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LF155/LF156/LF157 Series

Typical Applications (Continued)

High Impedancs, Low Drift instrumentation Amplifier
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® Tnm R3 to boost up CMRR to 120 dB Instrumentation ampl:f.er
Resistor array RA201 (Nationat Semiconductor) recommenced
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Both ampilifiers {A1, A2) have feedbach foops indivi
shoot neghigibie)

Acquisition time T 4, estimated by:
2R0N. VN, C
Tas [ ON. Vin. Ch

ity closad with stable responsas (over-

w2
provided that:

Sr
VinG
VIN < 23S, RoN Chand Ta > —0-N g o swi
loUT(MAX)
If inequality not satisfied: Tp a VinCh
20 mA

LF 156 developes full S, output capability for VIN2 tV

Addition of SW2 improves accuracy by putting the voltage drop across SW1 inside the feedback
loop

Qversil accuracy of system determined by the accuracy of both ampilifiers, A1 and A2
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Typical Applications (Continued) A
High Accuracy Sample and Hold 0‘
n 82
s N
. o AAA~ g
1 2
o 3
o
N
r
“
=N
v 6]
N
w
-1y ®
=
e By closing the loop through A2, the VOuUT sccuracy will be determined uniqusiy by A1, m
No Vs adjust required for A2. v

® T can be estimated by same considerstions as previously but, becsuse of the added
propagation delay in the feedback loop {A2) the overshoot is not negligible.

® Overali system siower than fast sample and hold

R1, Cc: additional compensation

¢ Use LF156 for
4 Fast settling time

& LowV(g
High Q Band Pass Filter
ct
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& B8y adding positive feedback (R2)
Q increases to 40

o tgp = 100 kHz

Your | ouF
Vin

® Ciean layout recommended
® Response t0 8 1 Vp-p tone burst:
300 us

High Q Notch Fiiter

—O voyr s 2R1=R=10MQ

2C = C1 = 300 pF
® Capacitors should be matched to obtain high Q
* fNOTCH = 120 Hz, notch = —55 dB, Q > 100
® Use LF155 for

A Lowlg

4 Low supply current
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National
Semiconductor

Voltage Regulators

LM117/LM217/LM317 3-terminal adjustable regulator

general description

The LM117/LtM217/LM317 are adjustable 3-terminal
positive voltage regulators 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 regula-
tors. 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
availabie only in IC’s, Included on the chip are current
limit, thermal overload protection and safe area protec-
tion. All overload protection circuitry remains fully
functional even if the adjustment terminal is
disconnected.

features

®  Adjustable output down to 1.2V

® Guaranteed 1.5A output current

® Line regulation typicaily 0.01%/V

® | oad reguiation typically 0.1%

® Current imit constant with temperature

8 100% electrical burn-in

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

® B0 dB ripple rejection

Normally, no capacitors are needed unless 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 adjustment terminal can be bypassed to achieve
very high ripple rejections ratios which are difficult
to achieve with standard 3-terminal regulators.

Besides replacing fixed regulators, the LM117 is useful
in a wide variety of other applications. Since the regu-
lator is ““floating” and sees only the input-to-output
differential voltage, supplies of several hundred volts
can be regulated 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
connecting a fixed resistor between the adjustment and
output, the LM117 can be used as a precision current
regulator. Supplies with electronic shutdown can be
achieved by clamping the adjustment terminal to ground

which programs the output to 1.2V where most oads
draw little current.

The LM117K, LM217K and LM317K are packaged in
standard TO-3 transistor packages while the LM117H,
LM217H and LM317H are packaged in a solid Kovar
base TO-5 transistor package. The LM117 is rated for
operation from -55°C to +150°C, the LM217 from
-25°C to +150°C and the LM317 from 0°C to +125°C.
The LM317T and LM317MP, rated for operation over a
0°C to +125°C range, are availabie in a TO-220 plastic
package and a3 TO-202 package, respect:vely.

For applications requiring greater cutput current in
excess of 3A and 5A, see LM150 series and LM138
series data sheets, respectively For the negative comple-
ment, see LM137 series data sheet

LM117 Series Packages and Power Capabitity

RATED DESIGN

DEVICE | PACKAGE POWER LOAD
DISSIPATION | CURRENT

LM117 703 20w 1 5A
LM217
LM317 T0-39 2w 05A
tM317T TO 220 15W 1 5A
LM317M T0-202 7 5W 0 5A

typical applications

1.2V-25V Adjustable Regulator

LME17

vig v

Digitally Selected Outputs

LM211)

N Vi Vour
AD3

5V Logic Reguiator with
Electronic Shutdown®
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'Opnonal—-imoroves transient
response
*Needed 1f device is far from
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Ptvgur = 1.25v (I + ;) Sets maximum V1 ® Min output = 1 2V
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N~
c",; absolute maximum ratings
E Power Dissipation Internally limited
-d Input—-QOutput Voltage Differential 40v
~ Operating Junction Temperature Range
N~ LM117 ~56°C to +150°C
| &N LM217 -25°C 10 +150°C
s LM317 0°C to +125°C
- Storage Temperature -65°C 1o +150°C
~ Lead Temperature (Soldering, 10 seconds) 300°C
v+ | preconditioning
- .
E Burn-in in Thermal Limit 100% All Devices
=l | electrical characteristics (Note 1)
LM117/217 LM317
PARAMETER CONDITIONS UNITS
MiN TYP MAX MIN TYP MAX
Line Regulation TA=25°C.3v< VN - VouTt <40V 0.01 0.02 0.0 0.04 %/V
{Note 2}
Load Regulation Ta=25°C. 10 mA < IguT < 'MAX
VouT <5V, {Note 2} 5 15 5 25 mv
VQOUT > 5V. {Note 2} 0.1 03 0.1 05 %
Thermal Regulation TA = 25°C. 20 ms Pulse 0.03 0.07 0.04 0.07 %/W
Adjustment Pin Current 50 100 50 100 uA
Adjustment Pin Cusrent Change 10mA <1 <imax 0.2 5 0.2 5 uA
25V <{VIN-VQouT) <40V
Reference Voltage 3 <IVIN-VOUTH < 40V. (Note 34 1204 125 1.30 1.20 | 1.25 1.30 v
10mA <oyt <'Max. P <Pmax
Line Regulation v< V.|N —- VouT <40V, (Note 2) 0.02 0.05 0.02 007 %/V
Load Regulation 10 mA <oyt < Imax. (Note 2)
VouTt <5V 20 50 20 70 mv
VOuT > 5V 03 1 03 1.5
Temperature Stability TMIN ST < Tmax 1 1
Minimum Load Current VIN-VOUT = 40V 38 5 35 10 mA
" Current Limit VIN-VOuT < 15V
K and T Package 15 2.2 15 22 A
H and P Package 0s | 08 05 | o8 A
VIN-VOouT =40V
K and 7 Package 04 04 A
H and P Package 0.07 0.07 A
RMS Output Noise, % of VouT Ta = 25°C. 10 Hz < { < 10 kHz 0.003 -1 0.003
Ripple Rejection Ratio VouT =10V, f = 120 H2 65 65 d8
CaDJ = 10uF 66 | 80 66 | 80 a8
Long-Term Stabitity Ta =125°C 0.3 1 03 1 %
Thermal Resistance, Junction to Case | H Package 12 15 12 15 ‘cw
K Package 23 3 23 3 ‘cmw
T Package 4 ‘CW
P Package 12 i
Note 1: Uniess otherwise specified, these specifications spply: -56°C < Tj < +150°C for the LM117, -25°C < Tj < +150°C for the LM217 and
0°C < Ty < +125°C tor the LM317; VIN—VOUT * 5V and IgyT * 0. 1A for the TO-6 and T0O-202 packages and 'ouT = 0.5A for the TO-3 pack-
~ age and ,TO»220 Package. Although power dissipation is internally limited, these spacifications are applicable for power dissipations of 2W for the
4 TO-6 and TO-202 and 20W for the TO-3 and TO-220. IMAX it 1 5A for the TO-3 and TO-220 package and 0.5A for the TO-5 and T0-202 package.
= Note 2: Regulation is messured st constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to
:' heating effects are covered under the specification for tharmat reguiation.
- Note 3: Selected devices with tightend tolerance reference voltage svailable.
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typical performance characteristics (K and T Packages)
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LM117/LM217/LM317

application hints

In operation, the LM117 develops a nominal 1.25V
reference voitage, VREF, between the output and
adjustment terminal. The reference voltage is impressed

" across program resistor R1 and, since the voltage is con-

stant, a constant current Iy then flows through the
output set resistor R2, giving an output voltage of

R2
VouT = VREF (l + ﬁ) +1apyR2

ik
T

FIGURE 1.

Since the 100uA current from the adjustment terminal
represents an error term, the LM117 was designed to
minimize 1ADjy and make it very constant with line
and load changes. To do this, ail qu.escent operating
current is returned to the output esstabishing a mini-
mum load current requirement. It there s insufficient
load on the output, the output wiil rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1uF
disc or 1uF solid tantalum on the input s suitable input
bypassing for almost all applications. The device is more
sensitive 1o the absence of input bypassing when adjust-
ment or output capacitors are used but the above values
will eliminate the possibility of probiems.

The adjustment terminal can be bypassed to ground on
the LM117 to improve rippie rejection. This bypass
capacitor prevents ripple from being amplified as the
output voltage is increased. With a 10uF bypass capa-
citor 80 dB rippie rejection is obtainabie at any output
level. increases over 10uF 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 damaging the device.

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

Although the LM117 is stable with no output capa-
citors, like any feedback circuit, certsin values of
external capacitance can cause excessive ringing. This
occurs with values between 500 pF and 5000 pF,
A 1uF solid tantalum (or 25uF aluminum electrolytic)
on the output swamps this effect and insures stability.

Load Regulation

The LM117 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 240Q2) should be tied directly to the
output of the regulator rather than near the load. This
eliminates line drops from appearing effectvely in series
with the reference and degrading regulation. For exam-
ple, a 15V regulator with 0.058 resistance between the
regulator and load will have a load regulation due to
line resistance of 0.05Q2 x Iy . If the set resistor is con-
nected near the load the effective line resistance will be
0.052 (1 + R2/R1) or in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu-
lator and 24012 set resistor.

LMty
Ry
Vig—t¥m  Vour [—Vauv
AQS
< r
S
{
]
FIGURE 2. Reguil with Line R

in Output Leed

With the TO-3 package, it is easy to minimize the resis-
tance from the case to the set resistor, by using two
separate leads to the case. However, with the TO-5
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 10uF 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 & reguiator
and the input is shorted, the output capacitor will
discharge into the output of the regufator. The discharge
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application hints (con‘t)

current depends on the value of the capacitor, the
output voltage of the regulator, and the rate of decrease
of ViN. 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 25uF or less, there
is no need to use diodes.

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 LM117 is a 5052 resistar which timits 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.

>’

-

4
e (2
T .
— Vourt = 1.25V (? f——R—;) + R21aDy

O protects against C1
D2 protects against C2

FIGURE 3. Regulatar with Protmctron Diwodes

schematic diagram
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LM117/LM217/LM317

typical applications {con't)
Slow Turn-On 18V Regutator

LM117

(11
LRMS

H

Adjustable Regulator with improved
Rippie Rejection
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1A Current Reguistor
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*Lights in constant current mode
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typical applications (con't)

High Gain Ampiifier Low Cost 3A Switching Regulstor
v a
I
L1 GMN®
. n [T
ot Wy —4 Vin  Vourb=AAAS 10V T0 32V
2¢ ADJ
4 AAA
Re L3}
p— JuTPYT - | ‘/ Iy 28 R
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"‘; @5 AT~ I ABIUST g TS 1!
» A“V“' ’
RPUT —AAA~ LS
<SR
Sn L
9 [$1 1m0
_i 05t
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Solid Tantalum

“#Core—Arnold A-254168-2 80 turns

4A Switching Regulator with Ovariosd Protection Precision Current Limiter

3 LMISS N PARALLEL

\

. 12
ptour - 37

*0.802 < R1 < 1200

Tracking Prersguiatos

A2
"
Vour > AAA
ravie v i
At
28 Mg
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Vig Vin  Vour (L] . QUY V1
>
LMY :. L]
b . > 124
hem €4 1 [3]
105t VLF [
g ‘-/&um
/3 st
= -L

t‘\Sc'hct Tantalum
*Core Arnoid A-254188-2 60 turns

High Voltage Regulstor Adjusting Muitiple On-Card Reguistors
with Single Control®

LMY vy Yin  Vour Your Vi vourt Vg vour'
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vm i T
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3 * Qus |
pAt
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L.
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LM117/LM217/LM317

typical applications (con‘t)

AC Volitage Regulistor Adjustsbie 4A Reguistor
L)
2
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g out 1 e
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W 82
12vpe [ | " e 3
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—%— "ne Qe %—-
2
v Te IV
120Q
X7 |
wm Vour
™37
12V Battery Charger
[ [
a0y
sm =
S I
sm
::ua
- Lu31?
R2
*Rg—sets output wmpedance of charger Zoyt=~ Rg {1 +—
Use of Rg ailows low charging rates with fully Rt S
charged batiery 148
e
e
50 mA Constant Current Battery Charger ‘:l n
<
L3t TH
3
L 3
:'.L *Sets peak current {0.6A for 102)
connection diagrams
(TO-3 Stael} {TO-39) {TO-220} (TO-202)
Motal Can Package Moetal Can Package Plastic Package Plastic Paciage
AQJuSTEERT Vig ﬁ
O O l..
v be—vour
cAsE 1S : :
ouTIUT ! :
CASE 1S QUTPYUT o 5
s0TT0m vitw wiowview e
Order Number: Order Number:
LM117K STEEL LMI17H v
LM217K STEEL LM217H ~ = .
LM317K STEEL LM317H
See NS Paciags K02A Sos NS Package HO3A A Vi
Vouy
Your FAONT viEw
Order Number: Order Number:
LMATT LM317me
$es NS Package TO3S $ee NS Paciage POIA
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