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This manual has been created and arranged to simplify the task of selecting an appropriate three-terminal regulator
according to your specific system needs. Information is also supplied on heat sink selection and design, power
transformer and filter specification, and on various extended use applications for the basic three-terminal and dual
tracking regulators.

If a system supply already exists and regulation is required at a current range or voltage listed in Figure 1.2, selection
is relatively easy. Make initial selection from Figure 1.2 and the data sheet summary in Section 2, then go directly to
the product selection procedures of Section 3.

Where a heat sink is required (possible with K, S, T & P suffix devices). refer to Sections 5 and 6 on heat sink selec-
tion and design.

For small systems using only one regulator or if a system supply does not yet exist, Section 8, Power Supply Design,
provides the information necessary to specify transformer output voltage and current, diode characteristics, and
filter capacitance.

For voltage regulation at other than the voltages listed in Figure 1.2, refer to the applications section, or consider
an adjustable regulator such as the LM105, LM723, LMl17, etc. Refer to the data sheets on these parts and to the
National Semiconductor Linear Applications Handbook. Section 1.4 compares the features and applications of
three-terminal and adjustable regulators.

A cross-reference listing the National Semiconductor part number most closely matching other manufacturers' part
numbers is in Appendix 6.

The trend in voltage regulation is toward localized regulation with smaller, low·cost, low·current, fixed-voltage Ie
regulators which require minimal or no heat sinking and few or no external components. In the past, one used
bulky, high power regulators or regulators made up of many discrete components to regulate a line which supplied
all areas of an electronic system. Unfortunately, the impedance of this line and associated connectors caused voltage
drops which varied throughout the system. Also, any common impedance in the line between chasses or cards could
allow unwanted coupling between critical parts of the system. These older systems often required considerable
bypassing or decoupling which caused degraded local regulation. More recently, simple three·terminal regulators
supplying one to three amps have been placed on individual cards within a system. These, however, are often larger
in capacity and price than is necessary for one-per-card use. If used to supply several cards and fully loaded, some of
the same old problems recur. The newest regulator designs emphasize low-current ranges and small, low-power, three-
lead packages. These regulators are available in a variety of positive and negative voltages'at current ranges of
100 mA to 3 A, some in packages as small as the TO-92 plastic small-signal transistor. There are also dual tracking
±100 mA regulators in TO-l00 or plastic power DIP packages. With this variety to choose from, it is now possible
to select the regulator for each application, and reduce cost significantly over competing approaches.
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Vo. NOMINAL REGULATED OUTPUT VOL fAGE - VOL TS

Note: All devices with TO-3 package dMignation (K end K STEEL) are supplied in Iteel TO-3 packages unless otherwise designated
as (AI) aluminum TO-3 package. All devices with KC package designation are supplied in aluminum TO·3.

Positive Output Voltage Negative Output Voltage
Output Fixed Adjustable2 Fixed Adjustable2

Current Output Voltage Output Voltage Output Voltage Output Voltage

5 Amp Device LM338
Output Voltage +1.2V to +33V
Package TO-3

3Amp Device LM323 LM350 LM345
Output Voltage +S.OV + 1.2V to +33V -S.OV, -S.2V
Package TO-3 TO-3 TO-3

1.5 Amp Device LM340-XX, LM78XX LM317 LM320·XX, LM79XX LM337
Output Voltage +SV,+6V,+8V,+10V. + 1.2V to +37V -5.0V, -5.2V, -6.0V, -8_0V, -1.2V to -37V

+12V,+1SV,+1SV,+24V High Voltage (HVI -9.0V, -12V, -15V, -1SV, High Voltage (HV)
+1.2V to +57V -24V -1.2V to -47V

Package TO-3, TO-220 TO-3, TO-220 TO-3, TO-220 TO-3, TO-220

0.5 Amp Device LM341·XX, LM78MXX LM317M LM320M, LM79MXX LM337M
Output Voltage +SV,+6V.+8V.+l0V, + 1.2V to +37V -5.0V, -5.2V, -6_0V, -8_0V -1.2V to -37V

+12V,+1SV.+18V.+24V -9.0V, -12V, -15V, -18V,
-24V

Package TO-202 TO-202, TO-39 TO-202, TO-391 TO-202, TO-39

0.2S Amp Device LM342·XX LM320ML
Output Voltage +SV,+6V,+8V,+10V. -5.0V, -6.0V, -8.0V, -10V,

+12V,+1SV.+18V.+24V -12V,-15V,-18V,-24V
Package TO-202 TO-202

0.10 Amp Device LM340LA~XX, LM7SL-XX LM320L-XX. LM79L-XX
Output Voltage +5V,+6V,+8V,+10V, -5V, -6V, -8V, -9V,

+12V,+1SV.+1SV,+24V -12V,-15V,-18V,-24V
Package TO-39, TO-92 TO-92, TO-39



A graphic comparison of the available regulators and packages is made in Figure 1.2. All include short-circuit
protection, automatic thermal shutdown, on·chip pass transistors, and internal references. The LM 125-127 series are
dual tracking regulators with provision for external boost while using the internal circuitry for current limiting in the
boosted mode (Figure 1.1b). The LM125-127 series are essentially a pair of three-terminal regulators, one positive
and one negative, while the others are single three-terminal positive or negative regulators.

With the exceptions to be noted, all listed regulators operate simply without the need for external components.
Normal connections are as indicated in Figure 1.1. If the regulator is located more than two inches from the supply
filter capacitor, a supply bypass capacitor is required to maintain stability (much as is the casewith op-amps). This
should be an 0.22 IlF ceramic disc, 2 IlF or larger solid tantalum, or 25 IlF or larger aluminum electrolytic capacitor
(the LM120 and LM123 series require the solid tantalum or aluminum electrolytics). The LM120 series alone of all
the group requires an output capacitor to insure stable operation. This should be a 1 IlF solid tantalum or 25 IlF or
larger aluminum electrolytic capacitor. With this exception, no output capacitor is required for stability; however,
transient response and noise rejection can be improved by adding an output capacitor. An 0.1 IlF output capacitor
is recommended for the LM78LXX and LM340L series to minimize high-frequency noise.

VOLTAGE REGULATED
REGULATOR OUTPUT

t COUT

(SEE TEXT) ..L

In addition to their normal fixed-voltage application, the three-terminal regulators may be used in the following
circuits (discussed in Section 7):

Current regulator

Adjustable voltage regulator

High current boosted regulator

High current switching regulator

Regulator with electron ic shutdown

High voltage regulator

Combined + and - regulators for dual balanced supplies

Tracking dual regulators

The LM125-127 series dual tracking regulators are unique in that they are the only available tracking regulators
which incorporate thermal shutdown, require no external components in normal operation, .and allow addition of
external boost using few additional components. Special applications for the tracking regulators are discussed in
Section 7, as follows:

High current boosted operation

Foldback current limiting

Electronic shutdown

Positive current dependent simultaneous current limiting

A simple comparison between three-terminal regulators and variable regulators (e.g., LM105, LM723, etc.) appears
in Table-'.'. The variable regulators are most useful for providing non-standard voltages, switching regulators, or in
programmable-voltage high current supplies with foldback current-limiting.



USE/FEATUR E FIXED OUTPUT VOLTAGE VARIABLE OUTPUT VOLTAGE

Features:

- Current limit Internal Practical with external circuit

- Thermal shutdown Internal Complex external circuit

- Voltage reference noise bypass Not possible, but noise is compar- Single capacitor
able to un bypassed variable reg.

- Electronic shutdown Fairly complex external circuit Simple external circuit

- Programmable output voltage Practical with some performance loss Simple and effective with two resis-
tors

Uses:

- High output voltage Fairly complex circuitry Simple external circuit

- Current regulator Practical Practical

- Switching regulator Self-oscillating mode. No short Self-oscillating or driven modes.
circuit protection on switching Short circuit protection, but
transistor must be added for external pass

transistor

- Current boost Possible (easy with LM125-127) Practical

- Foldback current limiting Internal (not programmable) for all Requires 2 resistors (pos. only).
three-terminal regulators. more complex for negative
Proqrammable for LM 125-127.









2.0 DATA SHEET SUMMARY
Table 2.1 lists the various regulators and the most useful specifications for each. Note that accuracy specifications are over
the full temperature range, including drift. Room temperature accuracy specifications are about 1% better than the figures
given.

TABLE 2.1 Data Sheet Summary

Max TypRegulation Max Dropout Typ Typ Max
Output VOUT TA = 25°C Line' Load' VIN

~1c~e
Voltage Pkr, 9JC 9JA PO

Current Devlcel.2 (V) (±%) (%VOUT/V) (V) (V) Device Stye (OC/W) (WI
5.0 LM138, LM238 1.2-32 (adj) N/A 0.005 0.1 35 86 2 LM138K STEEL TO·3 2 35 30

LM338 1.2-32 (adj) N/A 0.005 0.1 35 86 2 series

3.0 LM150, LM250 1.2-32 (adj) N/A 0.005 0.1 35 86 2 LM150K STEEL TO·3 2 35 30
LM350 1.2-32 (adj) N/A 0.005 0.1 35 86 2 (series)

LM123K, LM223K 5 6 0.01 0.5 20 75 1.7-2 LM123K series TO·3 2 35 30
LM323K 5 4 0.01 0.5 20 75 1.7-2

1.5 LM117, LM217 1.2-37 (adj) N/A 0.01 0.1 40 80 2 LM117, TO·3 2.3 35 20
LM317K STEEL

LM317 1.2-37 (adj) N/A 0.01 0.1 40 80 2 LM317K STEEL TO-3 2.3 35 20
LM117HV, LM217HV 1.2-57 (adj) N/A 0.01 0.1 60 80 2 LM117HV, TO-3 2.3 35 20

LM217HVK STEEL
LM317HV 1.2-57 (adj) N/A 0.01 0.1 60 80 2 LM317HVK STEEL TO-3 2.3 35 20

LM317T TO-220 4 50 20
LM109K, LM209K 5 6 0.004 1.0 35 80 1-2 LM109K series TO-3 3 35 20

LM309K 5 4 0.004 1.0 35 80 1-2 - - - - -
LM140K 5,6,8,10, 4 0.02 0.5 35,40 66-80 1.6-2 LM140K TO-3 4 35 20

12,15,18, (24V)
24

LM140AK 5,6,8,10, 2 0.002 0.1 35,40 66-80 1.6-2 LM140AK TO-3 4 35 20
12,15,18 (24V)

24
LM340 5,6,8,10, 4 0.02 0.5 35,40 66-80 1.6-2 LM340K, LM340AK TO-3 4 35 20

12,15,18, (24V)
24

LM340A 5,6,8,10, 2 0.002 0.1 35,40 66-80 1.6-2 LM340AK TO-3 4 35 20
12,15,18 (24V) LM340AT TO-220 4 50 20

24
LM78XXC 5,6,8,10, 4 0.03 0.5 35,40 66-80 1.6-2 LM340K, TO-3 4 35 20

12,15,18, (24V) LM78XXKC
1.6-2 LM340CT, TO-220 4 50 18

LM340T
LM78XXCT

0.5 LM117H, LM217H 1.2-37 (adj) N/A 0.01 0.1 40 80 1.5 LM117H, LM217H TO-39 15 150 2
LM317H 1.2-37 (adj) N/A 0.01 0.1 40 80 2.0 LM317H TO-39 15 150 2

LM117HVH, LM217HVH 1.2-37 (adj) N/A 0.01 0.1 40 80 1.5 LM117HVH, TO-39 15 150 2
LM217HVH

LM317HVH 1.2-37 (adj) N/A 0.01 0.1 40 80 1.5 LM317HVH TO-39 15 150 2
LM317M 1.2-37 (adj) N/A 0.01 0.1 40 80 2.0 LM317MP TO-202 12 85 12
LM341 5,6,8,10, 4 0.02 0.5 35,40 1.2-1.7 LM341P TO-202 12 80 12

12,15,18 (24V)
24

LM78MXX 5,6,8,10, 4 0.03 0.5 35,40 1_2-1.7 LM78MXXCP TO-202 12 80 12
12,15,18 (24V)

24
0.25 LM342 5,6,8,10, 4 0.03 0.5 35,40 53-64 1.5-2 LM342P TO-202 12 80 10

12,15,18 (24V)
24

0.20 LM109H, LM209H 5 6 0.004 0.4 35 80 1-2 LM109H, LM209H TO-39 15 150 2
LM309H 5 4 0.004 0.4 35 80 1-2 LM309H TO-39 15 150 2

0.10 LM140L, LM240L 5,6,8,10, 2 0.02 0.25 35,40 48-62 1.5-2 LM140LAH, TO-39 40 140 3
12,15,18, (24V) LM240LAH

24
LM340L 5,6,8,10, 2 0.02 0.25 35,40 48-62 1.5-2 LM340LAH TO-39 40 140 3

12,15,18 (24V)
24

LM78LXXA 5,6,8,10, 4 0.03 0.25 35,40 45-80 1.5-2 LM78LXXACH TO-39 40 140 3
12,15,18 (24V) LM78LXXACZ TO-92 40 180 1

24

1. Operating temp range: 6. Subtract (20 log VOUT) for ripple rejection factor
LM100 series -55"C to +125'C 7. ±4% available for LM140A and LM340ALM200 series -25"C to +85'C
LM300 series O'C to +70'C 8. ±10% available as LM78L CH and LM78L CZ

2. Max TJ -150'C except 125'C for LM309, 320, 323, 345 9. DIP = 14..pin dual-in-Iine plastic pkg

3. Typ at 50-100% of rated lOUT, 25"C, max VIN change
SGS = special DIP with heat sink

4. Near zero to Max rated lOUT. 2SoC pulse test
10. VIN = 40V for LM120H15 & LM120K15 series

5. Max mV per volt of out voltage rating



TABLE 2.1 Data Sheet Summary (Continued)

Max TypRegulation Max !>ropout Typ Typ Max
Output VOUT TA = 25°C Line' Load' VIN R~GJle Voltage Pkr, 8JC 8JA Po
Current Devlce1.2 (V) (:!:%) (%VOUT/V) (V) ( )' (V) Device Stye (OC/W) (W)

3.0 LM145K, LM245K -5.0, - 5.2 2 0.008 0.6 20 68 2 LM145K, LM245K TO-3 2 35 25
LM345K - 5.0, - 5.2 4 0.008 0.6 20 68 2 LM345K TO-3 2 35 25

1.5 LM137, LM237 -1.2- -37 N/A 0.006 0.3 40 77 2 LM137, TO-3 2 35 20
(adj) LM237K STEEL

LM337 -1.2- -37 N/A 0.007 0.3 40 77 2 LM337K STEEL TO-3 2 35 20
(adj) LM337T 0-220 3 50

LM137HV, LM237HV -1.2--47 N/A 0.006 0.3 50 77 2 LM137HV, TO-3 2 35 20
(adj) LM137HVK STEEL

LM337HV -1.2--47 N/A 0.007 0.3 50 77 2 LM337HVK STEEL TO-3 2 35 20
(adj)

LM120K, LM220K - 5, -5.2, 2 0.02 0.3 25 64 2 LM120K series TO-3 3 35 20
-6, -8, ~5 (9V, 80 2
-9, -12, 12V)

-15, -18, 40 75 2
-24 qg~i

42 70 2
(24V)

LM320K -5, - 5.2, 4 0.02 0.3 25 64 2 LM120K series TO-3 3 35 20
-6, -8, 35 (9V, 80

-9, -12, 12V)
-15, -18, 40 75

-24 (~g~i
42 70

(24V)
LM320T -5, - 5.2, 4 0.02 0.3 25 64 2 LM320T TO-220 3 50 20

-6, -8, 35 (9V, 75-80 4
-9, -12, 12V,
-15, -18, 15V,

-24 18V)
40 70 4

(24V)
LM79XXC -5, - 5.2, 4 0.03 0.4 35,40 66-70 2-4 LM79XXCT TO-220 3 50 20

-6, -8, (24V)
-9, -12,

-15, -18,
-24

0.5 LM137H, LM237H -1.2--37 N/A 0.006 0.3 40 77 2 LM137H, LM237H TO-39 15 150 2
(adj)

LM337H -1.2- -37 N/A 0.007 0.3 40 77 2 LM337H TO-39 15 150 2
(adj)

LM137HVH, LM237HVH -1.2--47 N/A 0.006 0.3 50 77 2 LM137HVH, TO-39 15 150 2
(adj) LM237HVH

LM337HVH -1.2- -47 N/A 0.007 0.3 50 77 2 LM337HVH TO-39 15 150 2
(adj)

LM337M -1.2- -37 N/A 0.007 0.3 40 77
(adj)

LM120H, LM220H -5.0, - 5.2, 2 0.02 0.6 25 64 2 LM120H, LM220H TO-39 15 150 2
-6, -8

LM320H - 5.0, -5.2, 4 0.02 0.6 25 64 2 LM320H TO-39 15 150 2
-6, -8

LM320M - 5, -5.2, 4 0.02 0.6 25 60-64 2 LM320MP TO-202 12 80 12
-6, -8, 4 35 (9V, 70-80 2

-9, -12, 12V,
-15, -18, 15V,

-24 18V)
40

(24V)
LM79MXX -5, -6, 4 0.Q3 0.7 35,40 58-60 2 LM79MXXCP TO-202 12 80 12

-8, -12, (24V)
-15, -24

0.25 LM320ML -5, -6, 4 0.01 0.5 35,40 50-80 2 LM320MLP TO-202 12 80 12
-8, -10, (24V)
-12, -15,
-18, - 24

0.20 LM120H, LM220H -9, -12, 2 0.02 0.1 35 (9V 70-80 2 LM120H, LM220H TO-39 15 150 2
12V)

15'LM320H -15, -18, 4 0.02 0.1 40 2 LM320H TO-39 150 2
-24 (15V,

18V)
42

(24V)
0.10 LM320L -5, -6, 4 0.01 0.5 35,40 80-65 2 LM320LZ TO-92 40 180 1

-8, -9, (24V)
-12, -15,
-18, -24

LM79LXXA -5, -12, 4 0.02 0.6 35,40 50-55 LM79LXXACZ TO-92 40 180 1
-15, -18, (24V) LM79LXXACH TO-39 40 140 2

-24







3.0 PRODUCT SELECTION PROCEDURES: FIXED VOLTAGE
THREE·TERMINAL REGULATORS

a) VOUT, required output voltage

b) lOUT, maximum output current
c) VIN, mean unregulated input voltage

d) TA, ambient temperature

TJ, maximum operating junction temperature. For
highest reliability, TJ should be 25°C or more
below TJ(MAX) as specified on the data sheet.

AVAILABLE
OUTPUT CURRENT (TYPICAl)
(Tj*12!i"Cl

\zow

\~DW \'"

a) Make preliminary selection based on step 1a and
1b above, from Figure 1.2, or the data sheet
summary of Section 2.

b) Verify this selection with Figure 3.1 or 3.2 to
insure that the selected regulator will provide a
peak current greater than lOUT under the VIN -
VOUT operating conditions (peak current is
limited by internal circuitry).

c) Note also in Figure 3.1 or 3.2, the power
dissipation curves, but choose packages from
Figure 2.1 with Po greater than dissipated power.

d) Determine heat sink requirements from Section 5.

AVAILABlE
OUTPUT CURRENT (TYPICAL)
.fTj-125"'CI

VIN-VOUT IVOLTS)

NOTE: PEAK OUTPUT CURRENTS FOR THE
lM120H ARE APPROXIMATEL V HALF
THOSE Of THE lMllDK.



VIN - VOUT (VOLTS)

NOTE: PEAK OUTPUT CURRENTS FOR THE
LM120H ARE APPROXIMATEL V HALF
TtfOSE OF THE LM12DK .

...
..,
3.'

3.' \10W

~ 2.'
:It
5
Q

2.'

I.'

..,
,..

MAX AVAILABLE
OUTPUT CURRENT (TYPICAL)

(Tj-1511"C)

VIN - VOUT (VOLTS)

NOTE: PEAK OUTPUT CURRENTS FOR THE
LM120H ARE APPROXIMATEL V HALF
THOSE OF THE,lM12l1K.







Heat can be transferred from the regulator package by
three methods, as described and characterized in Table
4.1.

Conduction is the heat transfer method most ef-
fective in moving heat from junction to case and
case to heat sink.

Thermal resistance IIJC & IIcs. Cross section, length
and temperature difference across the conducting
medium.

Convection is the effective method of heat transfer
from case to ambient and heat sink to ambient.

Thermal resistance IISA and IIcA. Surface condition,
type of convecting fluid, velocity and character of
the fluid flow (e.g., turbulent or laminar). and
temperature difference between surface and fluid.

Radiation is important in transferring heat from
cooling fins.

Surface emissivity and area. Temperature difference
between radiating and adjacent objects or space.
See Table 4.2 for values of emissivity.

The thermal resistance between two points of a conduc-
tive system is expressed as

where subscript order indicates the direction of heat
flow. A simplified heat transfer circuit for a cased
semiconductor and heat sink system is shown in
Figure 4.1. The circuit is valid only if the system is in
thermal equilibrium (constant heat flow) and there are,
indeed, single specific temperatures TJ' TC' and Tx (no
temperature distribution in junction, case, or heat sink).
Nevertheless, this is a reasonable approximation of
actual performance.

The jUr:lction-to-case thermal resistance IIJC specified
in the regulator data sheets depends upon the material
and size of the package, die size and thickness, and
quality of the die bond to the case or lead frame. The
case-to-heat sink thermal resistance IIcs depends on the
mounting of the reguiator to the heat sink and upon the

area and quality of the contact surface. Typical IIcs for
several packages and mounting conditions are as shown
in Table 4.2.

The heat sink to ambient thermal resistance IISA
depends on the quality of the heat sink and the ambient
conditions. A listing of approximate IIsA for a number
of commercially available heat sinks appears in Section 5.
IISA includes effects of both convection and radiation.

Cooling is normally required to maintain the worst case
operating junction temperature TJ of the regulator
below the specified maximum value TJ(MAX)' TJ can be
calculated from known operating conditions. R<lwriting
Eqn 4.1, we find

IIJA = TJ - TA °C/W (4.2)Po
TJ = TA + POIIJA°c (4.3)

Where: Po = (VIN - VouT)lOUT + VIN 10

"" (VIN - VOUT)IOUT

except for TO-92 package where VIN10 must be
considered important.

10 = Regulator quiescent current

IIJA = IIJC + IIcs + IIsA·

Data sheets usually provide a plot of Eqn 4.3 for
several heat sinks. An example for the LM340T with
TJ = TJ(MAXI = 150°C appears in Figure 4.2. Note
that for the lower curve IIJA'= IIcs + IISA while the
upper curve is for IIJA = IIJC' Where the upper curve
slope is zero, the limit is the arbitrary power dissipation
rating instead of Eqn 4.1.



Contact with Contact with grease
Package Direct contact silicone grease and mica washer

TO-3 0.5 - 0.7 0.3 - 0.5 0.4 - 0.6
TO-202 1.5 - 2.0 0.9 - 1.2 1.2 - 1.7
TO-220 1.0 - 1.3 0.6-0.8 0.8 - 1.1

Normally. we impose a full load operating junction
temperature TJ at 25°C (or more) below specified
TJIMAX) at maximum expected TA. and we need to find
the required e JA from Eqn 4.2.
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Determine the total thermal resistance, junction to
ambient 0JAITOTl necessary to maintain steady state TJ
below the maximum value specified in Section 3.2.

TJ - T A °
(JJAITOTl = ---p;;- C/W

Under short circuit conditions, the internal thermal
shutdown will limit TJ to about 175 ± 15°C. Although
this protects the device, prolonged operation at such
temperatures can adversely effect device reliability (see
Appendix 5, Reliability). If short circuit operation
totaling more than 10-100 hours (For plastic package
limit short circuit time to less than 1 hour) over system
lifetime is expected, it is wise to use heat sinks which
will limit short circuit TJ to TJIMAX). Accordingly,
check operation with V OUT = O.The 'OJA(TOT)necessary
to maintain TJ < T JIMAX) under shortcircuit conditions

is 0' _ TJIMAX) - TA °C/W (5.2)
JAITOT) - VIN Isc

Refer to the thermal resistance, 0JC and 0 JA, columns of
the data sheet summary of Section 2.

a) 0JAITOTl > 0JC must be met, otherwise a higher
wattage device must be used or a boost circuit
employed. (See Section 7, Applications, for boost
circuits.)

b) If 0JA(TOT) > 0JA, a heat sink is not required.

c) If 0JC < 0JAITOT) < 0JA, a heat sink is required.

Choose B suitable heat sink from the selection guide,
Table 5.1, or from manufacturers' specification data.
The necessary conditions are that 0JAITOT) and O·JAITOT)
be less than 0JA, as read from Table 2.1. The total
thermal resistance is that from junction to case plus that
from case to ambient or sink to ambient (neglecting that
from case to sink, which is small).

0JAITOT) "'OJC+OSA °c (5.3)

5.4 CHECK INPUT RIPPLE AND INPUT VARIA-
TIONS

Insure that full-load VINIMIN) does not allow V IN - VOUT
to fall below the dropout voltage of about 2 V. See
individual data sheets if operation with VIN - VOUT <
2 V is required. Insure that no-load V INIMAXl does not
exceed the value listed on the data sheets or in the
table of Section 2.

Given: VOUT = 5 V ± 5%

IOUT(MAX) = 0.7 A

TA = 60°C

V1N = 15 V
Short circuit protected

TJ = 125°C

Select a suitable regulator and heat sink

a) From Figure 1.2, initial selection is LM340T05,
LM340K05, or LM309K.

b) From Figure 3.1, at VIN - VOUT = 10 V, it is
clear that either the LM340 or LM309 will meet
the maximum current required. The LM341 P is
also a possibility as seen from this figure, although
a marginal one on the basis of IOUTIMAX), and
should not be considered.

c) Calculate necessary thermal resistance from Eqn 5.1

o _125-60_65_93°C/W
JAITOT)- 10xO.7 -T- .

Since 0JA(TOT) must be greater than 0JC as read
from Table 2.1, the LM341 P is now clearly
eliminated as a possibility. If not already elim-
inated in step (a) above, the LM309H would also
drop out at this time. The selection is still
limited to the LM340T, LM340K, or LM309K.

d) Since 0JAITOT) is less than 0JA for any of these
parts, a heat"sink is required.

e) From Figure 3.2, IOUT(MAX) is 0.75 A or 1.4 A
for the LM340 or LM309K respectively, under
short circuit conditions. If extended periods of
short circuit operation are expected, calculate
O'JAITOT) from Eqn 5.2.

O· _150-60_90_ °
JAITOT) - 15 x 1.4 - 21- 4.3 C/W for LM309

0' - 150 - 60 - 90 - aOc/ 34JAITOTl-15xO.75-11.25- WforLM 0

The worst case heat sink requirement is then for
short circuit conditions, and the LM340 has a
lesser heat sink requirement. Further selection
will depend upon hermeticity and mounting re-
quirements. The T package is TO-220 plastic and
the K package is TO-3 hermetic.

f) Choosing the LM340T, calculate heat sink thermal
resistance from Eqn 5.4 where 0JC is found from
Table 2.1.

0SA = O'JAITOTI -OJC = a -4 =4°C/W (5.4)

If we were to accept a TJ > 150° C for short
circuit conditions, calculations based on 0JAITOTl
would yield a 0SA = 5.3°C/W. If an LM309K had
been selected, a 0SA = 6.3°C/W would be all that
is required.

g) Referring to the heat sink selection guide, Table
5.1, for the TO-220 package we see that only the
IERC HP3 series will come close to the 4°C/W
figure. A 4°C/W heat sink is widely available for
the TO-3 or K package.

h) For detailed information on heat sink design, see
Section 6.



TABLE 5.1 Heat Sink Selection Guide
No attempt has been made to provide a complete list of all heat sink manufacturers. This list is only representative.

0SA Approx
'

Manufacturer 0SA Approx1 Manufacturer 0SA Approx1 Manufacturer
(oCIW) & Type (CIW) & Type (CIW) & Type

For TO-202 Packages For TO-5 Packages For TO-3 Packages

12.5 - 14.2 Staver V4-3-192 12 Thermalloy 1101, 1103 Series 0.4 (9" length) Thermalloy (Extruded) 6590
13 Staver V5-1 12 - 16 Wakefield 260-5 Series Series
15.1 - 17.2 Staver V 4-3-128 15 Staver V3A-5 0.4 - 0.5 Thermalloy (Extruded) 6660,
19 Thermalloy 6106 Series 22 Thermalloy 1116, 1121, 1123 (6" length) 6560 Series
20 Staver V6-2 Series 0.56 - 3.0 Wakefield 400 Series
25 Thermalloy 6107 Series 22 Thermalloy 1130, 1131, 1132 0.6 (7.5" length) Thermalloy (Extruded) 6470
37 IERC PAl-7CB with PVC-l B Clip Series Series
40 - 42 Staver F7-3 24 Staver F 5-5C 0.7 - 1.2 Thermalloy (Extruded) 6423,
40- 43 Staver F7-2 26 - 30 IERC Thermal Links (5 - 5.5" lengthl 6443, 6441, 6450 Series
42 IERC PA2-7CB with PVC-1 B Clip 27 - 83 Wakefield 200 Series 1.0 - 5.4 Thermalloy (Extruded) 6427,
42 - 44 Staver F7-1 28 Staver F5-5B (3" length) 6500,6123,6401,6403,6421,

For TO-220 Packages 30 Thermalloy 2227 Series 6463,6176,6129,6141,6169,
34 Thermalloy 2228 Series 6135, 6442 Series

4.2 IERC HP3 Series 35 IERC Clip Mount Thermal Link 1.9 IERC E2 Series (Extruded)
5-6 I ERC HP1 Series 39 Thermalloy 2215 Series 2.1 IERC E1, E3 Series (Extruded)
6.4 Staver V3-7-225 42 Staver F5-5A 2.3 - 4.7 Wakefield 600 Series
6.5 - 7.5 IERC VP Series 45 - 65 Wakefield 296 Series 4.2 IERC HP3 Series
8.1 Staver V3-5 46 Staver F6-5, F6-5L 4.5 Staver V3-5-2
8.8 Staver V3-7 -96 50 Thermalloy 2225 Series 5-6 I ERC HP3 Series

'l' 9.5 Staver V3-3 50 - 55 IERC Fan Tops 5.2 - 6.2 Thermalloy 6103 Series

'" 10 Thermalloy 6032, 6034 Series 51 Thermalloy 2205 Series 5.6 Staver V3-3-2
12.5 - 14.2 Staver V4-3-192 53 Thermalloy 2211 Series 5.8 - 7.9 Thermalloy 6001 Series
13 Staver V5-1 55 Thermalloy 2210 Series 5.9 - 10 Wakefield 680 Series
15 Thermalloy 6030 Series 56 Thermalloy 1129 Series 6 Wakefield 390 Series
15.1 - 17.2 Staver V4-3-128 58 Thermalloy 2230, 2235 Series 6.4 Staver V3-7-224
16 Thermalloy 6106 Series 60 Thermalloy 2226 Series 6.5 - 7.5 IERC UP Series
18 Thermalloy 6107 Series 68 Staver F1-5 8 Staver V1-5
19 IE RC PB Series 72 Thermalloy 1115 Series 8.1 Staver V3-5
20 Staver V6-2 8.8 Staver V3-7-96
25 IERC PA Series 8.8 - 14.4 Thermalloy 6013 Series
26 Thermalloy 6025 Series 9.5 Staver V3-3
For TO-92 Packages 9.5 - 10.5 IERC LA Series

9.8 - 13.9 Wakefield 630 Series
30 Staver F2-7 10 Staver V1-3
46 Staver F5-7A, F5-8-1 13 Thermalloy 6117
50 IERC RUR Series
57 Staver F5-7D Staver Co, Inc: 41-51 N. Saxon Ave, Bay Shore, NY 11706
65 IERC RU Series IERC: 135 W. Magnolia Blvd, Burbank, CA 91502
72 Staver Fl-7 Thermalloy: PO Box 34829, 2021 W. Valley View Ln, Dallas TX
85 Thermaltoy 2224 Series Wakefield Engin Ind: Wakefield MA 01880







The required IIsA was determined in Section 5. Even
though many heat sinks are commercially available, it is
sometimes more practical, more convenient, or more
economical to mount the regulator to chassis, to an
aluminum or copper fin, to an aluminum extrusion, or to
a custom heat sink. In such cases, design a simple heat
sink.

a) Mount cooling fin vertically where practical for
best convective heat flow.

b) Anodize, oxidize, or paint the fin surface for
better radiation heat flow; see Table 6.1 for
emissivity data.

c) Use 1/16" or thicker fins to provide low thermal
resistance at the regulator mounting where total
fin cross-section is least.

The heat sink-to·ambient thermal resistance of a ver-
tically mounted symmetrical square or round fin (see
Figure 6.1) in still air is:

IISA= 1 °C/W (6.1)
2H21/(he + he)

Where: H height of vertical plate in inches

1/ fin effectiveness factor

he = convection heat transfer coefficient

h, = radiation heat transfer coefficient

{T -T )1/4 °
he = 2.21 x 10-3\~ W/in2 C

h, = 1.47 x 1O-10E(Ts ;TA + 273)3W/in20C

Where: Ts = temperature of heat sink at regulator
mounting, in °c

TA = ambient temperature in °c
E = surface emissivity (see Table 6.1)

Fin effectiveness factor 1) includes the effects of fin
thickness, shape, thermal conduction, et. al. It may be
determined from the nomogram of Figure 6.2.

SURFACE
Polished Aluminum
Polished Copper
Rolled Sheet Steel
Oxidized Copper
Black Anodized Aluminum
Black Air Drying Enamel
Dark Varnish
Black Oil Paint

EMISSIVITY. E

0.05
0.07
0.66
0.70
0.7-0.9
0.B5-0.91
0.89-0.93
0.92-0.96

+~TL:J!+Q!
~TVJ

The procedure for use of the nomogram of Figure 6.2
is as follows:

a) Specify fin height H as first approximation.

b) Calculate h = h, + he from Eqns 6.2 and 6.3.

c) Determine exfrom values of h and fin thickness x
(line a).

d) Determine 1) from values of B (from Figure 6.1)
and ex(line b).

The value of 1/ thus determined is valid for vertically
mounted symmetrical square or round fins (with H » d)
in still air. For other conditions, 1/ must be modified as
follows:

Horizontal mounting - multiply he by 0.7.

Horizontal mounting where only one side is effective
- multiply 1/ by 0.5 and he'by 0.94

For 2: 1 rectangular fins - multiply h by 0.8.

For non-symmetrical fins where the regulator is
mounted at the bottom of a vertical fin - multiply
1/ by 0.7.

a) Establish initial conditions TA and desired IISA as
determined in Section 5.3.

b) Determine TS at contact point with the regulator
by rewriting Eqn 4.1.

IIJc+llcs= TJ-TSPo
Ts = TJ - (IIJC + IICS)(VIN - VOUT)lOUT

~ TJ -IIJC(VIN - VOUT)IOUT

c) Select fin thickness, x > 0.0625" and fin height, H.

d) Determine he and h, from Eqns 6.2 and 6.3.

e) Find fin effectiveness factor 1/ from Figure 6.2.

f) Calculate IISA from Eqn 6.1.

g) If IISA is too large or unnecessarily small, choose
a different height and repeat steps (c) through (f).
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Design a symmetrical square vertical fin of black
anodized 1/16" thick aluminum to have a thermal
resistance of 4°C/W. LM340T·05 operating conditions
are:

a) TJ = 125°C TA = 60°C

VIN = 15 V VOUT = 5 V

lOUT = 0.8 A Neglect OCS

b) Ts = 125°C - 4°C/W(15 V - 5 V)0.8 A = 93°C

c) x = 0.0625" from initial conditions. E = 0.9 from
Table 6.1.

Select H = 3.5" for first trial (experience will
simplify this step).

d) he = 2.21 x 1O-3(933~560) 1/4

= 3.86 x 10-3 W/oC·in2

hr = 1.47 X 10-10 X 0.9(93 ;60 + 273)3

= 5.6 X 10-3 W/oC-in2

h = he + hr = 9.46 X 10-3 W/oC·in2

e) 7) = 0.84 from Figure 6.2.

_ 103 _ ° I
f) 0SA - 2 X 12.3 x 0.84 x 9.46 - 5.1 C W,

which is too large.

g) A larger fin is required, probably by about 40% in
area. Accordingly, using a fin of 4.25" square, a
new calculation is made.

d') he = 2.21 x 10-3(04~23Y/4 = 3.7 x 10-3

hr = 5.6 x 10-3 as before

h = 9.3 x 10-3

e') 7) = 0.75 from Figure 6.2

f') 0 - 103 - 398°C/W
SA-2x18xO.75x9.3-· ,









Voltage regulator use can be expanded beyond that of
the simple three-terminal fixed· voltage regulator. Some
of the circuits which are practical and useful are
described in this section. Pertinent equations are in-
cluded rather than providing fixed component values
as the circuits are equally applicable to all regulators
within a family.

I

CIN*
I~----

(SEE TEXT)

I* COUT
I____ oJ

ISEE TEXT)

Normal connections are indicated in Figure 7.1. If the
regulator is located more than two inches from the
supply filter capacitor, a supply bypass capacitor is
required to maintain stability (much as is the case with
op-amps). This should be an 0.22 /-IF or larger disc
ceramic, 2 /-IF or larger solid tantalum, or 25 /-IF or
larger aluminum electrolytic capacitor (the LM120 and
LM123 series require the solid tantalum or aluminum
electrolytics). Progressively larger values are required of
ceramic, solid tantalum and aluminum electrolytic capac-
itors because the effective series resistance ESR increases
respectively in each type capacitor. The LM120 series
alone of all the group requires an output capacitor to
insure stable operation. The others are stable when
operating into a resistive load. The LM 120 output
capacitor should be a 1 /-IF or larger solid tantalum or
25 /-IF or larger aluminum electrolytic. Transient re-
sponse of all the regulators is improved when output
capacitors are added. To minimize high-frequency noise,
an 0.01 /-IF output capacitor is recommended on the
LM78LXX and LM140L series.

I
I

1.Cl'
TD.2ZpF

I
I

A constant output current IL is delivered to a variable
load impedance ZL.

IL = VREG + 10 (7.1)
R

f 0.,;: Z .,;: VIN - (VREG + Vdropout)or ""<:::::: L """'::: IL

The output impedance is:

_tlVo_ 1
Zo - AI - tll L'

L __ o_+--.!:
tlVIN R

where: j.lo
tlVIN

quiescent current change per volt
of input voltage change of the
regulator

line regulation, the change in
regulator output per volt of input
voltage change at a given 10

7.1.3 High Current Regulator

11
01-

1
.1

IREG- VOUT
VIN

I
.2

C2

SINGLE
POINT GND

FIGURE 7.3. High Current Regulator with Short Circuit
Limit During Output Shorts

This current boost circuit takes advantage of the internal
current limiting characteristics of the regulator to
provide short-circuit current protection for the booster
as well. The regulator and 01 share load current in the
ratio set between R2 and R, if Va = VSEIOll·

I, = R2 IREG (7.3)R,

R2
I1(SCI= Ff1IREGISCI

If the regulator and 0, have the same thermal resistance
eJC and the pass transistor heat sink has R2/R, times
the capacity of the regulator heat sink, the thermal
protection (shutdown) of the regulator will also be
extended to 0,. Some suggested transistors are listed
below.

0, 0 II IREG R2/R, R3

2N4398 IN4719 ;;>3 A 1 A ;;>3 5-10 n

NSD32 IN4719 2A 1 A 2 5-10n

NSDU51A IN4003 1 A 0.5A 2 5-10n



The minimum input-to-output voltage differential of the
regulator circuit is increased by a diode drop plus the
VRl drop. For high current applications a low priced
PNP/NPN combination may be used to replace the
expensive single PNP 2N4398 as illustrated in Figure 7.4.

A fraction of the regulator current VREG/R 1 is used to
·raise the ground pin of the regulator and provide,
through voltage drop across R2, an adjustable output
voltage.

Line regulation is

AVo = (L'rHRt + R2) + (Ala) R2
AV,N Rt AV,N

Load regulation is

AVo = (LrHRt + R2) + (Ala)R2
AIL Rt Alo

_ AVo
Lr - Alo' the regulator load .regulation per

amp of load change

quiescent current change per
amp of load current change

quiescent current change per
volt of input voltage change

V,N VA

I !I
I VB

J.. CI'

T
I
I

The ground terminal of the regulator is' raised above
common by an amount equal to the voltage appl ied at
the non-inverting input of the op-amp. For I» IB, the
output voltage is:

V _(Rt+R2+R3)V
0- Rt REG

The minimum output voltage will be determined by the
VREG and VBIMIN), where VB(MIN) is the op-amp
common-mode voltage lower limit ('" 2 V for LM301A
used with single supply).

VO(MIN) = VREG + VBIMIN) (7.9)

R3 _ VBIMIN) ()
when R2 = 0, R;" - VREG 7.10a

VO(MAX) = (7.lOb)

Rt + R2(MAX) + R3 _
( Rt ) VREG - VIN - Vdropout

To choose Rt, R2, R3 for a specified V,N, start with an
arbitrary value for Rt. Determine R2 and R3 from Eqn
7.10 and finally check to insure that

VOIMIN) »> IB VOIMAXI» IB
Rt + R3 ' Rt + R2 + R3

Example: ViN = 25 V

Vo = 7-23 V

LM341P-05

Rt = 3K

R2 = 10K

R3 = 1.2K

AVO = (L'rHRt + R2 + R3)
AVIN Rt

AVo = (LrHRt + R2 + R3)
AIL Rl

The Ala factor (see previous paragraph) is neglected
because the op-amp output impedance is very low.



I vG
I

CIN .....L

O.22/iFT
*SolidTantalum.

A wide range of output voltages can be obtained with
the circuit of Figure 7.7. A O· to 20-volt supply can be
built using a -7-volt supply and a conventional op·amp.
For higher output voltages, a high·voltage op-amp,
such as LM143, is required. If

R2 + R3 = R4 + Rs = R, and R2/R3 = 1/10,

R2 1 R4 + Rs
then Va = VREG(R

4
) = VREG (ff)(~ (7.13)

Since Va is inversely proportional to R4, low output
voltages can be very accurately set. The required R, is

R, = VIN-
IQ

The Va(MAX) is dependent on V IN and Vdropout'
provided that the amplifier can source the current
required to raise VG to Va - VREG.

Example: V-IN = -15 V

V+'N = +30 V

Va = 0.5·28 V

LM340K·05

R, = 2.1K

R2=910n

R3=9.1K

R4 + Rs = 10K

~. V,N-(VZ+'} REG VaUT

O.11pF

z R

For input voltages higher than VIN(MAX) as specified
for the regulator, a transistor/low·power zener combin·
ation can be used (instead of an expensive power zener)
to reduce the input voltage seen by the regulator.
Transistor 0 conducts full load current, and therefore
requires a power device with adequate heat sink.

Example: In Figure 7.8b

VIN=48V LM341P-15

IL=400mA Z=1N4745(16V)

o would dissipate 7 W, therefore use an NS031
power transistor. For higher dissipation, use a
2N3055.

C1r"
With the circuit of Figure 7.6, one can obtain high
output voltages if a high·voltage op-amp is used (LM343).
Another approach is to raise the ground terminal with a
zener diode as illustrated in Figure 7.9. Transistor 0

and Z2 set V'IN "" VZ2 + Vz, - 1 V. 03 aids full load
start-up and also holds V G to a diode drop above ground
during short circuits, thus protecting the regulator from
high input·to·output voltage differentials.

Z, = 1N5359 (24 V)

Z2 = 1N5365 (36 V)

0= 2N3055

Example: LM340T·24

VIN = 80 V

Va = 48 V

R = 600 n

Under short-circuit conditions, V'IN reduces to
35 V.

Figure 7.10 illustrates another circuit for a high·voltage
regulator with better input voltage limiting under short
circuit conditions. In normal operation, 02 is OFF and
0, conducts full load current. 02 saturates when the
output is shorted, thus dropping the voltage at 0, base
and limiting regulator V"N to a low value. 0, (1 N914)
protects 02 from base·emitter breakdown. If an output
capacitor is used, 02 protects the regulator from VIN



shorts which would temporarily reverse VIN - Va
polarity. A large input capacitor C, should be included
in the circuit to insure that VG will rise along with VIN
at turn-on. Since Q, does not switch OFF under short-
circuit load, it must be a power device with heat sink
adequate to handle the short circuit dissipation.

LM340T-24

Z, = 1N5359 (24 V)

Q, = 2N3055

Q2 = 2N3643

R, = 300.12, lOW

R2 = 60 .12, 4 W

R3 = 1500.12,4 W

V'IN reduces to

VIN = 60 V

Va = 48 V

Under short circuit conditions
9 V.

7.1.9 Electronic Shutdown

Electronic shutdown in three-terminal regulators is done
by simply opening the input circuit using a transistor
switch. Q, operates as the switch which is driven by Q2'
The control voltage V C can be TTL compatible with
the use of R3 = 1K. R, is a biasing resistor, and R2 can
be calculated as

Figure 7.12 illustrates a short-circuit dependent power
shutdown circuit with reduced heat sink requirements
under short-circuit conditions.

When the power is first applied, Q2 turns ON and
saturates Q,. The regulator output ramps up to turn Q3
ON, which turns Q2 OFF (Vc should be > VA),
thus maintaining Q, in the ON state.

When the output is shorted, Q3 turns OF F, C4 turns
ON to clamp Q2 OFF. Q, loses basedrive and so opens
to isolate the regulator from V IN. When the short
circuit is removed, C4 loses some basedrive and enables
Q2 to re-start the regulator. Q, always opera.tes as a
switch and needs no heat sinking. Q2 and Q3 need not
be matched. C4 may be any small signal PNP transistor.
The entire circuit (less regulator) fits easily on a one-
inch square PC board.

Example: LM340K-24

VIN = 36 V Q, = TlP32

Va = 24 V Q2 = 2N4141

la=lA Q3=2N4141

VA = 2.5 V C4 = 2N2906

VB = 8 V

Vc=4.8V

R, = 500.12

R2 = 250 .12,2 W

R3 = 3300.12

R4 = 240 .12

Rs = 62 .12

Rs = 2K

R7 = 1 K

Rs = 680 .12

Rg = 3.3K

Ripple"" VIN R R2
R, + 2

A switching power supply may be constructed with a
three-terminal regulator, as shown in Figure 7.13. Since
no reference pin is available, the positive feedback loop
(R" R2) will be connected to the ground terminal.
With the supply ON, the load draws current through
the regulator, which turns ON Q, and applies power to
the inductor. As the current through L increases, the
regulator supplies less and less current to the load and
finally turns Q, OFF. See National Semiconductor
Application Note AN-2 for further design information
on switching regulator design. To optimize the efficiency
of the regulator, any DC current through RE should be
minimized. This is done by appropriate choice of RE'
that is:

I + I = VBE(SATI + I "" VIN - Va t
RE b RE b 2L on



Capacitor C3 improves the waveform at node G to
minimize ripple.

Example: LM341 P05 (less heat sink)

VO=5V f=37kHz

VIN=10V L=5001lH

10 = 300 mA ton = toft
n = 80%

Q= 2N2905A

D = 1N5807

R2 = 1 n
RE = 10 n
C2 = 100 IlF

C3 = O.1IlF

R1 = 500n

fOllO",'PUlunC""Cf
."UCUIOf 1.~' .• "IC"
''''1111(11'01001'110111''"'1
TO OUTPUT 11_' HC1WlU
•.••OHtTlIIE IllGlllUOII'1I01ll

1Il01t(IIUIIY U,'Ul SMOlin

SHUT RZAS FOllOWS
lMUo-S-JOOq
lM12o.S.l-lOO1l
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All the applications circuits for 'positive regulators can
be used with the polarities inversed for the negative
regulator LM320/345 series (e.g.. reverse the sense of
the diodes. replace PNP's with NPN's etc., etc.!, as shown
in Figure 7.14.

A positive regulator can be connected with an LM320 to
form a non-tracking dual power supply. Each regulator
exhibits line and load regulation consistent with their
specifications as individual devices. Protective diodes
01,02 allow the regulators to start under common load.
They should be rated at the regulator short circuit
current.

Examples:

1. ±15 V supply. 1 A common load:
LM340T·15. ·LM320T-15. 01, 02: IN4720.

2. ±12 V supply, 1 A common load:
LM340T-12, LM320T-12. 01. 02: IN4720.

3. ±15 V supply. 200 mA common load:
LM342H-15. LM320H-15, 01. 02: IN4001.

Figure 7.15 may be modified to obtain a dual supply
trimmed to a closer output tolerance. The trimming
potentiometers are connected across the outputs so
positive or negative trimming currents are available to
set the voltage across the R1 (R2) resistors. R3. Rs are
included to linearize the adjustment and to prevent
shorting the regulator ground pin to opposite polarity
output voltages.
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FIGURE 7.16. Trimmed Dual Supply

A tracking dual supply can be built as in Figure 7.17
where the positive regulator tracks the negative regu-
lator. VA is a virtual ground under steady state condi-
tions. Q2 conducts the quiescent current of the positive
regulator.

If -VOUT falls, VA follows forward biasing collector-
base junction of Q,. VB falls, thus raising the collector
voltage of Q2 and +VOUT to restore VA to desired
voltage. Germanium diode 0, may be needed to start
the positive regulator with a high differential load.

Example: ±15 V, 1 A tracking dual supply:

LM340T-05, LM320T-15.
The 340 will track the LM320 within
100 mV. 02, 03: IN4720.

7.2.4 Variable Tracking Dual Supply ±5.0 to ±18 V
@lA

The ground pins of the negative regulator and the
positive regulators are controlled by means of a voltage
follower and an inverter, respectively. (The same ap-
proach is used for the LM340 as in Figure 7.18.) The
positive regulator tracks the negative to within 100 mV
over the entire output range if R2 is matched to R3
within one percent.
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The basic dual regulator is shown connected in Figure
7.19. The only connections required other than plus
and minus inputs, outputs, and ground are the com-
pletion of the output current paths from +RCL to
+VOUT and from -RCL to -VIN. These may be direct
shorts if the internal preset current limit is desired, or
resistors may be used to set the maximum current at
some level less than the internal current limit. The
internal 300 n resistors from pins 3 to 1 and pins 8 to 6
should be shorted as shown when no external pass
transistors are used. To improve line ripple rejection
and transient response, filter capacitors may be added
to the inputs, outputs, or both, depending on the
unregulated input available. If a very low noise output
voltage is desired, a capacitor may be connected from
the reference voltage pin to ground, thus shunting noise
generated by the reference zener. Figure 7.20 shows the
internal current-limiting characteristics for the basic
regulator circuit of Figure 7.19.
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For applications requlrmg more output current than
can be delivered by the basic regulator, an external NPN
pass transistor may be added to each regulator. This will
increase the maximum output current by a factor of the
external transistor beta. The circuit for current boosted
operation is shown in Figure 7.21.

"Note: In the 14-pin package (N and S packages) the -SENSE
pin (pin 6) has been brought out of the chip, and there-
fore should be connected to the -VO pin (pin 7). The
remaining applications circuits are shown for the TO-5
package. These circuits also apply for the 14-pin N
package, proyided that the -Va pin is connected to
the -SENSE pin (normally done at the load to elim-
inate effects of supply line voltage drop).

I I ! I
! I I I

TJ" +25"(

....,11 I
I II I
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TJ" +150°C
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In the boosted mode, current limiting is often a conventional Darlington while the negative output
necessary requirement to insure that the external stage contains three devices in a modified triple
pass device is not overheated or destroyed. Experi- Darlington connection giving slightly more fnternal
ence shows this to be the usual cause of IC phase shift. Additional compensation may be added
regulator failure. If the regulator output is grounded to the negative regulator by connecting a small
the pass device may fail and short, destroying the capacitor in the 100 pF range from the negative
regulator. To limit the maximum output current, boost terminal to the internal reference. Since the
a series resistor (RCL in Figure 7.21) is used to positive regulator usesthe negative regulator output
sense load current. The regulator will current for a reference, this also offers some additional
limit when the voltage drop across RCL equals indirect compensation to the positive regulator.
the current limit sensevoltage found in Figure 7.22.
Figure 7.23 shows the external current limiting
characteristics unboosted and Figure 7.24 shows

1.0
'\

the external current limiting characteristics in the ~ 09 I0.8
TJ: -55 C

boosted mode. ",,,
TJ" t25 C I I ,..0'" 0.1~~

"'~ TJ"t125C~o 0.6*~0.5
TJ " +150 C

To ensure circuit stability at high currents in this w~ d.•~o
configuration, it may be necessary to bypass each !::w 0.3~>
input with low inductance, tantalum capacitors ~;01
to prevent forming resonant circuits with long '" 0.1 Rc~ +" 12n

input leads; C ;;. 1.0J,lF is recommended. The
same problem can also occur at the regulator 0 10 20 30 '0 so 60 70

(A) ILOAD (mAl
output where a C ~ 10J,lF tantalum will ensure
stability and increase ripple rejection.
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FIGURE 7.23. External Current Limiting Characteristic-Unboosted
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The 2N3055 pass device is low in cost and
maintains a reasonably high beta at collector 0 0.20 0.40 0.60 0.80 1.00 1.201.40

currents up to several amps. The devices 2N3055 (A) lLOAD (AMPS)

may be of either planar or alloy junction construc- 1.0 "tion. The planar devices, have a high fT providing ~ 0.9 sS'eT, •
more stable operation due to low phase shift. The ",w 0.8

~~ TJ '" +25°t
alloy devices, with fT typically less than 1.0 0.1

TJ" +12s0t, 1\~o
MHz, may require additional compensation to :» 0.6 t...

~5 TJ:I: +1500t "-
guarantee stability. The simplest compensation ~e= 0.5

'\
for the slower devices is the use of output filter >:> d.•;::0 \50J,lF (tantalum).

",w 0.3capacitor values greater than ,,>
An alternative is to use an RC filter to create a ~~ 0.2

leading phase response to cancel some of the 0.1 RCL-" 0.60
\

phase lag of the devices. The stability problem
0 0.20 0.40 0.60 0.80 LoO 1.20 1.40

with slower pass transistors, if it occurs at all, is (B) ILOAD (AMPS)

usually seen only on the negative regulator. This
is because the positive regulator output stage is a FIGURE 7.24. External Current Limiting Characteristics-Boosted



In Figure 7.25 the single external pass transistor
has been replaced by a conventional Darlington
using a 2N37l5 and a 2N3772. With this con·
figuration the output current can reach values to
lOA with very good stability. The external Darling-
ton stage increases the minimum input-output
voltage differential to 4.5V. When current limit
protection resistor is used, as in Figure 7.25, the
maximum output current is limited by power
dissipation of the 2N3772 (150W at 25°C). During
normal operation this is (VIN-VOUTI lOUT (Wl.
but it increases to V1N Isc (W) under short circuit
conditions. The short circuit output current is
then:

PMAX (Tc = 25°CI
Isc = -------

V1N

l50W

20V (minI

IL could be increased to lOA or more only if
Isc < IL' A foldback current limit circuit will
accomplish this. The typical load regulation is
40 mV from no load to a full load. (Ti = 25°C,
pulsed load with 20 ms tON and 250 ms to FF.I

+
~2S11uF

'"'TANTAlUM'¥



In many regulator applications, the normal
operation power dissipation in the pass device
can easily be multiplied by a factor of ten or
more when the output is shorted. This may
destroy the pass device, end possibly the regulator,
unless the heat sink is oversized to handle this
fault condition. A foldback current limiting circuit
reduces short circuit output current to a fraction
of the full load output current thus'avoiding the
need for larger heat sink. Figure 7.26 shows a
foldback current limiting circuit on both positive
and negative regulators.

The foldback current limiting, a fraction of the
output voltage must be used to oppose the voltage
across the current limit sense resistor. Current
limiting does not occur until the voltage across
the sense resistor is higher than th is opposing
voltage by the amount shown inFigure 7.22.When
the output is grounded, the opposing voltage is no
longer present so current limiting occurs at a
lower level. This is accomplished in Figure 7.26 by
using a programmable current source to give a

constant voltage drop across R5 for the negative
regulator, and by a simple resistor divider for the
positive regulator. The reason for the difference
between the two is that the negative regulator
current limiting circuit is located between the
output pass transistor and the unregulated input
while the positive regulator current limiter is
between the output pass transistor and the
regulated output.

The operation of the positive foldback circuit is
similar to that described in NSC appl ication note
AN-23. A voltage divider R1 and R2 from VE to
ground creates a fixed vo: .age drop across R1
opposite in polarity to the drop across RCL +.

When the load current increases to the point
where the drop across RCL + is equal to the drop
across R1 plus the current limit sense voltage
given in Figure 7.22, the positive regulator will
begin to current limit. As the positive output
begins to drop, the voltage across R 1 will also
decrease so that it now requires less load current
to produce the current limit sense voltage. With

"'"'-,-TANTALUM ~ 02 - QJ; 2Nl640

Note: For LM126 (127); VIN+ = 25 (201V, VIN- = 25V
A1 = 20 (22), A2 = 180 (801
ACL + = 0.9
A3 = 1.35 K, A6 = 290; ACL- = 0.9
IF8 = ±2A, ISC = ±0.75A



the regulator output fully shorted to ground
(+VOUT = 0) the current limit will be set by the
value of +RCL alone.

then the following equations can be used for
calculating the positive regulator foldback current
limiting resistors.

RCL+ "" VSENSE
Isc

R1=~
I,

R2 = +VOUT + VSENSE

I,

The only point of caution is to ensure that the
total current (I,) through R2 is much greater than
the current contribution from the internal 300n
resistor. This can be checked by:

Note: The current from the internal 300n resistor
isV3.,/300n,butV3., =VBE +VRCL -VSENSE+
assuming VBE "" VSENSE+ at the foldback point,
V3·, ""VRCL+= IFB RCL+

Example:

Design a 2 amp regulator using LM125 and
positive foldback current limiting (see Figure
7.26).

VSENSE (see Figure 7.22).

+VIN = 25V

+VOUT = 15V

(3PASSDEVICE = 70

eJA = 150°C/W

TA = 50°C

With a beta of 70 in the pass device and a maximum
output current of 2.0A the regulator must deliver:

2A 2A
- = - = 29mA
(3 70

The LM125 power dissipation will be calculated
ignoring any negative output current for this
example.

(V1N - VOUT) lOUT

(25-15) 29 mA

290 mW

T RISE@eJA = 150°C/W = 150°C x 0.29 = 44°C

TJ = TA +T RISE = 50°C + 44°C = 94°C

520 mV

500 mA

From equation (7.18)

VRCL+ = IFB RCL+ = 2A" 1n = 2V

A value for I, can now be found from equation
(7.22)

2A" m
---=6.6mA

300n



Equating equation (7.28) with equation (7.29) and
inserting resistor values shown in Figure 7.26,

IFa RCL- -VSENSE
12 + --------

300

IFa RCL- VSENSE
15+---

300 300

This is the key to the negative foldback circuit.
Current source 01 forces current 12 to flow
through resistor R5. The voltage drop across R5
opposes the normal current limit sense voltage so
that the regulator will not current limit until the
drop across RCL - due to load current, equals the
controlled drop across R5 plus VSENSE (given in
Figure 7.221. This can be written as:

VSENSE + 12 R5
IFa = -------

RcL-

VSENSE + 200 12
IFa = -------

RcL-

IFOLDaACK = 2.5A

'SHORT.CIRCUIT = 750 mA

V SENSE (See Figure 7.22)

-VIN = 25V

-VOUT =-15V

I3PASSDEVICE = 90

()JA = 150°C/W

TA=25°C

The same calculations are used here to figure
VSENSE as with the positive regulator foldback
example maximum regulator output current is
calculated from:

2.5 A
lOUT = --go- = 28 mA

(V1N - Vol lOUT

10V x 28 mA

280 mW

TRISE = 150°C/WxO.28W=42°C

TJ = T A + T RISE = 25°C + 42°C = 67°C

500 mV

750 mA

IFa RCL- - VSENSE
12 = ------- = 6.0 mA

200n

. 14.3
R3"" -- = 2.4k

6.0mA

~
~o
> '.0...
~o~ 6.0

4.0

o
o 0.5 1.0 1.5 2.0 2.5 3.0

lOUT (A)

Figure 7.27 and 7.28 show the measured fold back
characteristics for the values derived in the design
examples. The value of R5 is set low so that the
magnitude of 15 for foldback is greater than 14
through 16, This reduces the fold back point
sensitivity to the TC of the internal 300n resistor
and any mismatch in the TC of 02, 03 or the
pass device.



R6= VSENSE

16 - 14 VSENSE-

IFB RCL- (3~0 - R~)+ V;;

The disagreement between the theoretical and
experimental values for the negative regulator is not
alarming. In fact RCL was based on equation (7.23),
which is correct if for zero VOUT, 15 is zero as
well. This implies:

Setting VBE "" VSENSE and R4 = 300 to match
the internal 300n (22) becomes:

V +VBEQ4 BEQ5 (at SC)
2

14 2
Also setting - = - -+ R5 = 200

15 3 Figure 7.30 illustrates the power dissipation in the
external power transistor for both sides. Maximum
power dissipation occurs between full load and
short circuit so the heat sink for the 2N3772
must be designed accordingly, remembering that

Figure 7.29 illustrates the complete schematic of a
lOA regulator with foldback current limiting.
The design approach is similar to that of the 2A
regulator. However, in this design, the current
contribution from the internal 300n resistor is
greater due to the 2 VBE drop across the Darlington
pair. Expression (7.22) becomes:

IFB RCL++VBE------« I,
300

150

120

~ 90

;!S
~ 60
L

30

T.· 25"C

VIN·22V
VOUT O!! 15V

POSITIVE SIOE-
I,. ·10A
loc-' 2.lA
loc"' 2.IA

J-"r

,L. NEGAlIVE SlOE

and, for the negative regulator, expression (7.39)
becomes:

VSENSE- (7.40)

IF_ RCL- [3~O - ~I+V_E [3~ + i)

FIGURE 7.30. Power Dissipation in the External Pass
Transistor 105. 071

the 2N3772 must be derated according to 0.86W/oC
above 25°C. This corresponds to a thermal resist-
ance junction to case of 1.17°C/W.



IFB = lOA

Isc = 2.5 A

V1N = 22V

VOUT = 15V

(3= (31(32= 15 X 50 = 750 min

TA=25°C

1'25 = 13 mA

PLM'25 = 150 mW

RCL + = 0.26n

Rl = 21n

R2 = 130n

VSENSE+ = 650 mV

IFB = lOA

Isc = 2.5 A

VIN = 22V

VOUT = 15V

(3= 800

TA = 25°

14 2

15 3

RCL - = 0.22n

R4 = 300n

R5 = 200n

R6 = 150n

R3 = 1.6 kn

IFB=9.8A

Isc = 2.9 A

RCL+ = 0.26n

R1: adjusted to 20n

R2: adjusted to 120n

IFB=10A

Isc = 2.9 A

RCL: adjusted to 0.3n

R6: adjusted to 130n

R3: adjusted to 900n

7.3.5 Positive Current Dependent Simultaneous
Current Limiting

The LM125/LM126/LM127 uses the negative out·
put as a reference for the positive regulator. As a
consequence, whenever the negative output current
limits, the positive output follows tracks to within
200 - 800 mV of ground. If, however, the positive
regulator should current limit the negative output
will remain in full regulation. This imbalance in
output voltages could be a problem in some
supply applications.

As a solution to this problem, a simultaneous
limiting scheme, dependent on the positive regu-

-Iator output current, is presented in Figure 7.31.
The output current causes an I-R drop across Rl
which brings transistor Ql into conduction. As the
positive load current increases 1, increases until the
voltage drop across R2 equals the negative current
limit sense voltage. The negative regulator will
then current limit, and positive side will closely
follow the negative output down to a level of
700 - 800 mV. For VOUT+ to drop the final
700 - 800 mV with small output current change,
RCL + should be adjusted so that the positive
current limit is slightly larger than the simultaneous
limiting. Figure 7.32 illustrates the simultaneous
current limiting of both sides.

R3
R2 VSENSE- + VBE01

VSENSE+

1.11cL+

The negative current limit (independent of ICL +)
can be set at any desired level.

VSENSE- + VDIODE

RCL-

Transistor Q2 turns off the negative pass transistor
during simultaneous current limiting.



15 + 0.520

66mA

The foldback limiting characteristics are shown in
Figure 7.27 for the values calculated above at various
operating temperatures.
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The negative regulator foldback current limiting
works essentially the same way as the positive
side. Q1 forces a constant current, 12, determined
by -VOUT and R3, through Q2. Transistors Q2
and Q3 are matched so a current identical to 13
will flow through Q3. With the output short-
circuited (-VOUT = 0), Q1 will be OFF, setting
12 = O. The load current will be limited when V,
increases sufficiently due to load current to make
V2 higher than -V IN by the current limit sense
voltage.

For calculating the maximum full load current
with the output still in regulation, current 12

VOUT - VBEQ'
12= ------

R3

At the point of maximum load current, IFB, where
the regulator shou Id start fold ing back:

The current through Q2 (and Q3) will have
increased from 12 by the amount of 14 due

to the voltage V, increasing above its no· load
quiescent value. Since the voltage across Q2 is
simply the diode drop of a base-emitter junction:

IV, - (-VIN)] -VBE
14 = --------

R4

V, - V2 = (-VIN + IFB RCL-) - [VSENSE

+ (-VIN)];

Since VSENSE is the base to emitter voltage drop
of the internal limiter transistor, the VSENSE in
equation (7.30) very nearly equals the VBE in
equation (7.27). Therefore the drop across R5
approximately equals the drop across R4. The
current through R5, Is, can now be determined
as:

IFB RCL- - VSENSE
15 = ---R-5----

Summing the currents through Q3 is now possible
assuming the base-emitter drop of the 2N3055
pass device can be given by VSE '" VSENSE:

V3 - V2
16=---

300

V2 - (-VIN)

17 = -----
R6

VSENSE

R6
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FIGURE 7.32. Positive Current Dependent Simultaneous
Shutdown

In some regulated supply applications it is desirable
to shutdown the regulated outputs (±Vo ~ 0)
without having to shutdown the unregulated
inputs (which may be powering additional equip-
ment). Various shutdown methods may be used.
The simplest is to insert a relay, a saturated
bipolar device, or some other type switch in
series with either the regulator inputs or outputs.
The switch must be able to open and close under
maximum load current which may be several amps.

As an alternate solution, the internal reference
voltage of the regulator may be shorted to ground.
(See Figure 7.37)

This will force the positive and negative outputs
to approximately +700 mV and +300 mV respec-
tively. Both outputs are fully active so the full
output current can still be supplied into a low
impedance load. If this is unacceptable, another
solution must be found.

The circuit in Figure 7.33 provides complete elec-
tronic shutdown of both regulators. The shutdown
control signal is TTL compatible but by adjusting
R8 and R9 the regu lator may be shutdown at any
desired level above 2 VBE, calculated as follows:

[
R8 R9]VT"" --- + - VBE + 2 VBE

R3(l04 R3

Positive and negative shutdown operations are
similar. When a shutdown signal VT is applied,
04 draws current through R3 and D2 establishing
a voltage V R which starts the current sources 01
and 02. Assuming that 01 and 02 are matched,
and making R1 ~ R2 ~ R3, the currents '" 12, 13
are equal and both sides of the regulator shutdown
simultaneously.
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-FOR HIGHER VALUES OF Cl INCREASE R6 TO LIMIT THE PEAK
CURRENT THROUGH 05 TO A SAFE VALUE.
Note: The same circuit applies for the LM126/127.

FIGURE 7.33. Electronic Shutdown for the Boosted Regulator
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The current 13 creates a drop across R5, which
equals or exceeds the limit sense voltage of the
positive regulator, causing it to shutdown. Since
13 has no path to ground except through the load,
a fixed load is provided by 05, which is turned on
by the variable current source 04. C1 also dis-
charges through 05 and current limiting resistor
R6. Resistor R4 prevents 03 turn on during
shutdown, which could otherwise occur due to
the drop across R5 plus the internal 300n
resistor. Diode D3 prevents 13 from being shunted
through RCL'

Capacitor C2 discharges through the load.07 shares
the total supply voltage with 02,thus limiting power
dissipation of 02. Another power dissipation
problem may occur when the design is done for
VT = 2.0V for example, and VT is increased above
the preset threshold value. I, is increased and 04
has to dissipate (V'N - 3 VSE - VT) I, (W). The
simplest solution is to increase R8. If this is
insufficient, a set of diodes may be added between
nodes A and B to clamp. I, to a reasonable value.
This is illustrated in Figur'e 7.34.

VT - VSE - [VT - 2 VSE!
R9

So I, is made independent of VT and by setting a
minimum value of 10 mA (R9 = 70n). The regula-
tor will shutdown at any desired level above 3 VSE'

without overheating transistor 04. Also using



Figure 7.34 the diode 01 in Figure 7.33 may be
omitted. The shutdown characteristics of Figure
7.33 are shown in Figure 7.34.

The normal current limiting current is set by
equation (7.47)

VSENSE + VOIOOE
ICL = -------- RCL

~ T1 : +125 C

j 10
The same approach is used with the unboosted
regulator shown in Figure 7.36. In this case the
voltage sense resistor is the internal 300n one.
Since output capacitors are no longer required 03
is just used as a current sink and its emitter load
has been removed.

'"'TANTAlUMT
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NOTE: PIN NUMBERS FOR METAL CAN PACKAGE ONLY

FIGURE 7.37. Simplified Shutdown

Pd = (V'N+-VOUT+) 'OUT++ (V,N-

- VOUT-) 'OUT- + V,N + Is+ + V,N- 'S-

Example:
±1A regulator using 2N3055 pass transistors.
Assuming a 13 = 100, and ±25V supply,

Therefore the maximum ambient temperature is
TAMAX = TjMAX - T RISE = 90°C. If the device
is to operate at TA above 90° C then the TO-5
package must have a heat sink. T RISE in this case
will be:









The purpose of this section is to provide a practical
guide for the selection of a power supply transformer
and filter components. A number of basic assumptions
are made to avoid an academic discussion of unnecessary
material. For those interested in a rigorous theoretical
analysis, there are a number of fine references available.

One of the more esoteric problems encountered by the
circuit designer is the selection of power transformer
ratings for a particular DC power supply. The designer
is immediately confronted with a number of rectifier
circuits and filter configurations. For the sake of
simplicity, we will make some assumptions which should
be valid for 99% of the average designer's applications.

We will immediately discard the consideration of choke
input filters and confine our choice to capacitor input
filters because of the following:

1. It is desirable to eliminate the weight and cost of
chokes.

2. It can be assumed that the regulator circuit will
provide sufficient extra ripple reduction so that
an L·C section is not required. In addition, the
regulator will compensate for the poor output
voltage regulation with load, inherent in capacitor
input systems.

The remaining disadvantages of the capacitive input
filter system are caused by the discontinuous secondary
current flow (high peak-to-average ratio of forward
diode current). Current is drawn in short, high amplitude
pulses to replace the charge of the filter capacitor which
discharges into the load during diode off time. This
results in higher effective RMS values of transformer
secondary current. However, the transformer average VA
rating is the same as the choke input filter because the
higher DC output voltage obtained at the capacitor com-
pensates for this effect. In addition, except perhaps for
supplies handling very high currents, average semicon-
ductor diodes will meet most of the peak or surge
current requirements of capacitive filters.

The remaining choice is that of a rectifier circuit con-
figuration. The most common single phase circuits are:

1. Half-Wave (single diode)

2. Full-Wave Center-Tapped (two diodes)

3. Full-Wave Bridge (four diodes)

4. Dual Complementary Supply - "Full-Wave Center
Tap" (four diodes)

The only advantages of the half-wave rectifier are its
simplicity and the savings in cost of one diode. Its
disadvantages are many:

1. Extremely high current spikes drawn during the
capacitor charging interval (only one current
surge per cycle). This current is limited only by
the effective transformer and rectifier series
impedance, but it must not be too high or it will
result in rectifier damage. This short once-per-
cycle current spike also results in very high secon-
dary RMS currents.

2. The unidirectional DC current in the transformer
secondary biases the transformer core with a com-
ponent of DC flux density. As a result, more
"iron" is needed to avoid core saturation.

About the only time it would pay to consider using the
half-wave rectifier is for very low DC power levels of
about Y, watt or less.At these levels a power transformer
cannot be reduced very much in size (at reasonable cost)
and a small filter capacitor will be large enough for
adequate DC smoothing.

The remaining single-phase rectifier circuits are of the
"full-wave" type. Secondary current surges occur twice
per cycle so that they are of smaller magnitude and the
fundamental ripple frequency is double the supply
frequency (i.e., 120 Hz rather than the 60 Hz of a half-
wave system). All full-wave rectifiers also have the same
basic rectified waveform applied to the filter capacitor.

Full-Wave Center-Tap

UsesY, of secondary
winding at a time

Requires center-tap

Uses 2 diodes

Fu II-Wave Bridge

Usesfull secondary
winding continuously

No center-tap required

Uses4 diodes

As can be seen above, the choice between FWCT and
Bridge configurations is a tradeoff. The bridge rectifier
has the best transformer utilization but requires the use
of 4 diodes. The extra diodes result in twice the diode
voltage drop of a FWCT circuit so that the latter may be
preferable in low voltage suppl ies.



The "dual complementary rectifier circuit" is the
combination of two FWCT circuits and is a very efficient
way of obtaining two identical outputs of reversed
polarity sharing a common ground. It is also called a
"center-tapped bridge rectifier."

~II t
VOUT (DC)

~

The above diagram represents a full-wave center-tapped
rectifier using a capacitive filter and is the most common
selection for moderate power, regulated DC supplies.

The following assumptions can be made:

1. VREG must be 3 volts DC or greater.

2. VRECT is about 1.25 volts DC.

3. VRIPPLE is about 10"10 Vac peak.

The following formula may be used for determining the
transformer secondary voltage:

(VOUT + VREG + VRECT + VRIPPLE) VNOM 1
V AC = -------------x----x--

0.92 VLQW LINE V2

where: 0.92 = rectifier efficiency (typical)

VNOM _ the ratio of the nominal AC line voltage
VLOW LINE to the required low line conditions

A sample illustration of the above will be shown for a
supply requiring an output of 5 V DC at 2 A DC to
operate down to an input voltage of 95 V RMS.

VOUT = 5V

VREG = 3 V

VRECT = 1.25 V

VRIPPLE = 0.5 (1 V pop)

9.75 115 1
VAC=--x -x-= 9.07V AC

0.92 95 V2
Therefore, the transformer secondary voltage can be
specified as about 18 V CT.

For a bridge rectifier of the same output requirements,
the only change is that:

V AC = ~ x ~ x ..2- = 10.23 V AC
0.92 95 V2

So that the transformer secondary voltage now becomes
about 10V.

The remaining step is to determine the transformer RMS
secondary circuit. This can be accurately determined
only by complex analysis. However, for practical engin-
eering purposes the chart below may be used.

Required RMS
Filter Type" Secondary Current

Rating

Full-Wave Bridge

Full-Wave Bridge

For instance, in our particular example (5 V, 2A DC
supply) the transformer RMS current would be:

Circuit Secondary Rating

FWCT 18V CT@2.4A RMS = 43.2VA

bridge 10V@3.6ARMS=36VA



One more common example will be given, i.e., a dual
complementary supply for ±15 V @ 100 mA DC.

VOUT=±15

VREG = 3

VRECT= 1.25

V RIPPLE= 0.75 ('" 1.5 V pop)

V - (15+3+ 1.25+0.75) 115 1 - 86V
AC - -------- x-x -- 1 .

0.92 95 V2
lAC = 1.8 x 100mA = 180mA RMS

So that the transformer secondary rating is 37 V CT @

180mA RMS.

A precautionary calculation remains to be made. That is,
the increase in voltage at the filter capacitor (into the
regulator) caused by a high line condition. If we assume
our highest line voltage to be 130V AC then the trans-
former output (compared to low line) would rise by the
ratio 130/95. In the 5 V supply, for instance, the
following would happen:

130
V AC = 95 x 9 = 12.3 V

VAC = 130 x 18.6 = 25.5V
95

The increase in output must be absorbed by the regu-
lator, which results in higher regulator power dissipation.
The illustrated values are safe for the typical IC regulator
but should be checked in any specific application.

ADDITIONAL FACTORS TO BE CONSIDERED IN
TRANSFORMER SELECTION

It has been assumed in the previous discussion of the
change in transformer secondary voltage with line
voltage that no change has been occurring in load
current. Therefore, the transformers would seem to be
ideal and the transformer secondary voltage (V AC) wi II
always be the same.

Actually, all the voltages calculated are assumed to be
full load. Most reputable transformer manufacturers will
rate their parts in this manner, i.e., secondary voltage at
full load.

Since transformers are not ideal and have an internal
impedance or "regulation" characteristic, variations in
load current may cause a problem. If the load should be
"light" at "high line," then there will be an additional
rise in secondary voltage, beyond that due to the rising
line voltage, caused by the decreasing voltage drop in the
transformer windings.

Most smaller VA transformers « 10 VA) have a load
regulation of 20"A> or higher. This means that the trans-
former no-load voltage will be 20% or more higher than
CTS rated full-load voltage. This must then be taken into
account in the calculation of maximum V AC (and DC
voltage into regulator) with low load currents.

Due to the inherent design characteristics of transfor-
mers, "regulation" will vary inversely with size (or VA
rating). In larger transformers size is determined
primarily by the heat generated by internal losses. In
smaller transformers (11W VA rating) size is determined
by the maximum perm,ssible no-load to full-load regula-
tion. Even though this is an important design limitation,
virtually no transformer manufacturer publishes load
regulation data in its catalog. Therefore, it would pay to
check with the manufacturer in marginal applications.

In power transformers over 25 VA, temperature rise
becomes a factor. The transformer may be constructed
with materials capable of withstanding higher tempera-
tures and be a perfectly valid design. However, the extra
power dissipated may cause heating of nearby com-
ponents.

This added power loss adds to the total power dissipated
in the circuit area. The problem is not the internal tem-
perature of the transformer but the actual increase in
watts lost.

The actual power loss is also not normally published by
transformer manufacturers, but may be obtained on
request. It should be taken into account in the thermo-
dynamic calculations of equipment temperature.

Certain AC power line noise and transients will be fed
through to the transformer secondary because of the
capacitance between windings. This is a problem which
is very difficult to analyze. Whether or not it is a problem
in a particular application can best be determined
empirically.

If such feedthrough is a problem the most common first
step is to use an electrostatic shield between windings.
This effectively reduces the inter-winding capacitance.
An equal and sometimes superior approach is to choose
transformers with non-concentric windings, i.e., with



primary and secondary wound side-by-side rather than
one over the other. Both result in at least order of mag-
nitude reductions in capacitance. The "non-concentric"
approach, however, also results in higher insulation
resistance and makes it simpler to obtain higher insula-
tion test voltages.

Certain types of feedthrough cannot be much affected
by the transformer design and other approaches such as
line filters or "MOVs" may have to be considered.

This has been an attempt to provide a simple, practical
method of determining transformer ratings. Certain basic
assumptions have been made and this section is not
meant as a rigorous academic analysis. However, such
material is readily available in the literature (see foot-
notes). This, we feel, may help bridge the gap for the
working designer.

Most transformer catalogs are quite mute regarding the
extra details of transformer ratings. Therefore, some
inquiries to the manufacturer and/or some empirical
testing may be necessary to achieve an optimum
selection. The electronic transformer industry is highly
fractionalized and has no real industry standards. There-
fore, it behooves the designer to be somewhat skeptical
and to try to deal with reputable, established sources.

1. Reuben Lee, Electronic Transformers & Circuits. 1947,
John Wiley & Sons
EE Staff - MIT, Magnetic Circuits & Transformers, 1943,
John Wiley & Sons
O. H.Schade,Proc./RE,voI3t,p.356, t943

For low current supplies (lOUT';;;; 1 A) capacitor selection
is relatively straightforward. Capacitance is found by the
simple formula:

C = ~ x 6 x 10-3
tJoV

where: I L = DC load current

f!,. V = peak-to-peak ripple voltage

ripple frequency = 120 Hz

This yields 2000J.lF/amp for 3V POp ripple. At DC
currents below 1 amp, capacitor heating is usually not a
problem and peak-to-peak ripple voltage is the determin-
ing factor in capacitor size.

At higher values of capacitance, where the ratio of
capacitor outside surface area to volume is significantly
lower, internal heating becomes a problem. Ripple
current rating may be the determining factor in capacitor
selection, rather than ripple voltage. In many cases,
capacitor size will have to be increased to prevent

excessive internal heating. Manufacturers' data sheets
should be consulted (after an initial selection is made) to
ensure that capacitor ripple current ratings are met.
Remember that the RMS ripple current ratings shown on
capacitor data sheets are not the same as DC load
current. RMS ripple current in a capacitor input filter is
2 to 3 times the load current. In addition, the time-to-
failure used to rate capacitors on data sheets is often
10,000 hours. For five-year life (40,000 hours). ambient
temperature may have to be derated 30°C from the data
sheet rating. Capacitor life roughly doubles for each
15°C reduction in operating temperature. The following
calculations illustrate a typical design example:

assume I L = 3 A, f!,. V = 4 V pop, V DC = 12 V

C = (6 x 1O-
3

)(3A) = 4,500J.lF
4V

Manufacturer's rating on a 4,600 J.lF/20 V capacitor
@ T A = 65°C is 3.1 A RMS. Dividing by 2.5 to convert
from RMS ripple current to output current yields a
maximum DC load current of 1.24 amps. Obviously
either a larger capacitor is required or ambient tem-
perature must be reduced.

As a final note, be sure to check whether the data sheet
ratings are for still or moving air. Computer grade
capacitors are often rated only for moving air. Other
types may be rated for still air, and are therefore
actually more conservatively rated.

Remember that capacitors are the number one cause of
power supply failure. Don't let your supplies dominate
the statistics column!

The RMS value of the current flowing into a capacitor
input filter is 2 - 3 times the DC output current because
the current is delivered in short pulses. Assuming a full-
wave center tap or bridge, this means that although each
diode is conducting only on alternate half cycles, it
should be rated for at least the full output current. To
ensure adequate surge capability during turn-on, a diode
rating of at least twice the output current is recom-
mended, especially for higher current supplies where the
ratio of filter capacitance to output current is somewhat
higher. Keep in mind that axial lead diodes achieve most
of their heat sinking through the leads. Short leads
soldered to large area standoffs or printed circuit pads
are definitely recommended.

For "short circuit proof" IC regulated supplies using
three-terminal regulators, an additional diode derating
may have to be used. Long-term output shorts do not
harm the regulator, which goes into a current limit or
thermal limit mode to protect itself. The diodes, how-
ever, may experience a substantial current increase
during the short. Regulator data sheets should be con-
sulted for current limit values, keeping in mind that
current limit is a function of input-output voltage
differential. At high input voltages, the short circuit
current of IC regulators is often less than full load
current, tending to alleviate this problem.







L'r. LINE REGULATION = The change in output
voltage for a change in the input voltage. The
measurement is made under conditions of low dis-
sipation or by using pulse techniques such that the
average chip temperature is not significantly affected.

Lr, LOAD REGULATION = The change in output
voltage for a change in load current at constant chip
temperature. Also a pulse test.

DROPOUT VOLTAGE = The input-output voltage
differential at which the circuit ceases to regulate
against further reduction in input voltage. This is
dependent upon load current and junction tempera-
ture.

la, QUIESCENT CURRENT = That part of input
current to the regulator which is not delivered to the
load (+ or - standby current for the dual tracking
regul ators).

RIPPLE REJECTION = The ratio of rms input ripple
voltage to rms output ripple voltage.

OUTPUT VOLTAGE BALANCE = The difference in
magnitude of the positive and negative output vol-
tage (dual tracking regulators only).

FORCED Vo = That voltage to which the output may
be forced without damage to the device (dual
tracking regulators).

OUTPUT NOISE VOLTAGE = The rms voltage at the
output, with constant load and no input ripple,
measured over a specified frequency range.

LONG TERM STABILITY = Output voltage stability
under accelerated Iife-test conditions after 1000 hours
with maximum rated voltage and junction tempera-
ture.

MAXIMUM POWER DISSIPATION = The maximum
total device dissipation for which the regulator will
operate withing specifications.

11 JC = Thermal resistance. junction to case.

11 JA = Thermal resistance, junction to ambient.

I1CA = Thermal resistance, caseto ambient.

I1cs = Thermal resistance. case to heat sink.



Voltage regulator part numbers include package type
and voltage designations. Some also include the letter
A or R to indicate respectively improved or relaxed
specifications. Part number designation is as follows:

Not all regulator basic part numbers are available in all
variations of temperature range, case style, or output
voltage. See Figure 1.2, Table 2.1, or individual data
sheets.

_~l~~
Linear Monolithic Temperature Range Basic Part No. Case Style Nominal Output Voltage (V)

1 -55 to 125°C H Metal can 5 12
2 -25 to 85°C K STEEL TO-3 steel 5.2 15
3 0 to 70°C K TO-3 steel 6 18

KC TO-3 aluminum 8 24
N Mooed DIP 10
P Plastic power TO-202
S DIP wlheat sink
T Plastic power TO-220
Z TO-92 plastic
(see physical dimensions)

On certain units only
A :>:: improved accuracy
R relaxed accuracy
No Itr.: standard accuracy

A few regulators use a somewhat different designatio(l
as follows:_~'l'~~

Linear Monolithic Basic Part No. Nominal Output Voltage (V) AC Improved Accuracy Case Style
05 12 C Standard Accuracy H Metal Can
06 15 K TO-3 Aluminum
OB 1B Z TD-92 Plastic
10 24 KC TO-3 Aluminum



PHYSICAL DIMENSIONS - PACKAGE OUTLINES
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(All Dimensions in Inches and Millimeters)

0.350-0.310tll.I.O-I.]9I}
Of' ~I::::=::::I~0.315-0.335

0.24~rI8.001-8.50911

1'.096-'.'04IQ
1 SEATING
...L.- 1PlANE

0.045

1~~4;1 ~ ~ ~

0.500 0.016-0.019-11-
(12.70) (0.406-0.483) 0.190-0.210

MIN (4.826-5.334)

O .••• J ~fUll)

MAK ~~ ~ ~ ~

II !-f3.041--4.0641
~--ll-- DIA
IU08-0.4Bl)

OIA lOLEADS

10 lead TO-5 Metal Can (H)
NS Package Number H10A

TO-39 Metal Can (H)
NS Package Number H03G

0.092
12.3J7l

OIA NOM

0.300-0.320 a.OlD
(1.620-8.128) 10.762)111~!x ~ 0.130-0.005

Pr 11.6511 ~

1::~=:::::rJ =110
I I 0.075 -0.015 I 1_ L II O.Ol8!D.OOJ 0.125 (OM~~8)
---- (1.905-0.311) ~ ~ ~t--(D.451.!-O.016)(]·175)

0.325 ~:~~~ i2y~OI MIN

(1.255 :::~:~)
Molded Plastic

Dual-in-line
NS Package Number N14A

1.550

'

--(39.J7IW 0150-G.J50
0.135 0.815 ---

(3.429) 1120.7011 t (6.350-1.190)
L 0.445-0.522

-----L111.JDJ-l'.2591

D.DJ8-0·04Jf
-(0.965-1.0921

0.165-0.119

(4.191-4.541)~

2 MOUNTING HOLES
0.151-0.161

{3.835-4.01t1
OIA

0.490-0.510 R
(12.446-12.954)

TO-3 Aluminum
Metal Can

NS Package Number K02A

TO-3 STEEL
Metal Can

NS Package Number K02A



The basic circuit functions included in all of the three-
terminal regulators are shown in Figure A3.1.

VREF is a temperature·stabilized voltage developed from
a zener or tl.VBE circuit as discussed below. The error
amplifier compares VREF with a fraction of the output
voltage determined by the feedback ratio of
R2/(R1 + R21. and thereby controls the base drive of
the series pass transistor to provide regulation.

All the regulator protection circuits, current limit, safe
area and thermal shutdown, when activated, limit or
turn off the base drive for the series pass transistor, so
output current is either limited or the series pass
transistor is turned completely off.

There are two types of references which are commonly
used in the regulators. The first, known as a "band-gap"
or tl.VBE reference is shown in simplified form in
Figure A3.2. Operation of this reference, which was
first used in National's LM109, relies on the fact that
two monolithic transistors operating at different current
densities develop a predictable voltage, tl.VBE, at the
emitter of 02:

tl.VBE = kTln~
q 12

This voltage, which has a positive temperature coeffi-
cient (TC), is amplified and added to the base-emitter
voltage of 03, which has a negative TC:

R2
VREF = ¢3 + R"ltl.VBE

If the gain R2/R 1 is properly chosen, the negative TC of
¢3 can be made to cancel the positive TC of tl. VBE
producing nearly zero temperature drift.

Advantages of the band-gap reference compared with a
zener reference are: (1) low noise, since avalanche
breakdown devices such as "zeners" are noisy, and (2)
better long-term stability. This last property results since
transistor VBE'S are very stable and insensitive to surface
effects. Disadvantages include: (1) it is more difficult to
accurately control initial voltage tolerance since VBE
varies with transistor base width, (2) temperature drift
is usually higher, and (3) thermal gradient effects (see
below) are much more severe. The gradient effects
arise because the band-gap reference consists of many
components, each of which sees slightly different
temperatures as heating occurs in the output transistor.

The major drawback of the zener reference, poor long-
ter.m stability, can be eliminated if the zener breakdown
site is placed below the die surface where it is shielded
from high field effects of mobile surface ions. It is
difficult to achieve a controlled subsurface breakdown
with normal diffusion techniques, but by using a new
technology known as ion implantation, one can bury a
highly doped region below the surface, thereby gener-
ating a stable and reproducible avalanche diode (see
Figure A3.3).

FIGURE A3.3. Zener {avalanche} Reference Employing Ion
Implantation to Produce a Subsurface
Breakdown



In National's line of three-terminal regulators, both
band-gap and subsurface zeners are used. Band-gap
references are generally chosen for the higher current
devices (0.5 A to 3 Al. where they offer low noise
without significantly increasing die area, while zeners
are chosen for small die,lower current (0.1 A and 0.25 A)
devices. Because of the good initial voltage control with
the zener, National offers ±2% initial voltage tolerances
(LM3910 family) for users having a need for high
precision.

A3.3 Operation of the Regulator in Fault Modes
Current Limit

With VIN - VOUT less than the 6 V breakdown of zener
diode 01 (Figure A3.41. there is no current in R3 and
only base current in R4' Therefore the base-emitter
voltage on the current limit transistor Q2 essentially
equals the voltage developed across current limit sense
resistor RCL. As the regulator output current increases
the voltage across RCL and the base-emitter of Q2
increases until Q2 turns on. preventing additional base
drive from reaching the series pass transistor Q1 and
thereby limiting the output current.

SERIES
01 PASS

TRANSISTOR

THERMAL
SHUTOOWN
TRANSISTOR

With VIN - VOUT greater than the breakdown voltage
of 01. current proportional to VIN - VOUT flows
through 01. R3' and R4 to the output. This causes the
base-emitter voltage of Q2 to be greater than the voltage
drop across RCL. Therefore Q2 turns on at lower output
currents through RCL and the current limit point of the
regulator is reduced. The rate of reduction of current
limit with increase in VIN - VOUT is equal to

lllCL _ R4
ll(VIN - yO) - - R3 RCL

amps per volt. This is the slope of the safe area curves in
Figure A3.5. These curves also show a reduction in
current limit with increased junction temperature, which
results since a reduced base-emitter voltage is required
to turn on the current limit transistor as its junction
temperature increases_ It is important to note in
selecting a regulator that the safe area circuitry causes
the maximum output current to drop significantly for
large V1N - VOUT.

Tj = Z5=C

I
CURREN~SAFEAREA

LIMIT~;--

~

The thermal shutdown transistor, Q3 (Figure A3.41. is
physically located next to Ql. the major heat source on
the die. The base of Q3 is held at approximately 0.4 V,
which is below its turn-on voltage at room temperature.
As the die temperature increases, the voltage required to
turn on Q3 will decrease to 0.4 V. When Q3 turns on
it removes all base drive from Q1 and turns off the
output. Various regulators have thermal shutdown tem-
peratures ranging from 150°C to 190°C. The regulators
also have hysteresis built into their thermal shutdown
circuits so that the shutdown temperature is several
degrees above the temperature at which the regulator
turns back on. This reduces the chance of high fre-
quency thermal oscillations.

A3.4 Output Impedance, Line and Load Regulation:
Thermal and Electronic Effects

Few people realize that many of the important specifi-
cation limits of high power regulators are determined
by thermal characteristics rather than electrical ones.
To illustrate. suppose a high current step load is
placed on a regulator and the output voltage is observed
on a storage oscilloscope as shown in Figure A3.6.
The response is due to both electronic and thermal
effects.

a) Initially a large negative spike (not shown in
Figure A3.6) can occur due to the presence of
regulator and circuit lead inductance.

b) This is followed by the electronic response of the
regulator loop which will consist of a small
negative step of a few microseconds duration.
Oetails of th is response are effected by the load
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capacitor used and by internal wire bond resistance
in the regulator. Wirebond resistance ranges from
approximately 150 milliohms in the 100 mA
TO-92 regulators to 40 milliohms in the 1 A
LM340. The 3 A regulators use electronic compen-
sation to cancel effects of wire resistance, so this
effect, which would otherwise dominate output
impedance, is reduced.

c) As the electronic response decays, a third exponen-
tial response is observed with a time constant in
the 20 mS to 40 mS region (see Figure A3.6)_
This is the major thermal response wh ich results

from the "thermal surface wave." A qualitative
feel for this thermal effect can be obtained by
studying the simplified thermal model of the IC
die and package shown in Figure A3.7. Referring
to Figure A3.7 (b), we see that the power transistor
and reference circuitry can be visual ized as being
coupled thermally by a distributed RC transmission
line. This line is, of course, the electrical analog
of a thermal line, with temperatwe replacing
voltage, thermal resistances replacin'g normal Rs,
etc.

Applying this electrical analog for a step increase
of power in the pass transistor, it is seen that
there is an immediate increase in the power
transistor temperature, Tp. Temperature gradients
then begin to set up across the die as the heat
propogates through the die (transmission line!.
see Figure A3.7 (a). The various components of
the reference circuitry now are no longer at a
single temperature, so small thermally-induced
shifts occur in the reference voltage. These shifts
then reflect to the output as a change in output
voltage in response to a change in dissipated
power in the pass transistor. We see, therefore,
that changes in either load current or input
voltage can cause a thermal response, so both load
and line regulation have thermal components.

d) The last portion of the response in Figure A3.6
shows a long term (minutes) settling effect, which
is due largely to uniform heating effects in the
die, header and sink. Such heating gives rise to
normal temperature drift effects in the voltage
reference which then reflect as small output
voltage changes.

OlE
TEMP.

(b)

FIGURE A3.7(a). Plot of Die Temperature vs Distance (x) Along Die After Power Transistor is Turned On.

(b). Simplified thermal model of Ie polNer regulator mounted to metal header.



Figure A4.1 illustrates a circuit for testing line and
load regulation, IQ variations and output voltage of a
positive three-terminal regulator. For line and load
regulation, a pulse technique is used. An LM555CN
timer, connected as an astable multivibrator, is the pulse
generator. Duty cycle and pulse width can be adjusted
with RA and RB. The test method is summarized in
Table A4.1.

During any kind of measurement the regulator should be
lightly preloaded as already shown [Rp = 0.2 VOUT

(kn)).

Notice that line regulation is measured with constant
load and pulsed input voltage, whereas load regulation
is measured with constant input voltage and pulsed load.

Load and Iine regulation of a dual tracking regulator can
be tested in the circuit of Figure A4.3.

Figure A4.2 shows a similar test circuit for negative
three-terminal regulators. The schematic does not in-
clude a pulse generator, but an LM555CN can be used
for generating variable amplitude negative pulses to
drive the PNP switch Q3. The loop composed of the
two LM101 As insures that live voltage variation is
within data sheet specifications for LM120, independent
of the value of the fixed output voltages of the negative
regulator. An LM101A converted as a current-to-voltage
converter, is used to monitor quiescent current varia-
tions during the load and line regulation test.
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SWITCH POSITIONS
Measurement

TEST S2 S3 S4 S5 S6 at Con nector

Load Regulation (pulsed mode) LOAD PULSE DC ON CLOSED 82

Line Regulation (DC load ON) LINE DC PULSE ON CLOSED 82

Quiescent current, IQ LOAD DC DC ON OPEN 85

IQ change: 1) with load LOAD PULSE DC ON OPEN 85

2) with line LINE DC PULSE ON OPEN 85

Output Voltage LOAD DC DC ON CLOSED 82
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Line Regulation OFF b open-close 8,

Ouiescent current, 10 OFF a open Va

10 change: 1) with load ON-OFF a open Va

2) with line OFF b open-closed Va
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TEST S, S2 Measure

Line regulation DC PULSE ± VOUT

Load regulation PULSE DC ± VOUT

IMPROVING POWER SUPPLY RELIABILITY
AN1S2 DEVICE RELIABILITY

For steady state operation within the operating junction temperature range of the part, most failure modes are due to die
surface related effects such as zener voltage drift due to field effect changes caused by movement of ions in the oxide. After
extensive life testing, National Semiconductor has developed some average "acceleration factors" relating increased surface
related failure rates to increased junction temperature. For ex.ample: an IC device operating steady state at TJ = 125°C for
500 hours will experience approximately the same failure rate as if operated at TJ = 70°C for 72,500 hours. The acceleration
factor from 70°C to 125°C (TJ) would be 145. From 125°C to 150°C (TJ) the acceleration factor is 6.3. This indicates the
greatly increased part lifetime the user can realize by maintaining the part at a low operating junction temperature.



A new 3-terminal adjustable IC power regulator solves
many of the problems associated with older, fixed
regulators. The LM117, a 1.5A IC regulator is adjust-
able from 1.2V to 40V with only 2 external resistors.
Further, improvements are made in performance over
older regulators. Load and line regulation are a factor
of 10 better than previous regulators. Input voltage
range is increased to 40V and output characteristics
are fully specified for loads of 1.5A. Reliability is
improved by new overload protection circuitry as
well as 100% burn-in of all parts. The table below
summarizes the typical performance of the LM117.

Output Voltage Range
Line Regulation
Load Regulation I L : 1.5A
Reference Voltage
Adjustment Pin Current
Minimum Load Current (Quiescent Current)
Temperature Stability
Current Limit
A ipple Rejection

1.25V-40V
0.01%/V

0.1%
1.25V
50llA

3.5mA
0.01%fC

2.2A
SOdS

The overload protection circuitry on the LM117 in-
cludes current limiting, safe-area protection for the
internal power transistor and thermal limiting. The
current limit is set at 2.2A and, unlike presently
available positive regulators, remains relatively con-
stant with temperature. Over a -55°C to +150°C tem~-
erature range, the current limit only shifts about 10%.

At high input-to-output voltage differentials the safe-
area protection decreases the current limit. With the
LM117, full output current is available to 15V dif-
ferential and, even at 40V, about 400 mA is available.
With some regulators, the output will shut com-
pletely off when the input-to-output differential goes
above 30V, possibly causing start-up problems. Fin-
ally, the thermal limiting is always active and will
protect the device even if the adjustment terminal
should become accidentally disconnected.

Since the LM117 is a floating voltage regulator, it sees
only the input-to-output voltage differential. This
is of benefit, especially at high output voltage. For
example, a 30V regulator nominally operating with
a 38V input can have a 70V input transient before
the 40V input-to-output rating of the LM117 is
exceeded.

The operation of how a 3-terminal regulator is adjusted
can be easily understood by referring to Figure 1, which
shows a functional circuit. An op amp, connected as a
unity gain buffer, drives a power Darlington. The op
amp and biasing circuitry for the regulator is arranged
so that all the quiescent current is delivered to the
regulator output (rather than ground) eliminating the
need for a separate ground terminal. Further, all the
circuitry is designed to operate over the 2V to 40V
input-to-output differential of the regulator.



A 1.2V reference voltage appears inserted between the
non-inverting input of the op amp and the adjustment
term inal. About 50 IlA is needed to bias the reference
and this current comes out of the adjustment terminal.
In operation, the output of the regulator is the voltage
of the adjustment terminal plus 1.2V. If the adjustment
terminal is grounded, the device acts as a 1.2V regulator.
For higher output voltages, a divider R1 and R2 is
connected from the output to ground as is shown in
Figure 2. The 1.2V reference across resistor R1 forces
10 mA of current to flow. This 10 mA then flows through
R2, increasing the voltage at the adjustment terminal
and therefore the output voltage. The output voltage
is given by:

The 50 IlA biasing current is small compared to 5 mA
and causes only a small error in actual output voltages.
Further, it is extremely well regulated against line
voltage or load current changes so that it contributes
virtually no error to dynamic regulation. Of course,
programming currents other than 10 mA can be used
depending upon the application.

Since the regulator is floating, all the quiescent current
must be absorbed by the load. With too light of a load,

regulation is impaired. Usually, a 5 mA programming
current is sufficient; however, worst case minimum load
for commercial grade parts requires a minimum load of
10 mA. The minimum load current can be compared to
the quiescent current of standard regulators.

An adjustable lab regulator using the LM117 is shown in
Figure 2 and has a 1.2V to 25V output range. A 10 mA
program current is set by R1 while the output voltage is
set by R2. Capacitor C1 is optional to improve ripple
rejection so that 80 dB is obtained at any output voltage.
The diode, although not necessary in this circuit since
the output is limited to 25V, is needed with outputs
over 25V to protect against the capacitors discharging
through low current nodes in the LM117 when the input
or output is shorted.

The programming current is constant and can be used to
bias other circuitry, while the regulator is used as the
power supply for the system. In Figure 3, the LM117 is
used as a 15V regulator while the programming current
powers an LM129 zener reference. The LM129 is an IC
zener with less than 1n dynamic impedance and can
operate over a range of 0.5 mA to 15 mA with virtually
no change in performance.

VREF = 6.95V

Dl
LM129



Another example of using the programming current is
shown in Figure 4 where the output setting resistor is
tapped to provide multiple output voltage to op amp
buffers. An additional transistor is included as part of
the overload protection. When any of the outputs are
shorted, the op amp will current limit and a voltage will
be developed across its inputs. This will turn "ON" the
transistor and pull down the adjustment terminal of the
LM117, causing all outputs to decrease, minimizing
possible damage to the rest of the circuitry.

Ordinary 3-terminal regulators are not especially attrac-
tive for use as precision current regulators. Firstly, the

quiescent current can be as high as 10 mA, giving at least
1% error at 1A output currents, and more error at lower
currents. Secondly, at least 7V is needed to operate the
device. With the LM117, the only error current is 50 IlA
from the adjustment terminal, and only 4.2V is needed
for operation at 1.5A or 3.2V at 0.5A. A simple 2-
terminal current regulator is shown in Figure 5 and is
usable anywhere from 10 mA to 1.5A.

Figure 6 shows an adjustable current regulator in
conjunction with the voltage regulator from Figure 2
to make constant voltage/constant current lab-type
supply. Current sensing is done across R1, a 1.11resistor,

t.25V
IOUT~~

to mA ~ lOUT ~ t.5A

VOUT
1.ZV TO 25V

02
'04002



while R2 sets the current limit point. When the wiper of
R2 is connected, the Hl sense resistor current is regu-
lated at 1.2A. As R2 is adjusted, a portion of the 1.2V
reference of the LM117 is cancelled by the drop across
the pot, decreasing the current limit point. At low output
currents, current regulation is degraded since the voltage
across the 1D sensing resistor becomes quite low. For
example, with 50 mA output current, only 50 mV is
dropped across the sense resistor and the supply rejec-
tion of the LMl17 will limit the current regulation to
about 3% for a 40V change across the device. An
alternate current regulator is shown in Figure 7 using an
additional LM117 to provide the reference, rather than
an LMl13 diode. Both current regulators need a negative
supply to operate down to ground.

Figure 8 shows a 2-wire current transmitter with 10 mA
to 50 mA output current for a 1V input. An LMl17 is
biased as a 10 mA current source to set the minimum
current and provide operating current for the control
circuitry. Operating off the 10 mA is an LM108 and an
LM129 zener. The zener provides a common-mode
voltage for operation of the LM108 as well as a 6.9V
reference, if needed. Input signals are impressed across
R3, and the current through R3 is delivered to the
output of the regulator by Q1 and Q2. For a 25D
resistor, this gives a 40 mA current change for a 1V
input. This circuit can be used in 4 mA to 20 mA
appl ications, but the LM117 must be selected for low
quiescent current. Minimum operating voltage is about
12V.

VIN 2:15V
SINK CURRENT

10T050mA

R2
360

R3
25
1%



Until now, all of the 3-terminal power Ie voltage
regulators have a fixed output voltage. In spite of this
limitation, their ease of use, low cost, and full on-chip
overload protection have generated wide acceptance.
Now, with the introduction of the LM 117, it is possible
to use a single regulator for any output voltage from
1.2V to 37V at 1.5A. Selecting close-tolerance output
voltage parts or designing discrete regulators for parti-
cular applications is no longer necessary since the
output voltage can be adjusted. Further, only one
regulator type need be stocked for a wide range of
applications. Additionally, an adjustable regulator is
more versatile, lending itself to many applications not
suitable for fixed output devices.

In addition to adjustability, the new regulator features
performance a factor of 10 better than fixed output
regulators. Line regulation is 0.01%/V and load regula-
tion is only 0.1%. It is packaged in standard TO-3
transistor packages so that heat sinking is easily accom-
plished with standard heat sinks. Besides higher
performance, overload protection circuitry is improved,
increasing reliability.

The adjustment of a 3-terminal regulator can be easily
understood by referring to Figure 1, which shows a
functional circuit. An op amp, connected as a unity
gain buffer, drives a power Darlington. The op amp and
biasing circuitry for the regulator are arranged so that all
the quiescent current is delivered to the regulator output
(rather than ground) eliminating the need for a separate
ground terminal. Further, all the circuitry is designed to
operate over the 2V to 40V input to output differential
of the regulator.

A 1.2V reference voltage appears inserted between the
non-inverting input of the op amp and the adjustment
term inal. About 50 /lA is needed to bias the reference
and this current comes out of the adjustment terminal.
In operation, the output of the regulator is the voltage
of the adjustment terminal plus 1.2V. If the adjustment
terminal is grounded, the device acts as a 1.2V regulator.
For higher output voltages, a divider R1 and R2 is
connected from the output to ground as is shown in
Figure 2. The 1.2V reference across resistor R1 forces
5 mA of current to flow. This 5 mA then flows through
R2, increasing the voltage at the adjustment terminal
and therefore the output voltage. The output voltage is
given by:

Vour 1.2V (+ :~) +50/lA R2

The 50 /lA biasing current is small compared to 5 mA
and causes only a small error in actual output voltages.
Further, it is extremely well regulated against line
voltage or load current changes so that it contributes
virtually no error to dynamic regulation. Of course,
programming currents other than 5 mA can be used
depending upon the application.

Since the regulator is floating, all the quiescent current
must be absorbed by the load. With too light of a load,
regulation is impaired. Usually the 5 mA programming
current is sufficient; however, worst caseminimum load
for commercial grade parts requires a minimum load of
10 mA. The minimum load current can be compared to
the quiescent current of standard regulators.

C2
~O.1JlF

tSolid tantalum
*Discharges C1 if output is shorted to ground



An important advancement in the LM 117 is improved
current limit circuitry. Current limit is.set internally at
about 2.2A and the current limit remains constant with
temperature. Older devices such asthe LM309 or LM7800
regulators use the turn·on of an emitter·base junction
of a transistor to set the current limit. This causescurrent
limit to typically change by a factor of 2 over a -55°C
to +150°C temperature range. Further, to insure
adequate output current at 150°C the current limit is
relatively high at 25°C, which can cause problems by
overloading the input supply.

Also included is safe-area protection for the pass
transistor to decrease the current limit as input·to·
output voltage differential increases. The safe area
protection circuit in the LMl17 allows full output
current at 15V differential and does not allow the
current limit to drop to zero at high input·to·output
differential voltages, thus preventing start up problems
with high input voltages. Figure 3 compares the current
limit of the LMl17 to an LM340 regulator.
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Thermal overload protection, included on the chip,
turns the regulator OFF when the chip temperature
exceeds about 170°C, preventing destruction due to
excessive heating. Previously, the thermal limit circuitry
required about 7V to operate. The LMl17 has a new
design that is operative down to about 2V. Further, the
thermal limit and current limit circuitry in the LMl17
are functional, even if the adjustment terminal should
be accidentally disconnected.

The basic regulator connection for the LM117, asshown
in Figure 2, only requires the addition of 2 resistors and
a standard input bypass capacitor. Resistor R2 sets the
output voltage while R1 provides the 5 mA programming
current. The 2 capacitors on the adjustment and output
terminals are optional for improved performance.

Bypassing the adjustment terminal to ground improves
ripple rejection. This bypass capacitor prevents ripple
from being amplified as the output voltage is increased.
With a 10 f.lF bypass capacitor, BO dB ripple rejection is
obtainable at any output level. Increases over 10 f.lF do
not appreciably improve the ripple rejection at 120 Hz.
If a bypass capacitor is used, it is sometimes necessary

to include protection diodes as discussed later, to pre-
vent the capacitor from discharging through internal low
current paths in the LM 117 and damaging the device.

Although the LM 117 is stable with no output capacitors,
like any feedback circuit, certain values of external
capacitance can cause excessive ringing. This occurs with
values between 500 pF and 5000 pF. A 1 /IF solid tanta·
lum (or 25 /IF aluminum electrolytic) on the output
swamps this effect and insures stability. When external
capacitors are used with any IC regulator, it is some-
times necessary to add protection diodes to prevent the
capacitors from discharging through low current points
into the regulator. Most 10 /IF 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 VIN. In the LMl17, this discharge path is through a
large junction that is able to sustain a 20A surge with no
problem. This is not true of other types of positive
regulators. For output capacitors of 25 /IF or less, there
is no need to use diodes.

The bypass capacitor on the adjustment terminal (C2)
can discharge through a low current junction. Discharge
occurs when either the input or output is shorted.
Internal to the LM 117 is a 50n resistor which limits
the peak discharge current. No protection is needed for
output voltages of 25V and less than 10 /IF capacitance.
Figure 4 shows an LM 117 with protection diodes
included for use with outputs greater than 25V and high
values of output capacitance.

VOUT = 1.25V (1 +~) + R2' IADJ

01 protects against C1 (input shorts)

02 protects against C2 (output shorts)
FIGURE 4. Regulator with Protection Diodes
Against Capacitor Discharge

Some care should be taken in making connection to the
LM 117 to achieve the best load regulation. Series
resistance between the output of the regulator and
programming resistor R1 should be minimized. Any
voltage drop due to load current through this series
resistance appears as a change in the reference voltage
and degrades regulation. If possible, 2 wires should be
connected to the output-1 for load current and 1 for



resistor R1. The ground of R2 can be returned near the
ground of the load to provide remote sensing and improve
load regulation.

Figure 5 shows a OV to 25V general purpose lab supply.
Operation of the LM317 down to OV output requires
the addition of a negative supply so that the adjustment
terminal can be driven to -1.2V. An LM329 6.9V
reference is used to provide a regulated -1.2V reference
to the bottom of adjustment pot R2. The LM129 is an
IC zener which has exceptionally low dynamic impedance
so the negative supply need not be well regulated.
Note that a 10 mA programming current is used since
lab supplies are often used with no-load, and the LM317
requires a worst-case minimum load of 10 mA.

The 1.2V minimum output of the LM117 makes it easy
to design power supplies with electrical shut-down. At
1.2V, most circuits draw only a small fraction of their
normal operating current. In Figure 6 a TTL input signal
causes 01 to ground the adjustment terminal decreasing
the output to 1.2V. If true zero output is desired, the
adjustment can be driven to -1.2V; however, this does
require a separate negative supply.

When fixed output voltage regulators are used as on-card
regulator for multiple cards, the normal output voltage
tolerance of ±5% between regulators can cause as much as
10% difference in operating voltage between cards.

This can cause operating speed differences in digital
circuitry, interfacing problems or decrease noise margins.

Figure 7 shows a method of adjusting multiple on-card
regulators so that all outputs track within ±100 mV.
The adjustment terminals of all devices are tied together
and a single divider is used to set the outputs. Program-
ming current is set at 10 mA to minimize the effects of
the 50 !J.A biasing current of the regulators and should
further be increased if many LM117's are used. Diodes
connected across each regulator insure that all outputs
will decrease if 1 regulator is shorted.

Two terminal current regulators can be made with fixed-
output regulators; however, their high output voltage
and high quiescent current limit their accuracy. With the
LM117 as shown in Figure 8, a high performance current
source useful from 10 mA to 1.5A can be made. Current
regulation is typically 0.01%/V even at low currents
since the quiescent current does not cause an error.
Minimum operating voltage is less than 4V, so it is also
useful as an in-line adjustable current limiter for protec-
tion of other circuitry.

Low cost adjustable switching regulators can be made
using an LM317 as the control element. Figure 9 shows
the simplest configuration. A power PNP is used as the
switch driving an L-C filter. Positive feedback for
hysteresis is applied to the LM317 through R6. When
the PNP switches, a small square wave is generated across
R5. This is level shifted and applied to the adjustment
terminal of the regulator by R4 and C2, causing it to

VIN 1V-35V VOUT
SV

Rl
240

Cl C2
O.1,uF O.1,uF

R2
720 TIL

lk

*AII outputs within ±100 mV

tMinimum load-10 mA



tSolid tantalum
*Core-Arnold A-254168-2 60 turns

switch ON or OF F. Negative feedback is taken from the
output through R3, making the circuit oscillate. Capaci-
tor C3 acts as a speed-up, increasing switching speed,
while R2 limits the peak drive current to Ql,

The circuit in Figure 9 provides no protection for Q1
in case of an overload. A blow-out proof switching
regulator is shown in Figure 10. The PNP transistor has
been replaced by a PNP-NPN combination with LM395's
used as the NPN transistors. The LM395 is an IC which
acts as an NPN transistor with overload protection.
Included on the LM395 is current limiting, safe-area
protection and thermal overload protection making the
device virtually immune to any type of overload.

Efficiency for the regulators ranges from 65% to 85%,
depending on output voltage. At low output voltages,
fixed power losses are a greater percentage of the total
output power so efficiency is lowest. Operating frequency
is about 30 kHz and ripple is about 150 mV, depending
upon input voltage. Load regulation is about 50 mV and
line regulation about 1% for a 10V input change.

One of the more unique applications for these switching
regulators is as a tracking pre-regulator. The only DC
connection to ground on either regulator is through the
lOOn resistor (R5 or R8) that sets the hysteresis. Instead
of tying this resistor to ground, it can be connected to
the output of a linear regulator so that the switching
regulator maintains a constant input-to-output differen-
tial on the linear regulator. The switching regulator would
typically be set to hold the input voltage to the linear
regulator about 3V higher than the output.

Battery charging is another application uniquely suited
for the LMl17. Since battery voltage is dependent on
electrochemical reactions, the charger must be designed
specifically for the battery type and number of cells.
Ni-Cads are easily charged with the constant current
sources shown previously. For float chargers on lead-acid
type batteries all that is necessary is to set the output of
the LMl17 at the float voltage and connect it to the
battery. An adjustable regulator is mandatory since, for
long battery life the float voltage must be precisely
controlled. The output voltage temperature coefficient
can be matched to the battery by inserting diodes in
series with the adjustment resistor for the regulator and
coupling the diodes to the battery.

A high performance charger for gelled electrolite lead-
acid batteries is shown in Figure ". This charger is
designed to quickly recharge a battery and shut off at
full charge.

Initially, the charging current is limited to 2A by the
internal current limit of the LMl17. As the battery volt-
age rises, current to the battery decreases and when the
current has decreased to 150 mA, the charger switches
to a lower float voltage preventing overcharge. With a
discharged battery, the start switch is not needed since
the charger will start by itself; however, it is included to
allow topping off even slightly discharged batteries.

When the start switch is pushed, the output of the
charger goes to 14.5V set by R1, R2 and R3. Output
current is sensed across R6 and compared to a fraction
of the 1,2V reference (across R2) by an LM301 A op
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amp. As the voltage across R6 decreases below the
voltage across R2, the output of the LM101A goes low
shunting R1 with R4. This decreases the output voltage
from 14.5V to about 12.5V terminating the charging.
Transistor 01 then lights the LED as a visual indication
of full charge.

The LM 117 can even be used as a peak clipping AC
voltage regulator. Two regulators are used, 1 for each
polarity of the input as shown in Figure 12. Internal
to the LM117 is a diode from input·to-output which
conducts the current around the device when the oppo-
site regulator is active. Since each regulator is operating
independently, the positive and negative peaks must be
set separately for a symmetrical output.

12Vp-p
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A new IC power voltage regulator has been developed
which is significantly more versatile than older devices.
The output voltage is adjustable, in addition to improved
regulation specifications. Further, reliability is increased
in 2 fashions. Overload protection circuitry has been
improved to make the device less susceptable to fault
conditions and under short circuit conditions, minimum
stress is transmitted back to the input power supply.
Secondly, the device is 100% burned-in under short
circuit conditions at the time of manufacture. Finally,
the LM117 is made with a standard IC production
process and packaged in a standard TO-3 power package,
keeping costs low.

6Vp-p
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Three-terminal IC power regulators include on-chip
overload protection against virtually any normal fault
condition. Current limiting protects against short circuits
fusing the aluminum interconnects on the chip_ Safe-
area protection decreases the available output current at
high input voltages to insure that the internal power
transistor operates within its safe area_ Finally, thermal
overload protection turns off the regulator at chip
temperatures of about 170°C, preventing destruction
due to excessive heating. Even though the IC is fully
protected against normal overloads, careful design must
be used to insure reliable operation in the system_

The IC is protected against short circuits, but the value
of the on-chip current limit can overload the input
rectifiers or transformer. The on-chip current limit is
usually set by the manufacturer so that with worst-case
production variations and operating temperature the
device will still provide rated output current. Older tYpes
of regulators, such as the LM309, LM340 or LM7800
can have current limits of 3 times their rated output
current.

The current limit circuitry in these devices uses the
turn-on voltage of an emitter-base junction of a transis-
tor to set the current limit_ The temperature coeffi-
cient of this junction combined with the temperature
coefficient of the internal resistors gives the current
limit a -0.5%fC temperature coefficient. Since devices
must operate and provide rated current at 150°C,
the 25°C current limit is 120% higher than tYpical.
Production variations will add another ±20% to initial
current limit tolerance so a tYpical 1A part may have a
3A current limit at 25°C. This magnitude of overload
current can blow the input transformer or rectifiers if
not considered in the initial design-even though it does
not damage the IC.

One way around this problem (other than fuses) is by
the use of minimum size heat sinks. The heat sink is
designed for only normal operation. Under overload
conditions, the device (and heat sink) are allowed to
heat up to the thermal shut-down temperature. When
the device shuts down, loading on the input is reduced.

Newer regulators have improved current limiting cir-
cuitry. Devices like the LMl17 adjustable regulator,
LM123 3A,5V logic regulator or the LM120 negative
regulators have a relatively temperature-stable current
limit. Typically these devices hold the current limit
within ±10% over the full -55°C to +150°C operating
range. A device rated for 1.5A output will typically have
a 2.2A current limit, greatly easing the problem of
input overloads.

Many of the older IC regulators can oscillate when in
current limit. This does not hurt the regulator and is
mostly dependent upon input bypassing capacitors.
Since there is a large variabilitY between regulator tYpes
and manufacturers, there is no single solution to elimina-
ting oscillations. Generally, if oscillations cause other
circuit problems, either a solid tantalum input capacitor
or a solid tantalum in series with 5n to 10n will cure
the problem. If one doesn't work, try the other.

Start-up problems can occur from the current limit
circuitry too. At high input-output differentials, the
current limit is decreased by the safe-area protection.
In most regulators the decrease is linear, and at input-
output voltages of about 30V the output current can
decrease to zero. Normally this causesno problem since,
when the regulator is initially powered, the output
increases as the input increases. If such a regulator is
running with, for example, 30V input and 15V output
and the output is momentarily shorted, the input·
output differential increases to 30V and available
output current is zero. Then the output of the regulator
stays at zero even if the short is removed. Of course,
if the input is turned OFF, then ON, the regulator
will come up to operating voltage again. The LMl17 is
the only regulator which is designed with a new safe-area
protection circuit so output current does not decrease
to zero, even at 40V differential.

This tYpe of start-up problem is particularly load
dependent. Loads to a separate negative supply or
constant-current devices are among the worst. Another,
usually overlooked, load is pilot lights. Incandescent
bulbs draw 8 times as much current when cold as when
operating. This severely adds to the load on a regulator,



and may prevent turn-on. About the only solutions are
to use an LM117 type device, or bypass the regulator
with a resistor from input to output to supply some
start-up current to the load. Resistor bypassing will not
degrade regulation if, under worst-case conditions of
maximum input voltage and minimum load current, the
regulator is still delivering output current rather than
absorbing current from the resistor. Figure 1 shows the
output current of several different regulators as a func-
tion of output voltage and temperature.

When a positive regulator (except for the LM117) is
loaded to a negative supply, the problem of start-up
can be doubly bad. First, there is the problem of the
safe-area protection as mentioned earlier. Secondly,
the internal circuitry cannot supply much output cur-
rent when the output pin is driven more negative than
the ground pin of the regulator. Even with low input
voltages, some positive regulators will not start when
loaded by 50 mA to a negative supply. Clamping the
output to ground with a germanium or Schottky diode
usually solves this problem. Negative regulators, because
of different internal circuitry, do not suffer from this
problem.

DIODES PROTECT AGAINST CAPACITOR DIS-
CHARGE

It is well recognized that improper connections to a 3-
terminal regulator will cause its destruction. Wrong
polarity inputs or driving current into the output (such
as a short between a 5V and 15V supply) can force high
currents through small area junctions in the IC, destroy-
ing them. However, improper polarities can be applied
accidently under many normal operating conditions,
and the transient condition is often gone before it is
recognized.

Perhaps the most likely sources of transients are external
capacitors used with regulators. Figure 2 shows the
discharge path for different capacitors used with a posi-
tive regulator. Input capacitance, C1, will not cause a
problem under any conditions. Capacitance on the
ground pin (or adjustment pin in the case of the LM117)
can discharge through 2 paths which have low current
junctions.

If the output is shorted, C2 will discharge through the
ground pin, possibly damaging the regulator. A reverse-
biased diode, D2, diverts the current around the regu-
lator, protecting it. If the input is shorted, C3 can
discharge through the output pin, again damaging the
regulator. Diode D1 protects against C3, preventing
damage. Also, with both D1 and D2 in the circuit,
when the input is shorted, C2 is discharged through both
diodes, rather than the ground pin.

In general, these protective diodes are a good idea on all
positive regulators. At higher output voltages, they
become more important since the energy stored in the
capacitors is larger. With negative regulators and the
LM117, there is an internal diode in parallel with D1
from output-to-input, eliminating the need for an
external diode if the output capacitor is less than 251J.F.

Another transient condition which has been shown to
cause problems is momentary loss of the ground con-
nection. This charges the output capacitor to the unregu-
lated input voltage minus a 1-2V drop across
the regulator. If the ground is then connected, the output
capacitor, C3, discharges through the regulator output
to the ground pin, destroying it. In most cases, this
problem occurs when a regulator (or card) is plugged
into a powered system and the input pin is connected
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before the ground. Control of the connector configura-
tion, such as using 2 ground pins to insure ground is
connected first, is the best way of preventing this prob-
lem. Electrical protection is cumbersome. About the
only way to protect the regulator electrically is to make
D2 a power zener 1V to 2V above the regulator voltage
and include lOn to 50n in the ground lead to limit
the current.

Like any semiconductor circuit, lower operating temper-
ature improves reliability. Operating life decreases at
high junction temperatures. Although many regulators
are rated to meet specifications at 150° C, it is not a
good idea to design for continuous operation at that
temperature. A reasonable maximum operating tempera-
ture would be 100°C for epoxy packaged devices and
125°C for hermetically sealed (TO·3) devices. Of course,
the lower the better, and decreasing the above tempera-
tures by 25°C for normal operation is still reasonable.

Another benefit of lowered operating temperatures is
improved power cycle life for low cost soft soldered
packages. Many of today's power devices (transistors
included) are assembled using a TO-220 or TO-3 alumi-
num soft solder system. With temperature excursions,
the solder work-hardens and with enough cycles the
solder will ultimately fail. The larger the temperature
change, the sooner failure will occur. Failures can start
at about 5000 cycles with a 100°C temperature excur-
sion. This necessitates, for example, either a large heat
sink or a regulator assembled with a hard solder, such as
steel packages, for equipment that is continuously
cycled ON and OFF.
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THERMAL LIMITING GIVES ABSOLUTE PROTEC·
TION

Without thermal overload protection, the other protec-
tion circuitry will only protect against short term
overloads. With thermal limiting, a regulator is not
destroyed by long time short circuits, overloads at high
temperatures or inadequate heat sinking. In fact, this
overload protection makes the IC regulator tolerant of
virtually any abuse, with the possible exception of high-
voltage transients, which are usually filtered by the
capacitors in most power supplies.

One problem with thermal limiting is testing. With a
3-terminal regulator, short-circuit protection and safe-
area protection are easily measured electrically. For
thermal limiting to operate properly, the electrical
circuitry on the IC must function and the IC chip must
be well die-attached to the package so there are no hot
spots. About the only way to insure that thermal limiting
works is to power the regulator, short the output, and
let it cook. If the regulator still works after 5 minutes
(or more) the thermal limit has protected the regulator.

This type of testing is time consuming and expensive for
the manufacturer so it is not always done. Some regula-
tors, such as the LM317, LM337, LM320, LM323, and
LM340 do receive an electrical burn-in in thermal shut-
down as part of their testing. This insures that the
thermal limiting works as well as reducing infant mor-
tality. If it is probable that a power supply will have
overloads which cause the IC to thermally limit, testing
the regulator is in order.
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A9 VOLTAGE REGULATOR CROSS REFERENCE GUIDE

Part # Package Voltage Temp. Max. Current NSC Equiv.

RAYTHEON

RC4194TK TO-66 Variable COM 250mA -
RM4194TK TO-66 Variable MIL 250mA -
RC4194D TO-116 DIP Variable COM 150mA -
RM4194D TO-116 DIP Variable MIL 150mA -
RC4195TK TO-66 115 COM 150mA LM325S*
RM4195TK TO-66 115 MIL 150mA LM125S*
RC4195T TO-99 115 COM 150mA LM325H*
RM4195T TO-99 115 MIL 150mA LM125H*
RC4195DN TO-116 DIP 115 COM 150mA LM325N*

-Not pin-for-pin equivalent.

LM104H TO-78 Variable MIL 20mA LM104H
LM204H TO-78 Variable IND 20mA LM204H
LM304H TO-78 Variable COM 20mA LM304H
LM104F TO-86 Variable MIL 20mA LM104F
LM105H TO-78 Variable MIL 25mA LM105H
LM205H TO-78 Variable IND 25mA LM205H
LM305H TO-78 Variable COM 25mA LM305H
LM105AH TO-78 Variable MIL 25mA -
LM205AH TO-78 Variable IND 25mA -
LM305AH TO-78 Variable COM 25mA LM305AH
LM105F TO-86 Variable MIL 25mA LM105F
LM105AF TO-86 Variable MIL 25mA -
LM109K TO-3 5V MIL 1.5A LM109K
LM209K TO-3 5V IND 1.5A LM209K
LM309K TO-3 5V COM 1.5A LM309K
LM109H TO-78 5V MIL O.5A LM109H
LM209H TO-78 5V IND O.5A LM209H
LM309H TO-78 5V COM O.5A LM309H

RM723T TO-78 Variable MIL 150mA LM723H
RC723T TO-78 Variable COM 150mA LM723CH
RM723D TO-116 Variable MIL 150mA LM723J
RC723D TO-116 Variable COM 150mA LM723CJ
RC723DP TO-116 Variable COM 150mA LM723CN

MOTOROLA

MC7805CT TO-220 5V COM 1.5A LM7805CT
MC7806CT TO-220 6V COM 1.5A LM7806CT
MC7808CT TO-220 8V COM 1.5A LM7808CT
MC7812CT TO-220 12V COM 1.5A LM7812CT
MC7815CT TO-220 15V COM 1.5A LM7815CT
MC7818CT TO-220 18V COM 1.5A LM7818CT
MC7824CT TO-220 24V COM 1.5A LM7824CT

MC7805CK TO-3 5V COM 1.5A LM7805CK
MC7806CK TO-3 6V COM 1.5A LM7806CK
MC7808CK TO-3 8V COM 1.5A LM7808CK
MC7812CK TO-3 12V COM 1.5A LM7812CK
MC7815CK TO-3 15V COM 1.5A LM7815CK
MC7818CK TO-3 18V COM 1.5A LM7818CK
MC7824CK TO-3 24V COM 1.5A LM7824CK

MC78L05CP TO-92 5V COM O.lA LM78L05ACZ
MC78L05ACP TO-92 5V COM O.lA LM78L05ACZ
MC78L06CP TO-92 6V COM O.lA LM78L06ACZ
MC78L06ACP TO-92 6V COM O.lA LM78L06ACZ
MC78L08CP TO-92 8V COM O.lA LM78L08ACZ
MC78L08ACP TO-92 8V COM O.lA LM78L08ACZ
MC78L12CP TO-92 12V COM O.lA LM78L12ACZ
MC78L12ACP TO-92 12V COM O.lA LM78L12ACZ
MC78L15CP TO-92 15V COM O.lA LM78L15ACZ
MC78L15ACP TO-92 15V COM O.lA LM78L15ACZ
MC78L18CP TO-92 18V COM O.lA LM78L18ACZ
MC78L18ACP TO-92 18V COM O.lA LM78L18ACZ
MC78L24CP TO-92 24V COM O.lA LM78L24ACZ
MC78L24ACP TO-92 24V COM O.lA LM78L24ACZ



Part # Package Voltage Temp. Max. Current NSC Equiv.

MOTOROLA (cant.)

MC78M05CT TO-220 5V COM O.5A MM78M05Cp·
MC78M06CT TO-220 6V COM O.5A LM78M06Cp·
MC78M08CT TO-220 8V COM O.5A LM78M08Cp·
MC78M12CT TO-220 12V COM O.5A LM78M12Cp·
MC78M15CT TO-220 15V COM O.5A LM78M15Cp·
MC78M18CT TO-220 18V COM O.5A LM78M18Cp·
MC78M24CT TO-220 24V COM O.5A LM78M24Cp·

MC78M05CG TO-39 5V COM O.5A LM340LAH-5.0· •
MC78M06CG TO-39 6V COM O.5A LM340LAH-6.0· •
MC78M08CG TO-39 8V COM O.5A LM340LAH-8.0··
MC78M12CG TO-39 12V COM O.5A LM340LAH-12··
MC78M15CG TO-39 15V COM O.5A LM340LAH-15··
MC78M18CG TO-39 18V COM O.5A LM340LAH-18··
MC78M24CG TO-39 24V COM O.5A LM340LAH-24··

MC79M05CT TO-220 -5V COM O.5A LM79M05Cp·
MC79M05.2CT TO-220 -5.2V COM O.5A LM79M05.2Cp·
MC79M06 TO-220 -6V COM O.5A LM79M06Cp·
MC79M08CT TO-220 -8V COM O.5A LM79M08Cp·
MC79M12CT TO-220 -12V COM O.5A LM79M12Cp·
MC79M15CT TO-220 -15V COM O.5A LM79M15Cp·
MC79M18CT TO-220 -18V COM O.5A LM79M18Cp·
MC79M24CT TO-220 -24V COM O.5A LM79M24Cp·

MC79L05ACP TO-92 -5V COM O.lA LM79L05ACZ
MC79L12ACP TO-92 -12V COM O.lA LM79L12ACZ
MC79L 15ACP TO-92 -15V COM O.lA LM79L 15ACZ
MC79L18ACP TO-92 -18V COM O.lA LM79L 18ACZ
MC79L24ACP TO-92 -24V COM O.lA LM79L24ACZ

MC79L05ACG TO-39 -5V COM O.lA LM320H-5.0
MC79L12ACG TO-39 -12V COM O.lA LM320H-12
MC79L15ACG TO-39 -15V COM O.lA LM320H-15
MC79L18ACG TO-39 -18V COM O.lA LM320H-18
MC79L24ACG TO-39 -24V COM O.lA LM320H-24

123 TO-3 Adjustable MIL 3A LM123K steel
223 TO-3 Adjustable IND 3A LM223K steel
323 TO-3 Adjustable COM 3A LM323K steel
117K TO-3 Adjustable MIL 1.5A LMl17K steel
217K TO-3 Adjustable IND 1.5A LM217K steel
317K TO-3 Adjustable COM 1.5A LM317K steel
317T TO-220 Adjustable COM 1.5A LM317T
117H TO-39 Adjustable MIL O.5A LMl17H
217H TO-39 Adjustable IND O.5A LM217H
317H TO-39 Adjustable COM O.5A LM317H

·Pin compatible TO·202 package.

··Lower output current -100mA.

MC3420L DIP Switch Mode COM - LM3524J
MC3420P DIP Switch Mode COM - LM3524N
MC3520L DIP Switch Mode MIL - LM1524J

MC7902CT TO-220 -2V COM 1A -
MC7905CT TO-220 -5V COM 1A LM7905CT
MC7905.2CT TO-220 -5.2V COM lA LM7905.2CT
MC7906CT TO-220 -6V COM lA LM7906CT
MC7908CT TO-220 -8V COM 1A LM7908CT
MC7912CT TO-220 -12V COM 1A LM7912CT
MC7915CT TO-220 -15V COM lA LM7915CT
MC7918CT TO-220 -18V COM lA LM7918CT
MC7924CT TO-220 -24V COM 1A LM7924CT

MC7902CK TO-3 -2V COM 1A -
MC7905CK TO-3 -5V COM 1A LM7905CK
MC7905.2CK TO-3 -5.2V COM 1A LM7905.2CK
MC7906CK TO-3 -6V COM 1A LM7906CK
MC7908CK TO-3 -8V COM lA LM7908CK
MC7912CK TO-3 -12V COM lA LM7912CK



Part # Package Voltage Temp. Max. Current NSC Equiv.

MOTOROLA (cant.)

MC7915CK TO-3 -15V COM lA LM7915CK
MC7918CK TO-3 -18V COM lA LM7918CK
MC7924CK TO-3 -24V COM lA LM7924CK

MCl723L Cer. DIP Variable MIL 150mA LM723J
MCl723G TO-78 Variable MIL 150mA LM723H
MCl723CL Cer. DIP Variable COM 150mA LM723CJ
MCl723CG TO-78 Variable COM 150mA LM723CH
MLM105G TO-78 Variable MIL 20mA LM105H
MLM109K TO-3 5V MIL 1.5A LM109K
MLM205G TO-78 Variable MIL 20mA LM205H
MLM305G TO-78 Variable COM 20mA LM305H
MLM309K TO-3 5V COM 1.5A LM309K

MC1468R TO-3 115V COM 100mA LM325S*
MC1468G TO-78 115V COM 100mA LM325H*
MC1468L DIP 115V COM 100mA LM325N*
MC1568R TO-3 115V MIL 100mA LM325S*
MC1568G TO-78 115V MIL 100mA LM325H*

*Not pin-for-pin equivalent.

TI

117LA TO-39 Adjustable MIL O.5A LMll7H
217LA TO-39 Adjustable IND O.5A LM217H
317LA TO-39 Adjustable COM O.5A LM317H
317KD TO-202 Adjustable COM O.5A LM317MP
317KC TO-220 Adjustable COM 1.5A LM317T
340KC-5 TO-220 5V COM 1.5A LM340T-5.0
340KC-6 TO-220 6V COM 1.5A LM340T-6.0
340KC-8 TO-220 8V COM 1.5A LM340T-8.0
340KC-l0 TO-220 10V COM 1.5A LM340T-l0
340KC-12 TO-220 12V COM 1.5A LM340T-12
340KC-15 TO-220 15V COM 1.5A LM340T-15
340KC-18 TO-220 18V COM 1.5A LM340T-18
340KC-24 TO-220 24V COM 1.5A LM340T-24

1524J DIP Switch Mode LM1524J
2524J DIP Switch Mode LM2524J
3524J/N DIP Switch Mode LM3524J/N
TL494MJ DIP Switch Mode LM1524J
TL4941J DIP Switch Mode LM2524J
TL494CJ/N DIP Switch Mode LM3524J/N
TL497AMJ DIP Switch Mode LM1524J
TL497AIJ DIP Switch Mode LM2524J
TL497ACJ/N DIP Switch Mode LM3524J/N

7805AACKC TO-220 5V COM 1.5A LM340A T-5.0
7805KC TO-220 5V COM 1.5A LM7805CT
7806KC TO-220 6V COM 1.5A LM7806CT
7808KC TO-220 8V COM 1.5A LM7808CT
7885KC TO-220 8.5V COM 1.5A LM7885CT
7810KC TO-220 10V COM 1.5A LM7810CT
7812KC TO-220 12V COM 1.5A LM7812CT
7815KC TO-220 15V COM 1.5A LM7815CT
7818KC TO-220 18V COM 1.5A LM7818CT
7824KC TO-220 24V COM 1.5A LM7824CT

78L05ACLP TO-92 5V COM O.lA LM78L05ACZ
78L06ACLP TO-92 6V COM O.lA LM78L06ACZ
78L08ACLP TO-92 8V COM O.lA LM78L08ACZ
78L10ACLP TO-92 10V COM O.lA LM78Ll0ACZ
78L12ACLP TO-92 12V COM O.lA LM78L12ACZ
78L15ACLP TO-92 15V COM O.lA LM78L15ACZ

78M05MLA/CLA TO-39 5V MIL/COM O.5A LM140LAH/
LM340LAH-5.0*

78M06MLA/CLA TO-39 6V MIL/COM O.5A LM140LAH/
LM340LAH-6.0*

78M08MLA/CLA TO-39 8V MIL/COM O.5A LM140LAH/
LM340LAH-8.0*
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Part # Package Voltage Temp. Max. Current NSC Equiv.

TI (cant.)

78M12MLA/CLA TO-39 12V MIL/COM O.5A LM140LAH/
LM340LAH-12*

78M15MLA/CLA TO-39 15V MIL/COM O.5A LM140LAH/
LM340LAH-15

78M24MLA/CLA TO-39 24V MIL/COM O.5A LM140LAH/
LM340LAH-24 *

78M05CKC TO-220 5V COM O.5A LM78M05CP**
78M06CKC TO-220 6V COM O.5A LM78M06CP**
78M08CKC TO-220 8V COM O.5A LM78M08CP**
78M12CKC TO-220 12V COM O.5A LM78M 12CP* *
78M15CKC TO-220 15V COM O.5A LM78M 15CP**
78M24CKC TO-220 24V COM O.5A LM78M24CP**

78M05CKD TO-202 5V COM O.5A LM78M05CP
78M06CKD TO-202 6V COM O.5A LM78M06CP
78M08CKD TO-202 -BV COM O.5A LM78M08CP
78M12CKD TO-202 12V COM O.5A LM78M12CP
78M15CKD TO-202 15V COM O.5A LM78M15CP
78M24CKD TO-202 24V COM O.5A LM78M24CP

7905C TO-220 -5V COM 1.5A LM7905CT
7952C TO-220 -5.2V COM 1.5A LM7905.2CT
7906C TO-220 -6V COM 1.5A LM7906CT
7908C TO-220 -8V COM 1.5A LM7908CT
7912C TO-220 -12V COM 1.5A LM7912CT
7915C TO-220 -15V COM 1.5A LM7915CT
7918C TO-220 -18V COM 1.5A LM7918CT
7924C TO-220 -24V COM 1.5A LM7924CT

79M05MLA/CLA TO-39 -5V MIL/COM O.5A LM120H/
LM320H-5.0

79M06MLA/CLA TO-39 -6V MIL/COM O.5A LM120H/
LM320H-6.0

79M08MLA/CLA TO-39 -8V MIL/COM O.5A LM120H/
LM320H-8.0

79M 12M LA/CLA TO-39 -12V MIL/COM O.5A LM120H/
LM320H-12

79M15MLA/CLA TO-39 -15V MIL/COM O.5A LM120H/
LM320H-15

79M24MLA/CLA TO-39 -24V MIL/COM O.5A LM120H/
LM320H-24

79M05CKC TO-220 -5V COM O.5A LM79M05CP**
79M06CKC TO-220 -6V COM O.5A LM79M06CP**
79M08CKC TO-220 -8V COM O.5A LM79M08CP**
79M12CKC TO-220 -12V COM O.5A LM79M12CP**
79M15CKC TO-220 -15V COM O.5A LM79M15CP**
79M24CKC TO-220 -24V COM O.5A LM79M24CP**

79M05CKD TO-202 5V COM O.5A LM79M05CP
79M06CKD TO-202 6V COM O.5A LM79M06CP
79M08CKD TO-202 8V COM O.5A LM79M08CP
79M12CKD TO-202 12V COM O.5A LM79M12CP
79M15CKD TO-202 15V COM O.5A LM79M15CP
79M24CKD TO-202 24V COM O.5A LM79M24CP

FAIRCHILD

7805KM TO-3 5V MIL 1.5A LM140K-5.0
7806KM TO-3 6V MIL 1.5A LM140K-6.0
7808KM TO-3 8V MIL 1.5A LM140K-8.0
7812KM TO-3 12V MIL 1.5A LM140K-12
7815KM TO-3 15V MIL 1.5A LM140K-15
7818KM TO-3 18V MIL 1.5A LM140K-18
7824KM TO-3 24V MIL 1.5A LM140K-24

7805KC TO-3 aluminum 5V COM 1.5A LM7805KC
7806KC TO-3 aluminum 6V COM 1.5A LM7806KC
7808KC TO-3 aluminum 8V COM 1.5A LM7808KC
7812KC TO-3 aluminum 12V COM 1.5A LM7812KC
7815KC TO-3 aluminum 15V COM 1.5A LM7815KC
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Part # Package Voltage Temp. Max. Current NSC Equiv.

FAIRCHILD (cont.)

7818KC TO-3 aluminum 18V COM l.SA LM7818KC
7824KC TO-3 aluminum 24V COM 1.SA LM7824KC

780SUC TO-220 5V COM l.SA LM780SCT
7806UC TO-220 6V COM l.SA LM7806CT
7808UC TO-220 8V COM 1.SA LM7808CT
7812UC TO-220 12V COM 1.SA LM7812CT
781SUC TO-220 lSV COM 1.SA LM781SCT
7818UC TO-220 18V COM 1.SA LM7818CT
7824UC TO-220 24V COM l.SA LM7824CT

78MOSHM TO-39 SV MIL SOOmA LM140LAH-S.O·
78M06HM TO-39 6V MIL SOOmA LM 140LAH-6.0·
78M08HM TO-39 8V MIL SOOmA LM 140LAH-8.0·
78M12HM TO-39 12V MIL SOOmA LM140LAH-12·
78M1SHM TO-39 lSV MIL SOOmA LM140LAH-1S·
78M18HM TO-39 18V MIL SOOmA LM140LAH-18·
78M24HM TO-39 24V MIL 500mA LM140LAH-24·

78MOSHC TO-39 5V COM SOOmA LM340LAH-S.O·
78M06HC TO-39 6V COM 500mA LM340LAH-6.0·
78M08HC TO-39 8V COM SOOmA LM340LAH-8.0·
78M12HC TO-39 12V COM SOOmA LM340LAH-12·
78M1SHC TO-39 lSV COM SOOmA LM340LAH-1S·
78M18HC TO-39 18V COM SOOmA LM340LAH-18·
78M24HC TO-39 24V COM SOOmA LM340LAH-24·

78MOSUC TO-220 SV COM SOOmA LM78MOSCp··
78M06UC TO-220 6V COM SOOmA LM78M06Cp··
78M08UC TO-220 8V COM SOOmA LM78M08Cp··
78M12UC TO-220 12V COM 500mA LM78M12Cp··
78M1SUC TO-220 lSV COM SOOmA LM78M1SCp··
78M18UC TO-220 18V COM SOOmA LM78M 18CP··
78M24UC TO-220 24V COM SOOmA LM78M24Cp··

78LOSHC TO-39 SV COM 100mA LM78LOSCH
78LOSWC TO-92 SV COM 100mA LM78LOSCZ
78LOSAHC TO-39 SV COM 100mA LM78LOSACH
78LOSAWC TO-92 SV COM 100mA LM78LOSACZ
78L06WC TO-39 6V COM 100mA LM78L06CZ
78L06AWC TO·92 6V COM 100mA LM78L06ACZ
78L12HC TO·39 12V COM 100mA LM78L12CH
78L12WC TO·92 12V COM 100mA LM78L12CZ
78L12AHC TO-39 12V COM 100mA LM78L12ACH
78L12AWC TO-92 12V COM 100mA LM78L12ACZ
78L1SHC TO-39 lSV COM 100mA LM78L15CH
78L1SWC TO-92 15V COM 100mA LM78L15CZ
78L1SAHC TO·39 lSV COM 100mA LM78L1SACH
78L1SAWC TO·92 lSV COM 100mA LM78L1SACZ

78COSUC TO-202 SV COM O.SA LM341P-S.O
78C12UC TO·202 12V COM O.SA LM341p·12
78C1SUC TO-202 lSV COM O.SA LM341p·S.O

78MUC TO·202 Adjustable COM O.SA LM317MP
79MUC TO·202 Adjustable COM O.SA LM337MP
78GUIC TO-202 Adjustable COM l.SA LM317T
78GKC TO·3 Adjustable COM 1.SA LM317K
79GUIC TO-202 Adjustable COM 1.SA LM337T
79GKC TO·3 Adjustable COM 1.5A LM337K

785 TO·3 Adjustable COM l.SA LM3S24









~National
~ Semiconductor

Voltage Regulators

LM109/LM209/LM309 5-volt regulator
general description
The LM 109 series are complete 5V regulators
fabricated on a single silicon chip. They are
designed for local regulation on digital logic
cards, eliminating the distribution problems
associated with single·point regulation. The
devices are available in two common transistor
packages. In the solid-kovar TO-5 header, it can
deliver output currents in excess of 200 mA, if
adequate heat sinking is provided. With the TO-3
power package, the available output current is
greater than 1A.

The regulators are essentially blow-out proof.
Current limiting is included to limit the peak
output current to a safe value. In addition, thermal
shutdown is provided to keep the IC from
overheating. If internal dissipation becomes too
great, the regulator will shut down to prevent
excessive heating.

Considerable effort was expended to make these
devices easy to use and minimize the number of
external components. It is not necessary to bypass
the output, although this does improve transient

response somewhat. Input bypassing is needed,
however, if the regulator is located very far from
the filter capacitor of the power supply. Stability
is also achieved by methods that provide very good
rejection of load or line transients as are usually
seen with TTL logic.

Although designed primarily as a fixed-voltage
regulator, the output of the LM109 series can be
set to voltages above 5V, as shown below. It is
also possible to use the circuits as the control
element in precision regulators, taking advantage
of the good current-handling capability and the
thermal overload protection.

To summarize, outstanding features of the regula-
tor are:

• Specified to be complete, worst case, with TTL
and DTL

• Output current in excessof 1A
• Internal thermal overload protection
• No external components required

• 100% electrical burn-in for K-STEEL and H
packages
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'W"'~;Y~~"o
Order Number LM109H, LM209H

or LM309H
See Package 9

·Revulltion benlrth.n 0.01". loed. lin•• nd ttmper.tllrt, c.n blobtained.
tOltermines zenet current. Mey be edjurted to minimize thlrm.1 drift.
tSolidtlntllum.

Order Number LM109K STEEL, LM209K STEEL,
LM309K STEEL or LM309K (Aluminum)

See Package 18



absolute maximum ratings
Input Voltage
Power Dissipation
Operating Junction Temperature Range

LM109
LM209
LM309

Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

35V
Internally Limited

-55°C to +150°C
-25°C to +150°C

O°C to +125°C
--65°C to +150°C

300°C

LM109/LM209 LM309
PARAMETER CONDITIONS UNITS

MIN TYP MAX MIN TYP MAX

Output Voltage Tj = 25°C 4.7 5.05 5.3 4.8 5.05 5.2 V

Line Regulation Tj = 25°C, 4 50 4.0 50 mV

7V ~ VIN ~25V

Load Regulation Tj = 25°C

TO-5 Package 5 mA ~ lOUT ~ 0.5A 20 50 20 50 mV

TO·3 Package 5 mA ~ lOUT ~ 1.5A 50 100 50 100 mV

Output Voltage 7V ~ VIN ~ 25V,

5 mA ~ lOUT ~ IMAX,

P<PMAX 4.6 5.4 4.75 5.25 V

Quiescent Current 7V ~VIN ~25V 6.2 10 5.2 10 mA

Quiescent Current Change 7V ~ VIN ~25V 0.5 0.5 mA

5 mA ~ lOUT ~ IMAX 0.8 0.8 mA

Output Noise Voltage TA = 25°C, 40 40 J1V

10 HZ~f~ 100 kHz

Long Term Stability 10 '"" 20 mV

Thermal Resistance (Note 2)

Junction to Case

TO·5 Package 15 15 °C/W

TO·3 Package 3 3.0 °CIW

Note 1: Unless otherwise specified, these specifications apply for -5SoC :5.Tj :5.+150°C for the LM109, -2SoC :5 Tj S +lSOoC for the LM209,
and O°C $ Tj $ +125°C for the LM309. VIN = IOV and lOUT = 0.1 A for the TO-5 packageor lOUT = O.5A for the TO·3 package. For the TO·S
package, IMAX = O.2A and PMAX = 2.0W. For the TO-3 package, IMAX = 1.0A and PMAX = 20W.

Not8 2: Without a heat sink, the thermal resistance of the TO-S package is about 150°C/W. while that of the TO-3 package is approximately
3SoCIW. With a heat sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink.

-'tP='.,., ...~,,.,
IJr:r O:!:l"'"

·RIflUirtdilr ••••lltorisloCl11d.n.pprecibl.dilIiAC.
from po¥Rf supply flit •.

fAhtlo .•••• nooutputCiPKitorisnntfetlformWity.
it ilion impr_ transitnt r"Oflll.



typical performance characteristics
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"RS-sets output impedance of charger ZOUT = RS f, + ~R21)
Use of AS allows low charging rates with fully \
charged battery.

~

LMJ11H 24

VIN VIN VOUT
AOJ

*

Order Number:
LMl17K STEEL
LM217K STEEL
LM317K STEEL
See Package 18

G'NPUT

2 ~ ADJUSTMENT

J OUTPUT

CASE IS OUTPUT

BOTTOM VIEW

Order Number:
LM117H
LM217H
LM317H

See Package 9

Current limited 6V Charger
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: -VOUT

,
"~ J

LVOUT

FRONT VIEW

Order Number:
LM317T

See Package 37

Order Number:
LM317MP

See Package 26



~National
~ Semiconductor
LM117/LM217/LM317 3-terminal adjustable regulator
general description
The LM 117/LM217 /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 LMl17 is packaged in standard transistor
packages which are easily mounted and handled.

In addition to higher performan<;e than fixed regulators,
the LMl17 series offers full overload protection
available 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.

• Adjustable output down to 1.2V
• Guaranteed 1.5A output current

• Line regulation typically O.Ol%N
• Load regulation typically 0.1 %
• Current limit constant with temperature

• 100% electrical burn-in

• Eliminates the need to stock many voltages

• Standard 3-lead transistor package

• 80 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.

tOptional-improves transient
response
*Needed if device is far from
fi Iter capacitors

ttVOUT = 1.25V (1 +~)

Besides replacing fixed regulators, the LM 117 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 differen1ial 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, LM 117 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 loads
draw little current.

The LMl17K, LM217K and LM317K are packaged in
standard TO-3 transistor packages while the LMl17H,
LM217H and LM317H are packaged in a solid Kovar
base TO-5 transistor package. The LM 117 is rated for
operation from -55°C to +150°C, the LM217 from
-25°C to +150°C and the LM317 from DoC to +125°C.
The LM317T and LM317MP, rated for operation over a
DoC to +125°C range, are available in a TO-220 plastic
package and a TO-202 package, respectively.

For applications requiring greater output current in
excess of 3A and 5A, see LM 150 series and LM 138
series data sheets, respectively. For the negative comple-
ment, see LM 137 series data sheet.

RATED DESIGN
DEVICE PACKAGE POWER LOAD

DISSIPATION CURRENT

LM117 TO-3 20W 1.5A
LM217

TO-5 2W O,5A
LM317
LM317T TO-220 15W 1.5A
LM317M TO-202 7.5W O.5A



Power Dissipation
Input-Output Voltage Differential
Operating Junction Temperature Range

LMl17
LM217
LM317

Storage Temperature
Lead Temperature (Soldering, 10 seconds)

Internally limited
40V

-55°C to +150°C
-25°C to +150°C

O°C to +125°C
-65°C to +150°C

300°C

precond itioning
Burn-In in Thermal Limit

LMll71217 LM317
PARAMETER CONDITIONS UNITS

MIN TYP MAX MIN TYP MAX

Line Regulation TA = 25°C, 3V:,::: VIN - VOUT:'::: 40V 0.01 0.02 0.01 0.04 %/V
(Note 2)

Load Regulation TA = 25°C, 10 mA:,::: lOUT:'::: IMAX
VOUT:'::: 5V, (Note 2) 5 15 5 25 mV

VOUT ~ 5V, (Note 2) 0.1 0.3 0.1 0.5 %

Thermal Regulation TA = 25°C, 20 ms Pulse 0.03 0.07 0.04 0.07 %/W

Adjustment Pin Current 50 100 50 100 IJ.A

Adjustment Pin Current Change 10mA:,::: IL:'::: IMAX 0.2 5 0.2 5 IJ.A

2.5V:,::: (VIN-VOUT):'::: 40V

Reference Voltage 3:'::: (VIN-VOUT):'::: 40V, (Note 3) 1.20 1.25 1.30 1.20 1.25 1.30 V

10 mA:,::: lOUT:'::: IMAX, P:,:::PMAX

Line Regulation 3V:,::: VIN - VOUT:'::: 40V, (Note 21 0.02 0.05 0.02 0.07 %/V
Load Regulation 10 mA:'::: lOUT:'::: IMAX' (Note 2)

VOUT:'::: 5V 20 50 20 70 mV

VOUT ~ 5V 0.3 1 0.3 1.5 %

Temperature Stability TMIN:'::: Tj:'::: TMAX %

Minimum Load Current VIN-VOUT = 40V 3.5 5 3.5 10 mA

Current Limit VIN-VOUT:'::: 15V
K and T Package 1.5 2.2 1.5 2.2 A
Hand P Package 0.5 0.8 0.5 0.8 A

VIN-VOUT = 40V
K and T Package 0.4 0.4 A
Hand P Package 0.07 0.07 A

RMS Output Noise, % of VOUT TA~ 25°C, 10 Hz:,:::f:,::: 10 kHz 0.003 0.003 %

Ripple Rejection Ratio VOUT = 10V, f = 120 Hz 65 65 dB

CADJ = 10IJ.F 66 80 66 80 dB

Long-Term Stability TA=125°C 0.3 0.3 %

Thermal Resistance, Junction to Case H Package 12 15 12 15 °C/W

K Package 2.3 3 2.3 3 °C/W
T Package 4 °C/W
P Package 12 °CfW

Noto 1: Unless otherwise specified, these specifications apply: --5SoC :s; Tj :s; +1S0°C for the LMl17, -2s"C :s; Tj :s; +lSO"C for the LM217 and
O°C :s; T~:S +12s"C for the LM317; VIN-VOUT = SV and lOUT - O.lA for 1he TO-S and TO·202 packages and lOUT = O.SA for tha TO-3 pack-
age and 0-220 package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of 'N# for tho
TO-S and TO-202 and 20W for the TO-3 and TO-220. IMAX is 1.SA for the TO-3 and TO-220 package and O.SA for the TO-S and TO-202 package.
Note 2: Regulation is measured at 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 thermal regulation.

Note 3: Selected devices with tightend tolerance reference voltage available.

10-6



typical performance characteristics (K and T Packages)
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In operation, the LMl17 develops a nominal 1.25V
reference voltage, 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 11 then flows through the
output set resistor R2, giving an output voltage of

VOUT = VREF (1 + :~) + IADJ R2

Since the 100J1A current from the adjustment terminal
represents an error term, the LM117 was designed to
minimize IADJ and make it very constant with line
and load changes. To do this, all quiescent operating
current is returned to the output establishing a mini-
mum load current requirement. If there is insufficient
load on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A O.lJ1F
disc or 1J1F 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 adjust-
ment 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 LMl17 to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the
output voltage is increased. With a 10J1F bypass capa-
citor 80 dB ripple rejection is obtainable at any output
level. Increases over 10J1F 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 25J1F in aluminum electro-
lytic -to equal 1J1F 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, O.OlJ1F
disc may seem to work better than a O.lJ1F disc as
a bypass.

Although the LM117 is stable with no output capa-
citors, like any feedback circuit, certain values of
external capacitance can cause excessive ringing. This
occurs with values between 500 pF and 5000 pF.
A 1J1F solid tantalum (or 25J1F 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 240n) 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 0.05n resistance between the
regulator and load will have a load regulation due to
line resistance of 0.05n x IL. If the set resistor is con-
nected near the load the effective line resistance will be
0.05n (1 + R2/R1) or in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu-
lator and 240n set resistor.

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.

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 10J1F 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



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 LMl17, 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 25.uF 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 LMl17 is a 50n resistor which limits the
peak discharge current. No protection is needed for
output voltages of 25V or less and 10).lF capacitance.
Figure 3 shows an LM117 with protection diodes
included for use with outputs greater than 25V and
high values of output capacitance.

VOUT

C,

T

01 protects against C1

02 protects against C2



C2To.1,uF

tSolid tantalum
*Discharges Cl if output is shorted to ground

tSolid tantalum

*Minimum load current = 30 mA
:t:Optional-improves ripple rejection

.,
0.2
5W.,

" OUTPUT
35V 1.2V-30V

+
C1 C, +

1"" •• ,0."1'
•• 0

tSolid tantalum

*Lights in constant current mode

.,
51<

VOLTAGE
ADJUST

c,TO.'"



R2
500 LM111

VIN VOUT
Aoi

t Solid Tantalum

*Core Arnold A-254168-2 60 turns

tSolid Tantalum

*Core-Arnold A-254168-2 60 turns

I_______ J

* All outputs within ±100 mV

tMinirnum load-10 mA



~National
~ Semiconductor
LM117HV/LM217HVILM317HV 3-Terminal
Adjustable Regulator

general description
The LMl17HV/LM217HV/LM317HV are adjustable
3-terminal positive voltage regulators capable of supplying
in excess of 1.5A over a 1.2V to 57V 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 LM117HV is packaged in standard
transistor packages which are easily mounted and
handled.

In addition to higher performance than fixed regulators,
the LMl17HV series offers full overload protection
available 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.

• Adjustable output down to 1.2V
• Guaranteed 1.5A output current
• Line regulation typically O.Ol%N

• Load regulation typically 0.1 %

• Current limit constant with temperature
• 100% electrical burn-in
• Eliminates the need to stock many voltages
• Standard 3-lead transistor package
• 80 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 LM117HV is
useful in a wide variety of other applications. Si[lce the
regulator 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 LMl17HV 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 loads
draw little current.

The LMl17HVK STEEL, LM217HVK STEEL, and
LM317HVK STEEL are packaged in standard TO-3 tran-
sistor packages while the LM117HVH, LM217HVH and
LM317HVH are packaged in a solid Kovar base TO-5
transistor package. The LMl17HV is rated for operation
from _55°C to +150°C, the LM217HV from _25°C to
+150°C and the LM317HV from O°C to +125°C.

tOptional-improves transient
response

*Needed if device is far from
filter capacitors

ttVOUT = 1.25V (1 +~)



absolute maximum ratings
Power Dissipation Internally limited
Input-Output Voltage Differential GOV
Operating Junction Temperature Range

LM117HV -5SoC to +150°C

LM217HV -25°C to +150°C
LM317HV O°C to +125°C

Storage Temperature --65°C ~o +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Note 1)

lM117/217 lM317
PARAMETER CONDITIONS UNITS

MIN TYP MAX MIN TYP MAX

Line Regulation TA = 25°C, 3V::;:; VIN - VOUT ::;:;60V 0.01 0.02 0.01 0.04 %/V
(Note 2)

Load Regulation TA = 25°C, 10 mA::;:; lOUT::;:; IMAX
VOUT::;:; 5V, (Note 2) 5 15 5 25 mV

VOUT ~ 5V, (Note 2) 0.1 0.3 0.1 0.5 %

Thermal Regulation T = 10ns %/W

Adjustment Pi~ Current 50 100 50 100 /lA

Adjustment Pin Current Change 10 mA::;:; IL::;:; IMAX 0.2 5 0.2 5 /lA
3.0V::;:; (VIN-VOUT)::;:; 60V

Reference Voltage 3::;:; (VIN-VOUT)::;:; 60V, (Note 3) 1.20 1.25 1.30 1.20 1.25 1.30 V

10 mA::;:; lOUT::;:; IMAX, P::;:;PMAX

line Regulation 3V::;:; VIN - VOUT::;:; 60V, (Note 2) 0.02 0.05 0.02 0.07 %/V
load Regulation 10mA::;:; 'OUT::;:; IMAX, (Note 2)

VOUT::;:;5V 20 50 20 70 mV

VOUT~ 5V 0.3 1 0.3 1.5 %

Temperature Stability TMIN::;:;Tj::;:;TMAX 1 1 %

Minimum Load Current VIWVOUT = 60V 3.5 7 3.5 12 mA

Current Limit VIWVOUT::;:; 15V
K Package 1.5 2.2 1.5 2.2 A
H Package 0.5 0.8 0.5 0.8 A

VIN-VOUT =60V

K Package 0.1 0.1 A
H Package 0.03 0.03 A

RMS Output Noise, % of VOUT TA=25°C, 10 Hz::;:;f::;:; 10kHz 0.003 0.003 %

Ripple Rejection Ratio VOUT=10V,f=120Hz 65 65 dB

CADJ = 10/lF 66 80 66 80 dB

Long·Term Stability TA=125°C 0.3 1 0.3 1 %

Thermal Resistance, Junction to Case H Package 12 15 12 15 °CIW
K Package 2.3 3 2.3 3 °C/W

Not. 1: Unless otherwise specified, these specifications apply -s5" C ..; Tj ..; +l50°C for the LMl17HV, -25" C ..; Tj ..; +150° C for the LM217HV
and O°C ..; Tj ..; +12SoC for the LM317HV; VIN - VOUT ~ SV and lOUT = 0.1 A for the TO·S package and lOUT ~ o.SA for the TO-3 package.
Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO~5 and 20W for the TO-
TO-3. IMAX is 1.SA for the TO-3 and o.SA for the TO·S package.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.
Note 3: Selected devices with tightened tolerance reference voltage available.



typical performance characteristics (K and T Packages)
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In operation, the LMl17HV develops a nominal 1.25V
reference voltage, 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 11 then flows through the
output set resistor R2, giving an output voltage of

VOUT = VREF (1 + :~) + IADJ R2

Since the 100J.lA current from the adjustment terminal
represents an error term, the LM117HV was designed to
minimize IADJ and make it very constant with line
and load changes. To do this, all quiescent operating
current is returned to the output establishing a mini-
mum load current requirement. If there is insufficient
load on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A O.lJ.lF
disc or 1J.lF 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 adjust-
ment 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 LM117HV to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the
output voltage is increased. With a 10J.lF bypass capa-
citor 80 dB ripple rejection is obtainable at any output
level. Increases over 10J.lF 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 25J.lF in aluminum electro-
lytic to equal 1J.lF 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, O.Ol/lF
disc may seem to work better than a O.l/lF disc as
a bypass.

Although the LM117HV is stable with no output capa-
citors, like any feedback circuit, certain values -of
external capacitance can cause excessive ringing. This
occurs with values between 500 pF and 5000 pF.
A 1J.lF solid tantalum (or 25J.lF aluminum electrolytic)
on the output swamps this effect and insures stability.

Load Regulation

The LMl17HV is capable of providing extremely good
load regulation but a few precautions are needed to
obtain maximum performance. The current set resistor
connected between the adjustment terminal and the out-
put terminal (usually 240n) 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·
pie, a 15V regulator with 0.05n resistance between the
regulator and load will have a load regulation due to
line resistance of 0.05n x IL. If the set resistor is con-
nected near the load the effective line resistance will be
0.05n (1 + R2/R 1) or in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu-
lator and 240n set resistor.

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.

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 10/lF 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



application hints (can't)
current depends on the value of the capacitor, the
output voltage of the regulator, and the rate of decrease
of VIN. In the LM117HV, 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.

occurs when either the input or output is shorted.
Internal to the LM117HVis a 50n resistor which limits the
peak d'ischarge current. No protection is needed for
output voltages of 25V or less and 10pF capacitance.
Figure 3 shows an LM117HV with protection diodes
included for use with outputs greater than 25V and
high values of output capacitance.

The bypass capacitor on the adjustment terminal can
discharge through a low current junction. Discharge

+C2

1'_
,lip'

VOUT = 1,25V ~ + :~) + R21ADJ

01 protects against C1

02 protects against C2



C'
~D.1.uF

tSolid tantalum
*Discharges C1 if output is shorted to ground

tSolid tantalum

*Minimum load current = 30 mA

tOptional-improves ripple rejection

tSolid tantalum

*Lights in constant current mode

RI
5k

VOLTAGE
ADJUST

ClTOo'"



tSolid Tantalum

*Core-Arnold A-254168-2 60 turns

t Solid Tantalum

*Core Arnold A-254168-2 60 turns

I_______ J

* All outputs within ±100 mV
tMinimum load-10 mA



AC Voltege Regulator

lM~17HV

&VPl
1A

CIO r-'\..J'
12Vp-p

A.
'V

Rl

2'0 *
'RS-sets output impedance of charger ZOUT = RS f, + ~R21)

Use of AS allows low charging rates with fully ,
charged battery.

lM3t1HV

~

.
VIN VIN YOUT

ADJ

J

Order Number LMl17HVK STEEL.
LM217HVK STEEL. or

LM317HVK STEEL
See Package 18

Q'NPUT

2 0+- ADJUSTMENT

J OUTPUT

CASE IS OUTPUT

BOTTOM VIEW

Order Number LMl17HVH.
LM217HVH. or LM317HVH

See Package 9



~National
~ Semiconductor

Voltage Regulators

The LM 120 Series are three-terminal negative regulators
with a fixed output voltage of -5V, -5.2V, -6V, -8V,
-9V, -12V, -15V, -18V, and -24V and up to 1.5A
load current capability. These devices need only one
external component-a compensation capacitor at the
output, making them easy to apply. Worst case guaran-
tees on output voltage deviation due to any combination
of line, load or temperature variation assure satisfactory
system operation.

Exceptional effort has been made to make the LM120
Series immune to overload conditions. The regulators
have current limiting which is independent of tempera-
ture, combined with thermal overload protection. Inter·
nal current limiting protects against momentary faults
while thermal shutdown prevents junction temperatures
from exceeding safe limits during prolonged overloads.

Although primarily intended for fixed output voltage
applications, the LM120 Series may be programmed for
higher output voltages with a simple resistive divider.
The low quiescent drain current of the devices allows
this·technique to be used with good regulation.
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I lOADtTJ CURRENT
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I__ J
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• Preset output voltage error lessthan ±3%

• Preset current limit
• Internal thermal shutdown
• Operates with input-output voltage differential down

to 1V

• Excellent ripple rejection

• Low temperature drift

• Easily adjustable to higher output voltage

RATED DESIGN
DEVICE PACKAGE POWER LOAD

DISSIPATION CURRENT

LM120 TO·3 20W 1.SA
LM220
LM320 TO·S 2W O.SA

LM320T TO-220 1SW 1.SA

LM320M TO·202 7.SW O.SA
LM320ML' TO-202 7.SW 0.2SA
LM320L' TO·92+ 1.2W 0.1A

-Rlquirtdil,egulatolil
• .,.rltedlromlilt,'tlpa·
citorbymOl.tII.n]H,Faf
nlut tiftR, upacitor must
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Ilinn lnlIy bt inc:r"," without
limit.

ForolltplltCllplcitllnctinucfU
ofl0~F.lhighC\llflntdiod.from
inPlll looutPll1 I1N4001. ttcJ will
prOlKl 1M rttullltor frOfll m_nt..,
inplllstlons.



DESIGN OUTPUT CURRENT 1101
DEVICE DISSIPATION IPD)

PARAMETER CONDITIONS (NOTE 11

Output Voltage TJ = 2SoC, VIN = lOV,

ILOAD' 5 mA

Line Regulation TJ:::: 2SoC, I LOAD = 5 mA,

VMIN $ VIN <; VMAX

Input Voltage

Ripple Rejection

Load Regulation, (Note 2) TJ:: 25°C, VIN = lOV,

5 mA $ I LOAD $ ID

Output Voltage.INote 1) -7.5V $ VIN $ VMAX.

5 mA $ ILOAD $ID, P $ PD

Quiescent Current VMIN ~ VIN ~ VMAX

Quiescent Current Change TJ = 2SoC

VMIN $ VIN $ VMAX

5mA$'LOAD$ID

Output Noise Voltage TA:::: 2SoC, CL = lJ..lF, I L = 5 mA,

VIN = lOV, 10 Hz $ f $ 100 kHz

Long Term Stability

Thermal Resistance

Junction to Case

Junction to Ambient

absolute maximum ratings
Power Dissipation
Input Voltage
Input-Output Voltage Differential
Junction Temperatures
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

Internally Limited
-25V

25V
See Note 1

-65°e to +150oe
3000e

METAL CAN PACKAGE POWER PLASTIC PACKAGE

LMI20K-5.0 LM320K-5.0 LMI20H·5.0 LM320H-5.0 LM320T·5.0 LM320MP·5.0
LM220K·5.0 LM220H-5.0

(TO·3) lTO-5) (TO·2201 ITO·2021

1.5A 0.5A 1.5A 0.5A
20W 2W 15W 7.5W

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX

-5.1 --4.8 -5.1 -5.0 --4.8 -5.2 -5.0 --4.8 --5.2 -5.0 --4.8

25 40 10 25 40 10 40 10 40

-25 -7 -25 -7 -25 -7 -25 -7 -25 -7.5 -25 -7.5

54 64 54 64 54 64 54 64 54 64 54 64

50 75 50 100 30 50 30 50 50 100 40 100

-5.20 --4.80 -5.25 -4.75 -5.20 -4.80 --5.25 --4.75 -5.25 -4.75 -5.25 "5.0 --4.75

0.1 0.4 0.1 0.4 0.05 0.4 0.05 0.4 0.1 0.4 0.05 0.3

0.1 0.4 0.1 0.4· 0.04 0.4 0.04 0.4 0.1 0.4 004 0.25

150 150 150 150 150 150

5 50 5 50 5 50 5 50 10 10

3 3 15 12

35 35 150 10

Not. 1: This specification applies over -55"C S. TJ S. +150°C for the LM120, -25°C S. T J S. +150°C for the LM220 and O°C S. TJ S. +125°C for the LM320.

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to PO.

Note 3: For -5V 3 amp regulators, see LM145 data sheet.



absolute maximum ratings
Power Dissipation
Input Voltage
Input-Output Voltage Differential
Junction Temperatures
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

Internally Limited
-25V

25V
See Note 1

~5°C to +150°C
300°C

electrical cha racteristics
METAL CAN PACKAGE POWER PLASTIC PACKAGE

LM120K·5.2 LM320K·5.2 LMI20H·5.2 LM320H·5.2 LM320T·5.2 LM320MP·5.2
OROER NUMBERS LM220K·5.2 LM220H·52

(TO·31 1T0·31 1'1'0·51 1T0·51 (TO·2201 ITO·2021
UNITS

OESIGN OUTPUT CURRENT 1101 1.5A 1.5A 0.5A 0.5A 1.5A 0.5A
OEVICE OISSIPATION (Pol 20W 20W 2W 2W 15W 7.5W

PARAMETER CONOITIONS (NOTE 11 MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX

Output Voltage TJ = 25"C, VIN = 10V, -5.3 ---5.2 -5.1 -5.4 ---5.2 -5.0 -5.3 ----5.2 -5.' -SA -5.2 -5.0 -5.4 -52 -5.0 -SA -52 -5.0 V

ILOAO = 5 mA

Line Regulation TJ = 25"C, ILOAO = 5 mA, 10 25 10 40 10 40 10 40 10 40 10 40 mV

0 VMIN'5 VIN <; VMAX
,:" Input Voltage -25 -7 -25 -7 -25 -7 -25 -7 -25 -7.5 -25 -7.5 V
""

Ripple Rejection f = 120 Hz 54 64 54 64 54 64 54 64 54 64 64 dB

Load Regulation, (Note 2) TJ=25"C, VIN= IOV, 50 75 50 100 30 50 30 50 50 100 40 100 mV

5mA'5 ILOAO'5 10

Output Voltage. (Note 1) -7.7V '5 VIN '5 VMAX, ----5040 -5.00 -5.45 -4.95 -5.40 -5.00 -5.45 -4.95 -5.45 -4.95 -5.45 -6,20 -4.95 V

5 mA '5ILOAO '510, P '5 Po

Ouiescent Current VMIN'5 VIN '5 VMAX mA

Quiescent Current Change TJ = 25"C

VMIN'5 VIN '5 VMAX 0.1 0.4 0,1 0.4 0,05 0.4 0,05 0.4 0.1 004 0,06 0.3 mA
5mA'5 ILOAO'5 10 0,1 0.4 0.1 0.4 004 004 0.04 0.4 0.1 0.4 004 0.25 mA

Output Noise Voltage TA = 25"C, CL = l~F, IL' 5 mA, 160 150 160 160 160 160 ~V
VIN = 10V, 10 Hz '5 f '5100 kHz

Long Term Stability 5 50 5 50 50 10 1O mV

Thermal Resistance
Junction to Case 3 15 12 "CIW
Junction to Ambient 35 150 70 "CIW

Nog 1: This spee;ificalion applies over -55" C $. TJ $. +1500 C for the LM120, _250 C $. TJ $. +1500 C for the LM220 and 00 C $. TJ $. +1250 C for the LM320,
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica·
tions applv only up to PO.
Noto 3: For -5.2V 3 amp regulators, see LM145 date sheet.



absolute maximum ratings
Power Dissipation
Input Voltage
Input-Output Voltage Differential
Junction Temperatures
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds!

Internally Limited
-2SV

2SV
See Note 1

-uSoC to +1S0°C
300°C

electrical characteristics
METAL CAN PACKAGE POWER PLASTIC PACKAGE

LMI20K-6.0 LM320K-6.0 LMI20H·6.0 LM320H-6.0 LM320T-6.0 LM32OMP-6.0
OROER NUMBERS LM220K·6.0 LM220H·6.0

(TO-31 (TO·31 (TO·51 (TO·51 (TO·2201 (TO·2021
UNITS

DESIGN OUTPUT CURRENT IIDI 1.5A 1.5A 0.5A 0.5A 1.5A 0.5A
DEVICE DISSIPATION (PD) 20W 20W 2W 2W 15W 7.5W

PARAMETER CONDITIONS (NOTE 11 MIN TYP MAX MIN TYP MAX MIN TYP TYP MAX MIN TYP MAX MIN TYP MAX

Output Voltage TJ' 25'C, VIN =llV, -6.15 --6 -5.85 --6.25 -6 -5.75 --6.15 -6 -5.75 --6.25 -6 -5.75 --6.25 -6 -5.75 V

ILOAD = 5 mA
0

Line Regulation TJ = 25'C, ILOAD = 5 mA, 10 25 10 40 25 10 40 12 40 mV~ 10 40
W VMIN '5 VIN <; VMAX

Input Voltage -25 -8 -25 -8 -25 -8 -25 -8 -25 -8.5 -25 -8.5 V

Ripple Rejection f = 120 Hz 54 64 54 64 54 54 64 54 64 54 64 dB

Load Regulation,(Note 2) TJ' 25'C, VIN = l1V, 50 75 50 100 50 30 50 50 100 40 100 mV
5 mA '5 ILOAD '510

Output Voltage,(Note ') -8.5V '5 VIN '5 VMAX, --6.25 -5.75 -6.30 -5.70 -6.25 -5.75 -6.30 -5.70 --6.3 -5.7 --6.3 -5.7 V
5 mA '5 I LOAD '5 10, P'5 Po

Quiescent Current VMIN '5 VIN '5 VMAX mA

Quiescent Current Change TJ' 25'C

VMIN'5 VIN '5 VMAX 0.1 0.4 0.1 0.4 0.05 0.4 0.05 0.4 0.1 0.4 0.05 0.3 mA

5mA'5 ILOAD'5 10 0.1 0.4 0.1 0.4 0.04 0.4 0.04 0.4 0.1 0.4 0.04 0.25 mA

Output Noise Voltage TA = 25'C, CL = 11lF, IL = 5 mA, 180 180 180 180 180 180 IlV
VIN' 11V, 10 Hz '5 f '5 100 kHz

Long Term Stability 6 60 6 60 6 60 6 60 12 12 mV

Thermal Resistance
Junction to Case 3 3 15 15 4 12 'CIW
Junction to Ambient 35 35 150 150 60 70 'CIW

Not. 1: This specification applies over-55"C S TJ S +150'C forthe LM120, -25'C S TJ S +ISO'C for the LM22D and O'C S TJ S +125'C for the LM320.

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately_ To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica·
tions apply only up to PO.



absolute maximum ratings
Power Dissipation
Input Voltage
Input-Output Voltage Differential
Junction Temperatures
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

Internally Limited
-25V

25V
See Note 1

-65°C to +150°C
300°C

electrical characteristics

METAL CAN PACKAGE POWER PLASTIC PACKAGE

LM120K·B.O LM320K·B.O LM120H·8.0 LM320H·B.O LM320T·B.O LM320MP·B.O
ORDER NUMBERS LM220K·B.O LM220H·8.0

lTo·31 (To·SI (To·220J
UNITS

DESIGN OUTPUT CURRENT 1101 1.SA O.2A 1.SA
DEVICE DISSIPATION (Pol 20W 2W lSW

PARAMETER CONDITIONS (NOTE I I MIN TVP TVP MAX MIN TVP MAX

Output Voltage TJ = 2S·C. VIN = 13V. -8.2 8 -7.7 -8.3 -8 -7.7 V

ILoAD • S mA

Line Regulation TJ = 25·C. ILOAD = SmA. IS 2S IS 40 IS 2S 15 40 15 40 IS 40 mV

0 VMIN ~ VIN ~ VMAX

~ Input Voltage -2S -10.5 -25 -10.5 -25 -10.5 -25 -10.5 -25 -10.5 -25 -10.5 V-l'-
Ripple Rejection f = 120 Hz 54 60 54 60 54 60 54 60 54 60 54 60 dB

Load RegulatIOn, (Note 2) TJ = 25·C. VIN = 13V. 50 80 50 lOa 10 25 10 40 50 100 40 100 mV

5mA~ILOAD~ID

Output Voltage. (Note 1) VMIN ~ VIN ~ VMAX. -8.35 -7.65 -8.4 -7.6 -8.35 -7.65 -8.4 -7.6 -8.4 -7.6 -8.4 -7.6 V

5 mA ~ ILoAD ~ 10. P ~ Po

Quiescent Current VMIN ~ VIN ~ VMAX mA

Quiescent Current Change TJ' 25·C

VMIN ~ VIN ~ VMAX 0.1 0.4 0.1 0.4 0.05 0.4 0.05 0.4 0.1 0.4 0.05 0.3 mA

5 mA ~ ILoAD ~ 10 01 0.4 01 0.4 0.04 0.4 004 0.4 01 0.4 0.04 0.25 mA

Output Noise Voltage TA = 25°C. CL • '"F. I L • 5 mA. 250 250 250 250 250 250 "V
VIN' 13V. 10 Hz ~ f ~ 100 kHz

Long Term Stability 8 80 8 80 8 80 8 80 16 16 mV

Thermal Resistance

Junction to Case 3 3 15 15 4 12 ·CIW
Junction to Ambient 35 35 150 150 50 70 ·CIW

Note 1: This specification applies over -s5" C $. TJ $. +lS0·C for the LM120, -2S· CST J 5 +1SO' C for the LM220 and O·CST J 5 +12S·C for the LM320.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to PO.



absolute maximum ratings
Power Dissipation
Input Voltage
Input-Output Voltage Differential
Junction Temperatures
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

Internally Limited
-35V

30V
See Note 1

--u5°C to +150°C
300°C

electrical characteristics
METAL CAN PACKAGE POWER PLASTIC PACKAGE

LM120K-9.0 LM320K-9.0 LM120H·9.0 LM320H·9.0 LM320T·9.0 LM320MP·9.0
ORDER NUMBERS LM220K·9.0 LM220H-9.0

ITO·31 ITO-51 1T0-2201
UNITS

DESIGN OUTPUT CURRENT 1101 .1A 0.2A lA
DEVICE DISSIPATION (PO) 20W ?oN 15W

PARAMETER CONDITIONS (NOTE 11 MIN TVP TVP MAX MIN TVP MAX

Output Voltage TJ = 25'C, VIN; 14V, -9.2 -8.65 -9.35 11 -8.65 V

ILOAD' 5 mA

Line Regulation TJ' 25'C, ILOAD = 5 mA, 20 20 20 20 mV

VMIN ~ VIN ~ VMAX
0 Input Voltage -30 -30 -11.5 -30 -11.5 -30 -11.5 -30 -11.5 -30 -11.5 V,\,
U1 Ripple Rejection f = 120 Hz 56 BO 56 BO 56 BO 56 80 56 80 56 80 d8

Load Regulation,lNole 21 TJ = 25'C, VIN ; 14V. 30 80 30 80 10 25 10 40 30 80 40 100 mV

5 mA ~ ILOAD::; 10

Output Voltage, (Note 1) -11.5V::; VIN ~ VMAX, -9.4 -8.6 -9.45 -8.55 -9.4 -8.6 -9.45 -8.55 -9.45 -8.55 -9.45 -8.55 V

5 mA::; 'LOAD ~ 10, P ~ Po

Quiescent Current VMIN::; V'N::; VMAX 2 2 2 mA

Quiescent Current Change TJ = 25'C

VMIN::; VIN ~ VMAX 01 0.4 01 0.4 0,05 0.4 005 0.4 01 0.4 0.05 0.3 mA

5 mA::; I LOAD ~ 10 0.1 0.4 0.1 0.4 0.03 0.4 0.03 0.4 0.1 0.4 0.04 0.25 mA

Output Noise Voltage TA = 25'C, CL = 1~F, IL ; 5 mA, 300 300 300 300 300 300 ~V

VIN' 14V, 10 Hz::; f::; 100 kHz

Long Term Stability 9 90 90 90 9 90 18 18 mV

Thermal Resistance
Junction to Case 3 3 15 15 4 12 'CIW

Junction to Ambient 35 35 150 150 50 70 'CIW

Not. 1: This specification applies over -5SoC ::; TJ ::; +1SO·C for the LM120, -2S'C ::; TJ ::; +1S0'C for the LM220 and O'C ::; TJ ::; +12S'C for the LM320.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up 10 PO.



absolute maximum ratings
Power Dissipation
Input Voltage
Input-Output Voltage Differential
Junction Temperatures
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

Internally Limited
-35V

30V
See Note 1

--65°C to +150°C
300°C

electrical characteristics
METAL CAN PACKAGE POWER PLASTIC PACKAGE

LM320K·12 LM120H-12 LM320H·12 LM320T·12 LM320MP·12
ORDER NUMBERS LM220H·12

ITO-51 ITO·2021
UNITS

DESIGN OUTPUT CURRENT liD) 0.2A 0.5A
DEVICE DISSIPATION (PDI 2W 7.5W

PARAMETER CONDITIONS (NOTE 11 MIN TYP MAX MIN TYP MAX

Output Voltage TJ = 25°C, VIN = 17V, -12.3 12 -11.7 -12.4 -12 -11.5 V

ILOAD = 5 mA
0

Line Regulation TJ = 25°C, ILOAD = 5 mA, 20 24 mVN 20 4 10 4 20 4

'" VMIN <; VIN <; VMAX

Input Voltage -32 -14 -32 -14 -32 -14 -32 -14 -32 -14.5 -32 -14.5 V

Ripple Rejection f = 120 Hz 56 80 56 56 80 56 80 56 80 56 BO dB

Load Regulation, (Note 2) TJ = 25°C, VIN= 17V, 30 80 80 10 25 10 40 30 80 40 100 mV

5mA<;ILOAD<;ID

Output Voltage. (Note 1) ,4.5V <; VIN <; VMAX, -12.5 -11.5 -12.6 -12.5 -11.5 -12.6 -11.4 -12.6 -11.4 -12.6 -11.4 V

5 mA <; ILOAD <; ID, P <; PD

Quiescent Current VMIN <; VIN <; VMAX 2 2 2 mA

Ouiescent Current Change TJ = 25°C

VMIN <; VIN <; VMAX 0.1 0.4 11.1 0.4 005 0.4 0.05 0.4 0.1 0.4 0.05 0.3 mA

5mA<;ILOAD<;ID 0.1 0.4 0.1 0.4 0.03 0.4 0.03 0.4 0.1 0.4 0.04 0.25 mA

Output Noise Voltage TA = 25°C, CL = l~F, 1L = 5 mA, 400 400 400 400 400 400 ~V
VIN=17V.l0Hz<;f<;100kHz

Long Term Stability 12 120 12 120 12 120 12 120 24 24 mV

Thermal Resistance

Junction to Case 3 3 15 15 4 12 °CIW
Junction to Ambient 35 35 150 150 50 70 °CIW

Not. 1: This specification applies over -5~C:$. TJ :$.+150°C for the LM120, -25°C:$. T J:$. +150°C for the LM220 and O°C:$. TJ :$.+125°C for the LM320.

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature. low duty
cycle. pulse testing is used. The LM120/LM320 series does have low thermal feedback. improving line and load regulation. On all other tests, even though power dissipation is internally limited. electrical specifica-
tions apply only up to PO.



absolute maximum ratings
Power Dissipation
Input Voltage

LM120/LM320
LM320T/LM320MP

Input-Output Voltage Differential
Junction Temperatures
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

-40V
-3SV

30V
See Note' 1

-usoe to +lS0oe
3000e

electrical characteristics
METAL CAN PACKAGE POWER PLASTIC PACKAGE

LM120K-15 LM320K-15 LM120H-15 LM320H-15 LM320T·15 LM320MP-15
ORDER NUMBERS LM220K-15 LM220H-15

ITO-31 (T0-31 (TO-51 (T0·5) ITO-2201 (TO·2021
UNITS

DESIGN OUTPUT CURRENT (10) lA lA 0.2A 0.2A lA 0.5A
DEVICE DISSIPATION IPol 20W 20W m m 15W 7.5W

PARAMETER CONDITIONS {NOTE 11 MIN TYP WAX MIN TYP TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX

Output Voltage TJ: 25'C. VIN = 20V. -15.3 -15 -14.7 -15.4 -15 -15 -14.7 -15.4 -15 -14.6 -15.5 -15 -14.5 -15.6 -15 -14.4 V

ILOAO = 5 mA

Line Regulation TJ = 25'C. ILOAO = 5 mA, 5 10 5 20 5 10 5 20 5 20 5 30 mV

VMIN., VIN <: VMAX

0 Input Voltage -35 -17 -35 -17 -35 -17 -35 -17 -35 -17.5 -35 -17.5 V

'"" Ripple Rejection f = 120 Hz 56 80 56 80 56 80 56 80 56 80 56 80 dB

Load Regulation, (Note 2) TJ = 25'C. VIN = 20V. 30 50 30 50 10 25 10 40 30 BO 40 100 mV

5 mA., ILOAO" 10

Output Voltage, (Note 1) 17.5V., VIN., VMAX. -15.5 -14.5 -15.6 -14.4 -15.5 -14.5 -15.6 -14.4 -15.7 -14.3 -15.7 -14.3 V

5 mA ., ILOAD" 10. P ., Po

Quiescent Current VMIN 5 VIN., VMAX 2 mA

Quiescent Current Change TJ = 25'C

VMIN., VIN., VMAX 0.1 0.4 0.1 0.4 0.05 0.4 0.05 0.4 0.1 0.4 0.05 0.3 mA

5 mA., ILOAO., 10 0.1 0.4 0.1 0.4 0_03 0.4 0.03 0.4 0.1 0.4 004 0.25 mA

Output Noise VOltage TA = 25'C, CL = 1"F, IL = 5 mA, 400 400 400 400 400 400 "V
VIN: 20V, 10 Hz" f., 100 kHz

Long Term Stability 15 150 15 150 15 ISO 15 150 30 30 mV

Thermal Resistance

Junction to Case 3 3 15 15 4 12 'CIW

Junction to Ambient 35 35 ISO 150 50 70 'CIW

Not. 1: This specification applies over -55°C::; TJ ::; +150°C for the LM120, -25°C $ T J ::; +150°C for the LM220 and O°C ::; TJ ::; +125°C for the LM320.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to PO.



absolute maximum ratings
Power Dissipation
Input Voltage

LM120/LM320
LM320T/LM320MP

Input-Output Voltage Differential
Junction Temperatures
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds I

-40V
-35V

30V
See Note 1

-65°C to +150°C
300°C

electrical characteristics
METAL CAN PACKAGE POWER PLASTIC PACKAGE

LM120K·18 LM320K·18 LM120H·18 LM320H·18 LM320T·18 LM320Mp·18

ORDER NUMBERS LM220K·18 LM220H·18
(TO·31 (To·31 ITo·51 ITo·2201 (To·2021

UNITS
DESIGN OUTPUT CURRENT IiDI lA lA 0.2A 1A

DEVICE DISSIPATION (PD) 20W 20W 2W 15W 7.5W

PARAMETER CONDITIONS (NOTE 11 MIN TYP MAX MIN TYP TYP MAX MIN TYP MAX MIN TYP MAX

Output Voltage TJ = 25'C, VIN = 23V, -18.4 180 -17.6 -18.6 ·180 -17.4 -18.6 '18,0 -17.4 -18.7 -18 -17.3 V

ILoAD = 5 mA

Line Regulation TJ = 25°C, ILoAD = 5 mA, 6 12 6 24 6 24 36 mV

0 VMIN s: VIN s: VMAXr\>
<Xl Input Voltage -35 -20.5 -35 -20.5 -35 -20.5 -35 -20.5 -35 -21 -35 -21 V

Ripple Rejection f = 120 Hz 54 75 15 54 75 75 54 75 54 75 dB

Load Regulation, (Note 2) TJ = 25'C, VIN = 23V, 30 80 30 80 10 25 10 40 30 80 40 100 mV

5 mA s: I LOAD s: ID

Output Voltage, (Note 1) 21V :s VIN s: VMAX, -18.6 -17.4 -18.9 -17.1 -18.6 -17.4 -18.9 -17.1 -18.9 -17.1 -18.9 -17.1 V

5 mA s: ILoAD s: ID, P s: PD

QUIescent Current VMIN s: VIN s: VMAX 2 mA

Quiescent Current Change TJ=25'C

VMIN s: VIN s: VMAX 01 0.4 01 0.4 0.05 0.4 0.05 0.4 0.1 0.4 0.05 0.3 mA

5mAS: ILoADS: ID 0,1 0.4 0.1 0.4 0,03 0.4 003 0.4 0.1 0.4 004 0.25 mA

Output Noise Voltage TA = 25'C, CL = I~F, IL = 5mA, 500 500 500 500 500 ~V

VIN = 23V, 10 Hz s: f s: 100 kHz

Long Term Stability 18 180 18 180 18 180 18 180 36 36 mV

Thermal ReSIStance

Junction to Case 3 3 15 15 4 12 'CIW

Junction to Ambient 35 35 150 150 50 70 'C/W

Noto 1: This specification applies over -55°C::; TJ ::; +150'C for the LM120, -25°C :s TJ ::; +150°C for the LM220 and O'C ::; TJ $ +125°C for the LM320.
Note 2: Regulation is measured at constant junction temperature, Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to PO.



-24 VOLT REGULATORS absolute maximum ratings
Power Dissipation Internally Limited
Input Voltage

LM120/LM320 -42V

LM320T/LM320MP -40V

Input·Output Voltage Differential 35V
Junction Temperatures See Note 1
Storage Temperature Range --£5°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics

METAL CAN PACKAGE POWER PLASTIC PACKAGE

LM120K·24 LM320K·24 LM120H·24 LM320H·24 LM320T·24 LM320MP·24
OROER NUMBERS I LM220K·24 LM220H·24

(TO·31 tTO·31 (TO·51 ">,.,I-oJ/ ,. ~---, ,. - ---.
UNITS

DESIGN OUTPUT CURRENT liD) lA lA 0.2A
DEVICE DISSIPATION IPDI 20W 20W 2W

PARAMETER CONDITIONS INOTE I} MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN J_ TVP MAX MIN -TYi>1 MAX

Output Voltage TJ = 25'C. VIN = 29V. -24.5 _ -24 ! -23.5 -24.B •.. 24 I -232 -245 L -24 -235 -248 • -24 ! -23 2 -24.8 • -24 I -232 -25 • -24 -23 I V

ILOAD = 5 mA

~Ilme Regulation TJ = 25'C. ILOAD = 5 mA. I I 8 I 20 I I 8 36 I I 8 20 I I 8 I 36 I I 8 36 I I 8 i 50 I mV

VMIN <::VIN <::VMAX

1-: I 70 I -27 1-: 1-: 1-: 1-: • .
1-40 i -~:O

Input Voltage I 1-27 I -27 • , -27 I -27

I
V

Ripple Rejection f = 120 Hz 70
I

70 I I 70 I I 70 d870 ,

Load Regulation, (Note 21 TJ = 25'C. VIN = 29V. 30 80 30 I 80 15 25 15 40 30 I 80 40 mV

5mA<:: ILOAD<:: 10

Output Voltage. (Note 11 VMIN <::VIN <::VMAX. I -24.8 ' -23.2 1-25.2. .-22.8 I -24.8 -23.2 I -25.2 ~ -228 I -25.2 I I -22.8 I -25.2 I -228 V

5mA<:: ILOAD<:: 10. P<::PD

Ouiescent Current VMIN < VIN <::VMAX I I 2 4 I I 2 4 I r 2
. 4 I r 2 4 I I 2 . 4 I I 2 I 4 I mA

Quiescent Current Change TJ'25'C

VMIN <::VIN <::VMAX

I
I 01 •

0.4

I ~

0.1 0.4

I I 0.05 0.4

I
I 0.05

0.4

I
I 0.1 0.4

I
0.05 '

03 I mA

5mA<::ILOAD<::ID 01 I 0.4 0.1 ~
0.4 0.031 0.4 0.03! 0.4 I 0,1 I 0.4

• 0.04' 0.25 mA

Output Noise Voltage TA = 25'C. CL = I~F. IL = 5 mA. 700 I 700 • 700 • 700 I I . ~V
VIN' 29V. 10 Hz <::f <::100 kHz

Long Term Stability 24 I 240

I
24 240 I 24 • 240 I I 24 . 240 I . SO: I I 50 1 I mV

f
Thermal Resistance

I 1 I I I I i 4 I I I I 'CIWJunction to Case 3 3 15 15 I 112
Junction to Ambient • 35 I 35 150 . 150 50 70 'C/W

Note 1: This specification applies over -55' CST J S +150' C for the LM 120. -25' CST J S + 150' C for lhe LM220 and 0' CST J S +125' C for lhe LM320.

Note 2: Regulation is measured at constant junction temperature. Changes in output VOltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica·
lions apply only up to PD.



typical performance characteristics

Output Voltage vs Ripple Rejection Output Impedance TO-3
Temperature (All Types) and TO-220 Packages
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OUTPUT

Z INPUT
GN. r:-v,~(CASE)

U
LM12OH-5_0
LM220H-5.0
LM320H-5.0
LM120H-5.2
LM220H-5.2
LM320H-5.2
LM120H-6.0
LM220H-6.0
LM320H-6.0

LM120H-8.0
LM220H-8.0
LM320H-8_0
LM120H-9.0
LM220H-9.0
LM320H-9.0
LM120H-12
LM220H-12
LM320H-12

See Package 9

LM120H-15
LM220H-15
LM320H-15
LM120H-18
LM220H·18
LM320H-18
LM120H·24
LM220H-24
LM320H-24

R3

"OUTPUTTRlM
TO-15.0V

P"lolmlnee(Typical)

lotd Regulltion 1161L• fA 10 mY 1 mV
Oulput Rippll, tiN -30DlIj.lF, IL -lA lOD,llVrms lDDj,lVrm,
T,mp".turl Stability +50 mY +50 mV
OutputNo.1DHISfS1DkHz 150,llVrml 150J,.!Vrmt

-RlKinGI tolff'net of R4.nd AS dll.rminl mltdJing of (+),nd (-I output1.
··Neeaary only if few supply liltel uplCiton.,. mo,. thin Z"from,.IIton.

,"~:'"ii'

GYU
LM120K-5.0
LM220K·5.0
LM320K·5.0
LM120K-5.2
LM220K-5.2
LM320K-5.2
LM120K-6.0
LM220K-6.0
LM320K-6.0

LM120K·8.0
LM220K-8.0
LM320K-8.0
LM120K-9.0
LM229K-9.0
LM320K-9.0
LM120K-12
LM220K-12
LM320K-12

See Package 18

INPUT

oI U~~~~~~:;::::T
LM320MP-5.0
LM32OMP-5.2
LM32OMP-6.0

LM32OMP-8.0
LM32OMP-9.0
LM32OMP-12
See Package 37

LM320MP-15
LM32OMP-18
LM32OMP-24

LM120K-15
LM220K-15
LM320K-15
LM120K-18
LM220K-18
LM320K-18
LM120K-24
LM220K-24
LM320K-24

BOTTOM VI[W

Aluminum Metal Can
Package TO-3 IKC)

Order Numbers:
LM320KC-5.0 LM320KC-12
LM320KC-5.2 LM320KC-15
LM320KC-6.0 LM320KC-18
LM320KC-8.0 LM320KC-24
LM320KC-9.0

See Package 2

LM320T·5.0
LM320T·5.2
LM320T-6.0
LM320T-8.0
LM320T·9.0

See Package 26

LM320T-12
LM320T·15
LM320T-18
LM320T-24
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~National
~ Semiconductor
LM123/LM223/LM323 3 amp. 5 volt
general description
The LM 123 is a three-terminal positive regulator
with a preset 5V output and a load driving capa-
bility of 3 amps. New circuit design and processing
techniques are used to provide the high output
current without sacrificing the regulation charac-
teristics of lower current devices.

The 3 amp regulator is virtually blowout proof.
Current limiting, power limiting, and thermal
shutdown provide the same high level of reliability
obtained with these techniques in the LM 109
1 amp regulator.

No external components are required for operation
of the LM 123. If the device is more than 4 inches
from the filter capacitor, however, a lJJF solid
tantalum capacitor should be used on the input.
A O.lJJF or larger capacitor may be used on the
output to reduce load transient spikes created by
fast switching digital logic, or to swamp out stray
load capacitance.

An overall worst casespecification for the combined
effects of input voltage, load currents, ambient

'"OUT'UT~(CIlSEl

_0
Order Number LM123K STEEL,

LM223K STEEL or LM323K STEEL
See Package 18

Voltage Regulators

temperature, and power dissipation ensure that
the LM 123 will perform satisfactorily as a system
element.

For applications requiring other voltages, see
LM 150 series data sheet.

Operation is guaranteed over the junction tempera-
ture range -55°C to +150°C. An electrically
identical LM223 operates from -25°C to +150°C
and the LM323 is specified from O°C to +125°C
junction temperature. A hermetic TO-3 package is
used for high reliability and low thermal resistance.

features
• 3 amp output current

• Internal current and thermal limiting

• 0.01 n typical output impedance

• 7.5 minimum input voltage

• 30W power dissipation

• 100% electrical burn-in

"R~quired if lMl23 is more than 4" horn fil'" tlPlCilor.
tAtgulatol isslablewilhnolo.d caPlCitOf into rni51iw

tOlids



Input Voltage
Power Dissipation
Operating Junction Temperature Range

LM123
LM223
LM323

Storage Temperature Range
Lead Temperature (Soldering, 10 see)

20V
Internally Limited

-55°C to +150°C
-25°C to +150°C

O°C to +125°C
~5°C to +150°C

300°C

precondition ing
Burn-In in Thermal Limit

LM123/LM223 LM323
PARAMETER CONDITIONS UNITS

MIN TYP MAX MIN TYP MAX

Output Voltage
Tj = 2SoC

4.7 5 5.3 4.8 5 5.2 V
VtN =7.5V,loUT =0

Output Voltage 7.5V ~ V'N ~ 15V
4.6 5.4 4.75 5.25 Vo ~ lOUT ~ 3A, P ~ 30W

Line Regulation (Note 3)
Tj = 2SoC

5 25 5 25 mV
7.5V ~ V'N ~ 15V

Load Regulation (Note 3)
Tj::. 2SoC. VtN = 7.5V,

25 100 25 100 mV
O~ lOUT ~ 3A

Ouiescent Current
7.5V ~ V'N ~ 15V,

12 20 12 20 mAo~ lOUT ~3A

Output Noise Voltage
Tj = 2SoC

40 40 pVrms
10 Hz ~ f~ 100 kHz

Tj = 2SoC
Short Circuit Current Limit VIN = 15V 3 4.5 3 4.5 A

VIN = 7.5V 4 5 4 5 A

long Term Stability 35 35 mV

Thermal Resistance Junction 2 2 °C/W

to Case (Note 2)

Note 1: Unless otherwise noted, specifications apply for -5SoC ~ Tj ~ +150°C for the LM123. -25°C ~ Tj ~ +150°C for the
LM223. and aOc ~ Tj :S.+12SoC for the LM323. Although power dissipation is internally limited, specifications apply only
forP ~30W.

Note 2: Without a heat sink, the thermal resistance of the TO·3 package is about 3SoC/W. With a heat sink, the effective
thermal resistance can only approach the specified values of 2°C/W, depending on the efficiency of the heat sink.
Note 3: Load and line regulation are specified at constant junction temperature. Pulse testing is required with a pulse
width ~ 1 ms and a duty cycle ~ 5%.

.2 ••• -1
UK 25mA+
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~Nationala Semiconductor
Voltage Regulators

LM125/LM225/lM325/LM325A voltage regulators
LM126/LM226/ LM326
LM127/LM2271LM327
general description features

These are dual polarity tracking regulators design-
ed to provide balanced positive and negative out-
put voltages at current up to 100 mA, the devices
are set for ±15 V, ±12 V and +5, -12 V outputs
respectively. Input voltages up to ±30V can be used
and there is provision for adjustable current limit-
ing. These devices are available in three package
types to accommodate various power requirements
and temperature ranges.

• ±15V, ±12V and +5, -12V tracking outputs
• Output currents to 100 mA
• Output voltages balanced to within 1% (LM125,

LM126, LM127, LM325A)
• Line and load regulation of 0.06%
• Internal thermal overload protection
• Standby current drain of 3 mA
• Externally adjustable current limit
• Internal current limit

AS
l.n

0'" EJ
"'" 0,,,,[1]

0"" [2J
'f,..

@",,0

."1St

0'" [!]

0171[!]

."U.

0'"
( I 14·LEAOOIPo lHEAOPOWER OIP

0,,,[2]...
JOG

0'" EJ

0'" 0

13 -CURRENT
liMIT

11 Nt

TOPVI(VI

Order Number LM325AN, LM325N,
LM326N or LM327N

See Package 22
DuaHn·Line Power Package

'"
-SENSE

• CURRENT 2
liMIT

-VIN

16 -CURRENT
LIMIT

TO'YIEW

Nol •. SP.ck ••• h"I"nk'l
connectedl0·V1N·

Order Number LM325AS, LM325S,
LM326S or LM327S

See Package 39

Meta' Can Package
GN'

TO'VIlW

Order Number LM125H, LM225H,
LM325H, LM126H, LM226H,
LM326H, LM127H, LM227H

or LM327H
See Package 12



Input Voltage
Forced Vo + (m;nl INote 1)
Forced VO- Imaxl (Note 11
Power Dissipation (Note 2)
Output Short-Circuit Duration (Note 3)

±30V
-{).5V

+0.5V

PMAX
Indefinite

Operating Temperature Range
LM125 -55'C to +125'C
LM225 -25'C to +85'C
LM325, LM325A O'C to +70'C

Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Output Voltage
LM125, LM225, LM325A
LM325

Line Regulation Over Temperature
Range

Load Regulation
Vo+
Vo-

Load Regulation Over Temperature
Range

Vo+
Vo-

Output Voltage Balance
LM125/LM225/LM325A
LM325

Output Voltage Over Temperature
Range

LM 125/LM325A
LM225
LM325

Negative Standby Current

Long Term Stability

Thermal Resistance Junction to
Case (Note 4)

LM125H, LM225H, LM325H
LM325AS, LM325S

Junction to Ambient
LM325AN, LM325N

V'N = 18V to 30V, IL = 20 mA,
T; = 25°C

V'N = 18V to 30V, IL = 20 mA

IL = 0 to 50 mA, V'N = ±30V,
T, = 25'C

P ~ PMAX, 0 ~ 10 ~ 50 mA,
18V~ IV'NI~30

T; = 25°C

T; = 25°C, BW = 100 -10 kHz

T; = 25°C

T; = 25'C

MIN TYP MAX UNITS

14.8 15 15.2 V

14.5 15 15.5 V

2.0 V

2.0 10 mV

2.0 20 mV

30 10 mV
5.0 10 mV

4.0 20 mV
7.0 20 mV

±150 mV
±300 mV

14.65 1535 V
14.57 15.43 V
14.27 15.73 V

±0.3 %

260 mA

150 J./Vrms

1.75 30 mA

3.1 5.0 mA

0.2 %/kHr

45 °C/W
12 'CM

150 °C/W

Note 1: That voltage to which the output may be forced without damage to the device.
Note 2: Unless otherwise specified, these specifications apply for Tj ""-55°C to +150°C on LM125, Tj = -25°C to +150°C on
LM225, Tj = O°C to +125'C on LM325A, Tj = O'C to +125'C on LM325, VIN = ±20V,IL = 0 mA. IMAX = 100 mA, PMAX =

2.0W for the TO·5 H Package. IMAX = 100 mA, PMAX = 5.0W for the DIP S Package. IMAX = 100 mA, PMAX = 1.0W for
the DI P N Package.

Note 3: If the junction temperature exceeds 150°C, the output short circuit duration is 60 seconds.
Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150°C/W.while that of
the S Package is approximately 55°C/W. With a heat sink, the effective thermal resistance can only approach the junction to
case values specified, depending on the efficiency of the sink.



Input Voltage

Forced Vo + (Min) (Note 1)

Forced Vo- (Max) (Note 1)

Power Dissipation (Note 2)

Output Short-Circuit Duration (Note 3)

Operating Temperature Range

LM126

LM226

LM326

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

±30V

-D.5V
+O.5V

Internally Limited

Indefinite

-55°C to +125°C

-25°C to +85°C

O°C to +70°C

-i>5°C to +150°C

300°C

electrical characteristics LM 126/ LM 226/ LM326 (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Output Voltage T, = 25°C

LM126, LM226 11.8 12 12.2 V
LM326 11.5 12.5 V

Input-Output Differential 2.0 V

Line Regulation V'N = 15V to 30V 2.0 10 mV
IL = 20 mA. T, = 25°C

Line Regulation Over Temperature Range V'N = 15V to 30V. IL = 20 mA 2.0 20 mV

Load Regulation IL = 0 to 50 mA. V'N = ±30V.
Vo · T, = 25°C 3.0 10 mV
Vo' 5.0 10 mV

Load Regulation Over Temperature Range IL = 0 to 50 mA. V'N = ±30V
Vo · 4.0 20 mV
Vo · 7.0 20 mV

Output Voltage Balance T, = 25°C
LM 126, LM226 ±125 mV
LM326 ±250 mV

Output Voltage Over Temperature Range P S; PMAX• 0 S; '0 S; 50 mA
LM126 15VS; IV,NIS;30V 11.68 12.32 V
LM226 11.62 12.38 V
LM326 11.32 12.68 V

Temperature Stability of Va ±0.3 %

Short Circuit Current Limit Tj = 25°C 260 mA

Output Noise Voltage Ti = 25°C. BW = 100 - 10 kHz 100 jJVrrns

Positive Standby Current Tj = 25°C. I L = 0 1.75 3.0 mA

Negative Standby Current T, = 25°C. I L = 0 3.1 5.0 mA

Long Term Stability 0.2 %/kHr

Thermal Resistance Junction to Case (Note 4)
LM 126H/LM226H/LM326H 45 °CIW
LM326S 12 °C/W

Junction to Ambient LM326N 150 °C/W

Note 1; That voltage to which the output may be forced without damage to the device.
Note 2: Unless otherwise specified. these specifications apply for Tj = -SSoC to +lS0°C on LM126. Tj = -2SoC to +lS0°C on
LM226, Th'= O·C to +125°C on LM326, VIN = ±20V, IL = 0 mA. IMAX = 100 mA, PMAX = 2.0W for the TO-5 H Package
IMAX = 1 0 mA, PMAX = 5.0W for the DIP S Package. IMAX = 100 mA, PMAX = LOW for the DIP N Package.
Note 3: If the junction temperature exceeds 150°C the output short circuit duration is 60 seconds.
Noto 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150°CIW, while that of
the S Package is approximately SSoC/W. With a heat sink, the effective thermal resistance can only approach the junction to
case values specified. depending on the efficiency of the sink.



Input Voltage ±30V
Forced Vo + (min) (Note 1) -{).5V
Forced Vo - (max) (Note 1) +0.5V
Power Dissipation (Note 2) Internally Limited
Output Short·Circuit Duration (Note 3) Indefinite

Operating Temperature Range
LM127 -55°C to +125°C
LM227 -25°C to +85°C
LM327 0° C to +70° C

Storage Temperature Range --ti5°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

Output Voltage Tj = 25°C
Vo + +4.8 +5.0 +5.2 V
Vo- -12.5 -12 -11.5 V

Input·Output Differential 2.0 V

Line Regulation V+'N = +8.0V to +30V, 2.0 15 mV
V-'N = -15V to -30V,
IL = 20 mA, Ti = 25°C

Line Regulation Over Temperature Range V+'N = +8.0V to+30V, 2.0 30 mV
V-'N = -15V to -30V,
IL = 20 mA

Load Regulation IL=Oto50mA,
Vo

+ V,N = ±30V, Ti = 25°C 3.0 10 mV
Vo- 5.0 10 mV

Load Regulation Over Temperature Range IL = 0 to 50 mA, V,N = ±30V
Vo

+ 4.0 20 mV
Vo- 7.0 20 mV

Output Voltage P< PMAX, O~ 10 ~ 50 mA,
Vo + +8.0V ~ V+'N ~ +30V, 4.75 5.25 V
Vo' -30V ~ V-'N ~ -15V -12.6 -11.4 V

Temperature Stability ±0.3 %

Short Circuit Current Limit Tj = 25°C 260 mA

Output Noise Voltage Tj = 25°C, BW = 100 -10 kHz
Vo

+ 40 J..tVrms
Vo- 100 J,lVrms

Positive Standby Current Tj =25°C,IL =0 1.75 3.0 mA

Negative Standby Current Tj=25°C,IL=0 3.1 5.0 mA

Long Term Stability 0.2 %/kHr

Thermal Resistance Junction to Case (Note 4)
LM127H, LM227H, LM327H 45 °C/W
LM327S 12 °C/W

Junction to Ambient, LM327N 150 °C/W

Note 1: That voltage to which the output may be forced without damage to the device.
Note 2: Unless otherwise specified. these specifications apply for Tj = -5SQC to +150QC on LM127, Tj = -25°C to +150°C on LM227, Tj = aOc to
+125°C on LM327, V'N = ±20V, IL = 0 mA. IMAX = 100 mA, PMAX = 2.0W for the TO·5H Package, 'MAX = 100 mA, PMAX = 5.0W for the
DIP S Package. 'MAX = 100 mA, PMAX = 1.0W for the DIP N Package.
Nat83: If the junction temperature exceeds 150°C the output short circuit duration is 60 seconds.
Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-S Package is about 150°C/W. while that of the S Package is
approximately 5SoCIW. With a heat sink, the effective thermal resistance can only approach the junction to case "alues specified, depending on
the efficiency of the sink.



typical performance characteristics (V,N = ±20V. IL = 0 mA. Tj = 25°C. unless otherwise noted.)
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typical performance
LM125
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LM125
LM125 Output Impedance LM126
Ripple Rejection V$ Frequency Ripple Rejection
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~National
~ semiconductor

The LM129 and LM329 family are precIsIon multi-
current temperature compensated 6.9V zener references
with dynamic impedances a factor of 10 to 100 less than
discrete diodes. Constructed in a single silicon chip, the
LM129 uses active circuitry to buffer the internal zener
allowing the device to operate over a 0.5 mA to 15 mA
range with virtually no change in performance. The
LM129 and LM329 are available with selected tempera-
ture coefficients of 0.001,0.002,0.005 and o.ol%fc.
These new references also have excellent long term
stability and low noise.

A new subsurface breakdown zener used in the LM129
gives lower noise and better long term stability than
conventional IC zeners. Further the zener and tempera-
ture compensating transistor are made by a planar
process so they are immune to problems that plague
ordinary zeners. For example, there is virtually no
voltage shifts in zener voltage due to temperature cycling
and the device is insensitive to stress on the leads.

The LM129 can be used in place of conventional zeners
with improved performance. The low dynamic impedance

simplifies biasing and the wide operating current allows
the replacement of many zener types.

The LM129 is packaged in a 2-lead TO-46 package and is
rated for operation over a -55°C to +125°C temperature
range. The LM329 for operation over 0-70°C is availa-
ble in both a hermetic TO-46 package and a TO-92
epoxy package.

• 0.6 mA to 15 mA operating current
• 0.6f2 dynamic impedance at any current
• Available with temperature coefficients of o.oOl%fC
• 71J.Vwideband noise
• 5% initial tolerance
• 0.002% long term stability
• Low cost
• Su bsu rface zener

10 TURN
OUTPUT
ADJUST



Reverse Breakdown Current
Forward Current
Operating Temperature Range

LM129
LM329

Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

30mA
2mA

-55°C to +125°C
O°C to +70°C

-55°C to +150°C
300°C

LM129A, B, C LM329B, C, D
PARAMETER CONDITIONS

MIN I TVP
UNITS

MIN TVP MAX MAX

Reverse Breakdown Voltage T A = 25°C. ! I

0.6 mA -:::::IR -:::::15 mA 6.7 6.9 7.2 6.6 6.9 7.25 V

Reverse Breakdown Change T A = 25°C.

with Current 0.6 mA -:::::IR -:::::15 mA 9 14 9 20 mV

Reverse Dynamic Impedance T A = 25°C. IR = 1 mA 0.6 1 0.8 2 n

RMS Noise T A = 25°C.

10Hz-:::::F-:::::l0kHz 7 20 7 100 IlV

Long Term Stability T A = 45°C ±O.l°C.

IR = 1 mA ±0.3% 20 20 ppm,
Temperature Coefficient IR = 1 mA

LM129A 6 10 ppmtC

LM 129B, LM329B 15 20 15 20 ppmtC

LM 129C. LM329C 30 50 30 50 ppmtC

LM329D 50 100 ppmtC

Change In Reverse Breakdown 1 mAylR -:::::15mA 1 1 ppmtC

Temperature Coefficient

Reverse Breakdown Change 1 mA-::::: IR -:::::15mA 12 12 mV

with Current

IReverse Dynamic Impedance 1 mA -:::::I R -:::::15 mA 0.8 I 1 n

Notel:These specifications apply for --55·C $: TA$: +125· C for the LM129 and O·C $: TA $: +70·C for the LM329 unless otherwise specified. The
maximum junction temperature for an LM129 is 150°C and LM329 is 100°C. For operating at elevated temperature, devices in T0-46 package
must be derated based on a thermal resistance of 440°C!W junction to ambient or SrfCIW junction to case. For the TO·92 package, the derating
is based on 180°CIW junction to ambient with 0.4" leads from a PC board and 16rf'CIW junction to ambient with 0.125" lead length to 8 PC
board.
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Order Number LM129AH. LM129BH
LM129CH. LM329BH. LM329CH

or LM3290H
See Package 8

Order Number LM329BZ. LM329CZ
or LM329DZ

See Package 38
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~National
~ Semiconductor
LM136/LM236/LM336 2.5V Reference Diode
General Description
The LM136/LM236 and LM336 integrated circuits are
precision 2.5V shunt regulator diodes. These monolithic
Ie voltage references operate as a low temperature
coefficient 2.5V zener with 0.2Q dynamic impedance.
A third terminal on the LM136 allows the reference
voltage and temperature coefficient to be trimmed easily.

The LM136series is useful as a precision 2.5V low voltage
reference for digital voltmeters, power suppl ies or op
amp circuitry. The 2.5V make it convenient to obtain
a stable reference from 5V logic supplies. Further, since
the LM136 operates as a shunt regulator, it can be used
as either a positive or negative voltage reference.

The LM136 is rated for operation over-55°e to +125°e
while the LM236 is rated over a -25°e to +85°e

temperature range. Both are packaged in a TO-46 package.
The LM336 is rated for operation over a 0° e to +700e
temperature range and is available in either a three lead
TO-46 package or a TO·92 plastic package.

• Low temperature coefficient
• Wide operating current of 300 J-IAto 10 mA
• 0.2Q dynamic impedance
• ±1% initial tolerance available
• Guaranteed temperature stabil ity
• Easily trimmed for minimum temperature drift
• Fast turn-on
• Three lead transistor package

.s
m

.1,.. .,
Uk

.916

.8
100

ADJ••'Ok

.ID•••

R2 .,
" Uk

s.

t'"BY

lMl3ti

t Adjust to 2.490V

* Any silicon signal diode



Reverse Current
Forward Current
Storage Temperature
Operating Temperature

LM136
LM236
LM336

Lead Temperature (Soldering, 10 seconds)

15mA
10mA

~O°C to +150°C

-55°C to +150°C
-25° C to +85° C

O°C to +70°C
300°C

LM136A/LM236A LM336B

PARAMETER CONDITIONS LM136/LM236 LM336 UNITS

MIN TVP MAX MIN TYP MAX

Reverse Breakdown Voltage T A = 25°C, I R = 1 mA

LM 136/LM236/LM336 2.440 2.490 2.540 2.390 2.490 2.590 V

LM136A/LM236A, LM336B 2.465 2.490 2.515 2.440 2.490 2.540 V

Reverse Breakdown Change TA = 25°C, 2.6 6 2.6 10 mV

With Current 400 J.1A~ I R ~ 10 mA

Reverse Dynamic Impedance T A = 25° C, I R = 1 mA 0.2 0.6 0.2 1 n
Temperature Stability V R Adjusted to 2.490V

IR = 1 mA, (Figure 2)

O°C ~ TA ~ 70°C (LM336) 1.8 6 mV

-25°C ~ TA ~ +85°C (LM236) 3.5 9 mV

-55°C ~ T A ~ +125°C (LM136) 12 18 mV

Reverse Breakdown Change 400J.1A ~ IR ~ 10 mA 3 10 3 12 mV

With Current

Reverse Dynamic Impedance IR = 1 mA 0.4 1 0.4 1.4 n
Long Term Stability T A = 25°C ±O.l°C, I R = 1 mA 20 20 ppm

Note 1: Unless otherwise specified, the LM136 is specified from -55°C::; T A:s. +12SQC, the LM236 from -2SoC:s. T A :s.+8SoC and the LM336
from O°C :s. TA :s. +70°C. The maximum junction temperature of the LM136 is 150°C, LM236 is 125°C and the LM336 is 100°C. For elevated
junction temperature, devices in the T0-46 package should be derated based on a thermal resistance of 44cfc/w junction to ambient or 80°C/W
junction to case. For the TO-92 package, the derating is based on 180°C/W ju~ction to ambient with 0.4" leads from a PC board and 160°C/W
junction to ambient with 0.125" lead length to a PC board.
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Response Time Reverse Characteristics Forward Characteristics
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The LM136 series voltage references are much easier to
use than ordinary zener diodes. Their low impedance
and wide operating current range simplify biasing in
almost any circuit. Further, either the breakdown volt-
age or the temperature coefficient can be adjusted to
optimize circuit performance.

Figure 1 shows an LM 136 with a 10k potentiometer
for adjusting the reverse breakdown voltage. With the
addition of R1 the breakdown voltage can be adjusted
without affecting the temperature coefficient of the
device. The adjustment range is usually sufficient to

adjust for both the initial device tolerance and inac-
curacies in buffer circuitry.

If minimum temperature coefficient is desired, two
diodes can be added in series with the adjustment po-
tentiometer as shown in Figure 2. When the device is
adjusted to 2.490V the temperature coefficient is mini-
mized. Almost any silicon signal diode can be used for
this purpose such as a 1N914, 1N4148 or a 1N457. For
proper temperature compensation the diodes should be
in the same thermal environment as the LM136. It is
usually sufficient to mount the diodes near the LM 136
on the printed circuit board. The absolute resistance of
R1 is not critical and any value from 2k to 20k will work.



Trimmed 2.5V Reference with Temperature
Coefficient Independent of Breakdown

Voltage

*L1 60 turns #16 wire on Arnold Core A-254168-2

t Efficiency ~ 80%
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Order Number
LM336Z or LM336BZ

See Package 38

Order Number
LM136H, LM236H, LM336H, LM136AH,

LM236AH or LM336BH



~National
~ Semiconductor
LM137/LM237/LM337 3-Terminal Adjustable
Negative Regulators
General Description
The LM137/LM237/LM337 are adjustable 3-terminal
negative voltage regulators capable of supplying in excess
of -1_5A over an output voltage range of -1.2V to
-37V. These regulators are exceptionally easy to apply,
requiring only 2 external resistors to set the output
voltage and 1 output capacitor for frequency compensa-
tion. The circuit design has been optimized for excellent
regulation and low thermal transients. Further, the
LM137 series features internal current limiting, thermal
shutdown and safe-area compensation, making them
virtually blowout-proof against overloads.

The LM137/LM237/LM337 serve a wide variety of
applications including local on-card regulation, program-
mable-output voltage regulation or precision current
regulation. The LM137/LM237/LM337 are ideal comple-
ments to the LM117/LM217/LM317 adjustable positive
regulators.

• Output voltage adjustable from -1.2V to -37V
• 1.5A output current guaranteed, -55°C to +150°C

• Line regulation typically 0.01%/V

• Load regulation typically 0.3%
• Excellent thermal regulation, 0.002%/W
• 77 dB ripple rejection
• Excellent rejection of thermal transients
• 50 ppmfC temperature coefficient
• Temperature-independent current limit
• Internal thermal overload protection
• 100% electrical burn-in
• Standard 3-lead transistor package

RATED DESIGN
DEVICE PACKAGE POWER LOAD

DISSIPATION CURRENT

LM137 TO-3 20W 1.5A
LM237

TO-5 2W 0.5A
LM337
LM337T TO-220 15W 1.5A
LM337M TO-202 7.5W 0.5A

+
C2*

LM137/
lM337

-VOUT=-1.25V(, +~)
\ 120n

t C1 = 1 I'F solid tantalum or 10 I'F aluminum electrolytic required for stability
·C2 = 1 jJF solid tantalum is required only if regulator is more than 4" from

power·supply filter capacitor



Absolute Maximum Ratings
Power Dissipation
Input-Output Voltage Differential
Operating Junction Temperature Range

LM137
LM237
LM337

Storage Temperature
Lead Temperature (Soldering, 10 seconds)

Internally limited
40V

-55°C to +150°C
-25°C to +150°C

O°C to +125°C
-65°C to +150°C

300°C

Preconditioning
Burn-In in Thermal Limit 100% All Devices

PARAMETER CONDITIONS
LM137/LM237 LM337

UNITS
MIN TYP MAX MIN TYP MAX

Line Regulation T A = 25°C. 3V :O:;IVIN-VOUTI :0:;40V 0.01 0.02 0.01 0.04 %IV

(Note 2)

Load Regulation T A = 25°C, 10 mA:O:; IOUT:O:; IMAX

IVOUTI:O:; 5V. (Note 2) 15 25 15 50 mV

IVOUTI ::0: 5V, (Note 2) 0.3 0.5 0.3 1.0 %

Thermal Regulation TA = 25°C. 10 ms Pulse 0.002 0.02 0.003 0.04 %/W

Adjustment Pin Current 65 100 65 100 pA

Adjustment Pin Current Change 10mA:O:;IL:O:;IMAX 2 5 2 5 pA

2.5V :O:;IVIN-VOUTI:O:; 40V, TA = 25°C

Reference Voltage TA = 25°C (Note 3) -1..225 -1.250 -1.275 -1.213 -1.250 -1.287 V

3:0:; IVIN-VOUTI :0:;40V, (Note 3) -1.200 -1.250 -1.300 -1.200 -1.250 -1.300 V

10 mA :0:;lOUT :0:;IMAX, P:O:;PMAX

Line Regulation 3V :O:;IVIN-VOUTI:O:; 40V. (Note 2) 0.02 0.05 0.02 0.07 %IV

Load Regulation 10 mA:O:; IOUT:O:; IMAX. (Note 2)

IVOUTI:O:;5V 20 50 20 70 mV

IVOUTI::O: 5V 0.3 1 0.3 1.5 %

Temperature Stability TMIN:O:; Tj:O:; TMAX 0.6 0.6 %

Minimum Load Current IVIN-VOUTI:O:; 40V 2.5 5 2.5 10 mA

IVIN-VOUTi:O:; 10V 1.2 3 1.5 6 mA

Current Limit IVIN-VOUTI :O:;15V

K and T Package 1.5 2.2 1.5 2.2 A

Hand P Package 0.5 0.8 0.5 0.8 A

IVIN-VOUTI = 40V

K and T Package 0.4 0.4 A

Hand P Package 0.17 0.17 A

RMS Output Noise, % of VOUT TA=25°C.10Hz:O:;f:O:;lOkHz 0.003 0.003 %

Ripple Rejection Ratio VOUT = -10V, f = 120 Hz 60 60 dB

CADJ=10pF 66 77 66 77 dB

Long·Term Stability TA= 125°C, 1000 Hours 0.3 1 0.3 1 %

Thermal Resistance, Junction to Case H Package 12 15 12 15 °C/W

K Package 2.3 3 2.3 3 °C/W

T Package 4 °C/W

P Package 12 °C/W

Note 1: Unless otherwise specified, these specifications apply -5~ C ~ Tj ~ +150" C for the LM137, -2~ C ~ Tj ~ +150°C for the LM237 and
O"c ~ Tj ~ +12SoC for the LM337; VIN - VOUT = SV; and lOUT = O.lA for the TO-S package and TO·202 package and lOUT = O.SA for the
TO-3 package and TO-220 package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of
2W for the TO·S and TO·202 and 20W for the TO·3 and TO·220. IMAX is 1.SA for the TO-3 and TO·220 package and O.SA for the TO·S package
and TO-202 package.

Note 2: Regulation is measured at 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 thermal regulation. Load regulation is measured on the output pin at a point 118" below
the base of the TO·3 and TO·S packages.

Note 3: Selected devices with tightened tolerance reference voltage available.
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When power is dissipated in an IC, a temperature
gradient occurs across the IC chip affecting the individual
IC circuit components. With an IC regulator, this gradient
can be especially severe since power dissipation is large.
Thermal regulation is the effect of these temperature
gradients on output voltage (in percentage output change)
per Watt of power change in a speCified time. Thermal
regulation error is independent of electrical regulation or
temperature coefficient. and occurs within 5 ms to 50 ms
after a change in power dissipation. Thermal regulation
depends on IC layout as well as electrical design. The
thermal regulation of a voltage regulator is defined as the
percentage change of VOUT. per Watt. within the first
10 ms after a step of power is applied. The LM137's
specification is 0.02%/W, max.

:......-j 10m. f---
LM137. VOUT ~ -10V

VIN-VOUT = --40V

IL ~ OA - O.25A - OA
Vertical sensitivity. 5 mVIdiv

FIGURE 1

In Figure 1. a typical LM137's output drifts only 3 mV
(or 0.03% of VOUT = -lOV) when a lOW pulse is
applied for 10 ms. This performance is thus well inside
the specification limit of 0.02%/W x lOW = 0.2% max.
When the lOW pulse is ended. the thermal regulation
again shows a 3 mV step as the LM137 chip cools
off. Note that the load regulation error of about 8 mV
(0.08%) is additional to the thermal regulation error.
In Figure 2, when the lOW pulse is applied for 100 ms.
the output drifts only slightly beyond the drift in the
first 10 ms. and the thermal error stays well within
0.1% (10mV).

LM137, VOUT=-10V

VIN-VOUT~--40V

IL ~ OA- O.25A- OA

Horizontal sensitivity. 20 ms/div

FIGURE 2



Order Number:
LM137K STEEL
LM237K STEEL
LM337K STEEL
See Package 18

Order Number:
LM137H
LM237H
LM337H

See Package 9

1.250V

A1

·O.SD.::; A1 ::; 120D.

·When CL is larger than 20 p.F. D1 protects
the LM137 in case the input supply is shorted

**When C2 is larger than 10 p.F and -VOUT is
larger than -25V. D2 protects the LM137 in
case the output is shorted

,,
,

. "L J
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FRONT VIEW

Order Number:
LM337T

See Package 26

FRONT VIEW

Order Number:
LM337MP

See Package 37

-5.2V Regulatorwith Electronic Shutdown*
TTL

CONTROL

-BV TO -20V

*Minimum output:;; -1.3V when control input is low
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lOUT = (R"l) ±15% adjustable
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Jl?'A National
~ Semiconductor

LM137HV ILM237HV ILM337HV
3-Terminal Adjustable Negative Regulators (High Voltage)

The LM137HV/LM237HV/LM337HV are adjustable
3-terminal negative voltage regulators capable of sup-
plying in excess of -1.5A over an output voltage range
of -1.2V to -47V. These regulators are exceptionally
easy to apply, requiring only 2 external resistors to set
the output voltage and 1 output capacitor for frequency
compensation. The circuit design has been optimized for
excellent regulation and low thermal transients. Further,
the LM137HV series features internal current limiting,
thermal shutdown and safe-area compensation, making
them virtually blowout-proof against overloads.

The LM137HV/LM237HV/LM337HV serve a wide
variety of applications including local on-card regula-
tion, programmable-output voltage regulation or pre-
cision current regulation. The LM 137HV /LM237HV /
LM337HV are ideal complements to the LM 117HV /
LM217HV /LM317HV adjustable positive regulators.

• Output voltage adjustable from -1.2V to -47V

• 1.5A output current guaranteed, -55°C to +150°C

• Line regulation typically 0.01%/V

• Load regulation typically 0.3%
• Excellent thermal regulation, 0.002%/W

• 77 dB ripple rejection
• Excellent rejection of thermal transients

• 50 ppmfC temperature coefficient
• Temperature-independent current limit

• Internal thermal overload protection

• 100% electrical burn-in
• Standard 3-lead transistor package

LM137HV/ VOUT
LM337HV

-VOUT = -1.25V f, + ~)
\ 120n

+ elt
11lF

tel = 1 J.,tFsolid tantalum or 10 J,lF aluminum electrolytic required for stability
·C2 = 1 pF solid tantalum is required only if regulator is more than 4" from

power-supply filter capacitor



Absolute Maximum Ratings
Power Dissipation Internally limited
Input-Output Voltage Differential 50V
Operating Junction Temperature Range

LM137HV -55°C to +150°C
LM237HV -25°C to +150°C
LM337HV O°C to +125°C

Storage Temperature -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Preconditioning
Burn-In in Thermal Limit 100% All Devices

Electrical Characteristics (Note 1)

PARAMETER CONDITIONS
LM137HV/LM237HV LM337HV

UNITS
MIN TYP MAX MIN TYP MAX

Line Regulation TA = 25°C, 3V ~ IV,N-VOUTI ~ 50V, 0.Q1 0.02 0.01 0.04 %/V

(Note 2)

Load Regulation TA = 25°C, 10 mA ~ 'OUT ~ 'MAX
IVOUTI ~ 5V, (Note 2) 15 25 15 50 mV

IVOUTI:?: 5V, (Note 2) 0.3 0.5 0.3 1.0 %

Thermal Regulation TA = 25°C, 10 ms Pulse 0.002 0.02 0.003 0.04 %/W

Adjustment Pin Current 65 100 65 100 IlA

Adjustment Pin Current Change 10mA~IL~IMAX 2 5 2 5 IlA

2.5V ~ IVIN-VOUTI ~ 50V, 3 6 3 6 IlA

TA=25°C

Reference Voltage TA = 25°C, (Note 3) -1.225 -1.250 -1.275 -1.213 -1.250 -1.287 V

3 ~ IVIN-VOUTI ~ 50V, (Note 3) -1.200 -1.250 -1.300 -1.200 -1.250 -1.300 V

10 mA ~ 'OUT ~ 'MAX, P~ PMAX

Line Regulation 3V ~ IVIN-VOUTI ~ 50V, (Note 2) 0.02 0.05 0.02 0.07 %/V

Load Regulation 10 mA ~ lOUT ~ IMAX, (Note 2)

IVOUTI ~ 5V 20 50 20 70 mV

IVOUTI:?: 5V 0.3 1 0.3 1.5 %

Temperature Stability TMIN ~ Tj ~ TMAX 0.6 0.6 %

Minimum Load Current IVIN-VOUTI ~ 50V 2.5 5 2.5 10 mA

IV,N-VOUTi ~ 10V 1.2 3 1.5 6 mA

Current Limit IVIN-VOUTI ~ 13V
K Package 1.5 2.2 3.2 1.5 2.2 3.5 A

H Package 0.5 0.8 1.6 0.5 0.8 1.8 A

IV,N-VOUTI = 50V
K Package 0.2 0.4 0.8 0.2 0.4 0.8 A

H Package 0.1 0.17 0.5 0.1 0.17 0.5 A

RMS Output Noise, % of VOUT TA = 25°C, 10 Hz ~ f ~ 10 kHz 0.003 0.003 %

Ripple Rejection Ratio VOUT = -10V, f = 120 Hz 60 60 dB

CADJ = 10 IlF 66 77 66 77 dB

Long·Term Stability TA = 125°C, 1000 Hours 0.3 1 0.3 1 %

Thermal Resistance, Junction H Package 12 15 12 15 °C/W

to Case K Package 2.3 3 2.3 3 °C/W

Note 1: Unlessotherwise specified, these specifications apply -s5"c ~ Tj ~ +150°C for the LM137HV, -2SoC ~ Tj ~ +lS0°C for the LM237HV
end O°C ~ Tj ~ +12SoCfor the LM337HV; VIN - VOUT = SV; and lOUT = O.lA for the TO-S packageand lOUT = O.SAfor the TO-3 pack_.
Although power dissipation is internally limited, these specifications are applicable for power dissipations of 'ZWfor the TO·5 and 20W for the
TO·3. 'MAX is 1.5A for the TO·3 packageand 0.5A for the TO-S package.
Note 2: Regulation is measured at 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 thermal regulation. Load regulation is measured on the output pin at a point lIS" below
the baseof the TO-3 and TO-S packages.
Note 3: Selected devices with tightened tolerance reference voltage available.
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When power is dissipated in an IC, a temperature
gradient occurs across the IC chip affecting the individual
ICcircuitcomponents. With an IC regulator, this gradient
can be especially severe since power dissipation is large.
Thermal regulation is the effect of these temperature
gradients on output voltage (in percentage output change)
per Watt of power change in a specified time. Thermal
regulation error is independent of electrical regulation or
temperature coefficient, and occurs within 5 ms to 50 ms
after a change in power dissipation. Thermal regulation
depends on IC layout as well as electrical design. The
thermal regulation of a voltage regulator is defined as the
percentage change of VOUT, per Watt, within the first
10 ms after a step of power is applied. The LM137HV's
specification is 0.02%/W, max.

---1 10m, f---
LM137HV, VOUT = -10V

VIN-VOUT = -40V

I L = OA - O.25A - OA
Vertical sensitivity, 5 mV/div

FIGURE 1

In Figure 1, a typical LM137HV's output drifts only
3 mV (or 0.03% of VOUT = -10V) when a lOW pulse is
applied for 10 ms. This performance is thus well inside
the specification limit of 0.02%/W x lOW = 0.2% max.
When the lOW pulse is ended, the thermal regulation
again shows a 3 mV step as the LM137HV chip cools
off. Note that the load regulation error of about 8 mV
(0.08%) is additional to the thermal regulation error.
In Figure 2, when the lOW pulse is applied for 100 ms,
the output drifts only slightly beyond the drift in the
first 10 ms, and the thermal error stays well within
0.1% (10 mVI.

1--100 ms---J
LM137HV, VOUT = -10V

VIN-VOUT = -40V
IL=OA-O.25A-OA

Horizontal sensitivity, 20 ms/div
FIGURE 2



Ordering Information
LM137HVK-STEEL
LM237HVK-STEEL
LM337HVK-STEEL

Ordering Information
LM137HVH
Lm237HVH
LM337HVH

1.250V
R1

·0.8n .; R1 .; 120n
(
1.5V)

IOUT= R1

Vour
-40V
J5ppmrC

*When CL is larger than 20 I'F. D1 protects
the LM137HV is case the input supply is shorted

**When C2 is larger than 10 I'F and -VOUT is
larger than -25V. D2 protects the LM137HV
in case the output is shorted
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~National
D Semiconductor
LM140AlLM140/LM340A/LM340 Series
3-Terminal Positive Regulators
General Description
The LM140A/LM140/LM340A/LM340 series of positive
3-terminal voltage regulators are designed to provide
superior performance as compared to the previously
available 78XX series regulator. Computer programs
were used to optimize the electrical and thermal perfor-
mance of the packaged Ie which results in outstanding
ripple rejection, superior line and load regulation in high
power applications (over 15W).

With these advances in design, the LM340 is now guarar]-
teed to have line and load regulation that is a factor of
2 better than previously available devices. Also, all
parameters are guaranteed at 1A vs 0.5A output current.
The LM 140A/LM340A provide tighter output voltage
tolerance, ±2% along with O.Ol%IV line regulation and
0.3%/A load regulation.

Current limiting is included to limit peak output current
to a safe value_ Safe area protection for the output
transistor is provided to limit internal power dissipation.
If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit
takes over limiting die temperature.

Considerable effort was expended to make the LM 14Q-XX
series of regulators easy to use and minimize the number
of external components. It is not necessary to bypass the
output, although this does improve transient response_
Input bypassing is needed only if the regulator is located
far from the filter capacitor of the power supply.

Although designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable voltages and currents.

The entire LM140A/LM140/LM340A/LM340 series of
regulators is available in the metal TO-3 power package

and the LM340NLM340 series is also available in the
TO-220 plastic power package.

• Complete specifications at 1A load

• Output voltage tolerances of ±2% at Tj = 25°C and
±4% over the temperature range (LM140A/LM340A)

• Fixed output voltages available 5, 6, 8,10 12,15,18
and 24V

• Line regulation of 0.01% of VOUTIV ~VIN at 1A
load (LM140A/LM340A)

• Load regulation of 0.3% of VOUT/A ~I LOAD
(LM140A/LM340A)

• Internal thermal overload protection

• Internal short·circuit current limit

• Output transistor safe area protection

• 100% thermal limit burn-in
• Special circuitry allows start·up even if output is

pulled to negative voltage (± supplies)

RATED DESIGN
DEVICE PACKAGE POWER LOAD

DISSIPATION CURRENT
LM140

TO-3 20W 1.5A
LM340
LM340T TO-220 15W 1.5A
LM341 TO-202 7.5W O.5A
LM342 TO-202 7.5W O.25A
LM140L
LM240L TO-39 2W O.1A
LM340L
LM240L

TO-92+ 1.2W O.1ALM340L

*Required if the regulator is located far from
the power supply filter

**Although no output capacitor is needed for
stabilitY, it does help transient response. (If
needed, use 0.1 IJF. ceramic disc)

VOUT = 5V + (5V/R1 + 101R2
5V/R1 > 3 'a,load regulation (Lrl '"
[IR 1 + R21/R1J (Lr of LM340-51

V2-3
lOUT = R1 + 10

.0.10 = 1.3 mA over line and load changes



Input Voltage (VO ~ SV Through 18V)
(VO ~ 24V)

Internal Power Dissipation (Note 1)
Operating Temperature Range (TA)

LM140A/LM140
LM340A/LM340

3SV
40V

Internally Limited

-SSOc to +12SoC
O°Cto +70°C

(TO-3 Package K, KC) lS0·C
(TO-220 Package T) 12SoC

--uSoC to +lS0°CStorage Temperature Range
Lead Temperature (Soldering, 10 seconds)

TO-3 Package K, KC
TO-nO Package T

Electrical Characteristics LM140A/LM340A (Note 2)
lOUT ~ lA, -Ssoc -::;Tj -::;+lS0°C (LM140A), or O°C-::;Tj -::;+12SoC (LM340A) unless otherwise specified.

I 45! '52:: I ?~i :~ 11~
~:;:~m~~~il~r~'MAX {B< VI~ 18) 19<VIN < 19) (11.sht;;< 21.5)

~;:,::~~,a-'A i :': ':.:. I:: ~: :~ '::
Tj - 25-C 1 24 i , :~ I,~: .:~, ::
Min,Tj=O°C,lo:SmA ~+<t6- ~~U/__ I~ •.U •••i2 I~I," -1;0

Tj" 25°C 7.3 ~ 8.3 r 10.4 I 12.4 I 14,5 17.5 I
R.lati~ r~ ~_ I , .-

Not. 1: Thermal resistance of the TO-3 package (K, KC) is typically 4'CfW junction to case and 30'CfW case to ambient. Thermal resistance of the TO-220 package (T) is typically 4'C!W junction to case and
SOoC/W case to ambient.
Note 2: All characteristics are measured with a capacitor across the input of 0.22 IJF and a capacitor across the output of 0.1 IJF. All characteristics except noise voltage and ripple rejection ratio are measured
using pulse techniques (tw ~ 10 ms, duty cycle S 5%). Output voltage changes due to changes in internal temperature must be taken into account separately.

OUTPUT VOLTAGE

INPUT VOLTAGE (unless otherwiw noted)

PARAMETER

Ova Line Regulation

0en OVa load Regulation
CXl

IQ Quiescent Current

010
Quiescent Current

Change

VN Output Noise Vohage

.C!.VIN
Ripple Rejtction

.C!.VOUT

Dropout Voltage

Output Resistance

AO Short·Circuit Current

Peak Output Current

Average TC of VO

Input Voltage Required

V'N to Maintain line

T' '" 25°C

PO$15W,5mA$10$lA

VMIN < VIN < VMAX

10'" 500 mA
.C!.VIN

Tj'" 25(1C

.C!.VIN

Tj'" 25°C
Over Temperature
.C!.VtN

T·"'25°C!5mA$tO$1.5A
J "I 250 mA < to < 750 mA

Over Temperature,S mA < 10 < lA

Tj'" 25°C
Over Temperature

5mA<tD~lA

Tj'" 25°C, to"' lA
VMtN < VIN < VMAX

10 = 500 mA

VMIN < VIN < VMAX

TA=25(1C.10Hz$f$100kHz

5V

10V

MIN ; tyP MAX

4.9 • $ 5.1

4.8 ,,,~1 5.2

(7.5<VIN<20l.

I 10

(7.5 < VIN < 20)
il... ia

(7.3 < VIN < 20)

4

J 12
(B< VtN < 12)

25

15

25
110

~
, \ a5........,j 08

(7.5<V1N<20l

I.., 1_ a8

(B<VtN<251

• 4a

MIN . Tiffl' MAX

5.BB?6 6.12

576 L 624
(B.6 < VtN < 211

:L...J 11

(B.6<VIN<21l

. 3 J. 11

(B.3 < VtN < 211

~1~5
(9<VtN< 13)

26
16

3a

L i<

•
I

a5

~, a.8
IB.6 < VtN < 211

1-'" a8
(9<VtN<25f

7.84 B.16
7.7 8.3

(10.6<VtN<23)

'_mi 13

110.6 < VIN < 231

~,,J13
(10.4 < VIN < 23)

L J ~a
(11 <VtN< 17)

I 12 28
11

4a

I
~ ~ 0.5

~ 08
(10.6<VIN<23)

(11~·~2~;B

9.B 10.2
9.6 10.4

112.7<V1N<25)

L.-...I 16

{l2.7<VtN<251
1,...1 16

{12.4 < VtN < 251

8

25

(14<VIN<20l

3a

18

50

I 12

.,
I
, I 0.5
I..,;.".l 08

(12.7<VIN<25)
".,J 0.8

(12.7$VIN'525)

11.75 12.25
11.5 12.5

(14.8<VtN<271

L;J 18
(14.8<V1N<271

t4] 18

(14.5<VIN<27)

l~l.~O

(16< VtN < 22)

~.12 32r 19

6a

a5
a.8

{14.8<VtN<27l

l. I a8
(15< VIN < 30)

t. I

LJ
(15<V1NS,25f

14.7 15.3

14.4 15.6

(17.9< VIN < 30)

$ 22

(17.9<VIN<301

.'1...4 "._ 22
(17.5<VtN<30l

_W.;~
(20 < V1N < 26)

~:12~ ~~

i I 75

• 6!. 65? _ a5

L ,i a.8
(17.9<VtN<30)

.~.a.8
(17.9'5VtN$30)

18V

27V

MINTY()~ MAX

17.64 ,. 4 18.36

11.3 Ii., 18.7

(21 '5 VIN '5 33)

31

(21 < VtN < 331

l.J-I 31
(20.6 < VtN < 33)

L.I ::
(24<VIN<30l

r 12 i~~
9a

6

65

, a.5
_ a8

(21 < VIN ~ 331

(21 ~VtN~ 3~·)8

• "0
59 i 69
59 f

r
~o,
08

24V

33V

M1N't~' MAX

235 I ,i!41 24.5

23,aj 25.a

(27.3'5 V1N S 38)

b...:;.lI 36

(27.3 < VtN < 38)
I...!!.. i 36

(26.7 < VtN < 38)

I..J ~~
(30 < VtN < 36)

I
12 44

26

~ 120

I
• ! a5L........I a.8

{27.3 < VIN < 381

. .J a.8
(27.3 -::;VIN $ 38)

i 2.a,

28

C.
2.-

-3.a

2671



Electrical Characteristics LM140 (Note 2)

-55°C ~ Tj ~ +150°C unless otherwise noted.

OUTPUT VOLTAGE 5V 6V 8V 'OV 12V 15V '8V 24V

INPUT VOLTAGE (unlessotherwise noted) 'OV 11V '4V 17V ,9V 23V 27V 33V UNITS

PARAMETER CONDITIONS MIN TV' MAX MIN TV' MAX MIN TV' MAX MIN TV' MAX MIN TV' MAX MIN TY> MAX MIN TV' MAX MIN TV' MAX

Ti ~ 2SoC. 5 mA < 10 < lA 48 I 5 5.2 5.75 8 6.25 7.7 8 .3 9.6 10 104 11.5

"
12.5 14.4 '6 15.6 17.3 I. 18.7 23.0 24 ~ 25.0 V

Va Output Vollilge Po '$ 15W, 5 mA ~ 10 $ lA 4.75 5.25 5.7 I 6.3 7.6 6.4 9.5 I 105 11.4 12.6 14.25 1575 17.1 18.9 22.8 25.2 V

VMIN < VIN < VMAX (8< VIN < 20) (9<VIN'$21) (11.5'$VIN<231 (13.5<VIN~251 (15.55VIN<27) (185SVIN<30) (22 < VIN < 33) (28 S VIN < 38) V

Tj.2SoC ~ 50 3 60 4 80 4 100 • 120 4 150 4 180 6 240 mV

6VtN (7<VINS25) (8<VIN<25) l10.S<VI"I<2S1 (12,S<VIN<25) (14.S<V1N<301 117.5<VIN<301 (21 <VIN<331 (27 <VIN <38) V
10" 500mA

55°C S Ti '$ .150°C so 60 80 100 120 ISO 180 240 mV

6VIN {8<VIN<201 (9<VtN<21) 111 <VtN:S231 (13<VIN<25) (1S<VINS271 118.5< VIN <" 301 (21.5 < VIN < 331 (28 < VIN $ 381 v
avo Line Regulllion

Ti- 2SoC SO t.- 60 80 100 120 ISO 180 240 mV

.o.VIN {7.3 < VIN $ 20) (8.3S<VIN:5211 (10.S<VIN<231 (12.S<VIN:52S) (14.6<VIN<27) (17.7 < VIN:5 301 (21:5 VIN < 33) (27.1 < VIN $ 38) V
10:51A

-SSoC:5 Tj $ -+ISO"C 25 30 '0 50 60 75 90 120 mV

.o.VIN (8< VtN $12) (9'$VIN<13) (11 <VtN< 17) (14<VIN:5201 116< VtN < 221 (20 < VIN < 261 (24SVIN:5301 (30 < VIN $ 36) V

Tj = 2S"C
SmA'$10'$1.5A 10 50 12 60 ! 12 80 12 • 100 12 120 12 150 I I' 180 12 240 mV

avO load Regulation 250mA<ln<750mA 25 30 ; 40 50 60 75 90 120 mV

-5SoC < Tj < +150"C. S mA< 10S IA I SO 60 I 80 I 100 I 120 I 'SO I 180 240 mV

Tj·2SoC I 5 6 6 6 I 6 I 6 6 I 6 mA
10 QUtescentCurrent tOS1A

-SSoC<Tj$-+lS0°C 7 7 7 7 7 7 7 7 mA

SmA"SIO< IA 05 05 0.5 0.5 0.5 05 05 05 mA

Quiescent Current Tj" 2SoC,10 S 1A 0.8 0.8 0.8 l. 08 08 0.8 08 0.8 mA

ala
Change VMIN S VIN < VMAX (8<VtNS20l {g<VIN<21) (11.S<VIN<231 (13,S<VtN$251 (15<VIN$27) 118.S<VIN<30) (22<VIN<331 (28 $ VIN S 38) V

10$SOOmA. 55°CSTj$-+1S0"C 08 0.8 0.8 0.8 0.8 08 08 0.8 mA

VMIN < VIN < VMAX (8< VIN< 2S) (g<VIN<2S) 111.S< VIN S 2S1 113.S< VIN $ 251 (1S<VINS301 118.5< VIN S 301 122< VIN S 331 {28 S VIN S 3B} V

VN Output NOiseVoltage TA" 25"C. 10 Hz < f < 100 kHz ,,~! I 45 • 52 I 70 76 90 110 170 .V

j 10",A.T"25'Co, 68 80 65 78 62 16 61 74 61 12 60 70 59 69 56 6e d8
.o.VIN f= 120 Hz rOS SOOmA. 68 65 62 61 51 60 '59 56 d8

6VOUT
Ripple Rejection

-55°C SJj $-+l50°C

VMIN S VIN S VMAX (8SVIN$ 18) (9<VIN"$19) (l1.S < VIN S 21,S) (13.5SVINS23.S) /15< VIN < 2S} (18.S<VIN$28.51 (22 S VIN"$ 32) (28"$ VIN S 381 V

Dropout Voltage Tj" 2SoC.lOUT· lA '0 2.0 2.0 2~ 2.0 20 '0 20 V

Output Resistance f= 1 kHz 8 9 12 '6 '8 19 22 28 mn

RO Shott·Circuit Current Tj" 25"C 2.1 2.0 1.9 17 1.5 12 08 0.4 A

PeakOutput Current Tj = 25°C
24 I 2. '.4 24 2' 24 24 24 A

AverageTe of VOUT O°C< Tj < +150"C. to" 5 mA ""'0.6 -<1.7 1.0 -1.1 15 ~18 -2.3 ··30 mVfC

Input Volt. Required

~ i I
V,N to Maintain Line Tj = 2SoC,to S lA 7.3 8.35 10.5 12.S 14.6 17.7 21 27.1 V

Regulation I I I

Not. 2: All characteristics are measured with a capacitor across the input of 0.22 ~F and a capacitor across the output of 0.1 ,uF. All characteristics except noise voltage and ripple rejection ratio are measured
using pulse techniques (tw 5. 10 ms. duty cycle ~ 5%). Output voltage changes due to changes in internal temperature must be taken into account separately.



Electrical Characteristics LM340 (Note 2)

o°c ~ Tj ~ +125°C unless otherwise noted.

OUTPUT VOLTAGE 5V 5V 8V 10V 12V 15V 18V 24V
INPUT VOLTAGE (unlel1 othlrwiM noted) 10V 11V 14V 17V 19V 23V -nV 33V UNITS

PARAMETER CONDITIONS MIN rYP MAX MIN "M' MAX MIN L"M" MAX MIN ItV?~ MAX MIN "M' MAX MIN MAX MIN 11m MAX MIN rw. MAX

Tj-2S"C.5mA<lo<lA 4.8 Is 1 5.2 5.75 Ill':] 8.25 7.7 l.. 8.3 9.5 '10'1,0.4 11.5 [i':U 12.5 14.4 15.6 17.3 ! tllMa '8.7 23.0 , ••• ::, 25.0

Vo Output Voltage Po ~ 15W.5 mA~ IO~ 1A 4.75 ••••••••. 5.25 5.7
18 ~ VIN~ 21~3

7.5 .••••••• 8.4 9.5 .•••••••• 10.5 11.4 1•••..•1 12.5 14.25 15.75
17~~1~ v:~ 3~18.9 22~~7 <~ 3:1

5
.
2

VMIN < VIN < VMAX P<VIN $201 lIo.5'$ VIN S 231 112.S<VINS251 (14.5 S VtN S 27) (17.S<VINS30J

Tj- 2S"C L1. I 50 I~ 50 Lf...:J 80 L.W 100 t·.·'1 120 11i!.:J 150 LW 180 !....~.240 mV

AVIN (7$ VIN S 25) ISS VIN < 251 110.5SVIN<251 112.5 < VIN < 25) (14.5 S VIN < 30) (17.S<VIN<30) (21 SVIN < 33) 1275 VIN S 38) Vto· SOOmA o CSTj$+125 C
18 :':'N ; 2O~

",",,,.,:OJ 50 I~ 80 I..;;;;,. 1 '00 L,; ..J 120 1 J 150 ~180 L...J 240 mV

Line Regulation
.o.VIN f9<VIN<21) fll<VIN<231 113 S VIN S 251 t15:SVINS271 118.5 < VIN < 30) 121.6~ VIN < 331 128S VIN < 381 V

6VO
Tj- 25 C Lo- 50 ' •••• 50 --I 80 t.o.....I'00

_ , 120 ...1150 ••••••• ,80 i-. 240 mV

IOSIA
liVIN (7.3 < VIN S 20) (S.36:S VIN < 211 (10.5<VIN<231 (12.5 < VIN < 25) (14.6 < VIN < 27) (17.7 < VIN < 301 (21 ~ VIN < 33) (27.1 < VIN S 38)

o CSTjS+125 C
tS~N:S12~S 19~V~'3~0

L. ••.•.•40 L....J 50 .L....J 50 I j 75

(24!~30~
-----1.'20 mV

liVtN (11 :SVIN:$171 (14:S VIN:$ 20) (16:$ VIN:$ 22) 120:S VIN:S 26) 130:$ VIN:S 361

Tj" 2SoC
SmA:$lo:$1.5A 10 50 I u 50 12 80 t2 100 It 120 12 '50 12 '80 12 240 mV

6VO lo.cl Regulation 250mA<IO<750mA 25 30 40 50 80 75 90 '20 mV
SmA<lo:$lA,O°C :$ Tj:5+12SoC 50 50 80 100 120 '50 '80 240 mV

Quiescent Current IO:51A
Tj- 25°C 8 8 8 8 8 8 8 8 mA

IQ
O°C:5 Tj < +12SoC 8.5 8.5 8.5 ...... 8.5 8.5 8.5 8.5 8.5 mA

SmA< 10< 1A 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 mA
0 Tj" 2SoC,IO:S 1A ~ '.0 1.0 •...•. 1.0 ~ 1.0

_._ 1.0 1.0 1.0 ~- 1.0 mA.:... Quiescent Current --
0 61Q

Chlnge VMIN < VIN < VMAX (7.5:5 VIN S 20) (S.6:$VIN<211 (10.6 < VIN < 23) (12.7 < VIN < 25) (14.S < VIN < 271 (17.9<VIN<301 (21 :SVIN < 331 (27.3<VIN<381 V
10 $SOO mA, 0 C:S Tj $ +125 C L. ) 1.0 ~. . oJ 1.0 ~,.O L..-J 1.0 L.....I 1.0 L -' 1.0

I ...•••1.0 L.....I 1.0 mA

VMIN < VIN :SVMAX (7<VIN:S2S) (SSVIN:S251 (10.S:$VIN<251 (12.S < VIN:S 25) (14.5<VIN<301 117.5~VIN:$30) (21 < VIN < 33) (27 < VIN:S 38) V

VN Output Noiw Vohlge TA" 25°C, 10 Hz ~ f < 100 kHz «Ii 1411 52 10 '5 80 IllO t10 "v! 10~ 'A. Tjo 25'Co, 52 10
1

5.

''''I
55 ,. 55 14 55 12 ••

1
70

•

53 l] 50 Ii" d8

liVIN f •• 120 Hz 10$SOOmA, 52 59 55 55 55 •• 53 ;/1 50 d8
-- Ripple Rejection

O°CS Tj S +12SoCliVOUT

18<*,'81 -- - -- •..•.•.
VMIN S VIN:$ VMAX \9<VIN<19) (11.S<VIN<21.5) (13.5<VIN:523.5) (15:5VINS25) (18.S:S VIN:5 28.S) (22 S VIN:$ 32) 12S:5VINS3S1 V

Dropout Voltilge Tj" 2SoC, lOUT" 1A 20 20 I2. 20 2.0 2.0 • 2 .• 2.0

Output Resistence f- 1 kHz 8 8 12 16 18 18 n • mn

AO Short·Circuit Current Tj" 2SoC 21 2.0 1& 17 16 1.2 0.8 •• A

Puk Output Current Tj- 25°C 24 24 U 24 2.4 24 24 2.. A

Allerlge Te of VOUT O°C<Tj $+125°C, 10" S mA •.•.6 "'1 I-I,. ••t2 "".& 1-'''' U -3.0 mVl'c

Input Voltilge Required

14.5 l;.., rl'~V'N to Mlinuin Une Ti" 25°C, 10 S 1A 7.3 8.3S 10.S 12.S 17.7 [/;;'0; 21 27.1 V
Regulation

Note 2: All characteristics are measured with a capacitor across the input of 0.22 J.l.F and a capacitor across the output of 0.1 J.l.F. All characteristics except noise voltage and ripple rejection ratio are measured
using pulse techniques (tw $ 10 ms. duty cycle.$. 5%), Output voltage changes due to changes in internal temperature must be taken into account separately.



Typical Performance Characteristics

Maximum Average Power Maximum Average Power
Dissipation Dissipation Peak Output Current

25
INFINiTE

25
I I I I I I I

3.5
TO·3 TO·220 6VOUT'" 100 mVI--

HEAT SINK INFINITE HEAT SINK 3 .•..••.•
T. .I-ss-~_~ 20 ~ 20 J "'-I ~~ ~ 2.5 V .•.••••."I I 1\ •...

;:: 15 ;:: 15 i 2 It Tj' 25°C: WITH WCIW HEAT SINK : ......•

"iii 1'-J iii 1.5
0 10 0 I"} ,
'" I l"'l \ '"

10 WITH 10"CIW HEAT SINK

~ "-3i: ~
1

~ NO HEAT SINK ........ Iii ""H-l-l...LI
T· .,50·;;-....5 T-t--l.. ......• 5

NO HEATSINK I I I I I I I 0.5 I--

I I I- -.;: 'I I
..•...•.

0 0 0
-75 -50 -25 0 25 50 75 100 125 0 25 50 75 0 5 10 15 20 25 30 35

AMBIENT TEMPERATURE rCI AMBIENT TEMPERATURE I·C) INPUT TO OUTPUT DIFFERENTIAL IV)

Output Voltage (Normalized
to lV at Tj = 25°C) Ripple Rejection Ripple Rejection

1.010
VIN - Your" 5V

100 90>
~ 1.005 lour:.;mA

80 ..
~ 1 Vour'" 5V ~ 80

1/ "'-
- •> z z

~ 0.995 , 0 60 0 •
~ 0.990 , i i 70

40 •
~O.985 ~ ~v f" 120 Hz
~ 0.9aO :t ~ VIN-VOUT" 8 Vac + 3.5 Vrrns-

ii' 20
VIN-VOUT" 8 Vac + 3.5 Vrms

ii'
60,. lOUT "fA f.-IOUT·'A~ 0.915 r;,',~~:,~ -

"'''''' '"''''''
Tj '" 25 C

0.970 0 50
-15 -50 -25 0 25 50 75 tOO 125 150 10 100 1. 10' tOOk 0 5 10 15 20 25

JUNCTION TEMPERATURE (OC) FREQUENCY (Hz) OUTPUT VOLTAGE (V)

Note. Shaded area refers to LM340A/LM340

Output Impedance Dropout Voltage Dropout Characteristics
1

VIN·10V
2.5 8

lM140K·5.0 I~COUT-O~ ~ 6VOUT = 100 mV

S
VOUT = 5V ;;<

IjU)lAt---b
Tj" 25°C

lOUT = SOD mA

~

2 - ~w Tj= 25°C I A'
•....... 6

u 0.1 lOUT' OA
z ••.•... •...• J lOUT' 500 mA ~

~~ 1.5 «•...•....r ...-. ~0 4!!! COUT"'l~F

~
lou'r:t'-

> Al~•...
0.01 I

1 •••. 1--;; •...
" I / I TANTALUM " IOUT'~5~A~ 1..41 "'- I I•...

~" 20 0 10~T 't'A f-•... 0.5•...
"

0.001 I I I I I z
00

10 100 ,. 10' 100. 1M -75 -50 -25 0 25 50 75 100 125 150 0 2 4 6 8 10

FREQUENCY (Hz) JUNCTION TEMPERATURE rC) INPUT VOLTAGE IV)

Note. Shaded area refers to LM340A/LM340

Quiescent Current Quiescent Current
5.5 6.5 I

VIN = 10Y YOUT = 5V

« •...- VOUT" SV « 6 lOUT" 10 mA
.E- 5

•.... IOUT"SmA .E- Ti =2SoC•... ....

i 5.5z I--
'" ••••• -:.-
'" ~
" 4.5 5 !(u•... •.... •...
z z
u u 4.5~ 4

~
w g;;

40

3.5 3.5
-75 -50 -25 0 25 50 75 100 125'50 5 10 15 20 25 30 35

JUNCTION TEMPERATURE {OCI INPUT VOLTAGE (VI

Note. Shaded area refers to LM340A/LM340
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VIN 340 VOUT VIN

IT I COUT

-=
FIGURE 1. Input Short

The LM340 is designed with thermal protection, output
short-circuit protection and output transistor safe area
protection. However, as with any Ie regulator, it becomes
necessary to take precautions to assurethat the regulator
is not inadvertently damaged. The following describes
possible misapplications and methods to prevent damage
to the regulator.

Shorting the Regulator Input: When using large capaci-
tors at the output of these regulators that have VOUT
greater than 6V, a protection diode connected input to
output (Figure 1) may be required if the input is shorted
to ground. Without the protection diode, an input
short will cause the input to rapidly approach ground
potential, while the output remains near the initial
VOUT because of the stored charge in the large output
capacitor. The capacitor will then discharge through
reverse biased emitter-base junction of the pass device,
016, which breaks down at 6.5V and forward biases the
base-collector junction. If the energy released by the
capacitor into the emitter-base junction is large enough,
the junction and the regulator will be destroyed. The
fast diode in Figure 1 will shunt the capacitor's discharge
current around the regulator.

I
I...L

""""
I
I-b

Raising the Output Voltage above the Input Voltage:
Since the output of the LM340 does not sink current,
forcing the output high can cause damage to internal
low current paths in a manner similar to that just
described in the "Shorting the Regulator Input" section.

Regulator Floating Ground (Figure 2): When the ground
pin alone becomes disconnected, the output approaches
the unregulated input, causing possible damage to other
circuits connected to VOUT. If ground is reconnected
with power "ON", damage may also occur to the regula-
tor. This fault is most likely to occur when plugging in
regulators or modules with on card regulators into
powered up sockets. Power should be turne.9 off first,
thermal limit ceases operating, or ground should be
connected first if power must be left on.

Transient Voltages: If transients exceed the maximum
rated input voltage of the 340, or reach more than 0.8V
below ground and have sufficient energy, they will
damage the regulator. The solution is to use a large
input capacitor, a series input breakdown diode, a choke,
a transient suppressor or a combination of these.

T { T



LM140AK·5.0
LM140AK·6.0
LM140AK-8.0
LM140AK·l0
LM140AK·12
LM140AK·15
LM140AK·18
LM140AK·24

Pin 1 - input
Pin 2 - output
Case - ground

LM140K·5.0
LM140K·6.0
LM140K·8.0
LM140K·l0
LM140K·12
LM140K·15
LM140K·18
LM140K·24

LM340AK·5.0
LM340AK·6.0
LM340AK·8.0
LM340AK·l0
LM340AK·12
LM340AK·15
LM340AK·18
LM340AK·24

LM340K·5.0
LM340K·6.0
LM340K·8.0
LM340K·l0
LM340K·12
LM340K·15
LM340K·18
LM340K·24

LM340AKC·5.0
LM340AKC-6.0
LM340AKC·8.0
LM340AKC·l0
LM340AKC·12
LM340AKC-15
LM340AKC·18
LM340AKC·24

LM340KC·5.0
LM340KC·6.0
LM340KC-8.0
LM340KC-l0
LM340KC·12
LM340KC·15
LM340KC-18
LM340KC-24

~~ :~~~~~~12)tjLp;::;::;::;::;::;:::::o: INPUT (1)

LM340AT·5.0
LM340A T-6.0
LM340AT-8.0
LM340AT-l0
LM340AT-12
LM340AT-15
LM340AT-18
LM340AT-24

LM340T-5.0
LM340T-6.0
LM340T-8.0
LM340T·l0
LM340T-12
LM340T-15
LM340T-18
LM340T·24



LM140L/LM240L/LM340L series 3-terminal
general description
The LM 140L series of three terminal positive regulators
is available with several fixed output voltages making
them useful in a wide range of applications. The
LM140LA is an improved version of the LM78LXX
series with a tighter output voltage tolerance (specified
over the full military temperature range), higher ripple
rejection, better regulation and lower quiescent current.
The LM140LA regulators have ±2% VOUT specification,
0.04%/V line regulation, and O.Ol%/mA load regulation.
When used as a zener diode/resistor combination replace-
ment, the LM140LA usually results in an effective output
impedance improvement of two orders of magnitude,
and lower quiescent current. These regulators can
provide local on card regulation, eliminating the distribu-
tion problems associated with single point regulation.
The voltages available allow the LM140LA to be used in
logic systems, instrumentation, Hi-Fi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators, these devices can be used
with external components to obtain adjustable voltages
and currents.

~National
~ semiconductor

The LM 140LA/LM240LA/LM340LA are available in
the low profile metal three lead TO-39 (H) and the
LM240LA/LM340LA are also available in the plastic
TO-92 (Z). With adequate heat sinking the regulator
can deliver 100 mA output current. Current limiting
is included to limit the peak output current to a safe
value. Safe area protection for the output transistor
is provided to limit internal power dissipation. If internal

power dissipation becomes too high for the heat sinking
provided, the thermal shutdown circuit takes over,
preventing the IC from overheating.

• Line regulation of 0.04%/V

• Load regulation of O.Ol%/mA
• Output voltage tolerances of ±2% at TJ = 25°C and

±4% over the temperature range (LM 140LA/
LM240LA)

±3% over the temperature range (LM340LA)

• Output current of 100 mA

• Internal thermal overload protection

• Output transistor safe area protection

• Internal short circuit currellt limit
• Available in metal TO-39 low profile package

(LM140LA/LM240LA/LM340LA) and plastic TO-92
(LM 240 LA/LM340 LA)

LM140LA-5.0 5V
LM140LA·6.0 6V
LM140LA-8.0 8V
LM140LA-l0 10V
LM140LA-12 12V
LM140LA·15 15V
LM140LA-18 18V
LM140LA-24 24V

LM240LA·5.0 5V
LM240LA-6.0 6V
LM240LA-8.0 8V
LM240LA·10 lOV
LM240LA·12 12V
LM240LA·15 15V
LM240LA·18 18V
LM240LA·24 24V

LM340LA·5.0 5V
LM340LA·6.0 6V
LM340LA-8.0 8V
LM340LA-10 10V
LM340LA-12 12V
LM340LA·15 15V
LM340LA-18 18V
LM340LA-24 24V

~

OUT"U'

2 GilD-fr-
LM140LAH·5.0
LM140LAH-6.0
LM140LAH-8.0
LM140LAH-l0
LM140LAH-12
LM140LAH-15
LM140LAH·18
LM140LAH-24

Order Number:
LM240LAH·5.0
LM240LAH-6.0
LM240LAH-8.0
LM240LAH·l0
LM240LAH-12
LM240LAH·15
LM240LAH-18
LM240LAH-24

See Package 9

LM340LAH-5.0
LM340LAH-6.0
LM340LAH-8.0
LM340LAH-l0
LM340LAH-12
LM340LAH-15
LM340LAH-18
LM340LAH-24

Order Number:

LM240LAZ·5.0 LM340LAZ-5.0
LM240LAZ-6.0 LM340LAZ-6.0
LM240LAZ-8.0 LM340LAZ-8.0
LM240LAZ·l0 LM340LAZ·l0
LM240LAZ·12 LM340LAZ·12
LM240LAZ-15 LM340LAZ-15
LM240LAZ-18 LM340LAZ·18
LM240LAZ-24 LM340LAZ·24

See Package 1



electrical characteristics (Note 2) absolute maximum ratings Operating Temperature Range
LM140LA -55'C to +125'C

Test conditions unless otherwise specified Input Voltage LM240LA -25'C to +85'C
T" = -55'C to +125'C ILM140LAI 5.0V through 18V Output Voltage Options 35V LM340LA O'C to +70'C
T" = -25'C to +85'C I LM240LAI 24V Output Voltage Option 40V Maximum Junction Temperature +150'C
T" = O'C to +70'C ILM340LAI I nternal Power Dissipation (Note 11 Internally Limited Storage Temperature Range
10 =40mA Metal Can (H package) -{j5'C to +150'C
C,N = 0.331'F, Co = O.OlI'F Molded TO-92 -55'C to +150'C

Lead Temperature (Soldering, 10 seconds) +300'C

OUTPUT VOLTAGE OPTION 5.0V 6.0V 8.0V 10V 12V 15V 18V 24V

INPUT VOL TAGE (unless otherwise noted) 10V 11V 14V 16V 19V 23V 27V 33V UNITS

PARAMETER CONOITIONS Min !I Typ Max Min ; Typ Max Min Typ Max Min if Typ Max Min ITvp Max Min Typ Max Min Typ Max Min Tvp Max

Vo Output Voltage TJ '" 2SoC 4.9 i 5 I 5.1 5.88 I 6 6.12 7.84 8 , 8.16 9.8 , 10 ! 10.2 11.75 12 12.25 14.7 16 15.3 17.64 HI 18.36 23.5 24 24.5

Output Voltage LM140LA 10'" 1·100 mA or 4.8 I I 5.2 5.76 I 6.24 7.7 ! 83 9.6 I , 104 11.5 • 12.5 14.4 I 15.6 17.3 P 18.7 23 25

Over Temp. LM240LA 10'" '-40 mAand
127 - 381

V1N '" (
17.2 - 201 18.3 - 211 (10.3 - 231 112.4 - 251 (14.5 - 271 117.6 - 301 120.7 - 331 V(Note 4) IV

10'" '·100 mA or 4.851 5.15 5.82 I 6.18 7.76 8.24 9.7 • 10.3 11.65 • 12.35 14.551 15.45 17.46 18.54 23.28 24.72

LM340LA 10 '" 1-40 mA and
126.7 - 381

V1N = ( tV
17 - 201 18.2 - 211 (10.2 - 231 112.2 - 251 114.3 - 271 (17.5 - 301 120.5 - 331

/!No Line Regulation 10 = 40 mA I 18 30 120 35 120 42
• 26

55 ,30'65 37 ' 70 45 80 60 100

TJ '" 25°C. VIN = ( IV 17 - 251 18 - 251 (10.2 - 251 112.2 - 301 114.2 - 301 117.3 - 301 120.4 - 331 126.5 - 381

10 - 100 mA 18 30 20 35 20 42 • 25 55 .30 65 37 70 45 80 60 100
mV

V1N '" ( )V 17.5 - 251 18.5 - 251 110.5 - 251 112.5 - 301 114.5 - 301 (17.5-301 121 - 331 127 - 381

Load Regulation
TJ ::: 25°C

10'" 1-40 mA 5 20 6 25 8 30 10 35 10 ,40 12 50 15 65 20 80

10'" 1-100 mA 20 40 22 50 25 50 27 70 I 30 80 35 100 40 130 60 160

Long Term .
24 ' I 45

mV
12 14 20 24 30 66

1000 hrsStability

10 Quiescent TJ '" 2SoC 3 4.5 3 4.5 3 4.5 3 4.5 3 . 4.5 3.1 ' 4.5 i 3.1 4.5 3.1 4.5
TJ '" 12SoC I

mA
Current 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 -t.la Quiescent laLoad 10 :: 1·40 mA 0.1 0.1 0.1 , 0.1 0.1 0.1 0.1 0.1
Current Change T, = 25'clt.L;ne 0.5 ' 0.5 I 0.5 0.5 0.5 ID 0.5 0.6 I 0.5 mA

VIN == { IV 17.5 - 251 18.2 - 251 110.2 - 251 112.2 - 301 114.3 - 301 117.5 - 301 120.5 - 331 126.7 - 381

VN Output Noise T J - 2SoC (Note 3)
40 I : 50 I 60 70 I

I 80 I I90 160 1200 "VVoltage f:: 10 Hz - 10 kHz I

~ Ripple Rejection 55 62 53 60 51 58 50 57 47 54 45 52 44 60 41 48
f:120Hz,V1N::( IV dB.6.VOUT 17.5 - 181 18.5 - 201 110.5 - 231 112.5 - 251 114.5 - 251 117.5 - 28.51 121 - 331 127 - 351

Input Voltage • ~ I
Required to

TJ :: 25°C, 10 == 40 mA 7 8 10.2 12.2 14.2 17.3 20.4 26.5 V
Maintain Line

I ~.
Regulation •

Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 40°C/W junction to case and 140°C/W junction to ambient. Thermal resistance of the TO~92package is TaoDelW junction
to ambient with 0.4 inch leads from a PC board and 160'C/W junction to ambient with 0.125 inch lead length to a PC board.

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data above represent pulse test conditions with
junction temperatures as indicated at the initiation of tests.

Note 3: It is recommended that a minimum load capacitor of O.OljlF be used to limit the high frequency noise bandwidth.
Note 4: The temperature coefficient of VOUT is typically within 0.01%VOI'C.



LM140LAH

INFINITE HEAT SINK

~
z
o 2.0
;:::
~ 1.0

C
a: 0.5

~~

-f---f--~r-.....'
WITH 30'CIW HEAT SINK_ •••• 0\(

0.'
-75 -50 -25 0 25 50 75 100 125

AMBIENT TEMPERATURE I'CI

1 300
>-z

'"g; 200

>-

~ 100 ,

o
o 5 10 15 20 25 30

INPUT·OUTPUT DIFFERENTIAL (V)

V •••• " 10V
VOUT" 5V
lOUT z.40mA

T~~,25'C

INPUT 11C1.l- I

O.:I~fT

lM340lAH

5.0 ;;;;;;;;;"NFINITE HEATSINK=I
~

NO HEAT SINK

0.5 == WITH 30'CIW HEAT SINK ==

I I LM'40A
~ 1 I. I.
., 2.0 -.... 'OUT' '00 mA -f--;;;;;

i -~_ 1.5 lOur ',mA I r--!--.~_
c
; '.0 -H'O~T.~omA/ -

=,;!!' DROPOUT CONDITIONS= 0.5 OVOUT' '00 mV

I Io
-75 -50 -25 0 25 50 75 100 125

JUNCTION TEMPERATURE ('CI

4.0

3.8

~ 3.6~
I- 3.4

~ 3~
;: 3.0

~ 2.B I
=:. 2.6 I
:; 2.4o

VOUT z. 5V
lOUT z. 40 mA
TJ "'25°C

'0 '5 20 25

INPUT VOLTAGE (VI

'2LM140lA OUTPUT

:I GND I T-l... C2"

To.ol~f

~ 0.'25::';.EAO LENGTH
~ FROM PC BOARD

~ 1.0 WITH~rCIWHEATSINK

c
a: 0.5

~
0.4" LEAD LENGTH
FROM PC BOARD /
FREE AIR 0.'25"LEAD LENGTH

FROM PC BOARD
FREE AIR

V1N -10V
VOUT"' 5V
lOUT -40 mA T

TA "'25°C I COr:jT =0
I ,

COUT '" l,uF TANTALUM

'00 lk 10k 'OOk 1M

FREDUENCY (Hi)

3.4

3.3

~ 3.2~
~ 3.1

~ 3.0

~ 2.9
~ 2.8

CI') 2.7

~ 2.6

lM140lA~5.0
Vw:: 10V
IL "'40mA

2.5

2.4
-75 -SO -25 0 25 50 75 100 125

JUNCTION TEMPERATURE r'Cl



~National
~ Semiconductor

Voltage Regulators

LM145/LM245/LM345 negative three amp regulator
general description
The LM145 is a three-terminal negative regulator with a
fixed output voltage of -5V or -5.2V, and up to 3A load
current capability. This device needs only one external
component-a compensation capacitor at the output,
making it easy to apply. Worst caseguarantees on output
voltage deviation due to any combination of line, load
or temperature variation assure satisfactory system
operation.

output voltages with a simple resistive divider. The low
quiescent drain current of the device allows this tech·
nique to be used with good regulation.

The LM 145 comes in a hermetic TO-3 package rated at
25W. Two reduced temperature range parts, LM245 and
LM345, are also available.

Exceptional effort has been made to make the LM 145
immune to overload conditions. The regulator has cur-
rent limiting which is independent of temperature,
combined with thermal overload protection. Internal
current limiting protects against momentary faults while
thermal shutdown prevents junction temperatures from
exceeding safe limits during prolonged overloads.

Although primarily intended for fixed output voltage
applications, the LM 145 may be programmed for higher

• Output voltage accurate to better than ±2%

• Current limit constant with temperature
• Internal thermal shutdown protection

• Operates with input-output voltage differential of 2.8V
at full rated load over full temperature range

• Regulation guaranteed with 25W power dissipation

• 3A output current guaranteed
• Only one external component needed



Input Voltage
Input-Output Differential
Power Dissipation

20V
20V

Internally Limited

Operating Junction Temperature Range
LM145
LM245
LM345

Storage Temperature Range
Lead Temperature (Soldering, 10 secondsl

-SSoC to +150oC
-25°C to +12SoC

O°C to +125°C
-65°C to +150oC

+300oC
electrical characteristics !unless noted
TJ = -55°C to +150oC LM145

_25°C to +150oC LM245
oOC to +125°C LM345

LM145K-5.0 LM145K-S.2
Part Number LM245K-5.0· LM345K-5.0 LM245K·5.2 LM34SK·S.2

Input Voltage (unless otherwise noted) 7.5V 7.5V 7.5 V 7.5V Units

Parameter Test Conditions Min yp Max Min Typ Max Min Typ Max Min 1'YP Max

Vo Output Voltage TJ = 25'C -4.9 -5 -5.1 -4.8 -6 -5.2 -5.1 -5.2 -5.3 -5 --62 -5.4 V

Po" 25 W 10 = 5 - 3000 mA -4.8 -5.2 -4.75 -5.25 -5 -5.4 -4.95 -5.45

V,N = - (7.8 - 20) V

avo Line Regulation TJ = 25'C 5 15 5 25 6 15 5 25 mV

(Note 2) V'N = 10 = 5 mA

- (7.5 - 20) V ,
Load Regulation TJ = 25'C 30 75 30 100 JOT 75 30 100

(Note 2) 10 = 5 - 3000 mA i•
Long Term Stability 5 50 5T 50 5 50 & 50 mV

1000 hrs
IQ Quiescent Current 10 = 5 - 3000 mA 1 I 3 " 3 1 3 1 3 mA

iV'N • -,7.5 - 20iV •
vn Output Noise Voltage TJ = 25'C CLOAO = 4.71J.F 150 lSOI Iso 1110 IJ.V

f= 10Hz-100kHz

'sc Short Circuit Current Vir" "-7.5 V 4 4T5 4 4 5 A

V,N = -20 V 2 2"i 3.5 2 2 3.5

8JC Thermal Resistance, Junction-ta-Case 2 I 2 I 2 2 'CIW

Note 1: Although power dissipation is internally limited, electrical specifications applv only for power levels up to 25 W. For calculations of junction temperature rise due to power dissipation, use a thermal'resis-
tance of 3SoCIW for the TO-3 with no heat sink. With a heat sink, use 2°CIW for junction to case thermal resistance

Note 2: Regulation is measured at constant junction temperature, Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, pulse testing with
a low duty cycle is used.
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~National
~ Semiconductor
LM150/LM250/LM350
3 Amp Adjustable Power Regulators

General Description
The LM150/LM250/LM350 are adjustable 3-terminal
positive voltage regulators capable of supplying in excess
of 3A over a 1.2V to 33V output range. They are
exceptionally easy to use and require only 2 external
resistors to set the output voltage. Further, both line
and load regulation are comparable to discrete designs.
Also, the LM 150 is packaged in standard transistor
packages which are easily mounted and handled.

In addition to higher performance than fixed regulators,
the LM 150 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 terminal is accidentally discon-
nected.

• Adjustable output down to 1.2V

• Guaranteed 3A output current
• Line regulation typically 0.005%/V
• Load regulation typically 0.1%

• Guaranteed thermal regulation
• Current limit constant with temperature

• 100% electrical burn-in in thermal limit

• Eliminates the need to stock many voltages

• Standard 3-lead transistor package

• 86 d8 ripple rejection

tOptional-improves transient
response

·Needed if device is far from
filter capacitors

trYOUT = 1.25V (1+ :~)

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 or discrete designs,
the LM 150 is useful in a wide variety of other applica-
tions. Since the regulator is "floating" and seesonly 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 LM150 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 loads
draw little current.

The LM150/LM250/LM350 are packaged in standard
steel TO-3 transistor packages. The LM 150 is rated for
operation from -55°C to +150°C, the LM250 from
-25°C to +150°C and the LM350 from O°C to +125°C.

Regulator and Voltage
Reference

VREF-UIiV.,
lMl21



Absolute Maximum Ratings

Power Dissipation Internally limited
Input-Output Voltage Differential 35V

lM150 -55°C to +150°C
LM250 -25°C to +150°C
LM350 O°C to +125°C

Storage Temperature -65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

Preconditioning

Burn-In in Thermal Limit All Devices 100%

Electrical Characteristics (Note 1)

LM150!LM250 LM350
PARAMETER CONDITIONS UNITS

MIN TYP MAX MIN TYP MAX

Line Regulation TA = 25°C, 3V ~ VIN - VOUT ~ 35V, 0.005 0.01 0.005 0.03 %/V

(Note 2)

Load Regulation TA= 25°C,10mA~ IOUT~ 3A
VOUT ~ 5V, (Note 2) 5 15 5 '25 mV
VOUT::>: 5V, (Note 2) 0.1 0.3 0.1 0.5 %

Thermal Regulation Pulse= 20 ms 0.002 0.01 0.002 0.03 %NJ

Adjustment Pin Current 50 100 50 100 /lA

Adjustment Pin Current Change 10mA~IL~3A 0.2 5 0.2 5 /lA
3V ~ (VIN - VOUTI ~ 35V

Reference Voltage 3 ~ (VIN - VOUT) ~ 35V, (Note 3) 1.20 1.25 1.30 1.20 1.25 1.30 V

10 mA~ IOUT~ 3A, P~ 30W

Line Regulation 3V ~ VIN - VOUT ~ 35V, (Note 2) 0.02 0.05 0.02 0.07 %/V

Load Regulation 10 mA ~ lOUT ~ 3A, (Note 2)

VOUT~ 5V 20 50 20 70 mV

VOUT::>: 5V 0.3 1 0.3 1.5 %

Temperature Stability TMIN~Tj~TMAX 1 1 %

Minimum Load Current VIN - VOUT = 35V 3.5 5 3.5 10 mA

Current Limit VIN - VOUT ~ 10V 3.0 4.5 3.0 4.5 A

VIN - VOUT = 30V 1 1 A

RMS Output Noise, % of VOUT TA=25°C,10Hz~f~10kHz 0.003 0.003 %

Ripple Rejection Ratio VOUT = 10V, f = 120 Hz 65 65 dB
CADJ = 10/lF 66 86 66 86 d8

Long Term Stability TA= 125°C 0.3 1 0.3 1 %

Thermal Resistance,Junction K Package 2 2.5 2 2.5 °CNJ
to Case

Not. 1; Unlessotherwise specified, these specifications apply -55°C ~ Tj ~ +15o"C for the LM150, -25°C ~ Ti ~ +15o"C for the LM250and
O°C S Tj :5. +12SoC for the LM350, VIN - VOUT = 5V and lOUT = 1.5A. Although power dissipation is internally limited, these specifications
are applicable for power dissipations up to 30W.
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.
Note 3: Selected devices with tightened tolerance reference voltage available.
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In operation, the LM150 develops a nominal 1.25V
reference voltage, 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 11 then flows through the
output set resistor R2, giving an output voltage of

Since the 50 J1A current from the adjustment terminal
represents an error term, the LM 150 was designed to
minimize IADJ and make it very constant with line
and load changes. To do this, all quiescent operating
current is returned to the output establishing a mini-
mum load current requirement. If there is insufficient
load on the output, the output will rise.

An input bypass capacitor is recommended. A 0.1 J1F
disc or 1 J1Fsolid tantalum on the input is suitable input
bypassing for almost all applications. The device is more
sensitive to the absence of input bypassing when adjust-
ment 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 LM 150 to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the
output voltage is increased. With a 10 J1F bypass capa-
citor 86 d8 ripple rejection is obtainable at any output
level. Increases over 10 J1F 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 25 J1F in aluminum electro-
lytic to equal 1 J1F 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, 0.01 J1F
disc may seem to work better than a 0.1 J1F disc as
a bypass.

Although the LM 150 is stable with no output capacitors,
like any feedback circuit, certain values of external
capacitance can cause excessive ringing. This occurs
with values between 500 pF and 5000 pF. A 1 J1F
solid tantalum (or 25 J1F aluminum electrolytic) on the
output swamps this effect and insures stability.

The LM 150 is capable of providing extremely good load
regulation but a few precautions are needed to obtain
maximum performance. The current set resistor con-
nected between the adjustment terminal and the output
terminal (usually 240Q) should be tied directly to the
output of the regulator rather than near the load. This
eliminates line drops from appearing effectively in series
with the reference and degrading regulation. For exam-
ple, 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 I L. If the set resistor is con-
nected near the load the effective line resistance will be
0.05Q (1 + R2/R1) or in this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regu-
lator and 240Q set resistor.

FIGURE 2. Regulator with Line Resistance
in Output Lead

With the TO-3 package, it is easy to minimize the resis-
tance from the case to the set resistor, by using 2 sep-
arate leads to the case.The ground of R2 can be returned
near the ground of the load to provide remote ground
sensing and improve load regulation.

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 10 J1Fcapacitors
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 VIN. In the LM150, this discharge path is through
a large junction that is able to sustain 25A surge with no
problem. This is not true of other types of positive



regulators. For output capacitors of 25 pF 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 LM150 is a 50[2 resistor which limits the
peak discharge current. No protection is needed for
output voltages .of 25V or less and 10 pF capacitance.
Figure 3 shows an LM150 with protection diodes
included for .use with outputs greater than 25V and
high values of output capacitance.

01 protects against C1
02 protects against C2

VOUT = 1.25V (1 + :~) + R21ADJ

Precision Power Regulator with
Low Temperature Coefficient



INPUTS

*Sets maximum VOUT

5V Logic Regulator with
Electronic Shutdown·

Adjustable Regulator with Improved
Ripple Rejection

ClTD.1J.lF

R'
VOLTAGE

ADJUST

tSolid tantalum
*Oischarges C1 if output is shorted to ground

tSolid tantalum
* Lights in constant current mode



1.2V - 20V Regulator with
Minimum Program Current

Adjusting Multiple On-Card Regulators
with Single Control*

tMinimum load-l0 mA
*AII outputs within ±100 mV



BV,.,
3.

410 PLJ
12 Vp.prv

* Rs-sets output impedance of charger ZOUT = RS (1+ :~)
Use of AS allows low charging rates with fully
charged battery.



~National
~ semiconductor

LM199/LM299/LM399 precision reference
general description
The lM199/LM299/LM399 are precision, temperature'
stabilized monolithic zeners offering temperature
coefficients a factor of ten better than high quality
reference zeners. Constructed on a single monolithic
chip is a temperature stabilizer circuit and an active
reference zener. The active circuitry reduces the dynamic
impedance of the zener to about o.sn and allows the
zener to operate over O.S mA to 10 mA current range
with essentially no change in voltage or temperature
coefficient. Further, a new subsurface zener structure
gives low noise and excellent long term stability com·
pared to ordinary monolithic zeners. The package is
supplied with a thermal shield to minimize heater power
and improve temperature regulation.

The LM199 series references are exceptionally easy to
use and free of the problems that are often experienced
with ordinary zeners. There is virtually no hysteresis in
reference voltage with temperature cycling. Also, the
LM199 is free of voltage shifts due to stress on the leads.
Finally, since the unit is temperature stabilized, warm up
time is fast.

The LM199 can be used in almost any application in
place of ordinary zeners with improved performance.
Some ideal applications are analog to digital converters,

~ttjJ
Order Number LMl99H, LM299H

orLM399H
See Package 9C

calibration standards, precision voltage or current sources
or precision power supplies. Further in many cases the
LM199 can replace references in existing equipment
with a minimum of wiring changes.

The LM199 series devices are packaged in a standard
hermetic TO·46 package inside a thermal shield. The
LM199 is rated for operation from -5SoC to +12SoC
while the LM299 is rated for operation from -2SoC to
+8SoC and the LM399 is rated from O°C to +70°C.

• Guaranteed 0.0001 %fC temperature coefficient
• Low dynamic impedance - o.sn
• Initial tolerance on breakdown voltage - 2%
• Sharp breakdown at 400J.LA
• Wide operating current - S00J.LAto 10 mA
• Wide supply range for temperature stabilizer
• Guaranteed low noise
• Low power for stabilization - 300 mW at 2SoC
• Long term stab iIity - 20 ppm

W
'r- --- ...,

I H I
I I
I IL ...J. ,



Temperature Stabilizer Voltage
Reverse Breakdown Current
Forward Current
Reference to Substrate Voltage VIAS) (Note 1)

40V
20mA

1 mA
40V

--Q.1V

Operating Temperature Range
LM199
LM299
LM399

Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

-55°C to +125°C
-25°C to +85°C

O°C to +70°C
-55°C to +150°C

300°C

electrical characteristics (Note 2)

LM199/LM299 LM399
PARAMETER CONDITIONS UNITS

MIN TYP MAX MIN TYP MAX

ReverseBreakdown Voltage 0.5 mA ~ I R ~ 10 mA 6.8 6.95 7.1 6.6 6.95 7.3 V

ReverseBreakdown Voltage 0.5 mA ~ I ~ 10 mA 6 9 6 12 mV
ChangeWith Current

Reverse Dynamic Impedance IR = 1 mA 0.5 0.5 1.5 n
Reverse Breakdown -55°C < TA < 850C} 0.00003 0.0001 %1°C

85°C ~ TA ~ 125°C
LM199

%tcTemperature Coefficient 0.0005 0.0015

_25°C ~ TA ~ 85°C LM299 0.00003 0.0001 %tc
O°C ~ TA ~ 70°C LM399 0.00003 0.0002 %1°C

RMS Noise 10Hz~f~10kHz 7 20 7 50 /iV

Long Term Stability Stabilized, 22°C ~ TA ~ 28°C, 20 20 ppm
1000 Hours, I R = 1 mA ±0.1%

Temperature Stabilizer TA = 25°C, Still Air, Vs = 30V 8.5 14 8.5 15
mA

Supply Current TA = -55°C 22 28

Temperature Stabilizer 9 40 9 40 V
Supply Voltage

(Note 3)

Warm-Up Time to 0.05% Vs = 30V, TA = 25°C 3 3 Seconds

Initial Turn-on Current 9 ~ Vs ~ 40, TA = 25°C, (Note 3) 140 200 140 200 mA

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either
terminal of the reference is 40V more positive or 0.1 V more negative than the substrate.

Note 2: These specifications apply for 30V applied to the temperature stabilizer and -5SoC :s T A :s +125°C for the LM199; -25°C :s T A :s +85°C
for the LM299 and O'C:S TA:S +70'C for the LM399.
Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic
graphs to determine values.



Reverse CMracteristics Rove,.. Volt_ Chango
10-1 I

> 7~ /~ 10-2

'" 6•... z
STAIllI~~~i ~ 5 IT, ~ 9~.CI

10-3 '" 4

~
T • 25'C -~ ~

~'25'C_'" 0 3

~
J-r > " 1'110'" ~ 2

I-FIllI'Z~1
'" /> 1

IT, ~ 90 CI '" /10-'

6.25 6.45 6.65 6.15 7.05 0 2 4 6 I '0

REVERSE VOL TAGE IV) REVERSE CURRENT (mA)

~ '60

~ 1\
~ 100 ~'-.. STABILIZED (TJ ::::: 90 C) _

T, '" 25 C I

o
-55 -35 -15 5 25 45 65 85 105 125

TURN ON TEMPERATURE I'CI

~ -1
•...
=>~
~ -2

160

140

;( 120~
~ 100

'"g; 80

'" 60•...
~ 40

20

o

T.J25C __
I /~~.-J5C

/ "

~
u
Z

~
!
u

i
~ 1.0

I /J
STAIllIUO~

(Ti-90o~~

o 2 4 6 8 10 12 14 16 18

TIME ISEC)

0.01Hl$f~l HI
STABILIZED
IT; > 90"CI

I I
I I

o
-55 -35 -15 5 25 45 65 85 105

TEMPERATURE (OC)

Heater Surge Limit Resistor vs
Minimum Supply Voltage at
Various Minimum Temperatures

S 800

~ 700 I
~ 600 I I /
- 25'C (46 mAl --_..I / '"ri 500 - S'C 160 mAI__..-+--..... ~,tC-
;:: ··'S·C 171 mAl ~./ ./
i 400 - -3S'C 187 mAl 07
:; -SS'C 110S mAI,;?:b<I~ /"

~ 300 IM~
i:::--~
OJ 0

o '0 20 30

MINIMUM SUPPL Y VOLTAGE (VI

*Heater must be bypassed with a 2 JlF
or larger tantalum capacitor if maxi-
mum value resistors are used. Otherwise,
30% to 50% smaller values must be
used. If heater oscillates, resistor value
may be too small.

8

7
6 STABILIZED
S (T,~ 90 Cll. -! !. __

I .'T,"25 C-
4: I'th,· =1 I~'UI _

o j ,":M __
10
'0 INPUT--

o



TEMPERATURE
STABILIZER

6.95V

OUTPUT
ADJUST

lOOk



TEMPERATURE
STABILIZER

695V

o TO IOV
INPUT

SOUARE WAVE

---.L

I
lZVTO _

18V--





'?A National
~ Semiconductor
LM320LlLM320ML Series
3-Terminal Negative Regulators

The LM320LlLM320ML series of 3-terminal negative
voltage regulators features fixed output voltages of --5V,
-6V, -8V, -9V*, -10V*, -12V, -15V, -18V and -24V
with output current capabilities in excess of 100 mA,
for the LM320L series, and 250 mA for the LM320ML
series. These devices were designed using the latest
computer techniques for optimizing the packaged Ie
thermal/electrical performance. The LM320LlLM320ML
series, even when combined with a minimum output
compensation capacitor of 0.1 /-IF, exhibits an excellent
transient response, a maximum line regulation of 0.07%
VOIV, and a maximum load regulation of 0.01% Vo/mA.

The LM320LlLM320M L series also includes, as self-
protection circuitry: safe operating area ci rcuitry for
output transist~r power dissipation limiting, a tempera-
ture independent short circuit current limit for peak
output current limiting, and a thermal shutdown circuit
to prevent excessive junction temperature. Although
designed primarily as fixed voltage regulators, these
devices may be combined with simple external circuitry
for boosted and/or adjustable voltages and currents. The
LM320L series is available in the 3-lead TO-92 package,

lM320MlP-5.0
LM320MLP-6.0
LM320MLP-8.0
LM320MLP-10

lM320MLP-12
LM320MLP-15
LM320MLP-18
LM320MLP-24

and the LM320M L series is available in the 3-lead
TO-202 package.

• Preset output voltage error is less than ±5% over load,
line and temperature

• LM320L is specified at an output current of 100 mA

• LM320M L is specified at an output current of 250 mA
• Internal short-circuit, thermal and safe operating area

protection

• Easily adjustable to higher output voltages
.• Maximum line regulation less than 0.07% VOUTIV

• Maximum load regulation less than 0.01% VOUT/mA
• Easily compensated with a small 0.1 /-IF output

capacitor

RATED
POWER

DISSIPATION

7.5W

0.6W

DESIGN
OUTPUT

CURRENT

0.25A

O.lA

LM320ML

LM320L

TO-202

TO-92

GN~UTPUT

INPUK-/

LM320LZ-5.0
LM320LZ-6.0
LM320LZ-8.0
LM320LZ-9.0

LM320LZ-12
LM320LZ-15
LM320LZ-18
LM320LZ-24



Absolute Maximum Ratings
Input Voltage

VOUT = -5V to -1aV -35V

VOUT= -24V --40V

Internal Power Dissipation (Notes 1 and 3) Internally Limited
Operating Temperature Range O°C to +70°C
Maximum Junction Temperature +125°C
Storage Temperature Range

Molded TO-92 -55°C to +150°C
Molded TO-202 -£5°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics LM320ML (Note 2) TA = o°c to +70°C unless otherwise noted.

OUTPUT VOLTAGE -5V ...•V -5V -lOV '2V -1SV ,.V 24V
INPUT VOLTAGE (unlen otherwise notedl -lOV llV ,3V -15V -17V -20V -23V -29V UNITS

PARAMETER CONDITIONS MIN TVP MAX MIN TYP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TV' ~ MAX

Vo Output Voltage Tj· 25°C. 10.250 mA -5.2 I -6 I..•.•-<;.25 1--6 f -5.75 - •. 3 1-8 1-7.7 -'0.4 1-'0 -9 .• -'2.5 • -'2 • -11.5 -15.. 1-'5 -14.4 -18.7 -'8 -17.3 -25 1-24 1 -23
1 mASlo$250mA -5.25... I ..•.75 -<;.3 •••••• " 5.7 -8.4 ~ , 7.• 10.5 -9.5 -12.6 -" 11.4 15.75 1-'4.25 ,... ~ i 17.1 -25.2 L.-.J 22.• V
(VMIN '$ VIN $ VMAXI (-20$ VIN $-7.5) (-21 < VIN < -8.6l (-23'$ VIN <-10.7) (-25 < VIN <-12.71 (-27 < VIN < -14.8) 1-30:S;VINS-18) (-33<VINS-21.1) (-38< VIN <-27.4)

"VO line Regulation Tj· 25°C, 10.250 mA 50 52 i 30 30 ....J 40 I 40 '2 ---.J 50 mV
(VMIN S V1N '$ VMAXI (-2S<VIN<-7.31 (-2S<VIN<-8.41 (-25< VIN < -10.4) (-25< VIN < -12.51 (-30 < VIN '$ -14.6) (-30 s: VIN:5: -17.71 (-33 < VIN < -20.8) (-38$VINS-27.1l V

"VO load Regulation Tj·25°C I 50 I .0 I 1 80 1'00 120 '50 l 180 ; 240 mV
1mA'$loS250mA •• I I I

"VO long Term Stabilitv 10·250mA 20 • '.i4 i I 32 i t 40 • hie '80 • 72 i I 96~ mV/100Qhr

10 QuiescentCurrent 10-250mA 2 • 2 • I 2 • • 2 • i 2 • • 2 • 2 • I 2 I • mA
"'0 QuiescentCurrent Change 1mA<lo<250mA 0.3 I 0.3 0.3 0.3 0.3 I 0.3 0.3 ' 0.3 mA

10·250mA I 0.25 •• 0.25 0.25 L 0.25 j 0.25 I 0.25 0.25 .--l 0.25
(VMIN < VIN < VMAX) (-20<VIN<-7.5) (-21 < VIN < -8.6) (-23'$ VIN < -10.7) (-25< VtN <-12.7) (-27 < VIN < -14.8) (-30<VIN<-18) (-33 < VIN < -21.11 (-38'$ VIN < -27.4) V

Vn Output Noise Voltage Tj. 25°C, 10 • 250 mA I40 : 50 I I 60 I I80 I 1'001 ! 120 I J 140 I 1'00] .V
f· 10 Hz-l0 kHz

AVIN
Ripple Rejection Tj· 25°C, 10 - 250 mA 54 53 60 5B 56 54 I 53 50 i d.

"VO f- 120 Hz I
Input Voltage Required Tj - 25°C -7.3

I I-B' I 1-10
• I 1-'25 I -14.6

I
-17.7

~ 1-208 I 1-27., V
to Maintain line 10· 250mA
Regulation

Note 1: Thermal resistance of the TO-202 Package (P) without a heat sink is 12°C/W junction to case and 70°C/W case to ambient.
Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used.
Note 3: Thermal resistance, junction to ambient, of the TO-92 (ZI Package is 180°C/W when mounted with 0.40 inch leads on a PC board, and 160°C/W when mounted with 0.25 inch leads on a PC board.



Electrical Characteristics LM320L (Note 4) TA = o°c to +70°C unless otherwise noted.

OUTPUT VOLTAGE -5V -6V -av -.V -12V -15V -lav -24V
INPUT VOL rAGE (unl ••• otherwls. noted) -laV 11V ,3V -14V -17V 20V -23V -29V UNITS

PARAMETER CONDITIONS MIN TV' MAX MIN TV. MAX MIN TVP MAX MIN TYP MAX MIN TV' MAX MIN TV' MAX MIN TV' MAX MIN TV' MAX

Va Output Voltage Tj" 2SoC.10. 100 mA -5.2 'S -4.8 -6.25 -e -5.75 -8.3 -e -7.7 -9.35 .~ -8.65 -12.5 -12 • -11.5 -15.6 -15 I -14.4 -18.7 -18 -17.3 -25 -24 -23

lmA$to~l00mA 5.25 -4.75 -5.3 -5.7 -8,4 7.6 -9.45 8.55 -12.6 -11.4 -15.75 14.25 18.9 -17.1 25.2 22.8

VMIN < VIN < VMAX 1-20<VIN<-7.51 (-21 '5 VIN '5 -8.6) (-23 < VIN < -10.7) (-24 $ VIN<-11.81 (-27'5 VIN < -14.8) (-30 < VIN < -18) 1-3JSVIN<-21.1' (-38 < VIN '5 -27.4) V

1 mASlo$40mA -5.25 -4.75 -5.3 -5.7 8.4 -7.6 9.45 8.55 -12.6 I 11.4 -15.75 -14.25 -18.9 17.1 25.2 -22.8

VMIN '$ VIN S VMAX (-20 '5 VIN < -7) (-21 <VtN<-8.11 (-23 < VIN $-10.2) (-24$VIN$-11.3) (-27 < VIN < -14.51 (-30< VIN $-17.5) (-33 $ VIN $-20.7) (-38 $ VIN $ -27)

"Va line Reguliltion Tj: 25"C. 10 - l00mA J 60 63 30 30 45 45 SO 60 mV

VM1N '$ VIN '$ VMAX (-25 < VIN < -7.3) (-25 < VIN $ -8.4) (-25<VIN<-IO.4) (-25<VIN~-11.5) (-30 $ VIN < -14.6) (-30< VIN < -17.71 (-33 $ VIN < -20.0) (-30 < VIN<-27.1} V

Tj'" 25 C.10-40mA 60 63 30 30 45 45 SO 60 mV

VMIN $ VIN < VMAX (-25 $ VIN '$ -7) (-25$VIN$-0.1) (-25 $ VtN $ -10.21 (-25<VIN$-11.3) (-30 $ VIN < -14.5) (-30<VIN< 17.5) (-33 $ VIN $ -20.7) (-38$V1N$-27) V

"Va Load Regulation Tj'" 25"C I 'SO 60 6' 75 "I 100 125 • I 160 1200 mV

lmA~IO$l00mA

"Va Long Term Stability 10"'100mA 120 i '" 32 I 36 • 48 l 60 ) 72 • 96 mV/1000 hr

10 Quiescent Current 10"'100mA I 2 ' 6 I 2 6 2 6 J 2 6 l 6 ~ 2 6 I 2 6 2 6 mA

"'0 Ouiescent Current Change 1 mA<to< 100mA 0.3 0.3 0.3 0.3 0.3 r- 0.3 I 0.3 I 0.3
mA

1 mA$JO$40mA • 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

10"100mA 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 mA

VMIN $ VIN '$ VMAX (-20< VIN <-7.5) (-21 < VIN $ -8.61 (-23 <VIN '$-10 71 (-24'$ VIN < -1 1.8) (-27 < VIN < -14.8) (-30<VIN$-181 (-33 '$ VIN '$-21.1) (-38< VIN <-2704) V

Vo Output Noise Voltage Ti"' 25"C. Ie" 100 mA 40 I 48 64 72 96 ~ 120 • '50 190 ' "V
f'" 10 Hz-l0 kHz

.o.VIN
RIpple Rejection

Tj •• 25"C. to •• 100 mA 50 I 4. 56 I 55 I 52 I 50 I 4. I I 46 I d8

"Va f •• 120 Hz I
Input Voltage Requited Tj" 25"C

I I I ! ! ~ Ito Maintain Line 10"loomA -7.3 -8.4 -lOA -11.5 -14.6 -17.7 -20.8 -27.1

Regul.tion 10"'40mA -7.0 -8.1 -10.2 -11.3 -14.5 -17.5 -20.7 -27
V

Note 4: To ensure constant junction temperature, low duty cycle pulse testing is used.



Typical Performance Characteristics

Maximum Average Power Maximum Average Power
Dissipation (TO-202) Dissipation (TG-92) Peak Output Current

30 I lM320Mli
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0.5
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Output Voltage vs.

Temperature (Normalized

to 1V at Tj = 25°C) Quiescent Current Output Impedance
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VOUT= -BV TO -24V I 3.0 10.0

~
VOUT' -5V I

I

~

'OUT" 40 mA
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~ I
.... u 1.0 VOUT= -5V
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~
~D.990 '" - Tj '" 25°C 'OUT - 50 mA IlM320l)
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*Required if the regulator is located far from the power supply
filter. A 1 IlF aluminum electrolytic may be substituted.

**Required for stability. A 1 jJF aluminum electrolytic may
be substituted.

-Yo = -5V - (5V/R1 + 10) . R2.
5V/R1 > 3 10



~National
~ semiconductor

Voltage Regulators

general description
The LM341-XX series of three terminal regulators is
available with several fixed output voltages making them
useful in a wide range of applications. One of these is
local on card regulation, eliminating the distribution
problems associated with single point regulation. The
voltages available allow these regulators to be used in
logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used
with external components to obtain adjustable voltages
and currents.

The LM341-XX series is available in the plastic TO·202
package. This package allows these regulators to deliver
over O.5A if adequate heat sinking is provided. Current
limiting is included to limit the peak output current to
a safe value. Safe area protection for the output transis·
tor is provided to limit internal power dissipation.
If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit
takes over preventing the IC from overheating.

Considerable effort was expended to make the LM341·XX
series of regulators easy to use and minimize the number
of external components. It is not necessary to bypass
the output, although this does improve transient response.
Input bypassing is needed only if the regulator is located
far from the filter capacitor of the power supp.ly.

• Output current in excess of O.5A

• Internal thermal overload protection

• No external components required

• Output transistor safe area protection

• Internal short circuit current limit

• Available in plastic TO-202 package

• Special circuitry allows start-up even if output is
pulled to negative voltage (± supplies)

LM341p·5.0
LM341P-6.0
LM341P-S.O
LM341P-l0

LM341p·12
LM341P-15
LM341P-1S
LM341p-24



absolute maximum ratings

Input Voltage

(Vo ; SV through 18V) 3SV

(Vo ; 24V) 40V

Internal Power Dissipation (Note 1) Internally Limited

Operating Temperature Range O°C to +70°C

Maximum Junction Temperature +12SoC

Storage Temperature Range -6SoC to +lS0°C

Lead Temperature (Soldering, 10 seconds) +230°C

electrical characteristics
TA = o°c to 70°C. 10 = SOO mA. unless otherwise noted.

OUTPUT VOLTAGE 5V 6V 8V 10V 12V 15V 18V 24V
INPUT VOL TAGE (unless otherwise noted) 10V l1V 14V 17V 19V 23V 27V 33V UNITS

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN jTYPIMAX

Vo OutJ")ut Voltage TJ' 25 C 4.8 5 5.2 5.75 6 6.75 7.7 8 8.3 9.6 10 10.4 11.5 12 12.5 14.4 ,15 15.6 17.318 18.7 23 fz4 ; 25 V

Po $ 7.5W. 5 mA $ 10 $ 500 mA 4.75 5.25 5.7 6.3 7.6 8.4 9.5 10.5 11.4 12.6 14.25 15.75 17.1 189 22.8 '_ 25.2 V

and VMIN < VIN < VMAX 17.5$ VIN < 201 18.6< VIN $ 21) 1106 < VIN < 731 112.7< VIN < 251 114.8S VIN < 271 118$VIN$301 121$V,N$331 127.3$ V,N $ 381 V

avO Line Regulation TJ' 25"C. 10' 100 mA 50 • 60 80 100 .
120 150 180 240 mV

TJ' 25"C. 10.500 mA 100 120 160 200 240 300 360 480 mV

17.2<. V,N < 251 18.3< VIN < 251 110.3< VIN., 251 1124 < VIN < 251 114.5< VIN<301 117.6$VIN<301 1207 < VIN:5 331 127< VIN < 381 V

avO Load Regulation TJ' 25°C.5mA$10$ 500mA 1 100 120 160 I 200 240 300 1I 360 i 480 mV

aVO Long Term Stability 20 24 32 40 48 60 72 96 mV/1QOO hrs

10 Quiescent Current TJ = 2S'"'C 4 10 '4 10 4 10 '4 10 4 '10 II 10 4 10 4 10 mA

ala Quiescent Current TJ' 25°C 0.5 0.5 0.5 0.5 0.5 I 0.5 ~ 0.5 0.5 mA
Change 5 mA < 10 < 500 mA •

TJ' 25'C 1 1 1 1 • 1 1. 1 I 1 1 mA

VMIN < V,N < VMAX 17.5< VIN < 251 18.6$ VIN < 251 110.6< VIN<251 112.7< V,N < 251 114.8< VIN < 301 118< VIN., 301 121< V,N < 331 127.3< VIN < 381 V

Vn Output Noise Voltage TJ = 2SoC, f '" 10 Hz - 100 kHz 140 145 52 65 115 90 fllo j LI70 • ~V

aVIN
74 I •

Ripple Rejection f· 120 Hz 78 76
f2

71 69 r 64 d8
aVOUT • • I

Input Voltage TJ = 25°C, 10' 500 mA 7.2 I 6.3 103 I 12.4 • 14.5 17.6 20.7 27 V
Required to Maintain

I I ILine Regulation i , I I I

Note 1: Thermal resistance without a heat sink for junction to case temperature is 12°C/W for the TO·202 package. Thermal resistance for case to ambient temperature is 70°C/W for the TO·202 package.



typical performance characteristics

M.ximum Average Power
Dissipation Peak Output Current Ripple Rejection
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~National
~ Semiconductor

Voltage Regulators

LM342 series 3-terminal positive regulators

general description
The LM342-XX series of three terminal regulators is
available with several fixed output voltages making them
useful in a wide range of applications. One of these is
locaL on card regulation, eliminating the distribution
problems associated with single point regulation. The
voltages available allow these regulators to be used in
logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used
with external components to obtain adjustable voltages
and currents.

The LM342-XX series is available in the plastic TO-202
package. This package allows these regulators to deliver
over O.25A if adequate heat sinking is provided. Current
limiting is included to limit the peak output current to
a safe value. Safe area protection for the output transis-
tor is provided to limit internal power dissipation. If
internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit
takes over preventing the IC from overheating.

Considerable effort was expended to make the LM342-XX
series of regulators easy to use and minimize the number

of external components. It is not necessary to bypass
the output, although this does improve transient response.
Input bypassing is needed only if the regulator is located
far from the filter capacitor of the power supply.

• Output current in excess of O.25A
• Internal thermal overload protection
• No external components required
• Output transistor safe area protection
• Internal short circuit current limit
• Available in plastic TO-202 package
• Special circuitry allows start-up even if output is

pulled to negative voltage (± supplies)

voltage range
LM342-5.0 5V LM342-12 12V
LM342-6.0 6V LM342-15 15V
LM342-8.0 8V LM342-18 18V
LM342-10 10V LM342-24 24V

Order Numbers:
LM342P-5.0 LM342P-12
LM342P-6.0 LM342P-15
LM342P-8.0 LM342P-18
LM342P-l0 LM342P-24

See Package 37



absolute maximum ratings
Input Voltage

VA =5Vt08V 30V

VA = 10V to 18V 35V

VA = 24V 40V

Internal Power Dissipation (Note 1) Internally Limited

Operating Temperature Range O°C to +70°C

Maximum Junction Temperature 125°C

Storage Temperature Range -65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics
TA = O°C to +70°C, 10 = 250 mA (Note 2) unless noted.

OUTPUT VOL TAGE 5V 6V 8V 10V 12V 15V 18V 24V

INPUT VOLTAGE (unless otherwise noted) 10V llV 14V 16V 19V 23V 27V 33V UNITS

PARAMETER CONDITIONS MIN TYP MAX MIN TyplMAX MIN TYP'MAX MIN TYP MAX MIN Typ1MAX MIN TYP MAX MIN TYP MAX MIN Typ1MAX

VO Output Voltage Ti = 25°e 4.8 .5 I 5.2 5.75 6 6.25 7.7 8 8.3 9.6 10 10.4 11.5 12. 12.5 14.4 15 15.6 17.3 18 18.7 23 24 25 V

{Note 31 I mA~ 10 ~ 250 mA and 4.75 5.25 5.7 6.3 7.6 8.4 9.5 10.5 11.4 12.6 14.25 15.75 17.1 18.9 22.8 25.2 V

VMIN ~ VIN ~ VMAX (7.5 ~ VIN ~ 201 18.5 ~ VIN ~ 21) (10.6 ~ VIN ~ 23) (12.7'~ VIN ~ 25 114.8~VIN~27) (18 ~ VIN ~ 30) 121.1~VIN~33) (27.4~ VIN ~ 381 V

6VO Line Regulation TJ = 25°e, 10 = 250 mA 55 55 60 65 100 100 115 140 mV

(7.3 ~ VIN ~ 251 (8.4 ~ VIN ~ 25) 110.4 ~ VIN ~ 25) 112.5 ~ VIN ~ 25 14.6~ VIN~ 301 17.7 ~ VIN ~ 301120.8~ VIN ~ 33) (27.1~ VIN~ 381 V

6VO Load Regulation TJ = 25°e, 1 mA< 10<250mA 50 60 80 100 • 120 150 180 1240 mV

6VO Long Term Stability 20' 24 ' 132 I 40 48 ~ 6O! 72 96 mVI1000 hrs

IQ Quiescent Current TJ = 25°e .6 :6 ) ., 6 i 16 16 6 I
• 6

I 6 mA

61Q Ouiescent Current TJ = 25°e, I mA < 10 < 250 mA 0.5 105 I I 05 I 0.5 10.5 I '0.5 . 10.5 I 0.5 mA

Change TJ = 25°e, VMIN ~ VIN ~ VMAX 1.5 1.5 I 1.5 : 1.5 I J 1.5 J 1.5 1 • 1.5 1.5 mA

(7.3 ~ VIN ~ 251 (8.4 ~ VIN ~ 251 110.4 ~ VIN ~ 251 112.5 ~ VIN ~ 25) 14.6~ VIN~ 30 117.7 ~ VIN ~ 30) 120.8 ~ VIN ~ 33 27.,~ VIN~ 38) V

Vn Output Noise Voltage TJ = 25°e, f = 10 Hz-l0 kHz 40 48 641 Iso ,98 ! 1120 160 190 IJ.V

.6.VIN Ripple Rejection f= 120Hz 50 64 50 164 48 162 46 60 44 !58i 42 156 40 54 39 '53 d8
6VOUT

Input Voltage TJ = 25°e, 10 = 250 mA
73 I 8.4 10.4 12.5 146

1 i 17.7 I 20.8

1
27. l' V

Required to Maintain

I I l ~line Regulation

Note 1: Thermal resistance of the TO-202 package IP) without a heat sink is 12°C/W junction to case and 80°C/W junction to ambient.
Note 2: The electrical characteristics data represent pulse test conditions with junction temperatures as shown at the initiation of tests.
Note 3: The temperature coefficient of VOUT is typically within 0.01% vote.



typical performance characteristics
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VOUT' 5V

C C
•.......... V,N '10V

2.72 2.7
""- '0 a4{JmAoS oS

~ >-

2.68 i 2.5 "-'"~ ""-
~ >-

2.64 I i 2.3 -1:l ,
VO·5V;; 2.60 ;; 2.1

'" 10 -40 mA '"
Tj' 25'C

1.92.56
5 10 15 20 25 30 35 0 25 5ll 75 100 125 150

INPUT VOLTAGE (V) JUNCTION TEMPERATURE rCI



·Required if the regulator is located far from power
supply filter

•• Although not required, C2 does improve transient
response. (If needed, use O.1}JF ceramic disc,)

lOUT ~ V2-3/R1 + IQ
ala ~ 1.5 mA over line and load changes

·Necessary if regulator is located far from the power supply filter
··03 aids in full load start-up and protects the regulator during short

circuits from high input to output voltage differentials

Cl
TO.22~F

=t
':" RS

VOUT: VG + SV. R1 : (-VIN/IQ LM342)
VOUT ~ SV(R2/R4) for (R2 + R3) = (R4 + RS)

A O.SV output will correspond to (R2/R4) : 0.1. (R3/R4) : 0.9

·Solid tantalum



~National
~ Semiconductor
LM78XX series voltage regulators

general description
The LM78XX series of three terminal regulators is
available with several fixed output voltages making them
useful in a wide range of applications. One of these is
local on card regulation, eliminating the distribution
problems associated with single point regulation. The
voltages available allow these regulators to be used in
logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used
with external components to obtain adjustable voltages
and currents.

The LM78XX series is available in an aluminum TO·3
package which will allow over 1.0A load current if
adequate heat sinking is provided. Current limiting is
included to limit the peak output current to a safe value.
Safe area protection for the output transistor is provided
to limit internal power dissipation. If internal power
dissipation becomes too high for the heat sinking
provided, the thermal shutdown circuit takes over
preventing the IC from overheating.

Considerable effort was expended to make the LM78XX
series of regulators easy to use and minimize the number

of external components. It is not necessary to bypass the
output, although this does improve transient response.
Input bypassing is needed only if the regulator is located
far from the filter capacitor of the power supply.

• No external components required

• Output transistor safe area protection

LM7805C
LM7806C
LM7808C
LM7810C

LM7812C
LM7815C
LM7818C
LM7824C

Metal Can Package
TO-3 (Kl

Aluminum

'16
D.'

2
OUTPUT

Order Numbers:

LM7805CK LM7812CK
LM7806CK LM7815CK
LM7808CK LM7818CK
LM7810CK LM7824CK

See Package 18

~."'"OND- 0 lOND

I INPUT

LM7805CT
LM7806CT
LM7808CT
LM7810CT

LM7812CT
LM7815CT
LM7818CT
LM7824CT



Absolute Maximum Ratings
Input Voltage (VO = 5V Through 18V)

(VO = 24V)
Internal Power Dissipation (Note 1)
Operating Temperature Range (T A)

35V
40V

Internally Limited

O°C to +70°C

Electrical Characteristics LM78XXC (Note 2)

OUTPUT VOLTAGE

INPUT VOLTAGE lunl ••• om.twiM ItOted)

PARAMET£R CONDITIONS

Tj"2SoC.5mA<lo< IA

Po '5 lSW. 5 mA S '0 S lA

VMIN < IIIN < VMAX

Ti" 25°C
,:WIN

10 "500I1'lA 00CST
I
$+12SoC

~VIN

T," 2S"C

~V N
oOe S Tj ~ +12SoC

av N

SmA'S 10S 1.5A
250 11'1A < 10 <.750I1'IA

5 mA '510 < lA, ooe < Tj < +125"C

T," 2SoC

O"C S Tj S +12SoC

5 I1'IA < 10$ lA

Ti" 25°C. 10 oS lA

VMIN < VIN < VMAX
'0$500I1'lA,O·CSTj$+12SoC

VMtN < IIIN < VMAX

TA = 25°C. 10 HI S f < 100 kHz

1
10 S lA, Ti" 25°C or

f:120Hl loSSOOmA,

O·C S Tj '5 +12SoC

VMIN S V'N S VMAX

Ti" 25°C. lOUT" lA

RO Shoft,C'fCUII Current Ti = 25"C

Puk Output Current Ti" 2SoC

A"ltuge TC of VOUT O°C < Tj S .12S-C, 10" 5 mA

Input Volt. Reql.mecl

VtH to Maint.in line Tj" 25°C, '0 S lA

R••.• I.tion

5V

10V

MIN TYP MAX

48 5 52

475~~. 525
(7 < VIN < 201

(7~J25~
I-. 50

18<VIN<201

173<~2:

I 25
l8<VIN<12)

10 50

25

150

I 8
I 85

I 05

J 10

(75< VIN < 20)

17~!25:0

40

62 8(l I
62

18<VIN$ 181

I :0
2.1

24

, -<>&
\

,.31

6V
llV

MIN TYP MAX

5.'5 • 6 625

5718<VINJ21~3

U J 60
18< VIN< 251

,....J 60

19< V,N< 21)

183~N<:~1
1....-1 30

[9 < VIN oc;:131

12 60

30

60

8

85

05
10

186 < V1N"::' 211

(8h~'525:0

I '5

59 '& I
59

19< VIN -:: 191

120 I
9

20

2'
-<)7

Maximum Junction Temperature (K Package)
(T Package)

Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

TO-3 Package K
TO-nO Package T

8V,.V
MIN TV' MAX

77 8 I 83

76 84

1105-SVIN<231

.~J 80
(105<VIN,251

L, 80
III <VIN' 231

. J...,." I 80

1105<VIN<231
I.- .I 40

Ill'S VIN < 171

I 12 I :
, 80

8

85

I i 05
10

1106 < VIN" 23)

.~JIO
.(105 ••.VIN'" 251

62

56 76

56

1115 -; VIN <. 2151

10

12

"
24

10

'OV
11V

MIN ~. TVP MAX

96 to 104

95 105

1125 S VIN"':: 251

1.... J 100

(125 •...VIN <. 251

I 100

113,' VIN" 251L 100

1125· VIN'" 251

L I 50
04 <VIN<' 201

12 I 100

50
100

8
85

I 05
10

1127· VIN < 251
:... 10

(125..:. VIN' 251

I 10

:: I "I

I 20 I

:6, ~~.
12

125 j

12V
'.V

MIN , TYP MAX

115 12 125

111;4~VIN<;:16

I. 120

114 5< V,N <; 301

I 120
lI5< VIN •....271

I. 120

114 6< VIN<271
l.. .I 60

(16<VIN5221

12 120

60
120

8

85

05

J 10
1148< VIN'" 271

1 0

{J4 5..., VIN'" 301

'6

'5V
23V

MIN ~ TV' MAX

14,4 1S 156

14.25 •• 15.75

{l75<VINS30l

• 150

1175< VIN < 30)

I 150
(18.5 < VIN < 301

150

1177<VIN<301

L ,J'5
(20 < VIN S 261

12 I;~
150

8

85
05

10

1179<VINS30l

L 10
1175<; VIN< 30)

90

54 70
54

118.5<VIN<;" 2851

I20 I
"
12

". -18

150°C
125°C

-65°C to +150°C

18V

27V
MIN ,. TVPj MAX

17.3 18 187

171 189

121S VIN! 331

4 180

121 < VIN S 33)

180

(215< VIM<331
180

(21 < V,N ~ 331

l j 90
124 < VtN < 301

12 180

.0
180

8

85

I 05

10

121 < VIN< J31....I 10

121 < VIN< 331

110

53 I 6°153

122 < VIN S 321

20

2>
08
24

. -23

24V

33V

MIN '"'" ~ MAX
no 24 25.0

22.8 252

127'5 VIN S 381

8 I 240

127 < VIN S 38)
240

[28 < Vu,.•< 381
240

[271 S VIN S 38)
• '120

130S VIN S 36)

12 240

120

240

, 8

85

05
I 10

1273<VIN<381
.I 10

127 < VIN S 38)

170 I

: 1881
128 < VIN S 381

I 20 I
28

O'
24

-30

V

mfi
A

A

mvtc

Not.: All characteristics are measured with a capacitor across the input of 0.22 IJF and a capacitor across the output of 0.1 J.IF. All characteristics except noise voltage and ripple rejection ratio are measured
using pulse techniques hw S 10 ms, duty cycle 5. 5%), Output voltage changes due to changes in internal temperature must be taken into account separately,

115<VIN<251

20 I
18

1 S

24

16



I~FINITE
HEAT SINK

I
I I \

WITH 10"CIW HEAT SINK'

Peak Output Current

.}VOUT: 100 mY

I
~ 2.5

io-

u

2 -I~2~~~I •.c -

~O:>:> 1.5~ 1 -j e- T ,,~ ~

, I f ""'-0.5

1'-J I
1 1"1....

o
-75 -50 -25 0 25 50 75 100 125

AM81ENT TEMPERATURE rCI

NO HEAT SINK
l'-+-J.
I I I

II~I
5 NO HEAT SINK I I I I I I I I

I I I I I o
o 5 10 15 20 25 30 35

INPUT TO OUTPUT DIFFERENTIAL (VI

Output Voltage (Normalized
to 1V at Tj = 2S0C)

"-
\

10

8

0

0

Ripple :j.ctiO~

F" .VOUT"5V~ ~

VO,U,T,;,~4V

VIN-VOUT" 8 Vac + 3.5 V,ms
20 lOUT" lA

~i,",~,~,,~""" ,""",o
10

1.010
'>
~ 1.005

~ 1
>
~ 0.995

~ 0.990

~ 0.985

~O.980,.
~ 0.915
z

0.970
-75 -50 -25

VIN - Vour" ISV
IOUT"5mA -

f" 120 Hz
60 ~VIN-VOUT;8Voc+3.5Vrms-

I---I0UT'lA _
Ti" 25°C

Output Impedance Dropout Voltage Dropout Characteristics
1

VIN"0V
2.5

T 'WOUl" 100 mV
8 I~COUT"O~ ~ LM7805C

VOUT" 5V « I I _I'A I I I Tj" 25~C I- lOUT" 500 mA ! 2
u Ti" 25vC I .If ....!UT - I I .J-- ~ 6

lour O~z 0.1 •.......
1I0UT" 500 mA u

~ 1.5

~ ~
~ i5 •••-f"i--I- 4

COUT'" l/-lF 0-

10VT}-~
> ..i~0-

0.01 I 1 :> 0-
:> 1 /1 TANTALUM 0- 1 :>

•• ;ourrmA~ ~
0- :> 0-
:> 0

I I
:> 2 10pT-

l
lA +0 0 0

0- 0.5
0- I I:>

0.001 I 1 1 1 z I
00

10 '00 1k 10k lOOk 1M -75 -50 -25 0 25 50 15 100 125 150 0 2 4 6 8 10

FREQUENCY (Hz) JUNCTION TEMPERATURE (Ue) INPUT VOLTAGE (VI

VIN" lOV

Your s 5V
lOUT" 5 mA...•...,

.....••

VO~T' 5V
lOUT" 10 mA
Tj = 25"C

;;' 6
!:
0-
z 5.5~ ~_I----~ 5,,...-
§ 4.5 "

;;
'" 4

3.5
-15 -50 -25 0 25 50 75 100 125150

JUNCTION TEMPERATURE (OC)



~National
D Semiconductor

Voltage Regulators

The LM78LXX series of three terminal positive regu-
lators is available with several fixed output voltages
making them useful in a wide range of applications.
When used as a zener diode/resistor combination replace-
ment, the LM78LXX usually results in an effective
output impedance improvement of two orders of magni·
tude, and lower quiescent current. These regulators can
provide local on card regulation, eliminating the distri-
bution problems associated with single point regulation.
The voltages available allow the LM78LXX to be used in
logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used
with external components to obtain adjustable voltages
and currents.

The LM78LXX is available in the metal three lead
TO-5 (H) and the plastic TO-92 (Z). With adequate
heat sinking the regulator can deliver 100 mA output
current. Current limiting is included to limit the peak
output current to a safe value. Safe area protection
for the output transistor is provided to limit internal
power dissipation. If internai power dissipation becomes

too high for the heat sinking provided, the thermal
shutdown circuit takes over preventing the IC from
overheating.

• Output voltage tolerances of ±5% (LM78LXXAC) and
±10% (LM78LXXC) over the temperature range

• Output current of 100 mA

• Output transistor safe area protection

• Internal short circuit current limit

• Available in plastic TO-92 and metal TO-39 low
profile packages

LM78L05 5V
LM78L06 6V
LM78L08 8V
LM78L10 10V

LM78L12
LM78L15
LM78L18
LM78L24

Order Numbers:

LM78L05ACH LM78LOSCH
LM78L06ACH LM78L06CH
LM78L08ACH LM78LOSCH
LM78Ll0ACH LM78L1OCH
LM78L12ACH LM78L12CH
LM78L15ACH LM78LlSCH
LM78L18ACH LM78L1SCH
LM78l24ACH LM78L24CH

See Packaga 9

OUTP~PUT

GN><-/
Order Numbers:

LM78L05ACZ LM78L05CZ
LM78L06ACZ LM78L06CZ
LM78L08ACZ LM78L08CZ
LM78L1OACZ LM78L1OCZ
LM78L12ACZ LM78L12CZ
LM78L15ACZ LM78LlSCZ
LM78L18ACZ LM78LlSCZ
LM78L24ACZ LM78L24CZ

See Package 38



absolute maximum ratings

Input Voltage Vo = SV to8V 30V Maximum Junction Temperature 12SoC

Vo = 12V to 18V 3SV Storage Temperature Range

Vo = 24V 40V Metal Can (H Package) -6SoC to +lS0°C

Internal Power Dissipation (Note 1) Internally Limited Molded TO·92 (Z Package) -5SoC to +lS0°C

Operating Temperature Range O°C to +70°C Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Note 2) T J = O°C to +125°C, 10 = 40 mA,CIN = O.33/lF, Co = O.l/lF (unless noted)

LM78LXXAC OUTPUT VOLTAGE 5V 6V 8V 10V 12V 15V 18V 24V
INPUT VOLTAGE (unltu otherwise noted) 10V llV 14V 17V 19V 23V 27V 33V UNITS

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN 'TVP MAX MIN TVP MAX MIN,TVP MAX MIN TVP MAX

Vo Output Voltage TJ,",2SoC 4.8 • 5 I 5.2 5.75 6 6.25 7.7 • 8 I 8.3 9.6 10 • 10.4 11.5 , 12 I 12.5 14.4 15 , 15.6 17.3 qS \ 18.7 23 24 I 25 V
(Note 41 1 mA $ 10 S 70 mA 475 I~25 5.7 6.3 7.6 I I 8.4 9.5 10.5 11.4 I 12.6 14.25 15,75 17.1 I 118.9 22.8 J 25.2 V

1 mA '5 10'540 mA and 475 5.25 5.7 63 7.6 8.4 9.5 10.5 11.4 12.6 14.25 15.75 17.1 18.9 22.8 25.2 V

VMIN '5 VIN '5 VMAX 17$ V,N < 201 1B.3$ V,N $ 21) 110.5 $ V,N $ 231 112.5 S VIN $ 251 (14.5'5 VIN '5 271 117.5 $ V,N $ 301 120.7 $ V,N $ 331 127 $ V,N $ 381 V

6VO Line Regulation TJ.25'C 10 54 10 J.68 12 85 16 105 20 110 25 140 95 190 50 200 mV
18$V,N<201 19 < V,N < 211 III <VIN<23l 113 $ V,N $ 251 116<VIN<271 120 < V,N < 301 121 $ V,N < 331 128 < V,N < 381 V

18 J 75 118 I 90 . 20 I 100 25 140 201 180 37 250 . ~.5 275 60 300 mV
(7$V,N$201 18.3 $ V,N $ 21I 110.5 $ V,N <; 231 (12.5~VIN$25) (14.5 $ VIN '5 27) 1175$V,N$301 120.7 $ V,N $ 331 (27 ~ VIN '5381 V

6VO Load Regulation TJ. 2S<>C, 1 mA '5 10 S 40 mA 5 30 6 35 8 40 9 45 10 50 '2 75 15 85 20 100 mV

TJ'"' 25°C. 1 mA < 10 S 100 mA 20 60 22 70 25 80 27 90 30 100 35 150 'A 170 50 200 mV

6VO Long Term StabIlity 12 I 15 20 I 22 24 30 45 66 mV!1000 hrs

IQ Ouie~ent Current TJ" 2SoC 3 5 3 5 3 I 5 3 5 3 5 31 5 r 1
5 3.1 5 mA

TJ"25"C 47 47 4 7 4.7 4.7 4.7 4.7 4.7

61Q QUIescent Current 1 mA 'S 10 < 40 mA 0.1 0.1 0.1 0.1 0.1 0.1 01 0.1 mA
Change VMIN S VIN 'S VMAX , 1.0 10 1.0 1.0 1.0 1.0 10 1.0 mA

18$ V,N< 201 19$ V,N $211 111 < VIN S 23) 113 $ V,N $ 251 116$VIN$271 120 $ V,N $ 301 121 $ V,N $ 331 (28:; VIN S 38) V

Vn Output Noise Voltage TJ" 25°C. (Note 31 40 50 60' 70 leo eo 150 200 "V
f •• 10 Hz - 10 kHz

6VIN f •• 120 Hz 47 62 45 60 43 57 41 55 40 54 37 51 36 48 34 45 d8

6VOUT
Ripple RejectIon

18$ V,N $ 161 19$VIN$181 112SVINS23l 113 $ V,N $ 251 115<;V,N$251 118.5 $ V,N $ 28.51 123 $ V,N $ 331 129 $ V,N $351 V

Input Voltage TJ·25°C 7 I I 8.3 10.5 I I 12.5 • 14.5 , 17.5 • 20.7 • 27 ! V
Required to Maintam

Line Regulation

Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 15°C/W junction to case and 140°C/W junction to ambient. Thermal resistance of the TO-92 package is 180°C/W junction to
ambienl wilh 0.4" leads from a PC board and 160·C/W junction to ambienl with 0.125" lead length to a PC board.

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data above represent pulse test conditions with junction
temperatures as indicated at the initiation of test.

Not. 3: Recommended minimum load capacitance of O,01~F to limit high frequency noise bandwidth.

Not. 4: The temperature coefticienl of VOUT is typically wilhin '0.01% vofC.



Input Voltage Vo = SV to 8V
Vo = 12V to 18V
Vo = 24V

Internal Power Dissipation (Note 1)
Operating Temperature Range

30V
3SV
40V

Internally Limited
O°C to +70°C

Maximum Junction Temperature
Storage Temperature Range

Metal Can (H Package)
Molded TO-92

Lead Temperature (Soldering. 10 seconds)

-6SoC to +lS0°C
-SSoC to +lS0°C

300°C

LM78LXXC OUTPUT VOLTAGE 5V 6V av 10V 12V 15V lav 24V
INPUT VOLTAGE (unle" otherwise notedl 10V 11V 14V 17V 19V 23V 27V 33V UNITS

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN rvP'MAX MIN TYPIMAX MIN TVP MAX MIN TVP MAX

Vo Output Voltage TJ = 25"C 4.6 6 I 5.4 5.5 6 I 6.5 7.36 8 '8.64 9.2 10 110.8 11.1 '12 ~ 12.9 13.8 i15 j 16.2 16.6 18 19.4 22.1 24 • 25.9 V

(Not •. 41 1 mA 'S 10 ~ 70 mA or 4.5 I 5.5 5.4 ~ I 6.6 7.2 18.8 9.0 .J 11 10.8 ,J 13.2 13.5 I16.5 16.2 L 19.8 21.4 • 26.4 V

1 mA '$ 10 S' 40 mA and .a. V IN (7 $ VIN $ 201 18.5$VIN$211 110.5 $ VIN $ 231 113$VIN$251 114.5 $ VIN $ 27) 118 $ VIN $ 301 121.4$VIN$33 128 $ VIN ~ 381 V

IlVO LIne Regulation TJ - 25°C • 10 150 10 150 12 150 16 1'75 20J 200 25 250 27 275 1'30 I 300 mV

I8<VIN<201 19<VIN<211 111 <VIN<231 (14 < VIN < 251 116 < VIN < 271 (20 < VIN < 301 (22 < VIN < 331 128 < VIN < 381 V

18 200 18 200 20 200 25 225 30 250 130 300 32 325 36 360 mV

17$ VIN $ 201 18.5 $ VIN $ 211 110.5 $ VIN $ 231 113$ VIN $ 251 114.5 $ VIN $ 27) 118 $ VIN $ 30) 121.4 $ VIN $ 33 27.5 $ VIN $ 381 V

IlVo Load Regulation TJ=25°C.l mAS' loS'40mA 5 30 6 35 8 40 9 '45 '10 50 12 75 16 85 20 100 mV

TJ= 2SoC.l mAS'lo'Sl00mA 20 60 22 70 26 80 27 90 30 100 36 150 40 170 40 200 mV

IlVn Long Term Stability 12 15 20 22 '24 30 45 68 mV/l000 hrs

10 Ouiescent Current TJ - 25°C 3 ,6 3 6 3 6 3 I6 3 6.5 3.1 6.5
1
3

•
, 6.5 3.1 6.5 mA

TJ=125°C 5.5 5.5 • 5.5 5.5 16 ,6 6 I 6

ilia Quiescent Current TJ = 25°C. 1 mA< 10<40 mA 0.2 • 0.2 I0.2 ; • 0.2 ~ , 0.2 • 0.2 0.2 0.2 mA
1.5 1 I 1.5 I 1.5 J 1.5 1.5 1.5 1.5 1.5 mA

Change TJ = 25°C 18$VIN$201 19$VIN$211 111$ VIN $ 231 (14 $ VIN $ 251 116 <; VIN $ 271 (20 <; VIN <; 301 122$ VIN $ 331 128<; VIN $ 381 V

Vn Output Noise Voltage TJ = 25°C, (Note 3)

1
40 ! 501 '60 I : 70 l [SQ I (90 ~ 150 2001 ~V

f'" 10Hz-10kHz "

i . i •
IlVIN f = 125 Hz 40 80 38 58 36 55 36153 36 :.&J 33 49 32 146 30 43 d8

IlVOUT
Ripple Rejection

18$VIN$181 (9<;VIN$'91 112<; VIN <; 231 114$ VIN $ 251 115 $ VIN <; 251 18.5$VIN98.51 123 $ VIN $ 331 (29 $ VIN $ 351 V

Input Voltage TJ = 25°C 7 I 8.3 10.6 13 I t4.5j 18 2t.4 27.5 V

Required to Maintain

Line Regulation •
No.1: Thermal resistance of the Metal Can Package (H) without a heat sink is 15°CIW junction to case and 14cfcIW junction to ambient. Thermal resistance of the TO·92 package is 180°CIW junction to
ambient with 0.4" leads from a PC board and 160°C/W junction to ambient with 0.125" lead length to a PC board.

No.2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data above represent pulse test conditions with junction
temperaturn • indicated at the initiation of test.

Not. 3: Recommended minimum load capacitance of O,01/JF to limit high frequency noise bandwidth,

Note 4: The temperature coefficient of VOUT is typically within ±0.01% VOrc.



typical performance characteristics

Maximum Average Power
Maximum Average Power Dissipation {Metal Can
Dissipation (Plastic Package) Package I Peak Output Current

10 10 400
I ,:,\VOUT" lOOmY

\.0 \.0 ~NFINITE HEAT SINK === -Ti"looe~ 1 ~ ~ 300 r--
;§ O.12S"LEAD LENGTH ;§ I - .5
;:: FROM PC BOARD ;:: --r- i 1/ Ti" 2S·C ~:. WITH nocNiHEAT SINK :. - ~
i1i 1.0 i1i 1.0 200

I ......•
0 0 NO HEAT SINK

'" 0.\ 0.4" LEAD lENGTH '" 0.\ == WITH JO"ctw HEAT SINK == ~ lf Tj"'5lTC r-~ FROM PC BOARD
~

........
:r FREE AIR 100

IO.m"LEAO LENGTH 0

FROM PC BOARD
IFREE AIR

0.1 0.1
0 1\ 30 4\ 60 15 0 15 30 45 60 15 0 5 10 15 20 25 30

AMBIENT TEMPERATURE C"CI AMBIENT TEMPERATURE (' C) INPUT·OUTPUT DIFFERENTIAL (VI

Dropout Voltage Ripple Rejection Output Impedance

2.5 100 10

~ I I I I I V1N '" lOV

IO~T .110 ~~H+ 5.0 Your = 5V.. 2.0 - ~ BO lOUT = 40 mA

~

-W
TA '25°C cor:':;-1-.1.--1 z u

lOUT'" 40 mA 0 60 - Z

COUT'" l#o1FTANTALUM'1.5 i ~0 - - 'iT '1'.
0 ~A -=F' " ~ 1.0

~
1.0 40 •...

I I I V'N '" lOV " 0.5
It •...

DROPOUT CD~OI+IOJS ir Your '" 5V "
~

0.5 20 0 ./
lOUT" 40 mA

"IVaI' '121'~IV~UT 1 TAl ~,25°C
0 0.1

0 25 50 15 100 125 10 100 1k 10k lOOk 10 100 lk 10k lOOk 1M

JUNCTION TEMPERATURE (OCI FREOUENCY (H.! FREQUENCY (Hl)

Ouiescent Current Quiescent Current
4.0 3.4

VtN' '" 10V3.B 3.3 -
~ ~ VOUT % 5V

.5 3.6 .5 3.2 'OUT "'40 mA-
•... 3.4 •... 3.1 ...•......~ z

3.2 w

~ '" 3.0 ..•...••...
'"3.0 " 2.9u I""...•...

2.8
•...

2.8

~
!/ g ..•...••...

2.6
1/ 2.1 ..•..•....
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Voltage Regulators

general description
The LM78MXX series of three terminal regulators is
available with several fixed output voltages making them
useful in a wide range of applications. One of these is
local on card regulation, eliminating the distribution
problems associated with single point regulation. The
voltages available allow these regulators to be used in
logic systems, instrumentation, HiFi, and other solid
state electronic equipment. Although designed primarily
as fixed voltage regulators these devices can be used
with external components to obtain adjustable voltages
and currents.

The LM78MXX series is available in the plastic TO-202
package. This package allows these regulators to deliver
over O.5A if adequate heat sinking is provided. Current
limiting is included to limit the peak output current to
a safe value. Safe area protection for the output transis-
tor is provided to limit internal power dissipation.
If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit
takes over preventing the IC from overheating.

Considerable effort was expended to make the LM78MXX
series of regulators easy to use and minimize the number
of external components. It is not necessary to bypass
the output, although this does improve transient response.
Input bypassing is needed only if the regulator is located
far from the filter capacitor of the power supply.

• Output current in excess of O.5A

• Internal thermal overload protection

• No external components required

• Output transistor safe area protection

• Internal short circuit current limit

• Available in plastic TO-202 package

• Special circuitry allows start-up even if output is
pulled to negative voltage (± suppliesl

LM78M05CP
LM78M06CP
LM78M08CP
LM78M10CP

LM78M12CP
LM78M15CP
LM78M18CP
LM78M24CP



absolute maximum ratings

Input Voltage
(Vo ; 5V through 18V) 35V
(Vo ; 24V) 40V

IntP-rnal Power Dissipation (Note 1) Internally Limited
Operating Temperature Range oOe to +70oe
Maximum Junction Temperature +125°e
Storage Temperature Range -65°e to +150oe
Lead Temperature (Soldering, 10 seconds) +230

o
e

electrical characteristics
TA = oOe to 70

o
e, 10 = 500 mA, unless otherwise noted.

OUTPUT VOLTAGE 5V 6V 8V 10V 12V 15V 18V 24V
INPUT VOLTAGE (unless otherwise noted) 10V l1V 14V 17V 19V 23V 27V 33V UNITS

PARAMETER CONDITIONS MIN 'TVP, MAX MIN lYl'j MAX MIN rlVPj MAX MINlTVP! MAX MIN P''''':I MAX MIN,TVP MAX MIN TVPi MAX MIN TVP MAX

Vo Output Voltage TJ = 25'C 4.8 I 6 • 5.2 5.75'6 6.25 7.7 I 8 8.3 9.6 ; 10 J 10.4 11.5l12 1 12.5 14.4 15 '15.6 17.3 18 • 18.7 23 124 25 V

Po <:; 7.5W. 5 mA <:; 10 <:; 500 mA 4.75 5.25 5.7 6.3 7.6 8.4 9.5 10.5 11::...-! 12.6 14.25 15.75 17.1 18.9 22.8 25.2 V

and VMIN < VIN < VMAX 17.5< V IN < 201 18.6<VIN<211 110.6<VIN<23) 112.7< VIN < 251 114.8< VIN < 271 118 < VIN < 30) 121< VIN < 331 127.3 < VIN <38) V

avO Line Regulation TJ"'25°C,IO=100mA 50 60 80 I 100 120 ISO 180 240 mV

TJ = 25'C. 10 = SOOmA 100 120 160 200 240 300 360 480 mV

17.2< VIN < 251 18.3< VIN < 251 110.3 < VIN < 251 112.4 < VIN < 251 114.5< VIN < 301 117.6<VIN<301 120.7 < VIN < 331 127 < VIN < 381 V

aVo Load Regulation TJ = 25'C. 5 mA < 10< 500 mA I 100 I .~ 120 I 160 : 200 • I 240 1300 r t 360 I I 480 mV

aVo Long Term Stability I 20 • 24 , 32 40 • • 48 60 I 72 , • 96 mV/1000 hrs

10 Ouiescent Current TJ = 25°C I 4 10 4 ' 10 4 10 4 10 '4 10 4 10 4 I 10 4 • 10 mA

ala Quiescent Current TJ = 25'C 0.5 f 05 I 0.5 0.5 0.5 0.5 I05 0.5 mA
Change 5 mA < 10 < 500 mA I , • I •TJ = 25'C I J 1 i.--I 1 1 I 1 WI I 11 i. 1 1 l 1 mA

VMIN < VIN <:; VMAX 17.5< VIN < 251 18.6 <:; VIN <:; 251 11O.6<VIN<251 112.7< VIN < 251 114.8< VIN <301 118<VIN<301 121 < VIN <:; 331 127.3 <:; VIN <:; 38) V

Vn Output Noise Voltage TJ = 25'C. f = 10 Hz - 100 kHz , 40 i , 4S 62 16S r75 I \90 I 110 1170 ~V

aVIN , 76 174 i 71 ~ !6!/
I

Ripple Rejection f = 120 Hz 78 72 67 64 V
aVOUT

Input Voltage TJ = 25'C.10 = SOOmA 7.2 8.3 10.3 12.4 14 5~ I 17.6

1
207

1
27 V

Required to Maintain

I ILine Regulation I • ,
N01.1: Thermal resistance without a heat sink for junction to case temperature is 12°C!W for the TO·202 package. Thermal resistance for case to ambient temperature is 70°C!W for the TO·202 package.
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~ semiconductor
LM79MXX Series 3-Terminal Negative Regulators

The LM79MXX series of 3-terminal regulators is available
with fixed output voltages of -5V, -6V, -av, -12V,
-15V and -24V. These devices need only one external
component-a compensation capacitor at the output.
The LM79MXX series is packaged in the TO-202 power
package and TO-5 metal can and is capable of supplying
O_5Aof output cu rrent.

These regulators employ internal current limiting safe
area protection and thermal shutdown for protection
against virtually all overload conditions.

Low ground pin current of the LM79MXX series allows
output voltage to be easily boosted above the preset

I
I
I
I
I

C4 •• ·....l.:!:
25"F-r

I
I
I

value with a resistor divider. The low quiescent current
drain of these devices with a specified maximum change
with line and load ensures good regulation in the voltage
boosted mode.

• Thermal, shrt circuit and safe area protection

• High ripple rejection

• O.5A outpu current

(-15) 1+151

Load Regulation at 0.5A 40 mV 2 mV
Output Ripple. CIN = 3000IlF,IL = 0.5A 100llVrms 100llVrms
Temperature Stability 50 mV 50 mV
Output Noise 10Hz ~ f ~ 10 kHz 1SOIlVrms 150llVrms

-Resistor tolerance of R4 and RS determine matching of (+) and (-) outputs
··Necessary only if raw supply filter capacitors are more than 3" from regulators

-Required if regulator is separated from filter capacitor by more than 3".
For value given, capacitor must be solid tantalum. 25}JF aluminum electro-
lytic may be substituted.

tAequired for stability. For value given, capacitor must be solid tantalum.
251lF aluminum electrolytic may be substituted. Values given may be
increased without limit.
For output capacitance in excess of 100,u.F, a high current diode from _INPUT

input to output (1 N4001, etc.) will protect the regulator from momentary
input shorts.

(
Rl + R2)

VOUT = VSET ---;;--

Select R2 as follows:

LM79M05CP
LM79M06CP
LM79M08CP
LM79M12CP
LM79M15CP
LM79M24CP

300n.
300n.
470n.
750n.
1k
2.5k

R3

••OUTPUT TRIM
TO -lS.0V



Absolute Maximum Ratings

Input Voltage Power Dissipation Internally Limited

(VO = 5V to 18V) 25V Operating Junction Temperature Range O°C to +125°C

(VO = 9V to 18V) -35V Storage Temperature Range -65°C to +150°C

(VO = 24V) -40V Lead Temperature (Soldering, 10 seconds) 230°C

Input/Output Differential

(VO = 5V to 8V) 25V

(VO = 9V to 18V) 30V

(VO = 24V) 35V

Electrical Characteristics Conditions unless otherwise noted: lOUT = 350 mA. CIN = 2.2 J.lF, COUT = 1 J.lF, O°C::; TJ::; +125°C

PART NUMBER LM79M05C LM79M06C LM79M08C LM79M12C LM79M15C LM79M24C
OUTPUT VOLTAGE -5V -6V 8V 12V -15V -24V UNITS
INPUT VOLTAGE (unless otherwise specified) -10V -11V -14V -19V -23V -33V

PARAMETER CONDITIONS MIN TVP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX

Vo Output Voltage TJ = 25·C -4.8 -5.0 -5.2 -5.75 , -6.0 -6.25 -7.7 -8.0 -8.3 -11.5 -12.0 -12.5 -14.4 -15.0 -15.6 -23 -24 • -25 V

5 mA $ lOUT $ 350 mA -4.75 , -5.25 -5.7 -6.3 -7.6 I -8.4 -11.4 -12.6 -14.25, -15.75 -22.8 25.2 V

(-25 $ VIN $ -71 1-25 $ VIN $ -81 (-25 $ VIN $ -10.51 (-27 $ VIN $ -14.51 1-J0$VIN$-17.51 (38 $ VIN $ -271 V

t:.VO Line Regulation TJ = 25·C, (Note 21
• 8

50 12, 60 15 80 • 5 80 5 80 5 80 mV

(-25 $ VIN:S: -71 (-25 $ VIN $ -81 (-25 $ VIN $ -10.51 (-30 $ VIN $-14.51 (-30 $ VIN $ -17.51 (-38 $ VIN $ -271 V

2 30 3 40 4 50 3 30 3 50 6 70 mV

(-18 $ VIN $ -81 (-19 $ VIN $ -91 (-17$VIN$-11) (-25 $ VIN $ -151 (-28$VIN$-181 (-38 $ VIN $ -28) V

t:.VO Load Regulation TJ = 25·C, (Note 21 I 30 • I 3015 mA $ lOUT $ 0.5A 100 120 130 160 I 30 240 , 30 240 I 30 300 mV

10 Ouiescent Current TJ = 25·C j 1 2 I 1 2 1 1 2 t 1,6 3 I 1.6 3 1 1.5 3.5 mA

t:.IQ Quiescent Current With Line L.....I 0.4 l ..J 0.4 0.4 0.4 l 0.4 I 0.4 mA

Change (-25$ VIN $ -81 1-25 $ VIN $ -81 (-25 $ VIN $ -10.5) (-30 $ VIN $ -14.5) (-30 $ VIN $,-271 (-38 $ VII~ $ -271 V

With Load, 5 mA < lOUT < 350 mA r I 0.4 • 0.4 0.4 0.4 0.4 0.4 mA

Vn Output Noise Voltage TA' 25·C, 10 Hz < f < 100 Hz I 760: 180 260 • 400 400 600 ~V

Ripple Rejection f= 120 Hz 54 66 54 .!!...d. 54 66 54 70 I 54 70 54 6U d8

(-18 $ VIN $ -81 (-19 $ VIN $ -91 (-21.5 $ VIN $-11.5) (-25 $ VIN:$ -151 (-30:$ VIN:$ -17.51 (-38:$ VIN:$ -28) V

Dropout Voltage TJ = 25·C, lOUT = 0.5A • 1.11 1.1 1.1 1.1 ' 1,1 1,1 V

lOMAX Peak Output Current TJ = 25·C 800 800 800 800 800 800 A

Average Temperature lOUT = 5 mA, ~0.4 0,4 .-0,4 .-0.8
1-1.0 1 -1.0 mVfC

Coefficient of O·C:$ TJ:$ 100·C
Output Voltage I I I I I \

Not. 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (8 JA) is 70°C/W (no heat sink) and 12°C!W (infinite heat sink).
Not. 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage due to heating effects must be taken into account.
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OUTPUT

~ INPUT"'~~11~"o
LM79M05ACH
LM79M06ACH
LM79M08ACH
LM79M12ACH

See Packaga 38

LM79M15ACH
LM79M18ACH
LM79M24ACH

LM79M05ACP
LM79M06ACP
LM79M08ACP
LM79M12ACP

Sea Package 37

LM79M15ACP
LM79M18ACP
LM79M24ACP



~Nattonal
~ Semiconductor

The LM79LXXAC series of 3-terminal negative voltage
regulators features fixed output voltages of -5V. -12V.
-15V. -1aV and -24V with output current capabilities
in excess of 100 mA. These devices were designed
using the latest computer techniques for optimizing
the packaged IC thermal/electrical performance. The
LM79LXXAC series, even when combined with a mini-
mum output compensation capacitor of 0.1IlF, exhibits
an excellent transient response, a maximum line regula-
tion of 0.07% VOIV, and a maximum load regulation of
0.01% Vo/mA.

The LM79LXXAC series also includes, as self-protection
circuitry: safe operating area circuitry for output transis-
tor power dissipation limiting, a temperature independent
short circuit current limit for peak output current
limiting, and a thermal shutdown circuit to prevent
excessive junction temperature. Although designed pri-
marily as fixed voltage regulators, these devices may be

Cl* +
0.33 ~F

*Required if the regulator is located far from the power supply
filter. A 1 JlF aluminum electrolytic may be substituted.

**Required for stability. A 1 IJF aluminum electrolytic may
be substituted.

':'
R2

+ C2
0.1 ~F

Rl

-VO

-Yo ~ -5V - (5V/Rl + 10) • R2,
5V/Rl > 31Q

combined with simple external circuitry for boosted and/
or adjustable voltages and currents. The LM79LXXAC
series is available in the 3-lead TO-92 package.

• Preset output voltage error is less than ±5% over load,
line and temperature

• Specified at an output current of 100 mA
• Easily compensated with a small 0.1 IlF output

capacitor
• Internal short-circuit, thermal and safe operating area

protection
• Easily adjustable to higher output voltages
• Maximum line regulation less than 0.07% VOUTIV
• Maximum load regulation less than 0.01% VOUT/mA
• TO-92 package

LM79LOSACZ
LM79Ll2ACZ
LM79L15ACZ



Absolute Maximum Ratings
Input Voltage Operating Temperature Range O°C to +70°C

Va = -SV to -lav -3SV Maximum Junction Temperature +12SoC
VO= -24V -40V Storage Temperature Range -5SoC to +lSOoC

Internal Power Dissipation (Note 1) Internally Limited Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics (Note 2) TA = O°C to +70°C unless otherwise noted.

OUTPUT VOLTAGE -5V -12V -15V -lav -24V
INPUT VOL TAGE (unlessotherwisenoted) -10V -17V -20V -23V -29V UNITS

PARAMETER CONDITIONS MIN TYP I MAX MIN TYPI MAX MIN TYlOj MAX MIN • typ I MAX MIN • TYP MAX

VO Output Voltage Tj = 25°C. 10 = 100mA -5.2 -5 I --4.8 -12.5 -12 I -11.5 -15.6 -15 -14.4 -18.7 -18 I -17.3 -25 1-24 -23

lmA$10$100mA ~.25 --4.75 12.6 11.4 15.75 14.25 18.9 17.1 25.2 L.. 22.8

VMIN < VIN < VMAX (-20 < VIN < -7.5) (-27 < VIN < -14.8) (-30< VIN < -18) (-33 < VIN <-21.1) (-38 < VIN < -27.41 V
1mA$10$40 mA 5.25 -4.75 12.6 I -11.4 15.751 ...J 14.25 18.9_1 17.1 25.2 l . 22.8

VMIN $ VIN $ VMAX (-20 < VIN <-7) (-27 < VIN < -14.5) (-30 < VIN < -17.5) (-33 < VIN $ -20.7) (-38 $ VIN $ -27)

tJ.VO Line Regulation Tj = 25°C. 10= 100 mA l 60 ! 45 .J 45 L- 50 I I 60 mV

VMIN < VIN < VMAX (-25< VIN <-7.3) (-30 < VIN < -14.6) (-30<VIN<-17.71 (-33 < VIN < -20.8) (-38 < VIN < -27.1) V
Tj = 25°C, 10 - 40 mA 60 45 45 . 50 60 mV

VMIN < VIN < VMAX (-25 < VIN <-7) (-30 < VIN < -14.51 (-30 < VIN < -17.5) (-33 < VIN < -20.7) (-38 < VIN <-27) V

tJ.VO Load Regulation Tj = 25°C I • 50 I I 100 I 125 I 150 I 200 mV
1 mA<lo< 100mA

tJ.VO Long Term Stability 10= 100 mA 20' 48 ! 60 17~ I 96 mV/l000 hr

10 Quiescent Current 10= 100mA ~ 2 I 6 2 I 6 2 6 • 2
I 6 2

,
6 mA

tJ.IQ Quiescent Current Change 1mA<lo<100mA 0.3 I 0.3 I 0.3 0.3 0.3
mA

1 mA< 10<40mA I I 0.1 I I 0.1 , I 0.1 I I 0.1 I 0.1
10-100mA 0.25 0.25 I 0.25 I 0.25 I 0.25 mA

VMIN < VIN < VMAX (-20 < VIN < -7.5) (-27 < VIN <-14.8) (-30 < VIN < -18) (-33< VIN <-21.11 (-38 < VIN < -27.41 V

Vn Output NoiseVoltag~ Tj = 25°C. 10= 100 mA I 40 I 96 I 120 I 150 I 190 ! p.V

1= 10 Hz-10 kHz ,
tJ.VIN

Ripple Rejection
Tj = 25°C, 10= 100 mA 50 I 52

/
50 I 49

J
46 dB

tJ.VO 1=120Hz

Input VoltageRequired Tj = 25°C I
I

~.

to Maintain Line 10= 100mA I -73 ~ -14.6 -17.7 I -20.8 -27.1
V

Regulation 10= 40 mA -7.0 -14.5 -17.5 -20.7 -27

Note 1: Thermal resistance,junction to ambient. 01 the TO-92 (Z) paekageis 180°C/W when mounted with 0.40 inch leadson a PCboard, and 160°CIW when mounted with 0.25 inch leadson a PCboard.
Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used.
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Voltage Regulators

LM7900T series 3-terminal negative regulators
general description
The LM7900T series of 3-terminal regulators is available
with fixed output voltages of -5V, -5.2V, -6V, -8V,
-9V, -12V, -15V, -18V and -24V. These devices
need only one external component - a compensation
capacitor at the output. The LM7900T series is packaged
in the TO-220 power package and is capable of supplying
1.5A of output current.

These regulators employ internal current limiting safe
area protection and thermal shutdown for protection
against virtually all overload conditions.

Low ground pin current of the LM7900T series allows
output voltage to be easily boosted above the preset

value with a resistor divider. The low quiescent current
drain of these devices with a specified maximum change
with line and load ensures good regulation in the voltage
boosted mode.

typical applications
±15V,1 Amp Tracking Regulators

I
I
I
I
I

"••-l.!
Z5,.F.,-

I
I
I

I
C5··~
Zs,.F.,-

I
I

-Improves transient response and ripple rejection.
Do not increase beyond 50J.l.F.

(
R1 + R2)

VOUT=VSET ~

Select R2 as follows
LM7905T
LM7905.2T
LM7906T
LM7908T
LM7909T
LM7912T
LM7915T
LM7918T
LM7924T

300n
300n
300n
470n
470n
750n
1k
1.2k
2.5k

Performance (Typical)

(-15) (+15)
Load Regulation at 61L = 1A 40 mV 2 mV
Output Ripple, GIN = 3000IlF,IL = lA 100llVrms 100llVrms
Temperature Stability 50 mV 50 mV
Output Noise 10 Hz ~ f ~ 10 kHz 150llVrms 150llVrms

-Resistor tolerance of R4 and RS determine matching of (+) and (-) outputs
• -Necessary only if raw supply filter capacitors are more than 3" from regulators

RJ

••OUTPUT TRIM
TO -15.0V

·Required if regulator is separated from filter capacitor by more than 3".
For value given, capacitor must be solid tantalum. 25J,lF aluminum electro·
lytic may be substituted.

tRequired for stability. For value given, capacitor must be solid tantalum.
25J,lf aluminum electrolytic may be substituted. Values given may be
increasedwithout limit.
For output capacitance in excess of 100.uF, a high current diode from
input to output (1 N4001, ete.) will protect the regulator from momentary
input shorts.



absolute maximum ratings
Input Voltage

(VO = 5V to 18V)
(VO = 24V)

Input·Output Differential
(VO = 5V to 8V)
(VO = 9V to 18V)
(VO = 24V)

-35V
-40V

Power 0 issipation
Operating Junction Temperature Range
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

Internally Limited
O°C to +125°C

~5°C to +150°C
230°C

PART NUMBER LM7905T LM7905.2T LM7906T LM7908T LM7909T
OUTPUT VOL TAGE -5V -5.2V -6V -8V -9V

UNITS
INPUT VOLTAGE (unless otherwise specified) -10V -10V -1lV -14V -15V

PARAMETER" CONDITIONS MIN " TYP MAX MIN TYP MAX MIN I TYP MAX MIN TYP MAX MIN TYP MAX

Va Output Voltage TJ=25°C -4.8 I -5.0 -5.2 -5.0 152 I -5.4 -5.75 ~.O ! ~.25 -7.7 8.0 -8.3 -8.65 -9 i -9.35 V

5mA:O; IOUT$IA. -4.75_ -5.25 -4.95 -5.45 -5.7 ~.3 -7,6 - -8.4 -8.55 •... -9.45 V

P< 15W (-20 < VIN < -71 (-20.5 < VIN < -7.51 (-21 < VIN < -81 (-23 < VIN < -10,51 (-24 < VIN < -11,51 V

D.VO Line Regulation TJ = 25°C. (Note 21 ~
8] 50

.
7 I 50 LL I 60 r 6 J 80 ! 6 I 80 mV

(-25:0; VIN $-7) (-25:0; VIN $ -7.51 (-25 $ VIN $ -81 (-25 $ VIN $ -10.5) (-26 $ VIN:O; 11,51 V

2 15 2 15 2 20 2 30 3 30 mV

(-12 $ VIN $ -81 (-12.5 $ VIN:O; -8,51 (-13$VIN$-91 (-17 $ VIN $ -111 (-18$VIN$-12) V

D.VO Load Regulation TJ = 25°C. (Note 21 I .
mV

5 mA $ lOUT $ 1,5A 15 100 15 100 15 120 15 160 15 170 mV

250 mA $ lOUT $ 750 mA 5 50 5 50 5 60 5 80 5 80 mV

IQ QUiescent Current TJ=25°C 1 2 1 I 2 1 2 1 2 \.5 3 mA

D.IQ QUiescent Current With Line as 0.5 I 0.5
I

0.5 0.5 mA

Change (-25 $ VIN $ -71 (-25 $ VIN:O; -7.51 (-25$VIN$-81 1-25 $ VIN.~ -1051 (-25,?VIN:O; 11,51 V

With Load,S mA $ lOUT $ 1A - 0.5 r- I as r 0,5 0.5 0,5 mA

Vn Output Noise Voltage TA = 25°C.l0Hz~f$100Hz 125 130 150 I 200 225 !-IV

Ripple Rejection f = 120 Hz 54 66 54 66 54 ~6§.... 54 I 66 54
__ 66

dB

1-18 ~ VIN $ -81 (-18.5 < VIN < -8,51 (-19<VIN<-91 (-21.5 < VIN < -11.51 (-22.5 < VIN < -12.51 V

Dropout Voltage TJ = 25°C, lOUT = 1A 1.1 11 1.1' 1.1 1.1 V

lOMAX Peak Output Current TJ = 25°C 22 2,2 22 22 22 A

Average Temperature lOUT = 5 mA, 0.4 04 0.4 {J.4 416 mV/oC

Coefficient of C'C $ TJ:O; 100°C

Output Voltage '--- L..-....... --- - "---



PART NUMBER lM7912T lM7915T lM7918T lM7924T
OUTPUT VOLTAGE -12V -15V -18V -24V

UNITS
INPUT VOLTAGE (unless otherwise specified) -19V -23V -27V -33V

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX

Va Output Voltage TJ~25°C -11.5 -120 -12.5 -14.4 1&0 -15.6 -17.3 -18.0 -18.7 -23 -24 -25 V

5mA-:;IOUT-:;IA. -11.4 -12.6
-14.25 ___

-15.75 -17.1 18.9 -22.8 l.,;.iS.2 - V- -P< 15W (-27 < VIN < -14.5) ('-30< VIN < -17.51 (-33 < VIN < -211 (-38<VIN< -27) V

!!.VO Line Regulation TJ ~ 25°C, (Note 2) W....J 80 W 100 LW 100 L.U 150 mV

1-30 -:; VIN -:; -14.51 1-30 -:; VIN:: -1751 (-33-:;VIN-:;-21l (-38<:; VIN -:;-271 V

3 30 3 50 & 50 6 75 mV

(-22 < VIN < -161 (-26 < VIN < -201 1-30 < VIN < -24) (-36 < VIN < -30) V

!!.VO Load Regulation TJ ~ 25uC, (Note 2) 15 200 15 200 15 240 15 240 mV
5 mA -:; lOUT -:; 1.5A 15 200 15 200 15 240 15 240 mV
250 mA -:; lOUT -:; 750 mA 5 75 5 75 5 100 5 100 mV

IQ Quiescent Current TJ~25uC 1.5 3 1.5 3 1.5 3 1.5 3 mA

!!.IQ Quiescent Current With Line 0.5 0.5 0.5 L...J 0.5 mA- - -Change (-30 -:;~ -14.51 1-30-:;~1~ -1751 (-33 < VIN < -211 1-38~-:;-271 V
With Load,5mA-:; IOUT-:; lA

~-
0.5 0.5 0.5 0.5 mA

Vn Output Noise Voltage TA~25°C,10Hz-:;I-:;100Hz 300 375 450 600 IlV

Ripple Rejection 1 ~ 120 Hz 54 ....1L 54 ...2!L 54 ..l!L. 54 ......§L dB

(-25<VIN<-151 (-30 < VIN < -17.51 (-32 < VIN < -221 (-38 < VIN < -28) V

Dropout Voltage TJ ~ 25
v
C, lOUT ~ lA 1.1 1.1 1.1 1.1 V

lOMAX Peak Output Current TJ ~ 25
v
C 2.2 2.2 2.2 2.2 A

Average Temperature lOUT ~ 5 mA, -{l.a 1.0 +0 -I,D mVI"C

Coefficient 01 OuC -:; TJ -:; 100uC

Output Voltage

Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (OJA) IS 50'C/W (no heat sink) and 5"C/W (infinite heat sink),

Note 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage due to heating effects must be taken into account.



Load and line regulation < 0.01% temperature stability ~ 0.2%

t Determines Zener current

ttSolid tantalum

.••Select resistors to set output voltage. 2 ppmf C tracking suggested

--,
I
I
I
I
rl., ~COMMON
I lOADt_J CURRENT

I
I
I
I__ J

Rl and Dl allow the positive regulator to "start-up" when +VIN is
delayed relative to -VIN and a heavy load is drawn between the
outputs. Without Rl and Dl, most three-terminal regulators will not
start with heavy (0.1 A-l Al load current flowing to the negative
regulator, even though the positive output is clamped by D2.

• R2 is optional. Ground pin current from the positive regulator flowing
through Rl will increase +VOUT z::: 60 mV if R2 is omitted.

5V
"lOUT = 1 mA + Rl

6V lSV
BULB
U~A
MAX TURN ON
CURRENT

I
I
I

C1T~

2~i,f --r-
I
I
I

8V· l~V
BULB
1.1~A

MAX TURN-ON
CURRENT

• Lamp brightness increases until il "'- iQ (z::: 1 mAl + 5V/R1.

t Necessary only if raw supply filter capacitor is more than 2"
from LM7905T

·Lamp brightness increases until il "'-5V/Rl 0, can be set as
low as l.uA)

t Necessary only if raw supply filter capacitor is more,than 2"
from LM7905T

Order Nu mbers:
LM7905T LM7912T
LM7905.2T LM7915T
LM7906T LM7918T
LM7908T LM7924T
LM7909T

See Package 26

~'" ..,"PU1-0 'INPUT
1 GNO





~National
~ Semiconductor
LM1524/LM2524/LM3524
Regulating Pulse Width Modulator

The LM1524 series of regulating pulse width modulators
contains all of the control circuitry necessary to imple-
ment switching regulators of either polarity, transformer
coupled DC to DC converters, transformerless polarity
converters and voltage doublers, as well as other power
control applications. This device includes a 5V voltage
regulator capable of supplying up to 50 mA to external
circuitry, a control amplifier, an oscillator, a pulse width
modulator, a phase splitting flip-flop, dual alternating
output switch transistors, and current limiting and shut-
down circuitry. Both the regulator output transistor and
each output switch are internally current limited and, to
limit junction temperature, an internal thermal shut-
down circuit is employed. The LM1524 series will be
available in the 16-pin dual-in-line J package with either
a military, industrial or commercial temperature range.

• Complete PWM power control circuitry

• Frequency adjustable to greater than 100 kHz
• 2% frequency stability with temperature

• Total quiescent current less than 10 mA

• Dual alternating output switches for both push-pull
or single-ended applications

• Current limit amplifier provides external component
protection

• On-chip protection against excessive junction temper-
ature and output current-thermal limit

• 5V, 50 mA linear regulator output available to user

" YREf

" v,.
EMITTER 8

Order Number LM1524J, LM2524J

" COLLECTOR 8 or LM3524J
1Z

COLLECTOR A
See NS Package J16A

II EMlnER .•. Order Number LM2524N or LM3524N

10
See NS Package N16A

SHUTDOWN

COMPENSATION

•
GND~

II
EMITTER A

" COLLECTOR B



Absolute Maximum Ratings
Input Voltage 40V Maximum Junction Temperature

Reference Voltage. Forced 6V (J Package) 150°C

Reference Output Current 50mA (N Package) 125°C

Output Current (Each Output) 100mA Storage Temperature Range -65°C to +150°C

Oscillator Charging Current (Pin 6 or 7) 5mA Lead Temperature (Soldering. 10 seconds) 300°C

Internal Power Dissipation (Note 1) 1W

Operating Temperature Range

LM1524 -55°C to +125°C

LM2524/LM3524 O°C to +70°C

Electrical Characteristics
Unless otherwise stated. these specifications apply for T A = -55°C to +125°C for the LM 1524 and 0° C to +70° C for the

LM2524 and LM3524. VIN = 20V, and f = 20 kHz.

LM1524!
LM3524

PARAMETER CONDITIONS LM2524 UNITS
MIN TYP MAX MIN TYP MAX

Reference Section

Output Voltage 4.8 5.0 5.2 4.6 5.0 5.4 V

Line Regulation VIN = 8-40V 10 20 10 30 mV

Load Regulation IL = 0-20 mA 20 50 20 50 mV

Ripple Rejection f = 120 Hz, T A = 25°C 66 66 dB

Short-Circuit Output Current VREF = 0, TA = 25°C 100 100 mA

Temperature Stability Over Operating Temperature Range 0.3 1 0.3 1 %

Long Term Stability TA=25°C 20 20 mV!khr

Oscillator Section

Maximum Frequency CT = 0.001 IlF, RT = 2 kQ 350 350 kHz

Initial Accuracy RT and CT constant 5 5 %
Frequency Change with Voltage VIN = 8-40V, TA = 25°C 1 1 %
Frequency Change with Temperature Over Operating Temperature Range 2 2 %
Output Amplitude (Pin 3) TA= 25°C 3.5 3.5 V

Output Pulse Width (Pin 3) CT = 0.01 IlF, TA = 25°C 0.5 0.5 lIS

Error Amplifier Section

Input Offset Voltage VCM = 2.5V 0.5 5 2 10 mV

Input Bias Current VCM = 2.5V 2 10 2 10 IlA

Open Loop Voltage Gain 72 BO 60 80 d8

Common-Mode Input Voltage Range TA=25°C 1.8 3.4 1.8 3.4 V

Common-Mode Rejection Ratio TA = 25°C 70 70 d8

Small Signal 8andwidth AV= OdB, TA= 25°C 3 3 MHz

Output Voltage Swing TA = 25°C 0.5 3.8 0.5 3.8 V

Comparator Section

Maximum Duty Cycle % Each Output ON 45 45 %
Input Threshold (Pin 9) Zero Duty Cycle 1 1 V

Input Threshold (Pin 9) Maximum Duty Cycle 3.5 3.5 V

Input Bias Current -1 -1 IlA

Current Limiting Section

Sense Voltage Pin 9 = 2V, VIPin 2) - 190 200 210 180 200 220 mV

V(pin 1) ~ 50 mV, TA = 25°C

Sense Voltage T ..C. 0.2 0.2 mVfC

Common-Mode Voltage -1 1 -1 1 V

Output Section (Each Output)

Collector-Emitter Voltage 40 40 V

Collector Leakage Current VCE = 40V 0.1 50 0.1 50 IlA

Saturation Voltage Ic=50mA 1 2 1 2 V

Emitter Output Voltage VIN = 20V, IE = -2501lA 17 18 17 18 V
Rise Time RC = 2 kQ, T A = 25°C 0.2 0.2 IlS
Fall Time RC = 2 kQ, T A = 25°C 0.1 0.1 Ils

Total Standby Current VIN = 40V, Pins 1,4,7,8,11 8 10 8 10 mA

and 14 are grounded, Pin 2 = 2V,

All Other Inputs and Outputs Open

Note 1: For operation at elevated temperatures, devices in the J package must be derated based on a thermal resistance of 100° C/W, junction
to ambient, and devices in the N package must be derated based on a thermal resistance of 150°C/Wi junction to ambient.


