LT137A/LM137
. , LT337A/LM337
TECHNOLOGY |

Negative Adjustable
Regulator

FERTURES DESCRIPTION |
m Quaranteed 1% Initial Voltage Tolerance The LT137A/LT337A negative adjustable regulators
m Guaranteed 0.01%/V Line Regulation will deliver up to 1.5Amps output current over an out-
m Guaranteed 0.5% Load Regulation put voltage range of —1.2V to —37V. Linear Technol-
m Guaranteed 0.02%/W Thermal Regulation ogy has made significant improvements in these
= 100% Burn-in in Thermal Limit regulators compared to previous devices, such as bet-

ter line and load regulation, and a maximum output
voitage error of 1%.

Every effort has been made to make these devices

APPLICATIONS easy to use and difficult to damage. Internal current
and power limiting coupled with true thermal limiting

a Adjustable Power Supplies prevents device damage due to overloads or shorts,

m System Power Supplies even if the regulator is not fastened to a heat sink.

u Precision Voltage/Current Regulators

= On-Card Regulators Maximum reliability is attained with Linear Technol-

ogy’s advanced processing techniques combined with
a 100% burn-in in the thermal limit mode. This as-
sures that all device protection circuits are working
and eliminates field failures experienced with other
regulators that receive only standard electrical
testing.
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ABSOLUTE MAXIMUM RATINGS

mCKﬂGG /ORDER INFORMATION

Power Dissipation ............ Internally Limited
. . BOTTOM VIEW BOTTOM VIEW
Input to Output Voltage Differential .......... 40V ngTD El% ORDER
Operating Junction Temperature Range A0J Vour '
LT137A/LM137 ............ —55°C to 150°C m 1%77%
LT337A/LM337 ................ 0°Cto 125°C > '
LT337AK | icismeur LT337AH
Storage Temperature Range CASEISYN | 'M33T7K LM337H
LT137A/LM137 ............ —65°C to 150°C K PACKAGE H PACKAGE
LT337A/LM337 ............ —65°C to 150°C ———
: o ORDER
Lead Temperature (Soldering, 10 sec.)...... 300°C
[ vour PART NO.
[ ————~W
PRECONDITIONING O] B== o
LM337T
100% THERMAL LIMIT BURN-IN T PACKAGE
ELECTRICAL CHARACTERISTICS (See Note 1)
LT137A LM137
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN  TYP  MAX UNITS
Vrer Reference Voltage |Vin—=Vour| = 5V, lour = 10mA,
| = 25°C —1.225 —1.250 —1.275 v
3V < |V — Vour| <40V
10mA < lour < Iwax, P < Puax —1.200 —1.250 —1.300 v
AVoyr Load Regulation 10mA < lgyr < Iyax, (See Note 2)
Aloyr T; = 25°C, |Vour| < 5V 5 25 mv
T; = 25°C, |Vour| = 5V 03 05 %
[Vour| < 5V ° 20 50 mv
|Vour| = 5V ° 03 10 %
AVoyr Line Regulation 3V < |Vin—Vour| < 40V, (See
AViy Note 2)
T, = 25°C 0.01 002 %/V
002 0.05 %IV
Rippie Rejection Voyr = —10V, f = 120Hz
Caw=0 60 dB
Capy = 10uF 66 77 dB
Thermal Regulation T = 25°C, 10msec Pulse 0.002 0.02 0.002 0.2 %/W
lany Adjust Pin Current 65 100 uh
Alapy Adjust Pin Current Change 10mMA < lgyr < lyax 05 5 uhA
3V < Vy Vour < 40V 2 5 uhA
Minimum Load Current |Vin—Vour| < 40V 25 50 mA
[Vin—Vour| < 10V 12 30 mA
|sc Current Limit IVm—Voml < 15V,
K and T Package e 15 22 3.2 15 22 A
H Package ®e| 05 08 15 05 08 A
{Vin—Vour | = 40V,
K and T Package 024 04 1.0 024 04 A
‘ T, =25°C H Package 015 025 05 0.15 025 A
AVoyy Témperature Stability of Output
_TQ—A emp Voltage (Note 4) Tan < T < Tyax 0.6 %
AVoyr Long Term Stability Ta = 125°C, 1000 Hours 03 1.0 %
ATime
€n RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz 0.003 0.003 %
(% of Vour)
8 Thermal Resistance H Package 12 15 12 15 °C/W
Junction to Case K Package 2.3 3.0 2.3 3.0 °C/W
O
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€LECTRICAL CHARACTERISTICS (See Note 1)

LT337A LM337
SYMBOL PARAMETER CONDITIONS MK TYP  MAX MIN TYP  MAX UNITS
Veer Reference Voitage [Vi— VouT| = 5V, loyr = 10mA, . .
Tj=25° L | —1.213 —1.250 —1.287 v
V < iVm - Vourl <40V . ( .
10mA < lgyr < lwax, P < Puax (1 0 - { —1.200 —1.250 —1.300 Vv
AVoyt Load Regulation 10mA < lgyt < Imax, (See Note 2 &
Algur 3)
T; = 25°C, [Vour | < 5V 5 25 15 50 mV
T, = 25°C, [Vour | = 5V 01 05 03 10 %
[Vour| < 5V ° 10 50 20 70 mv
[Vour| = 5V ° 02 10 _ 03 15 %
AV, Line Regulation 3V < |V~ Vour| < 40V, (SeeNote | | .
AVl
T, = 25°C 001 0.04 %/V
002 0.07 %/V
Rippie Rejection Vour = — 10V, f = 120Hz
Cany = 60 dB
Cany = 104F 66 77 dB
Thermal Regulation T, = 25°C, 10msec Pulse 0003 004 %/W
lay Adjust Pin Current 65 100 uhA
Alagy Adjust Pin Current Change 10mA < 05 5 uhA
V< |v.,. vom"fi 40V 2 5 .
Minimum Load Current [Vin—Vour| < 40V 25 10 mA
|Vin—Vour| < 10V 1 6 mA
Is Current Limit [Vin—Vour| < 15V,
K and T Package (] J 5| 15 22 A
H Package 'y 15 1 05 08 A
|Vin—Vour | = 40V,
K and T Package 015 04 A
T; = 25°C H Package . 0.10 0.17 A
AV Temperature Stability of Qutput .
ATemp Voltage (Note 4) o) a8 15 0.6 %
AV Long Term Stability Ta = 125°C, 1000 Hours 0.3 03 1.0 %
ATime
€n RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz 0.003 %
(% of Vour)
Oyc Thermal Resistance H Package 12 15 °C/IW
Junction to Case K Package 23 3.0 °CIW
T Package 3 5 °C/W

The @ denotes the specifications which apply over the full operating
temperature range.

The shaded electrical specifications indicate those parameters
which have been improved or guaranteed test limits provided for the

first time.

Note 1: Unless otherwise indicated, these specifications apply:
5V; and lgyr = 0.1A for the H package, loyr = 0.5A
fortheKand T packages. Power dissipation is internally limited.

|Vin —

Vour| =

Note 2: Testing is done using a pulsed low duty cycie technique. See
thermal regulation specifications for output changes due to heating
effects. Load regulation is measured on the output pin at a point 1/8”
below the base of the K and H package and at the junction of the
wide and narrow portion of the lead on the T package.

Note 3: Load Regulation for the LT337AT is the same as for LM337T

Note 4: Guaranteed on LT137A and LT337A, but not 100% tested in
production.

However, these specifications apply for power dissipation up to 2W
for the H package and 20W for the K and T packages. Iyax = 1.5A
for the K and T packages, and 0.2A for the H package.
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- N
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LT337A/LM337
_ _ . A ]
TYPICAL PERFORMANCE CHARACTERISTICS
Load Regulation* Current Limit Adjustment Current
3 T T T 80
Tj = 25°C
. 04 - = = = Tj=-55°C | 75
= L — — — Tj= 150°C =
é 02 =2 t:‘—?\ TaNDK = 0 | >
Nornde® TN LA
I =—==" RN ! o
2 02 4L 'é H \ AN ™~ =
5 I AN s SS
-0.4 ~F e oo
0 0.4 0.8 1.2 16 2.0 0 10 20 30 40 50—75 -50-26 0 25 50 75 100 125 150
OUTPUT CURRENT (A) INPUT-QUTPUT DIFFERENTIAL (V) TEMPERATURE (°C)

*The LT137A/337A has load regulation com-
pensation which makes the typical unit read
close to zero. This band represents the typi-
cal production spread.

APPLICATION INFORMATION absorb the current, but care must be taken in no-load
) ) situations where Ry and R, have high values. The n
Output Voltage: The output voltage is determined by  maximum value for the operating current, which must
two external resistors, Ry & R, (see Figure 1). The ex- e ahsorbed, is 5mA for the LT137A. If input-output
act formula for the output voltage is: voltage differential is less than 10V, the operating cur-
Vour = Vet (1 + _2_? ) + oy (Ra) rent that must be absorbed drops to 3mA.

Where: Ve = Reference Voltage, 1ap; = Adjustment
Pin Current. In most applications, the second term is
small enough to be ignored, typically about 0.5% of
Vour. In more critical applications, the exact formula
should be used, with |,p, equal to 654a. Solving for R,
yields:

Y|
PAl
(]
w

Vout
R, = Vour V Ret
) = —

Vet
R + lapy

Figure 1

Smaller values of R4 and R, will reduce the influence of MPLES:
laps On the output voltage, but the no-load current ~ EXAMPLES:
drain on the regulator will be increased. Typical values ! A Precision 10V regulator to supply up to 1Amp load current.
for Ry are between 1009 and 3009, giving 12.5mA 2 SelectRy = 1000 to minimize effect of lap,
and 4.2mA no-load current respectively. There is an b. Calculate Ry = YUt — Vet _ 10V —125V _ .0
additional consideration in selecting Ry, the minimum ? oy 2BV 654
O ;
load current specification of the regulator. The operat-  , , 15y regulator to run off batteries ang Supply 50mA.
ing current of the LT 137A flows from input to output. If Vin MAX = 25V
this current is not absorbed by the load, the output of a. To minimize battery drain, select Ry as high as possible
the regulator will rise above the regulated value. The Ry = 12V _ 4170, use 4040, 1%
current drawn by R4 and R; is normally high enough to 3mA
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b. The high value for R4 will exaggerate the error due to lzp,, S0
the exact formula to calculate R, should be used.

ro = Vour — Vesr _ 16V — 125V
- -

Vot _ | 12V _ g5 x 108

Ry A T04g
Use R, = 4530Q

= 4539Q

Capacitors and Protection Diodes: An output capacitor,
C3, is required to provide proper frequency compen-
sation of the regulator feedback loop. A 1xF or larger
solid tantalum capacitor is generally sufficient for this
purpose if the 1MHz impedance of the capacitor is 22
or less. High Q capacitars, such as Mylar, are not rec-
ommended because they tend to reduce the phase
margin at light load currents. Aluminum electrolytic
capacitors may also be used, but the minimum value
should be 10xF to ensure a low impedance at 1MHz.
The output capacitor should be located within a few
inches of the regulator to keep lead impedance to a
minimum. The following caution should be noted: if
the output voltage is greater than 6V and an output ca-
pacitor greater than 20uF has been used, it is possible
to damage the regulator if the input voltage becomes
shorted, due to the output capacitor discharging into
the regulator. This can be prevented by using diode DI
(see Figure 2) between the input and the output.

The input capacitor, C2, is only required if the regula-
tor is more than 4 inches from the raw supply filter
capacitor.

Bypassing the Adjustment Pin: The adjustment pin of the
LT137A may be bypassed with a capacitor to ground,
C1, to reduce output ripple, noise, and impedance.
These parameters scale directly with output voltage if
the adjustment pin is not bypassed. A bypass capaci-
tor reduces ripple, noise, and impedance to that of a
1.25V regulator. In a 15V regulator for example, these
parameters are improved by 15V/1.25V = 12 to 1.
This improvement holds only for those frequencies
where the impedance of the bypass capacitor is less
than Ry. Ten microfarads is generally sufficient for
60Hz power line applications where the ripple fre-
quency is 120Hz, since X; = 130Q. The capacitor
should have a voltage rating at least as high as the
output voltage of the regulator. Values larger than
10.F may be used, but if the output is larger than 25V,
a diode, D2, should be added between the output and
adjustment pins (see Figure 2).

|y +
-
F__.

AA

A A4

D
£8
=R
QL

—VN —Vour

D1 * IN4002

* D1 protects the regulator from input shorts to  ** D2 protects the adjust pin of the requiator
ground. It is required only when C3 is larger from output shorts if C2 is larger than 10uF
than 20uF and Vit is larger than 6V. and Vour is larger than —25V.

Figure 2

Proper Connection of Divider Resistors: The LT137A has
an excellent load regulation specification of 0.5% and
is measured at a point 1/8” from the bottom of the
package. To prevent degradation of load regulation,
the resistors which set output voltage, R1 and R2,
must be connected as shown in Figure 3. Note that the
positive side of the load has a true force and sense
(Kelvin) connection, but the negative side of the load
does not.

Lead resistance here does not
/ affect load reguiation.

ll ’ 1

LOAD

R1

—ViN

N

Lead resistance here degrades
load regulation. Minimize
the length of this lead.

Connect R1 directly to
Regulator Pin.

Figure 3

R1 should be connected directly to the output lead of
the regulator, as close as possible to the specified
point 1/8” from the case. R2 should be connected to
the positive side of the load separately from the posi-
tive (ground) connection to the raw supply. With this
arrangement, load regulation is degraded only by the
resistance between the regulator output pin and the
load. If R1is connected to the load, regulation will be
degraded.
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T\'P'Cﬂl. HPPI.ICH‘I'IOI'IS High Stability Regulator
The output stability, load regulation, line regulation, _L—
thermal regulation, temperature drift, long term drift, = Rt B
and noise, can be improved by a factor of 6.6 over the T
standard regulator configuration. This assumes a f | T
zener whose drift and noise is considerably better "
than the regulator itself. The LM329B has 20PPM/°C )
maximum drift and about 10 times lower noise than o Ivour! -
the regulator. R = O — — 9080
I Dual Tracking Supply + 1.25V to 20V
In the application shown below, regulators #2 to “N” ual Tracking Suppy = °
will track regulator # 1 to within +24mV initially, and
to +=60mV over all load, line, and temperature condi- +Vn VN LT317A Vour ’ +— +Vour
tions. If any regulator output is shorted to ground, all ADY
other outputs will drop to =~ —2V. Load regulation of Ay thaze Lo
regulators 2 to “N” will be improved by Voyr/1.25V 1% T4 A o0z
compared to a standard regulator, so regulator #1 { Te
should be the one which has the lowest load current. W{ 35 lna
L b 5k
Muitiple Tracking Regulators L 1042 1% i ! -],-
Ti* r
-V ‘ - —Vour

* Solid Tantalum
** R4 or Rs may be trimmed slightly to improve tracking

Current Regulator

Le,

SOLID TANTALUM

b———o (+)
]
1.25V
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SCHEMATIC DIRGRAM w
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3 150°C | 3°CW 337A | 125°C | 4°Cw 7R 1 1s00c | 15°cw
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