIM NyTEM. Ong
6onbLen ctabmnbHOCTU UCMNOMIb30BaHbl NPELU3MOHHbIE NMPOBOIOYHbIE pe3ncTopbl. Ecnn TouHoCTb
N cTabunbHOCTb NOYy4YaeMOro HanpsxeHus Bac yaoBNeTBOPSAIOT, MOXHO MCMNOJb30BaTb Pe3NCTOPbI
apyrmnx tmnos. - PT# SC1A(HoMuHan)-ND wan SC3D(HoMuHan)-ND.

R2 - noacTpoeyHbin pesnctop, HanpuMmep, Tuna Bourns 3059P, HOMWHanN 3aBMCKT OT AManasoHa
nepecTponkn 1 BeNYMHbl BbIXOAHOro HanpsxeHus Vo (cM. pacyér). - PT# 3059P(HoMumHan)-ND.
NMpuMeyaHue: B Ka4ecCTBe NEPEMEHHOro pe3nucTopa MOXXHO NPUMEHUTb U HELOPOTrne UX TUMbI C
HebonbLwoNr notepen B CTabunbHOCTU N yAOH6CTBE HACTPOMKMN.

Cl1 - 0,1 Mmk®, 50 B MMHMManNbLHO, MOHONIUTHbLIA KepaMmnyeckui - PT# P4887-ND
C2 - 220 n®, 50 B MMHMMaNbHO, MOHONUTHLIN Kepamuyeckun - PT# P4804-ND
C3 - 2,2 mk®, 50 B okcmnaHbin (cobntoganTe nonsipHOCTb NMpu ycTaHoBKe) - PT# P6790-ND

CreknotekcronutoBas nnata c orsepctusamm (PerfBoard) — moxeT 6bITb NpnobpeteHa B Digi-Key.
Manufacturers: Vector Co. unun Keystone. Paamep nnatbl 4.5 x 6.5 atonmoB (MOXHO pasMecTtuTb 3
n 6onee crabunusatopos) - PT# V1043.

AU

Pagmatop: XOpOWMM UCTOYHUKOM paavaTopoB SBASETCS “CAOXWMN"” KOMNbIOTEPHbIA MOHUTOP.
Digi-Key Takxxe nocrasnseT nuTble paanatopbl Aavid. Pazmep pagnaTtopoB 3aBUCUT OT Harpesa
NC, Toka Harpy3km n Temnepartypbl BHYTpu kopnyca Bl ¢ UC. Y Tex xe npoussogutenein MoXXHO
“pa3xuntbca” TeNIONpPoOBOAHON NACTOWN.
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ELIX0]

D’1H

LM-317

@ - BXOA BEIXOO

j— ynpasn




@ MOTOROLA

Three-Terminal Adjustable
Output Negative Voltage
Regulator

The LM337 is an adjustable 3-terminal negative voltage regulator
capable of supplying in excess of 1.5 A over an output voltage range of
-1.2V to —37 V. This voltage regulator is exceptionally easy to use and
requires only two external resistors to set the output voltage. Further, it
employs internal current limiting, thermal shutdown and safe area
compensation, making it essentially blow—out proof.

The LM337 serves a wide variety of applications including local, on card
regulation. This device can also be used to make a programmable output
regulator, or by connecting a fixed resistor between the adjustment and
output, the LM337 can be used as a precision current regulator.
® Qutput Current in Excess of 1.5 A
® Output Adjustable between —-1.2 V and —-37 V
® Internal Thermal Overload Protection
¢ Internal Short Circuit Current Limiting Constant with Temperature
® Output Transistor Safe—Area Compensation
® Floating Operation for High Voltage Applications
® Eliminates Stocking many Fixed Voltages

¢ Available in Surface Mount D2PAK and Standard 3—Lead Transistor
Package

Standard Application

o—e » * *—0O
IPROG i l
. + Ro " +
10 pF R1 LOpF
120
'Adji
Vin Vout
—Vin O—e—0— LM337 O O _VOUt

*Cin is required if regulator is located more than 4 inches from power supply filter.
A 1.0 pF solid tantalum or 10 pF aluminum electrolytic is recommended.

**Co is necessary for stability. A 1.0 pF solid tantalum or 10 uF aluminum electrolytic
is recommeded.

Ry
Vou = 125V 142

Order this document by LM337/D

LM337

THREE-TERMINAL
ADJUSTABLE NEGATIVE
VOLTAGE REGULATOR

SEMICONDUCTOR
TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected to Pin 2.

Pin 1. Adjust
2. Vin
3. Vout
D2T SUFFIX
PLASTIC PACKAGE
CASE 936 5
(D2PAK) 1
3

Heatsink surface (shown as terminal 4 in
case outline drawing) is connected to Pin 2.

ORDERING INFORMATION

Operating
Device Temperature Range Package
LM337BD2T Surface Mount
Tj=-40°to +125°C -
LM337BT Insertion Mount
LM337D2T Surface Mount
Tj=0°to +125°C
LM337T Insertion Mount

O Motorola, Inc. 1996

Rev 1



MAXIMUM RATINGS

LM337

Rating Symbol Value Unit
Input—Output Voltage Differential VI-Vo 40 Vdc
Power Dissipation
Case 221A
Ta =+25°C PD Internally Limited W
Thermal Resistance, Junction—to—Ambient 03A 65 °C/IW
Thermal Resistance, Junction-to—Case Al 5.0 °CIwW
Case 936 (D2PAK)
Ta =+25°C Pp Internally Limited W
Thermal Resistance, Junction—to—Ambient 03A 70 °C/IW
Thermal Resistance, Junction-to—Case Chle) 5.0 °C/IW
Operating Junction Temperature Range T3 —40to +125 °C
Storage Temperature Range Tstg —65 to +150 °C

ELECTRICAL CHARACTERISTICS (JV|_-Vp|=5.0V; g =0.5 A for T package; Tj = Tjow t0 Thigh [Note 1]; Imax and Pmax [Note 2].)

Characteristics Figure Symbol Min Typ Max Unit
Line Regulation (Note 3), Tp = +25°C, 3.0V < |V|-Vp| <40V 1 Regjine - 0.01 0.04 %/V
Load Regulation (Note 3), Tp = +25°C, 10 mA < 10 < Imax 2 Regjpad
[Vol<5.0V - 15 50 mV
[Vol=5.0V - 0.3 1.0 % Vo
Thermal Regulation, Ta = +25°C (Note 6), 10 ms Pulse Regtherm - 0.003 0.04 % Vo/W
Adjustment Pin Current 3 IAdj - 65 100 HA
Adjustment Pin Current Change, 2.5V < |V|-Vp| <40V, 1,2 Aladi - 2.0 5.0 HA
10 MA < I < Imax: PD £ Pmax, TA = +25°C
Reference Voltage, Ta =+25°C, 3.0V <|V|-Vp| <40V, 3 Vref -1.213 | -1.250 | -1.287 \Y
10 MA <10 < Imax. PD < Pmax: T3 = Tlow 10 Thigh -1.20 -1.25 -1.30
Line Regulation (Note 3), 3.0 V< |V|-Vp| <40V 1 Regjine - 0.02 0.07 %/V
Load Regulation (Note 3), 10 mA < IQ < Imax 2 Reg|oad
[Vol<5.0V - 20 70 mV
[Vol=5.0V - 0.3 15 % Vo
Temperature Stability (Tiow < TJ < Thigh) Ts - 0.6 - % Vo
Minimum Load Current to Maintain Regulation ILmin mA
(IVI-Vol=<10V) - 15 6.0
(IVI-Vol<40V) - 25 10
Maximum Output Current 3 Imax A
[VI-Vo| <15V, Pp < Pmax, T Package - 15 22
[VI-Vo| 40V, Pp < Pmax, Tg = +25°C, T Package - 0.15 0.4
RMS Noise, % of Vo, Tp = +25°C, 10 Hz < f < 10 kHz N - 0.003 - % Vo
Ripple Rejection, Vo =-10V, f = 120 Hz (Note 4) 4 RR dB
Without Cad - 60 -
Cadj =10 pF 66 77 -
Long-Term Stability, Tj = Thigh (Note 5), Tp = +25°C for 3 S - 0.3 1.0 %/1.0 k
Endpoint Measurements Hrs.
Thermal Resistance Junction-to—Case, T Package Rejc - 4.0 - °C/W

NOTES: 1. Tigy to Thi%h =0°to +125°C, for LM337T, D2T.  Tigy, 0 Thigh = —40° to +125°C, for LM337BT, BD2T.

2.Imax = 1.5 A, Pmax = 20 W
3

.Load and line regulation are specified at constant junction temperature. Change in Vg because of heating effects is covered under the Thermal

(S0

(2]

Regulation specification. Pulse testing with a low duty cycle is used.

. Cadj» when used, is connected between the adjustment pin and ground.
. Since Long Term Stability cannot be measured on each device before shipment, this specification is an engineering estimate of average stability from

lot to lot.

. Power dissipation within an IC voltage regulator produces a temperature gradient on the die, affecting individual IC components on the die. These

effects can be minimized by proper integrated circuit design and layout techniques. Thermal Regulation is the effect of these temperature gradients
on the output voltage and is expressed in percentage of output change per watt of power change in a specified time.
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Representative Schematic Diagram

* O Adjust
100 % 60
2.0k
2.5k %
i
*l 810 21k
? O Vout
10k
y y y
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75 60k 100k 800§ 15pF

~
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18k

7
7

4.0k

el

6.0k j

I\
¥ \

100pF 7 5.0pF

71

20k

5.0k

f/ 100k
155
500% 2.4k 15 500 % % 0.05

¢-0 Vip

This device contains 39 active transistors.

Figure 1. Line Regulation and  Alpgj/Line Test Circuit

J_ L 4 O
- Ry < 1%
+
Cin 7~ LOWF @ Co~ LOuF
120
Ry 0
* Pulse testing required. Adjust O 1% RL
1% Duty Cycle _
is suggested. Vin Vout .
O LM337 O
-- VH - - VoH
niE U w U
Vo ~Voul
VEE Line Regulation (%/V) = H x 100
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Figure 2. Load Regulation and  Alpgj/Load Test Circuit
* o

|||—

* Pulse testing required.

Ro 2 1% 1% Duty Cycle is suggested.

~ 1.0 uF

@ Ry <120
Adjust O | I * RL
. - - - =V (min Load)
Vin Vout % Load) ]
-V O——0— LM337 —O—@ g . o] JT— - - -Vp (max Load)
Vo (min Load) - Vg (max Load)

Load Regulation (mV) = Vg (min Load) - Vo (max Load) Load Regulation (% V() = Vo (min Load) x 100

Cin =

)
J1
-
o
=
=

Figure 3. Standard Test Circuit

|||—

Cin 7~ 1.0 pF CoT10pF
GD " ' RL @D

Ry $120
Adjust O
Vin Vout
O— LM337 —O0—= @
Vo
ToCalculate Rp:  Rp=|—— -1|Rg
Vref * Pulse testing required.
This assumes IAdj is negligible. 1% Duty Cycle is suggested.
Figure 4. Ripple Rejection Test Circuit
l ! T
= +
R2 3 1% CAdj T~ 100F
+
Cin /= 1.0pF l Co ~1.0pF RL Q‘D
Adjust
Jus Ry $ 120 Dp* 1N4002
Vin Vout
O—e—0— LM337 —o

Vout =-125V

* D1 Discharges Cagj if output is shorted to Ground.

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
datasheets and/or specifications can and do vary in differentapplications and actual performance may vary over time. All operating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
ordeath may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

4 MOTOROLA ANALOG IC DEVICE DATA




AVqyt, OUTPUT VOLTAGE CHANGE (%)

80
75
70
65
60
55
50

Iadj, ADJUSTMENT CURRENT (LA)

45
40

1.27

1.26

1.25

1.24

Vyef, REFERENCE VOLTAGE (V)

123

Figure 5. Load Regulation

LM337

IL=05A
\\\ T
N,
Vin=-15V IL=15A
Vout =-10V

-50 -25 0 25 50 75 100 125 150
T3, JUNCTION TEMPERATURE (°C)

Figure 7. Adjustment Pin Current

Vin-Vout, INPUT-OUTPUT VOLTAGE

-50 -25 0 25 50 75 100 125 150
T3, JUNCTION TEMPERATURE (°C)

Figure 9. Temperature Stability
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Figure 6. Current Limit

N T)=25°C

=
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I
I
I
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Vin—Vout ,» INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)

Figure 8. Dropout Voltage

| |
Vou'[ =50V
AV =100mV
N 0
~l \\\ IL=15A
T —
< I
\ \\\
‘\
S e e
[ — \\ \Sloo mAl
\§\\200 mA
SN0 mA
50 25 0 25 50 75 100 125 150

Tj, JUNCTION TEMPERATURE (°C)

Figure 10. Minimum Operating Current

//
//
Ty=25°C //
/ g
10 20 30 40

Vin—Vout » INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)
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Figure 11. Ripple Rejection versus Output Voltage
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Figure 13. Ripple Rejection versus Frequency
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. Figure 15. Line Transient Response
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Figure 12. Ripple Rejection versus Output Current
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Figure 14. Output Impedance
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Figure 16. Load Transient Reponse
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APPLICATIONS INFORMATION

Basic Circuit Operation

The LM337 is a 3—terminal floating regulator. In operation,
the LM337 develops and maintains a nominal —-1.25 V
reference (Vyef) between its output and adjustment terminals.
This reference voltage is converted to a programming current
(IPROG) by R1 (see Figure 17), and this constant current flows
through R2 from ground.

The regulated output voltage is given by:

Ry
Vout = Vret (1 + R_l) +lag R2

Since the current into the adjustment terminal (Iadj)
represents an error term in the equation, the LM337 was
designed to control Ipgj to less than 100 pA and keep it
constant. To do this, all quiescent operating current is
returned to the output terminal. This imposes the requirement
for a minimum load current. If the load current is less than this
minimum, the output voltage will rise.

Since the LM337 is a floating regulator, it is only the
voltage differential across the circuit which is important to
performance, and operation at high voltages with respect to
ground is possible.

Figure 17. Basic Circuit Configuration

degrading regulation. The ground end of R2 can be returned
near the load ground to provide remote ground sensing and
improve load regulation.

External Capacitors

A 1.0 pF tantalum input bypass capacitor (Cjn) is
recommended to reduce the sensitivity to input line
impedance.

The adjustment terminal may be bypassed to ground to
improve ripple rejection. This capacitor (Cadj) prevents ripple
from being amplified as the output voltage is increased. A
10 uF capacitor should improve ripple rejection about 15 dB
at 120 Hz in a 10 V application.

An output capacitance (CQ) in the form of a 1.0 puF
tantalum or 10 pF aluminum electrolytic capacitor is required
for stability.

Protection Diodes

When external capacitors are used with any IC regulator it
is sometimes necessary to add protection diodes to prevent
the capacitors from discharging through low current points
into the regulator.

Figure 18 shows the LM337 with the recommended
protection diodes for output voltages in excess of —25 V or

1 O * Vout high capacitance values (Co > 25 pF, Cadj> 10 4F). Diode D3
Ry prevents Co from discharging thru the IC during an input
IPROG short circuit. Diode D2 protects against capacitor Cadj
+ discharging through the IC during an output short circuit. The
Co combination of diodes D1 and D2 prevents Cagj from the
Adjust Vief R1 discharging through the IC during an input short circuit.
\ Figure 18. Voltage Regulator with Protection Diodes
Vino— LM337 [O— 0 - Vout ‘ 0 +Voyt
Vout J_- R _L+
= 2 CAdj
R + T L
Vref =-1.25 V Typical Cin . Co
Load Regulation Adjust Ry D2
i idi 1N4002
The_LM337 is capable of pl’QVIdIng extremely good Ioa_d Vip o Lm337 Vgt
regulation, but a few precautions are needed to obtain Vin Vout
maximum performance. For best performance, the ‘
) - g
programming resistor (R1) should be connected as close to D1
the regulator as possible to minimize line drops which 1N4002
effectively appear in series with the reference, thereby
Figure 19. D 2PAK Thermal Resistance and Maximum
Power Dissipation versus P.C.B. Copper Length
80 I B B — 35 s
o PD(max) for Tp = +50°C %
:Zc) s 0K FreeAr — — 30
5 O |~ Mounted T &
ﬁ }:_('{ 60 , Verticall /4/ 2.0 0z. Copper ||, ¢ %
‘4_ _>‘ ! o
=0 \ L 1 o
= 2 N i T S
@ 8 50 /< M_nlmum oo &
|j_: 5 / 7/ \\ y Size Pad L %
= vV I =
@ T~ T=
RTJA — &
o
30 1.0
0 5.0 10 15 20 25 30
L, LENGTH OF COPPER (mm)
=
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OUTLINE DIMENSIONS

T SUFFIX
PLASTIC PACKAGE
CASE 221A-06

ISSUE Y
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
—T | SEATING 2. CONTROLLING DIMENSION: INCH.
— 3. DIM Z DEFINES A ZONE WHERE ALL BODY AND
C le— LEAD IRREGULARITIES ARE ALLOWED.
=
INCHES MILLIMETERS
|_ DIM [ MIN | MAX | MIN | MAX
A | 0570 | 0.620 | 14.48 | 1575
B_ | 0.380 | 0.405 | 9.66 | 10.28
C | 0160 | 0190 | 407 | 482
D | 0.025 | 0035 | 064 | 088
F_| 0142 | 0147 | 361 | 3.3
G| 0095 | 0.105 | 242 | 266
H_ | 0410 | 0.155 | 2.80 | 3.93
J_| 0018 | 0025 | 046 | 0.64
K| 0500 | 0562 | 12.70 | 14.27
L [ 0045 | 0060 | 115 | 152
N_ [ 0490 | 0210 | 483 | 5.33
: « R Q [ 0100 | 0.120 | 254 | 304
R_| 0.080 | 0.110 | 204 | 279
J S | 0045 | 005 | 115 | 1.39
T | 0235 | 0255 | 597 | 647
U_| 0000 | 0.050 | 000 | 127
vV 0045 | - [ 115 | -
z — 0080 | - | 204
D2T SUFFIX
PLASTIC PACKAGE
CASE 936-03
(D2PAK)
ISSUE B
OPTIONAL NOTES:
CHAMFER | —T TERMINAL 4 1 DIMENSIONING AND TOLERANCING PER ANSI
| | - Y14.5M, 1982.
¢ [ A >| E—> | e— U —> 2 CONTROLLING DIMENSION: INCH.
3 TAB CONTOUR OPTIONAL WITHIN DIMENSIONS
_E AANDK.
4 DIMENSIONS U AND V ESTABLISH A MINIMUM

MOUNTING SURFACE FOR TERMINAL 4.

5 DIMENSIONS A AND B DO NOT INCLUDE MOLD
FLASH OR GATE PROTRUSIONS. MOLD FLASH
AND GATE PROTRUSIONS NOT TO EXCEED
0.025 (0.635) MAXIMUM.
INCHES MILLIMETERS
|DIM| MIN | MAX | MIN | MAX
A | 0386 | 0.403 | 9.804 |10.236
B | 0356 | 0.368 | 9.042 | 9.347
C | 0170 | 0.180 | 4.318 | 4572
D | 0026 | 0.036 | 0.660 | 0.914
E | 0045 | 0055 | 1.143 | 1.397
N —>| F 0.051 REF 1.295 REF
R G 0.100 BSC 2.540 BSC
H [ 0539 [ 0579 [13.601 [14.707
J 0.125 MAX 3.175 MAX
K 0.050 REF 1.270 REF
L | 0.000 | 0.010 | 0.000 | 0.254
M | 0088 | 0102 | 2235 | 2591
N | 0018 | 0.026 | 0.457 | 0.660
P | 0058 | 0.078 | 1.473 | 1.981
R 5°REF 5°REF
S 0.116 REF 2.946 REF
u 0.200 MIN 5.080 MIN
v 0.250 MIN 6.350 MIN
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